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Abstract

Background and Aims Uncontrolled hypertension (ucHTN) and treatment-resistant hypertension (trHTN) are associated with 
a substantial increase in the risk of cardiorenal events and mortality compared with well-controlled hypertension. Treatment 
strategies that can optimise blood pressure management are urgently needed to improve health outcomes in ucHTN and 
trHTN populations; health economic models play a key role in assessing the economic value of new and existing treatments 
and supporting resource allocation. This systematic literature review critically assesses the construct and quality of existing 
health economic modelling used in the evaluation of management approaches for ucHTN and trHTN, to inform the design 
and development of future health economic models.
Materials and Methods This review was conducted and reported following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 checklist. Searches were conducted on Medline, Embase, EconLit, the Cost-
effectiveness Analysis and the International HTA database. Searches were run from inception to May 2024 and re-run in 
February 2026. Although no date limits were placed on the electronic searches, a limit of 2005 and onwards was applied 
during study selection. Economic model studies were included if they assessed pharmacological or renal denervation (RDN) 
interventions for treatment of either ucHTN or trHTN in adult populations. Study eligibility, data extraction and quality 
assessment using the Drummond checklist were conducted independently by two reviewers.
Results After deduplication, a total of 2754 records were identified. Of these, 2556 did not meet the eligibility criteria after 
title and abstract screening; 198 full texts were reassessed for eligibility. A total of 21 modelling studies were included: 16 
economic evaluations (14 cost-utility analyses, 1 cost-effectiveness analysis and 1 cost-minimization analysis), 4 burden-
of-illness studies and 1 budget impact analysis. The majority of studies focused on people with ucHTN and employed a 
healthcare system perspective. Economic evaluations were based on treatment effects on systolic blood pressure estimated 
from clinical trials. Several models predicted long-term cardiorenal events and mortality on the basis of published, validated 
risk equations; however, these risk equations were not developed in populations with ucHTN or trHTN. Although models 
were generally assessed to be of good quality, models incorporated health-related quality of life and cost data from controlled 
hypertensive or non-hypertensive populations, rather than those with ucHTN and trHTN.
Conclusions A range of economic models were identified and considered structurally relevant. These models demonstrated 
that treatment related improvements in blood pressure were cost-effective and robust in scenario analysis. However, impor-
tant model limitations include their lack of use of population-specific health-related quality-of-life data and risk equations 
which may result in underestimation of treatment cost effectiveness. To reduce uncertainty and support improved economic 
modelling that can accurately contextualize emerging therapies for ucHTN and trHTN, future economic model analyses in 
ucHTN and trHTN need appropriate population health and cost data for these underserved populations.
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Key Points for Decision Makers 

Included models generally demonstrated improvements 
to blood pressure were cost-effective, with these findings 
being robust across scenarios.

The reliance on clinical inputs from non-hypertensive 
and general hypertension populations likely underes-
timates risk of cardiovascular events for ucHTN and 
trHTN, which adds uncertainty to the cost-effectiveness 
estimates of interventions.

The existing evidence base used to populate current 
economic models is not ideal; future research should 
focus on the generation of data in the ucHTN and trHTN 
populations.

Despite the potential economic burden of ucHTN and 
trHTN, no models were identified that evaluated emerg-
ing pharmacotherapies.

1 Introduction

Hypertension (HTN) is the leading modifiable risk factor for 
cardiovascular disease (CVD), associated with an increased 
risk of adverse events including coronary heart disease 
(CHD), heart failure (HF), chronic kidney disease (CKD), 
stroke, myocardial infarction (MI), and death [1, 2]. It is esti-
mated that over 1.4 billion adults worldwide have HTN, with 
only one in four having their HTN adequately controlled [3]. 
However, ‘uncontrolled HTN’ (ucHTN) is typically not well 
defined, and may encompass patients with HTN on one or 
more therapies whose blood pressure (BP) remain above 
target [4, 5]. A sub-group of people with ucHTN have treat-
ment-resistant hypertension (trHTN), commonly defined as 
BP that remains above guideline-specified targets despite 
the use of three or more antihypertensive agents at optimal 
doses [6]. Current prevalence estimates of trHTN range from 
10% in the HTN population, to 30% in those with CKD [4]. 
Importantly, the risk of cardiovascular, renal and all-cause 
mortality outcomes is increased in people with trHTN com-
pared with people with controlled HTN (cHTN)  [7, 8].

Commonly used antihypertensive agents include angio-
tensin converting enzyme (ACE) inhibitors, angiotensin 
receptor blockers (ARBs), diuretics and long-acting cal-
cium channel blockers (CCBs) [6], many of which predate 
the widespread use of health technology assessment (HTA) 
processes. Despite the high prevalence of HTN and lack 
of adequate control observed by many people, few novel 

treatments have emerged in the past decade. However, there 
are several drug candidates for the treatment of ucHTN and 
trHTN in development which will require economic assess-
ment as part of their HTA submission. Economic models are 
an integral part of HTA processes, as they allow decision-
makers to contextualise and evaluate the health benefits and 
cost differences of emerging therapies/strategies against 
those in existence. Comprehensive economic models that 
capture the chronic, systemic nature of HTN are required, 
and a review of existing models is timely. To understand and 
interpret model outcomes, it is crucial to explore the under-
lying model assumptions, constructs and input parameters. 
The objective of the current study was to conduct a system-
atic literature review (SLR) to critically evaluate and sum-
marise published health economic modelling approaches, 
including modelling-based economic evaluations, conducted 
in ucHTN or trHTN populations. This could include cost-
effectiveness analysis (CEA), cost-utility analysis (CUA), 
cost-minimisation analysis (CMA), budget impact analysis 
(BIA) and burden-of-illness (BOI) analyses. The aim was 
to compile a compendium of evidence that may be used 
to inform future model design in the ucHTN or trHTN 
populations.

2  Methods

2.1  Study Identification

Prior to initiation of the SLR, a protocol was developed 
according to the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guidance [9, 10] 
and registered on PROSPERO (CRD42024531565) [11, 
12]. The protocol included search strategies exclusively 
developed for each database; searches were conducted on 
Medline, and Embase via the OVID platform (from data-
base inception to 1 May 2024), on the Cost-effectiveness 
Analysis (CEA2) database (https:// cear. tufts medic alcen ter. 
org/), on EconLit and on the International HTA (INAHTA) 
database (https:// datab ase. inahta. org/). Searches were re-run 
in February 2026 to ensure up-to-date evidence was sourced. 
Searches were developed to capture economic models, and 
cost and utility data; however, this publication focuses on 
health economic models only. All search strategies under-
went a quality assessment for accuracy in spelling, syn-
tax and line combinations using an adapted version of the 
PRESS checklist [13]. Additionally, supplementary searches 
of conference proceedings (published between 2022 and 
2024), bibliographies of SLRs (published between 2019 and 
2024) and relevant HTA bodies were manually screened. 
Finally, we employed backwards and forwards citation 
searching of all included articles using the CitationChaser 

https://cear.tuftsmedicalcenter.org/
https://cear.tuftsmedicalcenter.org/
https://database.inahta.org/
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application (https:// estech. shiny apps. io/ citat ionch aser/). The 
search strategy for Medline and full details of the supple-
mentary searches can be found in the supplementary mate-
rial (Supplementary Tables S1 and S2).

2.2  Study Selection

Following the Populations, Interventions, Comparisons, 
Outcomes and Study type (PICOS) framework, all poten-
tially relevant publications were assessed for relevancy 
against predefined criteria. To be considered eligible for 
inclusion, publications were required to report economic 
models developed for either trHTN (defined as receiving 
three or more antihypertensive drugs, including one diuretic, 
with BP over target) or ucHTN (defined as receiving one 
or more antihypertensive with BP over target) populations, 
aged ≥ 18 years. The selected populations were informed by, 
and follow HTA submission requirements, ensuring the pop-
ulations align with both treatment guidelines which inten-
sify treatment on the basis of the number of treatments that 
an individual receives, and with clinical trials which define 
populations on the basis of the lines of therapies described 
in the treatment guidelines. Only pharmacological or renal 
denervation (RDN) interventions were considered relevant; 
data pertaining to RDN was only included if it was pub-
lished since 2019 to reflect that the technology and approach 
underlying RDN has developed in more recent years. No 
geographical restrictions were applied; however, publica-
tions reported in non-English language were excluded. No 
date limits were placed on the electronic searches; however, 
a date limit of 2005 and onwards was applied during study 
selection to ensure only the most up-to-date and relevant 
literature was included. The eligibility criteria were applied 
initially to the titles and abstracts of the identified records, 
and then to the full-text publications deemed potentially 
relevant. Assessment of eligibility was conducted indepen-
dently by two reviewers at both stages, with disagreements 
resolved by an arbiter. The reasons for exclusion at full-text 
stage were documented according to the PICOS criteria. Full 
eligibility criteria and the list of studies excluded at full-text 
screening are available in the supplementary material (Sup-
plementary Tables S3 and S4).

2.3  Data Synthesis and Quality Assessment

A data extraction grid was developed and piloted to ensure 
all studies were extracted consistently. Data relevant for 
extraction included: publication details (e.g., author, study 
design, location, etc.); population characteristics (e.g., popu-
lation size, age, sex, comorbidities, etc.); model structure 
(e.g., type of model, discount rates, time horizon, etc.,); 
model inputs (e.g., costs, healthcare resource utilisation 

[HCRU], clinical inputs, probabilities, utility values); and 
model outcomes (e.g., incremental cost-effectiveness ratios 
[ICERs] and quality adjusted life years [QALYs]). Data 
extraction was conducted by a single reviewer; all extraction 
points were quality checked by a second reviewer against 
the original source publication. A quality assessment was 
conducted on each full-text study using the Drummond tool, 
a tool for critically appraising the methodological quality 
and transparency of health economic evaluations [14]. All 
quality assessments were performed independently by two 
reviewers, with disagreements adjudicated by an arbiter.

For synthesis, post-hoc categorisation of the models into 
three types of economic analysis was carried out: economic 
evaluation (CEA, CUA or CMA), BOI, or BIA. Our results 
are presented according to these categories. An overview of 
the categories is provided in Table 1.

3  Results

3.1  Study Selection

An overview of the study selection process is provided in 
Fig. 1. A total of 2754 records were identified after 1599 
duplicate records were removed. Of these, 2556 did not meet 
the eligibility criteria when assessed at the title and abstract 
screening stage. Full texts of the remaining 198 records were 
screened for eligibility: 21 studies were eligible for inclu-
sion. Reasons for exclusion are detailed in Fig. 1 and Sup-
plementary Table S4. No additional studies were identified 
via supplementary searching.

Table 2 provides an overview of the 21 included studies. 
There were 16 economic evaluations, (14 CUAs [15–28], 
1 CEA [29] and 1 CMA) [30], 4 BOIs [31–34] and 1 BIA 
[35]. Of the 14 CUAs, 12 evaluated RDN: of these, 7 evalua-
tions comparing radio frequency (RF) RDN plus standard of 
care (SoC) to SoC alone in different healthcare settings were 
based on the same model [15, 19–24], while 3 evaluations 
were based on another model which compared ultrasound 
RDN (uRDN) plus SoC to SoC alone in different settings 
[17, 26, 27]. One CUA evaluated plasma-renin-activity 
(PRA) guided treatment [16], and one evaluated treatment 
optimisation [18]. The CEA model (Fontil et al. [29]) evalu-
ated system-wide improvements in HTN care, and the CMA 
(Belsey et al. [30]) evaluated HTN treatment switching. 
Three of the four BOI analyses evaluated the broad eco-
nomic burden of HTN, including ucHTN, across several 
outcomes [31, 32, 34]; Roseleur et al. [33] evaluated the 
economic cost of ucHTN in Australian general practice, and 
estimated cost-savings from reducing acute hospitalisation 
by improving BP control. The BIA, Ogden et al. [35], com-
pared costs of triple-agent single-pill with two- and three-pill 
loose combinations.

https://estech.shinyapps.io/citationchaser/
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Table 1  Types of health economic models identified in this review

CBA cost-benefit analysis, CEA cost-effectiveness analysis, CMA cost-minimisation analysis, CUA  cost-utility analysis, HTA health technology assessment, NICE National Institute for Health 
and Care Excellence

Type of health economic model Definition Purpose(s)

Economic evaluation • Compares the costs and outcomes of two or more care interventions to infer 
comparative value-for-money [97]

• Types of economic evaluations include: [97]
o Cost-effectiveness analysis (CEA): outcomes are based on natural health 

units (e.g., life years saved)
o Cost-utility analysis (CUA): outcomes are based on preference-based/

utility-weighted health units, which are often referred to as representing 
health-related quality of life, typically over a given time horizon (e.g., qual-
ity adjusted life years [QALYs])

o Cost-minimisation analysis (CMA): outcomes are assumed to be equivalent 
and therefore, the main focus is on costs

o Cost-benefit analysis (CBA): outcomes are monetised

• To inform reimbursement decisions by HTA bodies such as NICE [80]
• To inform resource allocation [97]

Burden-of-illness • Examines the broad impact of a specific illness on a population (e.g., mor-
bidity and mortality), which may include an assessment of economic costs, 
and may or may not be directly compared to an alternative illness or living 
without the illness to suggest the comparative burden-of-illness [98]

• To understand the broad burden of disease to inform prioritisation of care/
spending to prevent/treat a given illness [98]

Budget impact analysis • Estimates the financial consequences of adoption and diffusion of a new 
healthcare intervention within a specific healthcare setting or system given 
inevitable resource constraints [99]

• To understand the cost of introducing care interventions into a given setting/
system to understand potential affordability within a given budget [82]

• To compliment CEA in aiding reimbursement decisions [82]
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3.2  Population Characteristics

The identified studies were conducted in the UK (n = 4) [15, 
17, 18, 30], USA (n = 5) [16, 23, 26, 29, 35], Japan (n = 3) 
[24, 25, 31], Australia (n = 2) [32, 33], The Netherlands (n 
= 2) [20, 27], Belgium (n = 1) [27], Canada (n = 1) [19], 
China (n = 1) [25], Ethiopia (n = 1) [34], France (n = 1) 
[27], Sweden (n = 1) [22], Taiwan (n = 1) [21], Thailand (n 
= 1) [25] and Uzbekistan (n = 1) [28].

The characteristics of modelled populations were incon-
sistently reported across studies, with some studies only 
reporting characteristics for an overall, mixed population of 
general HTN, ucHTN, and no HTN, rather than providing 
characteristics for those with ucHTN or trHTN (Supplemen-
tary Table S5).

To be included in this SLR, studies were required to 
include either ucHTN or trHTN populations. Across the 
identified studies, ucHTN was frequently defined as sys-
tolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood 
pressure (DBP) ≥ 90 mmHg, [17, 31–33]; however, this 
was not universal. Several studies defined ucHTN as those 
receiving one to three medications, but did not provide a BP 
threshold, [15, 19, 20, 23]. Kario et al. [24] and Huang et al. 
[21] did not explicitly state a definition of ucHTN; however, 
SoC was defined as a treatment regimen consisting of one, 
two or three antihypertensive medication classes. Lian et al. 

[25] also did not provide a definition, but included individu-
als receiving at least two antihypertensive medications for 
a minimum of 8 weeks. Ogden et al. [35] included patients 
described as uncontrolled on dual therapy without defining 
a BP threshold. Wu et al. [18] defined ucHTN as SBP ≥ 140 
mmHg or DBP ≥ 90 mmHg in those under 80 years old but 
SBP ≥ 150 mmHg or DBP ≥ 90 mmHg for those 80 years 
or older. Smith et al. [16] compared patients with cHTN 
or ucHTN with no BP definition provided, Besley et al. 
[30] did not define ucHTN, and Fontil et al. [29] only used 
SBP ≥ 140 mmHg to define ucHTN. Sharp et al. [15], Dae-
men et al. [20], McFarlane et al. [19], Kahan et al. [22] and 
Kandzari et al. [23] stated that their definitions of ucHTN 
incorporates those with trHTN [15, 19, 20, 23]. Xursandov 
et al. [28] and the three studies by Taylor et al. [17, 26, 27] 
included people with trHTN, defined as BP of ≥ 140/90 
mmHg despite treatment with at least three antihypertensive 
medications, including a diuretic.

3.3  Decision Problem and Model Approach

An overview of the model approach is provided in Table 2. 
The aims, interventions and decision problems of the identi-
fied models are summarised, along with the model assump-
tions, limitations and extrapolation methods, in the supple-
mentary material (Supplementary Table S6).

Records identified from:

Conferences
†
 (n = 525)

Citation analysis (n = 449)

SLR reference checks (n = 66)

Technology appraisals
‡ 
(n = 58)

Records identified from:

MEDLINE (n =1,529)

EMBASE (n = 2,611)

EconLit (n = 3)*

INAHTA (n =86)

CEA Registry (n =83)

Euroqol.org (n = 1) 

Records removed before screening:

Duplicate records removed (n = 

1,599)

Records screened

(n = 2,754)

Records excluded

(n = 2,556)

Reports sought for retrieval

(n = 198)
Reports not retrieved

(n = 0)

Reports assessed for eligibility

(n = 198)

Reports excluded: n = 177

Study design (n = 46)

Intervention (n =39)

Population (n = 31)

Outcomes (n = 47)

Publication date (n = 6)

Non-English (n =4)

Duplicates (n=3)

Preprint (n=1)

Reports assessed for eligibility

(n = 1,098)

Reports excluded: n = 1,098

Population (n = 601)

Duplicate (n = 143)

Outcomes (n = 142)

Study design (n = 116)

Publication date (n = 49)

Non-English (n 30)

Intervention (n = 16)

Publication type (n = 1)

Reports included in review

(n = 21)

Identification of studies via databases and registers Identification of studies via other methods
Id
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Fig. 1  PRISMA flow diagram. CEA Registry Cost-Effectiveness 
Analysis Registry, INAHTA International Network of Agencies for 
Health Technology Assessment, SLR systematic literature review. 
*In the initial search EconLit was searched via Ovid; however, in 
the update search, we used EBSCO. †The following conferences 

were searched: ACC 2024, ACNAP 2022, ASN 2022-23, ERA 2024, 
ESC 2022, ESH 2024, ESO 2024, ISC 2023-24, ISN 2024, ISPOR 
US 2024. ‡Technology appraisals were identified from the following 
organisations: CADTH, ICER, NICE and PBAC
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Table 2  An overview of included  studiesa

Author, year/spon-
sor

Analysis type Population, defini-
tion of ucHTN/
trHTN

Model aim Model type Model perspective Health states included 
in the model

Time horizon, 
cycle length

Model outputs

Economic evaluations

Belsey, 2008 [30]
Merck Sharpe & 

Dohme Ltd

CMA ucHTN
Defined as BP ≥ 

140/90 mmHg

To assess the 5-year 
cost consequences 
of treatment based 
on losartan, can-
desartan, valsartan 
or irbesartan, to 
determine the best 
value for money 
option

Cohort-level 
Markov model 
using Monte Carlo 
microsimulations

UK healthcare 
perspective

• Starting dose of 
ARB

• Higher dose of 
ARB or starting 
dose of ARB plus 
thiazide

• Higher dose of 
ARB plus thiazide

• Higher dose of 
ARB plus thiazide 
plus amlodipine

NR Total cost (dis-
counted/undis-
counted) per patient 
(GBP, year not 
reported)

Losartan: £506/£536
Candesartan: 

£610/£662
Valsartan: £809/£869
Irbesartan: £696/£754

Daemen 2025 [20]
Medtronic Plc

CUA ucHTN
Defined as 

prescribed 1–3 
antihypertensive 
medications

To evaluate the 
cost-effectiveness 
of RF RDN as 
compared with 
SoC in the Dutch 
healthcare setting

Cohort level 
decision-analytic, 
state transition 
Markov model

Approach built 
on Sharp’s 2024 
model [15]

Dutch healthcare 
payer perspective

• HTN alone
• ESRD
• AP/other CHD
• MI
• Post-MI
• Stroke
• Post-stroke
• HF
• Death

• The 10-year and 
lifetime horizon

• Cycle length not 
stated

Base case, lifetime 
ICER= €6784 
per QALY gained 
(Euro 2024)

Fontil 2015 [29]
UCSFb and Lincy 

foundation

CEA ucHTN
Defined as SBP ≥ 

140 mmHg

To compare the 
potential effects 
of system-wide 
isolated improve-
ments in medica-
tion adherence, 
visit frequency 
and higher physi-
cian prescription 
rate on achieving 
BP control

Patient-level 
Markov, micro-
simulation model

USA healthcare 
perspective

• Office visit/no 
office visit

• BP measurement; 
controlled or uncon-
trolled BP

• Treatment intensifi-
cation/no treatment 
intensification

• Medication effect
• Adherent/non-

adherent to medica-
tion

• Outcomes at 52 
weeks

• Weekly cycle

A combination of 
interventions results 
in 18.3% of ucHTN 
patients achieving 
SBP control at 52 
weeks
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Table 2  (continued)

Author, year/spon-
sor

Analysis type Population, defini-
tion of ucHTN/
trHTN

Model aim Model type Model perspective Health states included 
in the model

Time horizon, 
cycle length

Model outputs

Huang 2025 [21]
Medtronic Inc

CUA ucHTN
No definition pro-

vided; however, 
SoC was defined 
as a treatment 
regimen consist-
ing of one, two or 
three antihyper-
tensive medication 
classes

To project costs 
and effects of 
RDN with SoC 
compared with 
SoC alone.

Cohort level 
decision-analytic, 
state transition 
Markov model

Approach built 
on Sharp’s 2024 
model [15]. 
Also referenced 
Kandzari et al. 
[23]

Taiwanese societal 
perspective

• HTN alone
• ESRD
• AP/other CHD
• MI
• Post-MI
• Stroke
• Post-stroke
• HF
• Death

• Lifetime hori-
zon

• 10-year horizon
• 1-month cycle 

length

Base case lifetime 
ICER = 850,932 
TWD per QALY 
(TWD 2024)

Kahan 2025 [22]
Medtronic Inc

CUA ucHTN & trHTN
No definitions 

provided

To evaluate the cost-
effectiveness of 
RF RDN plus SoC 
compared to SoC 
alone in Sweden

Cohort level 
decision-analytic, 
state transition 
Markov model

Approach built 
on Sharp’s 2024 
model [15]

Swedish healthcare 
payer perspective

• HTN alone
• ESRD
• AP/other CHD
• MI
• Post-MI
• Stroke
• Post-stroke
• HF
• Death

• Lifetime hori-
zon

• 10-year horizon
• 1-month cycle 

with half-cycle 
correction

Base case lifetime 
ICER = SEK 
139,280 per QALY 
gained (SEK 2024).

Kandzari 2024 [23]
Medtronic Inc

CUA ucHTN
Defined as uncon-

trolled HTN 
despite prescrip-
tion of 1–3 
antihypertensive 
medications.

To evaluate the 
health-economic 
value of RF RDN 
in the US health-
care system

Cohort level 
decision-analytic, 
state transition 
Markov model

Approach built 
on Sharp’s 2024 
model [15]

USA, Medicare 
payer perspective

• HTN alone
• ESRD
• AP/other CHD
• MI
• Post-MI
• Stroke
• Post-stroke
• HF
• Death

• Lifetime hori-
zon

• 1-month cycle 
length

Base case lifetime 
ICER = $32,732 
per QALY (USD, 
year not reported)

Kario 2024 [24]
Medtronic Inc

CUA ucHTN
No definition pro-

vided; however, 
SoC was defined 
as a treatment 
regimen consist-
ing of one, two or 
three antihyper-
tensive medication 
classes

To assess the cost-
effectiveness of 
RF RDN plus SoC 
as compared to 
SoC alone in the 
Japanese public 
health insurance 
system

Cohort level 
decision-analytic, 
state transition 
Markov model

Approach built 
on Sharp’s 2024 
model [15]

Japanese public 
healthcare payer 
perspective

• HTN alone
• ESRD
• AP/other CHD
• MI
• Post-MI
• Stroke
• Post-stroke
• HF
• Death

• Lifetime hori-
zon

• 10-year
• 1-month cycle 

length

Base case lifetime 
ICER = ¥2,565,236 
per QALY (JPY 
2022)
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Table 2  (continued)

Author, year/spon-
sor

Analysis type Population, defini-
tion of ucHTN/
trHTN

Model aim Model type Model perspective Health states included 
in the model

Time horizon, 
cycle length

Model outputs

Lian 2025 [25]
Shanghai Golden 

Leaf MedTech

CUA ucHTN
Defined as receiv-

ing at least two 
antihypertensive 
medications for 
a minimum of 8 
weeks

To evaluate cost-
effectiveness of 
RDN technology 
in Asian popula-
tions across coun-
tries with varying 
levels of economic 
development

Cohort-level 
Markov decision-
analytic model

Western Pacific 
region health care 
payer perspec-
tives, including 
mainland China, 
Japan and Thai-
land

• HTN without events
• Post-coronary CHD
• Post-stroke
• Post-CHD and 

stroke
• ESRD
• Death

• 30-year horizon
• 1-year cycle 

length with 
half-cycle cor-
rection

Base case scenario 
ICER for Japan = 
$3451, Thailand = 
$ 13,932, China = 
$19,049 per QALY.

(USD 2023)

McFarlane 2025 
[19]

Medtronic Inc

CUA ucHTN
Defined as receiving 

1–3 antihyperten-
sive medications

To evaluate cost-
effectiveness 
of RF RDN for 
ucHTN in a Cana-
dian setting

Cohort level 
decision-analytic, 
state transition 
Markov model

Approach built 
on Sharp’s 2024 
model [15]

Canadian (publicly 
funded) healthcare 
payer perspective

• HTN alone
• ESRD
• AP/other CHD
• MI
• Post-MI
• Stroke
• Post-stroke
• HF
• Death

• Lifetime hori-
zon

• 10-year horizon
• 1-month cycle 

length and a 
half-cycle cor-
rection

Base case lifetime 
ICER = $11,809 
per QALY (Cana-
dian $ 2023)

Sharp, 2024 [15]
Medtronic Inc

CUA ucHTN, and trHTN
Defined as receiving 

1–3 antihyperten-
sive medications

To determine 
cost-effectiveness 
of RF RDN for 
ucHTN patients

Cohort level deci-
sion–analytic, 
state-transition 
Markov model

UK healthcare 
payer perspective

• HTN alone
• MI
• Post-MI
• AP/other CHD
• Stroke
• Post-stoke
• HF
• ESRD
• Death

• Lifetime hori-
zon

• 10-year horizon
• 1-month cycle 

length with 
half-cycle cor-
rection

Base case lifetime 
ICER = £13,482 
per QALY (GBP 
2022)

Smith, 2013 [16] CUA ucHTN
No definition pro-

vided

To determine the 
cost effectiveness 
of a PRA-guided 
treatment

strategy compared 
with standard care 
in a

ucHTN population.

Patient-level 
Markov state 
transition model

USA healthcare 
perspective

• Uncomplicated 
ucHTN

• Acute MI
• Post-MI
• CHF
• Stroke
• Post-stroke
• ESRD
• Death

• 30- year horizon
• 1-year cycle 

length

Base case ICER = 
$14,497 per QALY 
for male patients 
and $40,449 per 
QALY for female 
patients (USD 
2012)
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Table 2  (continued)

Author, year/spon-
sor

Analysis type Population, defini-
tion of ucHTN/
trHTN

Model aim Model type Model perspective Health states included 
in the model

Time horizon, 
cycle length

Model outputs

Taylor, 2024 [17]
Recor Medical

CUA trHTN
BP ≥ 140/90 mmHg 

despite treatment 
with at ≥ 3 antihy-
pertensive medica-
tions, including a 
diuretic

To assess the cost 
effectiveness

of the addition 
of the Paradise 
uRDN System to 
SoC compared 
with SoC alone 
in patients with 
trHTN

Patient-level, state 
transition Markov 
model

UK healthcare 
perspective

• HTN
• ESRD
• AP/CHD
• MI
• Post-MI
• HF
• Stroke
• Post-stroke
• Recurrent stroke
• Post-recurrent 

stroke
• Death

• Lifetime hori-
zon

• 1-month cycle 
and half-cycle 
correction

Base case lifetime 
ICER = £5600 
per QALY (GBP 
2021/2)

Taylor 2025(a) [26]
Recor Medical

CUA trHTN
BP ≥ 140/90 mmHg 

despite treatment 
with at ≥ 3 antihy-
pertensive medica-
tions, including a 
diuretic

To determine the 
effect of treatment 
with uRDN plus 
SoC as compared 
with SoC alone in 
the USA

Patient-level, state 
transition Markov 
model.

Approach based on 
the Taylor 2024 
model [17]

USA healthcare sys-
tem perspective

• HTN
• ESRD
• AP/CHD
• MI
• Post-MI
• HF
• Stroke
• Post-stroke
• Recurrent stroke
• Post-recurrent 

stroke
• Death

• Lifetime hori-
zon

• 1-month cycle 
and half-cycle 
correction

Base case lifetime 
ICER = $12,900 
per QALY (USD 
2022)

Taylor 2025(b) [27]
Recor Medical

CUA trHTN
Defined as BP ≥ 

140/90 mmHg 
despite treatment 
with at ≥ 3 antihy-
pertensive medica-
tions, including 
a diuretic, a 
renin-angiotensin-
system blocker 
and a calcium 
channel blocker at 
maximally toler-
ated dose

To estimate cost-
effectiveness of 
uRDN plus SoC 
as compared with 
SoC alone in Bel-
gium, France and 
the Netherlands

Patient-level, state-
transition Markov 
model.

Approach based on 
the Taylor 2024 
model [17]

Belgian, French and 
Dutch healthcare 
system perspec-
tive

• HTN
• ESRD
• AP/CHD
• MI
• Post-MI
• HF
• Stroke
• Post-stroke
• Recurrent stroke
• Post-recurrent 

stroke
• Death

• Lifetime hori-
zon

• 1-month cycle 
and half-cycle 
correction

Base case lifetime 
ICER for Belgium 
= € 4426; France 
= € 6261 Nether-
lands = € 1654 per 
QALY (Euro 2023)



 
M

. Fran
klin

 et al.

Table 2  (continued)

Author, year/spon-
sor

Analysis type Population, defini-
tion of ucHTN/
trHTN

Model aim Model type Model perspective Health states included 
in the model

Time horizon, 
cycle length

Model outputs

Wu, 2021 [18]
Barts Charity 

REAL-Health 
Cardiovascular 
disease

CUA ucHTN
Defined as BP ≥ 

140/90 mmHg in 
those < 80 years

Defined as BP ≥ 
150/90 mmHg in 
those ≥ 80 years

To quantify the 
health and eco-
nomic impacts 
of optimizing 
antihypertensive 
treatment

Cohort-level 
Markov model;

UK primary health-
care perspective

• Vascular and non-
vascular death

• Non-fatal major 
vascular event§

• Other vascular 
event¶

• Lifetime hori-
zon

• 10-year horizon
• 5-year horizon

Lifetime gains: 
QALYs gained: 
16,698

LYs gained: 22,228
Hospital cost 

savings (GBP): 
£41,069,942

Xursandov 2025 
[28]

No sponsor stated

CUA trHTN
Defined as receiving 

at least three doses 
of antihyper-
tensive medica-
tions, including a 
diuretic

To identify the 
cost-effectiveness 
of RDN in low 
resource settings

Cohort level 
analytical Markov 
model

Uzbekistan payer 
perspective

NR • 10-year horizon Base case 10-year 
ICER = $4150 per 
QALY

(USD, year not 
reported)

Burden of illness studies

Asakura, 2021 [31]
No sponsor stated

BOI ucHTN
Defined as BP ≥ 

140/90 mmHg

To estimate the dis-
ease, productivity,

and economic bur-
den of HTN

Life table model-
ling/Japanese 
labour produc-
tivity

Japanese healthcare 
perspective

• Working age popu-
lation

NR PALYs lost:
• ucHTN: 388,927
Value of PALYs 

lost (USD billion, 
2017):

• ucHTN = $30.8 
billion

LYs lost:
• ucHTN = 236,321

Hird, 2019 [32]
No sponsor stated

BOI ucHTN
Defined as BP ≥ 

140/90 mmHg

To estimate excess 
mortality, years 
of life lost, and 
PALYs lost among 
Australians

of working age 
(20–69 years)

Life tables models Australian health-
care perspective

• Working age popu-
lation

NR PALYs lost:
• ucHTN = 101,378
Value of PALYs 

lost (AUD billion, 
2017):

• ucHTN $21.8
LYs lost
• ucHTN = 109,282
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Table 2  (continued)

Author, year/spon-
sor

Analysis type Population, defini-
tion of ucHTN/
trHTN

Model aim Model type Model perspective Health states included 
in the model

Time horizon, 
cycle length

Model outputs

Roseleur, 2023 [33]
CUAL and its 

Member Institu-
tions

BOI ucHTN
Defined as BP ≥ 

140/90 mmHg fol-
lowing prescrip-
tion for antihyper-
tensive mediation

To estimate costs of 
ucHTN for those 
attending general 
practice and to 
estimate cost 
saved for acute

hospitalization

Cohort-based cost 
saving model

Australian general 
practice

• Geneal population 
aged 45–74 years

• Those who visit GP
• Those who visit GP 

and have no CVD 
history and HTN

• Estimated number 
of expected CVD 
events with ucHTN

• Estimated number 
of CVD events 
with various HTN 
control

• 5- year risk of 
CVD

Total CVD costs 
(AUD billion, 
2019–2020):

• ucHTN: $1813
• SBP control to 139 

mmHg: $1634
• SBP control to 129 

mmHg: $1424
Expected reduc-

tion in CVD costs 
(AUD billion, 
2019–2020):

• SBP control to 139 
mmHg: −$179

• SBP control to 129 
mmHg: −£389

Sorato, 2022 [34]
No sponsor stated

BOI ucHTN
BP ≥ 140/90 mmHg

To determine the
societal economic 

burden of HTN at 
selected

hospitals in South-
ern Ethiopia

Prevalence-based 
cost of illness 
study

Sub-Saharan Africa 
(Ethiopian) soci-
etal perspective

• HTN diagnosis
• Active treatment
• Palliative care
• Death

• working age 
population 
(15–64 years of 
age)

LYs lost
• ucHTN: 440.55

Budget impact models

Ogden, 2014 [35]
Daiichi Sankyo, Inc.
.

BIA ucHTN
Defined as receiving 

dual therapy

To estimate the 
managed care 
budget impact of

greater use of triple-
agent SPC versus

comparable 2- and 
3-pill LDC regi-
mens

for ucHTN patients 
on dual therapy

Budget impact 
model

USA healthcare 
perspective

• Triple drug regimen
• Pill burden (1, 2 

or 3)
• Adherence (low, 

moderate, high)
• persistence
• CV outcomes, 

related medical care 
costs

• HTN drug costs
• Total costs

• 1 year Total cost for 
increased SPC = 
$51,034,883

as compared with 
$50,627,280 on 1, 2 
or 3 pill regimens

(USD 2012)

ACEi angiotensin converting enzyme inhibitor, AHA American Heart Association, ARB angiotensin receptor blocker, AUD Australian dollars, BIA budget impact analysis, BOI burden-of-
illness, BP blood pressure, CCB calcium channel blocker, CEA cost-effectiveness analysis, cHTN controlled hypertension, CMA cost-minimisation analysis, COI cost of illness, CUA  cost-utility 
analysis, CVD cardiovascular disease, DBP, diastolic blood pressure, GBP Great British pound, GP general practitioner, HTN hypertension, ICER incremental cost-effectiveness ratio, JPY Japa-
nese yen, LDC loose-dose combination, LY life year, mmHg millimetre of mercury, NA not applicable, NR not reported, PALY productivity-adjusted life year, PRA plasma renin activity, QALY 
quality-adjusted life year, RDN renal denervation, SBP systolic blood pressure, SEK Swedish krona, SoC standard of care, SPC single-pill combination, trHTN treatment-resistant hypertension, 
TWD Taiwanese new dollar, ucHTN uncontrolled hypertension, USD US dollars
a Additional details on model structure, including model assumptions and limitations can be found in supplementary material, Supplementary Table S6
b Center for Vulnerable Populations at San Francisco General Hospital and UCSF Primary Care Research fellowship
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Five studies used a patient-level microsimulation 
approach (Smith et al. [16], Fontil et al. [29], and studies 
from Taylor et al. [17, 26, 27]), whilst other studies modelled 
at the cohort-level. The majority of publications assessed an 
emerging technology (RDN) against standard of care (SoC); 
other models had varied purposes but focused mainly on 
policy evaluations, reflecting the limited innovation of phar-
macological therapies within the HTN landscape over the 
last 20 years.

3.3.1  Economic Evaluations

The three CUAs by Taylor et al. [17, 26, 27] estimated 
the long-term cost-effectiveness of endovascular uRDN 
in people with trHTN. Whilst the studies by Sharp et al. 
[15], Daemen et al. [20], Huang et al. [21], Kahan et al. 
[22], Kandzari et al. [23], Kairo et al. [24], McFarlane et al. 
[19], Lian et al. [25] and Xursandov et al. [28] all aimed 
to estimate the cost-effectiveness of radiofrequency (RF) 
RDN in people with ucHTN, including those with trHTN. 
The other two CUAs investigated changes in care practices; 
Smith et al. [16] sought to determine the cost-effectiveness 
of using PRA-guided therapy as compared with SoC. Wu 
et al. [18] aimed to quantify the health and economic impact 
of treatment optimisation by comparing ‘optimally treated’ 
individuals (defined as patients receiving first-line treatment 
recommended by the National Institute for Health and Care 
Excellence [NICE], with the addition of a further two classes 
of antihypertensive treatments) with those who were receiv-
ing suboptimal treatment or who were untreated.

The CEA by Fontil et al. [29] aimed to determine the 
benefit to BP control (as determined by the percentage of 
patients with SBP < 140 mmHg) at the end of 1 year if 
system-wide improvements in medication adherence, visit 
frequency and higher physician prescription rates were 
incorporated into care. The CMA by Belsey et  al. [30] 
aimed to determine the ‘cost-minimisation’ (described as 
‘cost-consequence’ and measured as the average expenditure 
of treatment regimens per patient over 5 years) of differ-
ent pharmacological switching strategies, which included 
maintaining current ARB treatment, and adding a thiazide 
or providing a higher dose ARB as the individual maintained 
DBP above 90 mmHg; they considered only treatment costs, 
and did not consider clinical events.

The identified CMA, CUA and CEA models were mostly 
cohort-level state-transition models with a healthcare payer 
perspective [15, 18–25, 28, 30]. The CUAs by Smith et al. 
[16] and by Taylor et al. [17, 26, 27]. and the CEA by Fontil 
et al. [29] all used a patient-level microsimulation approach.

Discount rates ranged from 1.5% [18, 19] to 5% [25]. 
Time horizon and cycle length varied; most of the CUA 
studies modelled over a lifetime horizon [15, 17–24, 26, 27], 
and cycle length ranged from 1 week [29] to 1 year [16, 25]. 

Methods of model validation were reported by most studies 
[15, 17, 19–25, 29]. In general, this included validation of 
absolute risk projections against real world values, includ-
ing validation using the QRISK algorithm [15, 17, 36] and 
VALUE trials [37, 38].

In terms of health states and events, three CUA stud-
ies utilised similar health states: all included at least HTN, 
end-stage renal disease (ESRD), stroke, MI, HF, and death 
[15–25]. In all cases, HTN was represented as a single 
state, i.e., there was no ability for people to move between 
ucHTN and cHTN states; SBP was modelled as a continuous 
variable. In general, individuals commenced in their initial 
HTN state (e.g., ‘uncomplicated HTN,’ ‘HTN alone’) and 
progressed to the various CVD or renal health events over 
time; death was an absorbing state which individuals could 
transition to from all other states [15–17, 19–27]. Xursandov 
et al. [28] did not provide any information on health states 
included in their model. In the CUA by Wu et al. [18], three 
optimisation scenarios were modelled to project non-fatal 
vascular events. Belsey et al. [30] reported five different 
decision tree nodes in their CMA, all in relation to different 
treatment options. All patients entered the model on a start-
ing dose of ARB; if DBP remained above 90 mmHg after 
treatment effects were applied, the individual would progress 
to the next treatment step [30].

3.3.2  Burden‑of‑Illness Studies

Three BOI studies were developed from a societal perspec-
tive and utilised a life table modelling approach [31, 32, 
34], a survival model which estimates probability of mor-
tality in a cohort of individuals over a set time period (in 
these examples, based on HTN status) [39]. In these stud-
ies, working-age cohorts (defined differently by each model 
based on the country) with HTN were followed in a model 
simulation over their working lifetime. The same cohorts 
were then re-simulated, but assumed to be free of HTN [31, 
32, 34]. Sorato et al. [34] conducted a BOI analysis (which 
they referred to as a cost of illness [COI] study) to determine 
the economic burden of HTN in Ethiopian public hospitals 
from a societal perspective between 2010 and 2020. Both 
Asakura et al. [31] and Hird et al. [32] compared ‘treated’ 
to ‘untreated’ individuals, with the aim of understanding 
the productivity burden of HTN in working-age people, 
including those with ucHTN; individuals were treated with 
antihypertensives, but therapies were not clearly defined. 
The model used by Roseleur et al. [33] was described by its 
original development team [40] as a burden of disease (i.e., 
BOI) model, and we have aligned with this classification. 
The study aimed to estimate the health and acute hospitali-
sation costs saved over a 5-year time horizon by controlling 
SBP to either 129 or 139 mmHg among people with HTN 
attending general practices in Australia.
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3.3.3  Budget‑Impact Analyses

Ogden et al. [35] conducted a BIA to assess the impact over 
1 year of greater use of a triple-agent single pill combination 
versus a 2–3 pill regimen of ARB, amlodipine and hydro-
chlorothiazide for people with ucHTN on dual therapy, tak-
ing into account drug costs and clinical events-related costs.

3.4  Model Inputs

3.4.1  Economic Evaluations

3.4.1.1 Clinical Treatment Effects All economic evaluations 
included a reduction in BP as a result of various treatments 
(generally provided as a mean reduction in SBP). The publi-
cations by Taylor et al. [17, 26, 27] used published efficacy 
and safety data from the RADIANCE-HTN TRIO trial [41]. 
The evaluations from Sharp et al. [15], Daemen et al. [20], 
Huang et  al. [21], Kahan et  al. [22], Kandzari et  al. [23], 
Kario et al. [24] and McFarlane et al. [19] all used published 
data from the SPYRAL HTN-ON MED trail [42]. Lian 
et al. [25] used published data from the Netrod-HTN trial 
[43] and Smith et al. [16] utilised data from an RCT evalu-
ating a PRA-guided treatment algorithm for people with 
treated but ucHTN [44]. Xursandov et  al. used data from 
an RCT comparing RDN to pharmacotherapy optimization, 
the study outcomes were provided in the same publication 
as the results of the economic evaluation [28].

The three publications by Taylor et  al. [17, 26, 27] 
reported the relative risk (RR) of CHD (RR:0.78; 95% con-
fidence interval (CI): 0.72–0.88), stroke (RR: 0.63; 95% CI 
0.56–0.71) and HF (RR: 0.54; 95% CI 0.45–0.64) per 10 
mmHg SBP, based on a published SLR and meta-analysis 
[45], Several of the other CUAs reference the same meta-
analysis [45] to inform event rates, but did not provide fur-
ther details [15, 19–24]. Wu et al. [18] reported the risk 
of either cardiovascular (CV) events or death as a result of 
a reduction in BP, which were from a different published 
SLR [46] and included risk ratios for vascular death per 4.5 
mmHg reduction in SBP (RR: 0.85; 95% CI 0.76–0.95), and 
risk of all vascular events or death per 5 mmHg reduction in 
SBP (RR: 0.83; 95% CI 0.79–0.87). Lian et al. [25] applied 
a fixed ratio for incidence of CHD event-free patients [47] 
and used data from the Netrod-HTN trial [43]. Belsey et al. 
[30] did not provide a reference for where their clinical data 
inputs for their CMA were derived from, and Xursandov 
et al. [28] provided event-rate data in the same publication 
as the model [28].

3.4.1.2 Clinical Prediction Models Clinical prediction 
models, or ‘risk equations,’ were utilised by 13 of the 14 
economic evaluations to predict the risk of CV events; 
Xursandov et al. [28] did not mention the use of risk equa-

tions for their model. Most models utilised the Framingham 
Heart study to predict the risk of CHD [48], stroke [49], 
and HF [50] alongside the Prospective Cardiovascular 
Munster (PROCAM) risk equation to predict the risk of MI 
[51]. Additionally, the Framingham Heart study was used 
by Smith et  al. [16] to predict the risk of HF [52], stroke 
[53] and acute MI [54]. Lian et  al. based their model on 
the China-PAR project to predict the risk of CHD [55] and 
stroke [56]. The QRISK-3 risk equation was utilised by Wu 
et al. [18] to predict the risk of CVD [36]. None of the risk 
equations utilised by the models were derived specifically in 
ucHTN or trHTN populations and instead were developed 
in general populations with/without HTN. References to the 
risk equations used by each study can be found in the sup-
plementary material (Supplementary Table S7). How mod-
els considered recurrent events was not discussed in any of 
the studies.

3.4.1.3 Independent Transition Probabilities In addition 
to the data from published risk equations, the economic 
evaluations also utilised data from clinical trials. All of the 
CUAs except Xursandov et al. [28] reported transition event 
probabilities of moving from a CV or renal event to another 
event, or death [15–24, 26, 27]. Most referenced the same 
studies for their values for transition from stroke to mortal-
ity [57], and from MI to HF [50]. Lian et al. [25] categorised 
events into AMI, HF and sudden cardiac death on the basis 
of a fixed proportion derived from prior studies [47, 58]. Wu 
et al. [18] reported the annual risks of individuals moving 
between health states, such as major vascular events, other 
vascular events, vascular and non-vascular death. These 
transition inputs were quantified through the probability of 
non-vascular death, hazard ratios for CV risk in those with-
out previous CVD and CVD mortality and morbidity rates 
[18]. The CEA by Fontil et al. [29] reported the probabilities 
for treatment intensification and treatment persistence.

3.4.1.4 Utility Inputs for Cost‑utility analyses  The CUA by 
Wu et al. [18] did not report utility values used per state: 
QoL was estimated on the basis of patient characteristics 
by a linear regression model using EQ-5D-3L questionnaire 
data. Xursandov et al. [28] made no reference to utility val-
ues or QoL in their publication. All other CUAs reported 
utilities linked to several health states. The methods used by 
the source publications to elicit utility values were mainly 
based on indirect methods, such as EuroQol’s EQ-5D. How-
ever, it was not always clear which specific version of the 
EQ-5D was used nor the exact publication the source utility 
value was derived. Only Lian et al. [25] reported the use of 
country-specific preference-based value sets.

In the models evaluating cost-effectiveness of uRDN 
in the UK, Belgium, France and The Netherlands, Taylor 
et al. [17, 27], used the same source utility values in both 
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Table 3  Utility inputs utilised by the cost-utility analysis studies
Health state

[Utility range]

Utility aspect Daemen 

2025
20

Huang 2025
21

Kahan 2025
22 Kandzari 

2024
23

Kario 2025
24

Lian 2025
25 McFarlane 

2025
19

Sharp 2024
15

Smith 2013
16

Taylor 2024
17

/ 

2025(b)
27

Angina 

(stable)  

[Range; 0.71 to 

0.96]

Utility value 0.80 0.83 0.76 0.84 0.83 - 0.71 0.81 - 0.96

Measure EQ-5D EQ-5D-5L EQ-5D Unclear EQ-5D-5L - Unclear Unclear - EQ-5D

Value set N/R N/R N/R N/R N/R - N/R N/R - N/R

Population CVD General CAD General General - General CVD risk - Chest pain

Ref 100 101 102 103 101 - 103,104 63 - 105

Angina 

(unstable) 

[Range; 0.71 to 

0.91]

Utility value 0.80 - 0.76 0.74 - - 0.71 0.77 - 0.91

Measure EQ-5D - EQ-5D Unclear - - Unclear Unclear - Unclear

Value set N/R - N/R N/R - - N/R N/R - N/R

Sample CVD - CAD T2DM - - Geneal CVD risk - CVD risk

Ref 100 - 102 62 - - 103,104 63 - 63

Angina + 

ESRD

[0.84]

Utility value - - - - - - - - - 0.84

Measure - - - - - - - - - Unclear

Value set - - - - - - - - - NR

Population - - - - - - - - - Unclear

Ref - - - - - - - - - 63,105,106

ESRD

[Range; 0.61 to 

0.92]

Utility value 0.65 0.78 0.71 0.63 0.78 0.61 0.71 0.72 0.63 0.92

Measure EQ-5D-3L Unclear EQ-5D N/R Unclear N/R Unclear Unclear N/R Unclear

Value set N/R N/R N/R N/R N/R Chinese EQ-

5D-5L value set

N/R N/R N/R N/R

Population ICU CKD + 

dialysis¶

CKD + dialysis CKD + dialysis CKD + 

dialysis¶

CKD + dialysis Geneal CKD CKD + dialysis CKD

Ref 107 Unclear 108,109 110 Unclear 111 103,104 106 110 106

HF

[Range; 0.64 to 

0.88]

Utility value 0.67 0.85 0.71 0.71 0.76 - 0.64 0.68 0.71 0.88

Measure EQ-5D-3L NR EQ-5D-3L Unclear Unclear - Unclear EQ-5D Unclear EQ-5D

Value set N/R NR N/R N/R N/R/ - N/R N/R N/R N/R

Population CHF NR HF HF HF¶ - General HF HF HF

Ref 112 113 114 115,116 Unclear - 103,104 117 115,116 117

HF + 

ESRD

[0.80]

Utility value - - - - - - - - - 0.80

Measure - - - - - - - - - Unclear

Value set - - - - - - - - - NR

Population - - - - - - - - - Unclear

Ref - - - - - - - - - 106,117

HTN*

[Range; 0.94 to 

1.00]

Utility value 1.0 0.98 1.0 0.96 0.98 0.94 0.96 1.0 0.96 1.0

Measure Assumed Assumed Assumed Assumed Assumed EQ-5D-5L Unclear Assumed Unclear Assumed

Value set - - - - - Chinese EQ-

5D-5L value set

N/R - N/R -

Population - - - - - HTN General - General -

Ref N/A N/A N/A N/A N/A 118 103 N/A 103 N/A

HTN + ESRD

[0.92]

Utility value - - - - - - - - - 0.92

Measure - - - - - - - - Unclear

Value set - - - - - - - - N/R

Population - - - - - - - - CKD

Ref - - - - - - - 106

MI

(≤6 months)

[Range; 0.63 to 

0.90]

Utility value 0.63± 0.83± 0.84• 0.76 0.83± - 0.73 0.76 0.76 0.90

Measure EQ-5D-3L EQ-5D-5L EQ-5D-3L Unclear EQ-5D-5L - Unclear Unclear Unclear Unclear

Value set N/R N/R N/R N/R N/R - N/R N/R N/R N/R

Population General (older 

people)

General Post MI Unclear General - General CVD risk Unclear Unclear

Ref 119 101 120 61,62 101 - 103,104 63 61,62 63,105

MI

(>6 months)

[Range; 0.73 to 

0.88]

Utility value - - - 0.88 - - 0.73 0.88 0.88 -

Measure - - - N/R - Unclear N/R N/R -

Value set - - - N/R - N/R N/R N/R -

Population - - - Unclear - General trHTN Unclear -

Ref - - - 64,65 - 103,104 66 64,65 -

Stroke

[Range; 0.54 to 

0.85]

Utility value 0.73 0.54 0.68 0.63 0.58 0.79 0.69 0.63 0.63 0.85

Measure EQ-5D-3L EQ-5D-3L EQ-5D-3L Unclear EQ-5D-5L NR Unclear Unclear Unclear Unclear

Value set N/R N/R N/R N/R N/R Chinese EQ-

5D-5L value set

N/R N/R N/R N/R

Population Stoke Stroke Stroke HTN/HF/ 

Stroke

General HTN General CVD risk HTN/HF/ 

Stroke

CVD risk 

/stroke

Ref 121 122 123 64,67 101 58 103,104 63 64,67 63,124

Stroke + 

ESRD

[0.78]

Utility value - - - - - - - - - 0.78

Measure - - - - - - - - - Unclear

Value set - - - - - - - - - NR

Population - - - - - - - - - T2DM

Ref - - - - - - - - - 62

Table 3 key

Utility value Value provided as model input 

Measure 

Tool cited in the source 

publication  

EQ-5D-5L EQ-5D-3L EQ-5D 

[non-specified 

version] 

Unclear 

[Unclear across source publications which tool has 

been used to derive the provided utility input for 

the model]

Not reported

[The source publication does not clearly cite which 

tool has been used]

Value set Value set cited in the model publication 

Population Population included in the source publication which the utility is derived from.

Ref The reference of the publication cited by the model 
* Where no reference is provided, this is a stated cohort assumption
±Timeframe for MI not provided in the model publication

¶The publication cites multiple publications for the utility value; however, it is unclear which publication is relevant to the value cited. 

Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease; CVD, cardiovascular disease; ESRD, end-stage renal disease; HF, heart failure; HTN, hypertension; ICU, intensive care unit; N/A, not 

applicable; N/R, not reported,
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publications (Table 3). However, in the publication evaluat-
ing the model in a USA setting, Taylor et al. [26] did not 
report utility values; they stated age-related decrements were 
derived for specific health states from multiple published 
sources [59, 60]. Sharp et al. [15] and Taylor et al. [17, 27] 
based some of their utility inputs on the same source publi-
cations. However, the utility inputs used in the Taylor et al. 
[17, 27] model were observably higher than the inputs uti-
lised in the Sharp et al. [15] model. This difference could 
be attributed to Taylor et al. [17, 27] reporting age-adjusted 
utility values, whereas Sharp et al. [15] presented the utility 
values as originally reported in the source papers, before 
any adjustment. Kahan et al. [22], Kandzari et al. [16], Lian 
et al. [25] and McFarlane et al. [19] all reported that utility 
values were adjusted for age, whereas Daemen et al. [20], 
Huang et al. [21] and Kario et al. [24] made no reference 
to age adjustment. Smith et al. [16], Sharp et al. [15] and 
Kandzari et al. [23] reported the same utility values for MI 
(0.76) [61–63], post-MI (0.88) [64–66] and stroke (0.63) 
[63, 64, 67], despite using different sources. The utility val-
ues incorporated into the models are provided in Table 3.

3.4.1.5 Cost Inputs Cost inputs included in the models were 
mostly associated with health states and their management 
costs. The publication by Taylor et al. [17] which evaluated 
the cost-effectiveness of RDN in a UK setting provided 
more granular costs relating to inpatient and outpatient care 
as well as diagnostic and monitoring costs. Xursandov et al. 
[28] did not provide any cost inputs for their model. Across 
the majority of studies, costs were identified from a range 
of different sources, including databases [15–17, 19–27], 
and published observational studies [15–17, 19–23, 25–27] 
which were relevant to the geographic locations that the 
model was evaluating. Other cost inputs were derived from 
economic models [16, 17, 19, 20, 22, 23, 25–27], SLRs [16, 
23, 26] and treatment guidelines [15]. With the exception 
of Xursandov et al. [28], all studies reported input costs for 
RDN therapy, although they were informed by different 
sources and were provided in the relevant currency for their 
respective settings. The cost of different classes of antihy-
pertensive treatments were used as inputs in several models; 
however, these varied [17, 18, 27, 30]. Wu et al. included 
hospitalisation costs [18]. Only the CUA by Taylor et  al. 
[17] and the CEA by Fontil et al. [29] explicitly included 
‘per unit’ HCRU-associated cost inputs (for example, costs 
associated with GP consultations or outpatient visits); all 
inputs reported by Taylor et  al. [17] were associated with 
ESRD.

3.4.2  Burden‑of‑Illness Studies

3.4.2.1 Clinical Treatment Effects Sorato et al. [34] incorpo-
rated clinical inputs, including the risk of all-cause mortality 

amongst those with treated, ucHTN and untreated HTN from a 
cohort study examining the association between HTN control-
status and the risk of mortality in the USA [68], despite the 
model being based in Ethiopia. Asakura et al. [31] and Hird 
et  al. [32] took an analogous approach to modelling excess 
mortality, despite their respective settings (Japan and Aus-
tralia). Roseleur et al. [33] incorporated clinical inputs includ-
ing the risk of CV events taken from an Australian national 
primary healthcare database [69], plus the 5-year risk of CVD 
events per 10 mmHg reduction in SBP (RR: 0.8; 95% CI 
0.77–0.83) derived from an SLR and meta-analysis of RCTs 
evaluating BP-lowering treatment to assess the extent of the 
effect of BP-lowering on CVD [70]. All trials evaluating BP-
lowering treatments, including trials assessing the use of anti-
hypertensives for indications other than HTN, were eligible 
for inclusion in the meta-analysis [70]; therefore, the clinical 
treatment effect inputs used in the Roseleur et al. [33] model 
were not from specific populations with ucHTN or trHTN.

3.4.2.2 Clinical Prediction Models Sorato et  al. [34] 
included data from risk equations, referencing both the 
Framingham Heart study risk equation to predict CV risk 
[71] and an additional risk equation predicting CV death, 
MI and stroke in a general population with/without HTN 
(Supplementary Table S7) [72]. Roseleur et al. [33] incor-
porated data from the Framingham Heart study [71] to pre-
dict CV risk. Asakura et al. [31] and Hird et al. [32] did not 
utilise risk equations.

3.4.2.3 Independent Transition Probabilities Asakura et al. 
[31] and Hird et al [32]. both reported the probability of all-
cause mortality by age and sex in patients with ucHTN and 
in patients with untreated HTN. In each study the probabil-
ity inputs were taken from national life tables published in 
the corresponding model country and for the corresponding 
HTN state (cHTN versus ucHTN) [73, 74].

3.4.2.4 Cost Inputs Sorato et  al. incorporated hospitalisa-
tion cost inputs, including the cost of antihypertensive treat-
ments, diagnostics and monitoring and outpatient care [34]. 
Most cost inputs were based on hospital price lists or were 
identified from published SLRs. Roseleur et al. reported the 
cost of hospitalisation associated with various CV events 
[33]. Most cost inputs were identified from databases or 
published literature, including modelling papers [75], SLRs 
[76] and observational studies [77]. Input costs were not 
provided by Asakura et al. [31] and Hird et al. [32].

3.4.3  Budget Impact Analyses

3.4.3.1 Clinical Treatment Effects Ogden et al. [35] did not 
incorporate clinical treatment effects and instead modelled 
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different treatment adherence levels on the basis of medica-
tion possession ratios from published estimates.

3.4.3.2 Clinical Prediction Models Ogden et  al. [35] did 
not utilise risk equations, nor report independent transition 
probabilities. The model considered adherence in terms of 
a patient’s medication possession ratio, assuming that lower 
daily pill burden is associated with higher patient persis-
tence with therapy. Estimates were drawn from several pub-
lications relating to treatment adherence. Risk of CV-related 
events and healthcare costs were modelled on the basis of 
these estimated levels of adherence.

3.4.3.3 Cost Inputs Ogden et  al. [35] reported the cost 
of antihypertensive treatments and outpatient care, and 
reported healthcare resource utilisation inputs, which 
included the number of CV-related hospitalisations and 
emergency room admissions per year [35], identified in an 
observational study [78].

3.5  Model Outputs

Outputs across all identified models are summarised in 
Table 2 and in the supplementary materials. Details on sen-
sitivity analysis and scenario analysis conducted can also 
be found in the supplementary materials (Supplementary 
Tables S8, S9 and S10).

3.5.1  Economic Evaluations

Incremental cost-effectiveness ratios (ICERs), defined as 
cost per QALY, were reported by 13 of the 14 CUA stud-
ies [15–17, 19–28]; only Wu et al. [18] did not report an 
ICER value (Table 4). Based on the reported ICER values 
and the cost-effectiveness threshold in each location (includ-
ing Europe, North America and Asian settings), RDN was 
assessed as cost-effective compared with SoC in people with 
ucHTN [15, 19, 21–25] and trHTN [17, 20, 26–28]. For 
example, the two studies evaluating RDN in a UK health-
care setting, reported that RDN was considered cost-effec-
tive based on the UK cost-effectiveness threshold at time of 
publication of £20,000 per QALY [15, 17]. Additionally, 
across all studies, RDN had over 90% probability of being 
cost-effective on the basis of the probabilistic sensitivity 
analysis. Despite studies conducting sensitivity analysis and 
determining key drivers, these were not reported with con-
sistency. Generally, when scenario analyses were reported, 
the most common scenario examined how proposed differ-
ences in SBP reduction would impact the ICER. Xursandov 
et al. [28] and Lian et al. [25] were the only publications 
to report the ICERs corresponding to the author-stated key 
model drivers. (Table 4).

PRA-guided treatment for people with ucHTN as com-
pared with SoC in the USA demonstrated that the ICER 
remained below the accepted approval threshold in the USA 
in all scenarios [16]. Wu et al. [18] reported the QALYs 
gained by optimising antihypertensive therapy in patients 
with HTN (Table 4). The study also reported the life years 
gained, hospital care costs savings, non-fatal major vascu-
lar and other vascular events avoided and vascular deaths 
avoided (Supplementary Table S8) [18]. The CEA by Fon-
til et al. [29] reported the proportion of people achieving 
BP control after improving medication adherence, visit 
frequency and higher physician prescription rates. Belsey 
et al’s CMA reported the median cost per patient of vari-
ous ARB treatments in people with ucHTN (Supplementary 
Table S8) [30].

3.5.2  Burden‑of‑Illness Studies

Hird et al. [32] and Asakura et al. [31] reported the produc-
tivity-adjusted life years (PALYs) and the value of PALYs. 
In both studies, the value of productivity loss owing to HTN 
was greater in the untreated populations compared with 
patients with treated, ucHTN [31, 32]. The main outputs 
reported by Sorato et al. [34] were the cost of lost produc-
tivity due to premature mortality and HTN morbidity in an 
overall HTN population, rather than by ucHTN or trHTN 
status. However, the model predicted the years of life lost in 
these populations to formulate the overall cost of lost pro-
ductivity; the paper did not report a sensitivity analysis [34]. 
The analysis by Roseleur et al. [33] reported the expected 
reduction in CVD costs over 5 years by controlling SBP in 
8.7 million Australian patients to either 139 mmHg or 129 
mmHg (AUD $179 million and $389 million, respectively).

3.5.3  Budget Impact Analyses

The BIA by Ogden et al. [35] reported that a 15% increase 
in a single triple-therapy pill in patients with ucHTN on 
dual therapy would result in two fewer CV events, slightly 
lower all-cause medical costs and higher pharmacy costs, 
with a net-neutral economic impact from a healthcare plan 
perspective over 1 year.

3.6  Author‑Reported Model Limitations

All the included studies reported limitations and assumptions 
(Supplementary Table S6). Generally, limitations included 
issues with generalisability, variations in BP targets, lack of 
input data and limitations in treatment effects. In terms of 
generalisability, several studies flagged that their model pro-
jections or adjustments and model input data were based on 
populations that were not specific to the model population [15, 
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Table 4.  Economic evaluations reporting ICER values

Author, year Country (cur-
rency, year)

HTN status Intervention ICER (cost/
QALY)

Incremental 
cost

Incre-
mental 
QALY

Discount rate Cost-effective-
ness threshold 
(source)

Probability, 
cost effective 
at threshold

Author-
reported key 
drivers

Deterministic 
sensitivity 
 analysisa

Daemen 2025 
[20]

Netherlands 
(EUR, 2024)

trHTN RF RDN 6784 4137 0.61 N/R 20,000 EUR 
(Dutch 
health 
economic 
guidelines 
[125])

99% • Adjustment 
factor for 
stroke from 
SBP reduc-
tion

• Costs for 
RF RDN 
therapy

• ICER = 2473 
at 9.9 mmHg 
SBP reduction 
from baseline

• ICER = 3247 
at 8.7 mmHg 
SBP reduction 
versus control 
at 24 months

Huang 2025 
[21]

Taiwan 
(TWD, 
2024)

ucHTN RDN 850,932 216,381 0.25 3% 1,000,000 
TWD

3,000,000 
TWD (World 
Health 
Organiza-
tion; 1–3 
times GDP 
per capita 
[126])

77.4%
100%

• Adjustment 
factor for 
stroke from 
SBP reduc-
tion

• Costs for 
RF RDN 
therapy

• Adjustment 
factor for HF 
from SBP 
reduction

• At 0% 
discount 
rate, ICER = 
390,359

• At 5% 
discount rate 
ICER = 1, 
331,269

Kahan 2025 
[22]

Sweden (SEK, 
2024)

ucHTN RDN 139,280 63,136 0.45 3% 500,000 SEK 
(reimburse-
ment for 
pharma-
ceuticals 
in Sweden 
[127])

100% • Adjustment 
factor for 
CHD from 
SBP reduc-
tion

• Costs for 
RF RND 
therapy

• Adjustment 
factor for HF 
from SBP 
reduction

In one-way 
sensitivity 
analysis the 
ICER ranged 
from 100,428 
to 192,195 
SEK per 
QALY
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Table 4.  (continued)

Author, year Country (cur-
rency, year)

HTN status Intervention ICER (cost/
QALY)

Incremental 
cost

Incre-
mental 
QALY

Discount rate Cost-effective-
ness threshold 
(source)

Probability, 
cost effective 
at threshold

Author-
reported key 
drivers

Deterministic 
sensitivity 
 analysisa

Kandzari 2024 
[23]

US (USD, 
N/R)

ucHTN RF RDN 32,732 11,275 0.34 3% 50,000 USD
150,000 USD 

(American 
College of 
Cardiology 
guidance 
[128])

100%
100%

• RF RDN 
therapy costs

• Adjustment 
factors for 
baseline 
stroke and 
CHD risk

• ICER ranged 
from $33,040 
to $70,846 
per QALY for 
patients aged 
45–80 years.

• ICER ranged 
from $31,884 
to $41,524 
per QALY for 
baseline SBP 
of 140–
174mmHg

ICER ranged 
from 
$28,779–
$36,725 for 
20% lower 
baseline 
mortality to 
20% higher 
baseline mor-
tality

Kario 2024 
[24]

Japan (JPY, 
2022)

ucHTN RF RDN 2,565,236 923,723 0.36 2% 5,000,000 
JPY (Central 
Social Insur-
ance Medi-
cal Council 
[129] and 
C2H [130])

98% • Costs 
for RDN 
therapy

• Adjustment 
factor for 
risk of HF, 
CHD

• SBP reduc-
tion in 
therapy arm

ICER exceeded 
5, 000 000 
JPY if RDN 
therapy 
exceeded 2, 
376,741 JPY 
or the SBP 
reduction 
was less than 
2.8mmHg
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Table 4.  (continued)

Author, year Country (cur-
rency, year)

HTN status Intervention ICER (cost/
QALY)

Incremental 
cost

Incre-
mental 
QALY

Discount rate Cost-effective-
ness threshold 
(source)

Probability, 
cost effective 
at threshold

Author-
reported key 
drivers

Deterministic 
sensitivity 
 analysisa

Lian 2025 [25] China, Japan, 
Thailand 
(USD, 2023)

ucHTN RDN China:
19,049
Japan:
15,821
Thailand:
18,525

China:
7091
Japan:
5889
Thailand:
6896

0.37 5% China: 1.52 
GDP per 
capita

Japan: 0.1 
GDP per 
capita

Thailand: 
1.90 GDP 
per capita 
(World 
Health 
Organization 
[126])

Japan: 98%,
Thailand: 66%
China: 91%

• Discount 
rate

At 3% discount 
rate,

• ICER = 
19,586 in 
China

• ICER = 
41,542 in 
Japan

• ICER = 
12,287 in 
Thailand

McFarlane 
2024 [19]

Canada (CAD, 
2023)

ucHTN RDN 11,809 6031 0.51 1.5% 22,000 CAD 
(CADTH 
guidance 
[131])

100% • Adjustment 
factor for 
stroke risk

• Costs 
for RDN 
therapy

• Adjustment 
factor for 
CHD risk

• ICER = 8497 
at 6.6mmHg

• ICER = 
12, 034 at 
4.8mmHg

• ICER = 
10,138 at 
5.7mmHg

• ICER = 6097 
at 9% discount 
rate

• ICER = 
19,521 at 3% 
discount rate

• ICER = 33, 
406 at 5% 
discount rate

Sharp, 2024 
[15]

UK (GBP, 
2022)

ucHTN RDN 13,482 4763 0.35 3.5% 20,000 GBP
30,000 GBP 

(NICE 2022 
[132])

92.7%
100%

• Adjustment 
factor for 
stroke and 
CHD from 
SBP

• Costs 
for RDN 
therapy

ICER = 7865 
with 9.9 
mmHg SBP 
reduction 
from baseline
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Table 4.  (continued)

Author, year Country (cur-
rency, year)

HTN status Intervention ICER (cost/
QALY)

Incremental 
cost

Incre-
mental 
QALY

Discount rate Cost-effective-
ness threshold 
(source)

Probability, 
cost effective 
at threshold

Author-
reported key 
drivers

Deterministic 
sensitivity 
 analysisa

Smith, 2013 
[16]

US (USD, 
2012)

ucHTN (male) PRA-guided 
treatment

14,497 1571 0.11 3% 100,000 USD 
(no refer-
ence)

No • Treatment 
effect

• Cost of the 
PRA

• ICER = 1110 
with 20mmHg 
SBP reduction

• ICER = 
43,078 with 
5mmHg SBP 
reduction

ucHTN 
(female)

PRA-guided 
treatment

40,449 2232 0.06

Taylor , 2024 
[17]

UK (GBP, 
2021/2022)

trHTN RDN 5600 3523 0.63 3.5% 20,000 GBP
30,000 GBP 

(NICE 2022 
[132])

No – state 
that over 
1000 itera-
tions there 
is >99% 
probability 
that uRDN 
is cost-
effective

• Relative risk 
of stroke per 
10mmHg 
SBP reduc-
tion

ICER = 6087 
with SBP 
reduction of 5 
mmHg

Taylor 2025(a) 
[26]

US (USD 
2022)

trHTN RDN 12,900 7600 0.59 3% 15,000 USD
50,000 USD 

(No refer-
ence)

73.2%
100%

• Maintenance 
cost of 
stroke

• Maintenance 
cost of HF

Despite uncer-
tainty around 
param-
eters uRDN 
remained cost 
effect (i.e., 
under the 
$50,000 CE 
threshold)

Taylor 2025(b) 
[27]

Belgium, 
France, 
Netherlands 
(EUR, 2023)

trHTN,
Belgium

RDN 4426 4291 0.97 3% 40,000 EUR 
[133]

99% • Risk of 
stroke per 
10mmHg 
SBP reduc-
tion

(for all three 
countries)

• Risk of HF 
per 10mmHg 
SBP reduc-
tion

(for Belgium 
and France)

• Stroke mor-
tality

(for the Neth-
erlands)

N/R

trHTN,
France

RDN 6261 5897 0.90 2.5% up to 
10 years, 
1.5%

50,000 EUR 
[134]

99%

trHTN,
The Nether-

lands

RDN 1654 1594 1.00 3% 20,000 EUR 
[125]

99%
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Table 4.  (continued)

Author, year Country (cur-
rency, year)

HTN status Intervention ICER (cost/
QALY)

Incremental 
cost

Incre-
mental 
QALY

Discount rate Cost-effective-
ness threshold 
(source)

Probability, 
cost effective 
at threshold

Author-
reported key 
drivers

Deterministic 
sensitivity 
 analysisa

Wu, 2021 [18] UK (GBP 
2019)

ucHTN HTN treat-
ment optimi-
sation

N/R N/R N/R 1.5% N/R N/R • Optimiza-
tion of anti-
hypertensive 
and statin 
treatment

• Age

N/R

Xursandov 
2025 [28]

Uzbekistan 
(USD, NR)

trHTN RDN 4150 1700 0.40 N/R 5000 USD
7000 USD 

(1x GDP per 
capita)

10,000 USD 
(no refer-
ence)

78%
85%
92%

• Discount 
rate

• Cost of RDN 
procedure

Discount Rate:
0% ICER = 

2800
6% ICER = 

5900
Cost of RDN:
−20% ICER = 

2100
+20% ICER = 

6200

CAD Canadian dollar, CHD coronary heart disease, CE cost-effectiveness, EUR Euro, HF heart failure, GDP gross domestic product, GBP Great British Pound, HTN hypertension, ICER incre-
mental cost-effectiveness ratio, JPY Japanese Yen, mmHg millimetre of mercury, NICE National Institute for Health and Care Excellence, N/R not reported, PRA plasma renin activity, QALY 
quality-adjusted life year, RDN renal denervation, RF radiofrequency, SBP systolic blood pressure, SEK Swedish krona, trHTN treatment resistant hypertension, TWD Taiwan dollar, ucHTN 
uncontrolled hypertension, uRDN ultrasound renal denervation, UK United Kingdom, USD United States dollar
a Where provided we extract the ICER aligned to the key drivers, alternatively we provide those noted by the author in the main body of the publication



 M. Franklin et al.

16, 18, 19, 21, 22, 24, 25]. For example, Smith et al. [16], 
Sharp et al. [15] and McFarlane et al. [19] raised concerns 
that their model projections were primarily derived from the 
Framingham cohort, and therefore may not be applicable to 
all patients with ucHTN and trHTN or represent the country-
specific population. Similarly, Lian et al. [25] noted that they 
utilised risk equations based on a Chinese population, yet they 
also evaluated the model in Japanese and Taiwanese settings. 
A frequently reported limitation was that the model repre-
sented a simplification of clinical reality; for example, some 
sequelae of HTN, such as peripheral vascular disease were not 
captured. [19, 21, 24, 25] Several models raised limitations 
surrounding treatment effects [15–17, 29, 30]. This included 
a lack of consideration for differences in BP-lowering effects 
between different drug classes and between drugs within the 
same class [29, 30]. The majority of studies flagged that the 
assumption of long-term treatment effects with no treatment 
waning may be considered a limitation [15–17, 19, 21, 22, 
24, 25], yet authors investigating RDN highlighted that this 
assumption is supported by evidence that RDN demonstrates 
a stable, long-term treatment effect.

3.7  Author‑Reported Model Assumptions

Several studies made assumptions relating to treatment 
effects, including that treatment effects would be maintained 
either over a long-term period [16] or over a lifetime [15, 
19–24, 26]. Several studies made assumptions on the cost 
of RDN treatment as pricing had not yet been established 
in the geographic locations of interest [24, 25, 27]. Bel-
sey et al. [30] assumed that all patients were being treated 
with ARBs as a first-line therapy and that the BP lowering 
effects were consistent across the drug class. Two studies 
made assumptions relating to adherence [29, 35]. Fontil 
et al. [29] acknowledged that adherence and persistence to 
medication would be imperfect but assumed that this would 
be captured in the average treatment effect and would not 
need to be modelled separately. Ogden et al. [35] assumed 
that lower daily pill burden was associated with higher per-
sistence with medication. Other assumptions made per study 
are summarised in the supplementary material (Supplemen-
tary Table S6).

3.8  Risk of Bias Assessment

Most studies were considered to have low risk of reporting 
bias (Supplementary Table S11); areas of uncertainty were 
mainly related to the data collection domain, and the analy-
sis and interpretation domain. This consisted of unclear or 
lack of reporting on the methods used to estimate inputs and 
the justification of the choice of model, the key input param-
eters, and decisions around discounting rates. Additionally, 
the risk of bias assessment concluded that there was unclear 

reporting across most studies on whether generalisability 
issues were addressed.

4  Discussion

4.1  Principal Findings

The SLR identified multiple studies that demonstrated 
improvements in BP control were cost-effective in popu-
lations with ucHTN or trHTN, and where tested, findings 
were robust across scenarios [15–28]. In addition, studies 
concluded that ucHTN places a significant economic burden 
on society. However, most studies did not incorporate input 
parameters specific to the ucHTN/trHTN populations in their 
models; therefore, the true burden may be underestimated, as 
people with ucHTN or trHTN have greater underlying risk 
of CV events. Despite the detrimental outcomes associated 
with ucHTN and trHTN, few novel treatments have been 
evaluated for their economic value, with only RDN therapy 
being compared with SoC. Importantly multiple studies uti-
lised the same models to evaluate cost-effectiveness of RF 
RDN [15, 19–24] and uRDN [17, 26, 27], in different geo-
graphical settings. The other models identified in this review 
assessed benefits associated with switching between existing 
treatments or optimising current care practices, demonstrat-
ing a lack of new emerging pharmacological therapies avail-
able to alleviate burden associated with ucHTN and trHTN.

4.2  Discussion of the Evidence

The SLR identified a variety of model types, consist-
ing mainly of economic evaluations, including 14 CUAs 
[15–28], a CEA [29], and a CMA [30]. CUAs utilising the 
QALY are typically the preferred method of economic eval-
uation to inform reimbursement decisions by HTA bodies, 
although where these are not possible, generalised CEAs 
(i.e., not using preference-based effectiveness metrics such 
as the QALY) can be accepted [80]. CMAs are not typically 
utilised owing to their outdated approach and the unlike-
liness of two healthcare interventions providing the exact 
same benefit: although the benefit point estimates may be 
the same for any care interventions being compared, the 
distribution around these estimates are unlikely to be the 
same. Thus, a key CMA assumption that benefits are equiva-
lent between care interventions being compared is typically 
violated [81]. This SLR only identified one CMA; despite 
limitations regarding this study, it met our pre-defined eligi-
bility criteria and was therefore included and critiqued [30].

The review only identified one BIA [35], although these 
are increasingly used to complement CEA in aiding reim-
bursement decisions by investigating the affordability of 
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interventions within a specific setting or system [82]. The 
SLR also identified four BOI models [31–34], which are less 
commonly used in reimbursement decisions; however, they 
can be used to provide researchers and decision-makers with 
relevant information regarding the cost components asso-
ciated with illness and clinical burden, whilst describing 
healthcare spending and indirect costs of disease [83]. They 
can also be a source of model inputs for health economic 
evaluations.

Overall, the economic evaluations took similar 
approaches, using published risk equations to estimate base-
line risk of CV events, and using data from clinical trials and 
estimated relative risk reduction from published meta-anal-
yses. The majority incorporated clinical inputs associated 
with risk of stroke, HF, MI, ESRD and death. Importantly, 
none of the risk equations or transition probabilities cited 
within the modelling studies were developed in popula-
tions with ucHTN and/or trHTN, or incorporated ucHTN or 
trHTN as a risk factor [36, 48, 49, 51–54, 71, 72, 84]. The 
application of risk equations based on non-hypertensive and 
cHTN populations likely underestimates the true risk of CV 
events, as it is generally accepted that the risk of cardiovas-
cular, renal and all-cause mortality outcomes are increased 
in people with trHTN compared with those with cHTN [7, 
8]. Several studies acknowledged this limitation, reporting 
they were obliged to use data from populations different to 
those being modelled, owing to a lack of population-specific 
inputs. Therefore, future research should focus on evidence 
generation in the ucHTN and trHTN populations.

Several of the included studies acknowledged that their 
models were limited by the over-simplification of HTN, not-
ing omission of some sequelae, such as peripheral vascular 
disease [19, 21, 24, 25]. However, additional consequences 
such CKD, HTN-mediated organ damage or cognitive 
decline were not considered [85–87]. Future models should 
take a more comprehensive approach to reflect the systemic 
impact of HTN as well as the potential benefits that treat-
ment may bring to the overall health of individuals. In addi-
tion, all models identified modelled SBP on the basis of 
office-based BP measurement. Accurate outcomes prediction 
is paramount to economic modelling. However, in terms of 
long-term outcomes such as CV events, home- and ambu-
latory-BP monitoring have been shown to offer improved 
predictive power compared with office-based measurement 
[88]. Similarly, ambulatory BP is more informative about 
risk of all-cause death and CV death than office-based BP 
[89]. The reliance of modelling to-date on office-based BP 
therefore introduces uncertainty, and future models would 
benefit from including alternative BP metrics.

The CUA models evaluating interventions in ucHTN 
used similar utility values for health states; however, the 
utility inputs ranged considerably across the models. Two 
models included different values despite using the same 

source publications [15, 17]. The difference was attributed 
to the trHTN model presenting age-adjusted values [17], 
rather than the values reported in the original source pub-
lication [15]. It is notable that the use of country-specific 
preference-based value sets was only reported by Lian 
et al. [25]; however, this information may be reported in 
the original source publications rather than in the model-
ling paper itself. In the wider literature, it has been shown 
that utilities for health states can vary between different 
country-specific value sets, highlighting the importance 
of using country-specific value sets when selecting utility 
values for modelling, which should be considered in future 
models [90]. Most models attempted to incorporate data 
from appropriate geographic populations; only McFarlane 
et al. [19] acknowledged that not all HRQoL data were 
from Canadian-specific populations in their limitations. 
Additionally, the methods used to elicit utility values 
varied; however, most models utilising indirect methods 
such as the EQ-5D to measure health-related quality of 
life (NICE’s preferred method) [81]. Frequently, several 
citations were provided for one utility value, making it 
difficult to determine the true source; however, the source 
publications were generally in appropriate populations for 
the given health state of interest, although not in ucHTN 
or trHTN groups. Improved transparency on where values 
are derived and which country-specific value set has been 
used would aid model critique and interpretation.

Three BOI studies assessed the effects of HTN with 
different treatment and control status on productivity [31, 
32, 34]. Despite heterogeneity in location and types of out-
comes reported, all three studies using a life table-modelling 
approach concluded that ucHTN places a significant eco-
nomic burden on society and that measures to control BP are 
needed. The main outputs reported by two of these models 
were related to the number and value of PALYs lost or saved 
as a metric of productivity [31, 32]. The other study (Sorato 
et al.) [34] used sex-specific life-expectancy in Ethiopia mul-
tiplied by sex-specific employment rate based on monthly 
average income as a metric of productivity. The PALY is 
a metric similar to the QALY; however, PALYs adjust for 
impairment in productivity rather than health-related quality 
of life [91, 92]. Although the use of PALYs has been sug-
gested for the purposes of economic evaluation, the iden-
tified studies only used PALYs to estimate the burden-of-
illness (i.e., no comparison of care interventions to reduce 
this productivity loss at a given cost in the given condition) 
and thus are categorised as BOI studies rather than economic 
evaluations. Of note, the study by Sorato et al. [34] referred 
to itself as a COI study despite using disability-adjusted life 
years and having a focus on productivity (i.e., a broader bur-
den focus than costs alone); thus, we classed the study as a 
BOI rather than COI analysis.
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The cost of intervention was reported as a key driver in 
the majority of models which evaluated RDN [15, 19–24, 
28]. The cost of PRA-guided treatment evaluated by Smith 
et al. [16] was also reported as a key cost driver. However, 
despite authors frequently stating that the ICER estimates 
remained within the approval thresholds, they did not 
consistently report the ICER corresponding to changes in 
treatment cost. We recommend that sensitivity analyses 
around the key drivers should be conducted and reported 
transparently.

The models all suggest that RDN and PRA-guided 
therapy are cost-effective interventions. Importantly, the 
cost-effectiveness of RDN was evaluated across a range of 
geographic locations and remained below the cost-effective-
ness threshold in all locations. Moreover, all models dem-
onstrated that the interventions evaluated had over a 90% 
probability of being cost-effective at the given approval 
thresholds. The suggestion is that the outputs from these 
models are potentially robust and resilient to uncertainty in 
the input parameters.

Finally, definitions of ucHTN and trHTN varied between 
studies. Though most studies reported a target BP threshold 
of 140/90 mmHg, the definitions of ucHTN did not indi-
cate whether they required patients to have been previously 
treated. This inconsistency impacts upon model compari-
son and interpretation; a clear and precise definition would 
improve generalizability. The definition of trHTN was more 
consistent across studies: a BP measurement of ≥ 140/90 
mmHg and at least three or more antihypertensive thera-
pies, including a diuretic, which aligns with published global 
HTN practice guidelines [93].

4.3  Strengths and Limitations

Although our review followed robust SLR methodology, 
yielding a comprehensive overview of published evidence, 
some limitations should be considered. The PICOS crite-
ria excluded non-English language publications, introduc-
ing potential evidence-source bias (e.g., the results may not 
be transportable to countries that report their evidence in 
a non-English language). However, previous research has 
shown that restricting searches to the English language 
has little impact on the results and conclusions of SLRs 
[94, 95]. To mitigate the risk of potential evidence-source 
bias, no restrictions were applied to study location and the 
review identified and included data from a range of coun-
tries. Although there is extensive literature exploring the 
benefit of improved BP management in more general HTN 
populations, our study focused on populations with ucHTN 
or trHTN and employed restrictive search criteria. Accord-
ingly, several HTN studies and their associated models were 
not captured in our searches (e.g., Zhang et al. [79]) or were 
excluded. We also acknowledge that lifestyle modifications 

or non-pharmacological changes in disease management 
(e.g., team-based care), which were not included in this 
review, can contribute to improvements in BP. Additionally, 
owing to differences in definitions and reporting of ucHTN, 
we cannot exclude the possibility that some potentially rel-
evant studies were not identified.

Our data extraction was conducted by a single reviewer, 
and quality-checked against the source publication for accu-
racy; however, this should not be considered dual extraction. 
Furthermore, to obtain their model inputs, many of the eco-
nomic models utilised grey literature such as databases and 
registries. Despite our comprehensive search strategies and 
supplementary searches, such sources would not have been 
identified in our review.

We did not exclude any study based on the outcomes of 
their quality assessment, yet there were several domains 
flagged as potential sources of bias, mainly surrounding 
the lack of justifications for model approaches and input 
parameters used. This is worth noting when reviewing the 
identified models to determine the best approach for future 
modelling activities.

To facilitate review and comparison, we grouped stud-
ies into high-level categories; inconsistent use of nomen-
clature across the identified studies introduced additional 
challenges to our review. For example, although presented 
and described as a COI analysis, we included Sorato et al. 
[34] within BOI because this description more accurately 
reflects the models’ functionality. Additionally, all identified 
models share a common limitation: the overall applicability 
of model outputs to the ucHTN and trHTN populations is 
uncertain, due to inputs not being derived from these popula-
tions. There is a need for risk prediction models and clinical 
inputs that are relevant to people with ucHTN and trHTN. 
We would recommend retrospective analysis of available 
clinical data to determine the true impact of ucHTN and 
trHTN. We also recommend the collection of utility data 
specific to these underserved populations. In a current 
SLR of published risk equations for ucHTN and trHTN, 
we identified a paucity of evidence [96] and would suggest 
population-specific risk equations should be developed; 
alternatively, commonly used risk prediction tools could be 
validated in the ucHTN and trHTN populations. Moreover, 
future models should provide clearer justifications for deci-
sions regarding model inputs, for example to limit the intro-
duction of selection bias (i.e., the model not representing the 
target population of interest).

5  Conclusions

Hypertension, especially when treatment-resistant, presents 
substantial burden to the healthcare system and to society in 
general. This could potentially be ameliorated by the use of 
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effective and cost-effective novel treatments. Economic eval-
uation requires appropriate modelling; our review identified 
a range of economic models designed to evaluate the benefit 
to be realised through treating HTN. However, few models 
evaluated emerging therapies other than RDN, reflecting the 
limited innovation in pharmacotherapy for HTN in the past 
two decades.

Most models employed similar structures to capture 
changes in BP and relate those to long-term clinical impacts. 
Our findings demonstrate that the majority of economic 
models were generally considered structurally relevant; how-
ever, they utilised model input parameters not specific to the 
ucHTN or trHTN populations, thus introducing uncertainty 
as to their applicability, and likely underestimating true cost 
to society and the individual.
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