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Abstract
Background Objective This study aimed to systematically synthesise the cost-effectiveness of screening strategies to detect 
heterozygous familial hypercholesterolemia (FH).
Methods We searched seven databases from inception to 2 February , 2023, for eligible cost-effective analysis (CEA) that 
evaluated screening strategies for FH versus the standard care for FH detection. Independent reviewers performed the screen-
ing, data extraction and quality evaluation. Cost results were adapted to 2022 US dollars (US$) to facilitate comparisons 
between studies using the same screening strategies. Cost-effectiveness thresholds were based on the original study criteria.
Results A total of 21 studies evaluating 62 strategies were included in this review, most of the studies (95%) adopted a 
healthcare perspective in the base case, and majority were set in high-income countries. Strategies analysed included cascade 
screening (23 strategies), opportunistic screening (13 strategies), systematic screening (11 strategies) and population-wide 
screening (15 strategies). Most of the strategies relied on genetic diagnosis for case ascertainment. The most common com-
parator was no screening, but some studies compared the proposed strategy versus current screening strategies or versus the 
best next alternative. Six studies evaluated screening in children while the remaining were targeted at adults. From a health-
care perspective, cascade screening was cost-effective in 78% of the studies [cost-adapted incremental cost-effectiveness 
ratios (ICERs) ranged from dominant to 2022 US$ 104,877], opportunistic screening in 85% (ICERs from US$4959 to 
US$41,705), systematic screening in 80% (ICERs from US$2763 to US$69,969) and population-wide screening in 60% 
(ICERs from US$1484 to US$223,240). The most common driver of ICER identified in the sensitivity analysis was the 
long-term cost of lipid-lowering treatment.
Conclusions Based on reported willingness to pay thresholds for each setting, most CEA studies concluded that screening 
for FH compared with no screening was cost-effective, regardless of the screening strategy. Cascade screening resulted in 
the largest health benefits per person tested.
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Key Points for Decision Makers 

Familial hypercholesterolemia results in high levels of 
cholesterol that lead to premature cardiovascular disease 
if undetected and untreated.

Many studies have evaluated the cost-effectiveness of 
different strategies for the screening for familial hyper-
cholesterolemia, including cascade screening, system-
atic, opportunistic and population wide screening.

Most of the studies reported ICERs below the willing-
ness-to-pay thresholds in each setting. Combining strate-
gies may optimise the cost-effectiveness.

1 Introduction

Heterozygous Familial Hypercholesterolemia (FH) is 
characterised by elevated levels of low-density lipoprotein 
cholesterol (LDL-C), leading to premature atherosclerosis, 
and significantly raising the susceptibility to cardiovascu-
lar disease (CVD) [1]. With an estimated prevalence of 
1:311, FH impacts more than 34 million people world-
wide, making it one of the most common monogenic dis-
orders [2]. The early onset and high incidence of cardio-
vascular events among FH patients result in substantial 
morbidity, mortality and economic burden for patients and 
healthcare systems [3–5].

Statins are safe, effective and cost-effective for reducing 
the risk of premature CVD in FH patients [6]. Owing to 
the asymptomatic nature of atherosclerosis development, 
screening plays a pivotal role in identifying individuals 
with FH to enable early intervention and prevent cardio-
vascular events [6]. However, under-detection remains one 
of the major barriers to care for FH patients and reim-
bursed screening strategies are still rare, although some 
high-income countries have started national programs in 
the last few years [7, 8]. Still, only a handful of countries 
are achieving even 10% detection rates [9, 10]. This may in 
part be related to limited reports on the value of screening 
for FH, particularly in children.

Understanding the long-term health and economic 
implications of the different screening strategies for FH 
can aid implementation policies [11]. Previous system-
atic reviews have collated health economic evidence on 
screening strategies for FH [12, 13]. However, the broader 
testing and implementation of new screening strategies 
(i.e. universal or systematic) and their implementation in 
diverse populations (i.e. children) warrants an evidence 

update. This updated systematic review examined the cost-
effectiveness of published FH screening strategies, syn-
thesised screening, and modelling characteristics as well 
as model drivers. By determining the most contemporary 
cost-effective approaches, policymakers and healthcare 
providers can make informed decisions regarding the 
implementation of FH screening programs, ultimately 
reducing the burden of disease for individuals, healthcare 
systems, and society.

2  Methods

This study was conducted and reported in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) reporting guidelines. The 
quality of the included studies was evaluated using the 
Drummond checklist [14], and the quality of reporting of 
each study was evaluated using the Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS) 
statement [15]. The PRISMA checklist is available in 
Appendix 1 of the supplementary material. The study 
protocol was prospectively registered in PROSPERO 
(CRD42023396039).

2.1  Eligibility criteria for study selection

The following characteristics composed the inclusion crite-
ria (i) the population of interest were any individuals with 
heterozygous FH; (ii) the intervention was any screening 
strategy for the detection (including using lipid levels, clini-
cal diagnosis and/or genetic testing for case ascertainment) 
of FH; (iii) the comparator was the standard of care for 
FH detection in each setting; and (iv) the outcome was the 
incremental cost-effectiveness ratio (ICER) of the screening 
strategy compared with the standard of care. We excluded 
(i) studies evaluating management strategies for FH if they 
did not include a prior screening component and (ii) stud-
ies not providing a comparative economic outcome (i.e. an 
ICER). Publications other than original research articles 
(i.e. reviews, opinion letters, systematic reviews and meta-
analyses) were also excluded from this systematic review.

2.2  Search strategy

CM and ZA developed the search strategy according to 
Medical Subject Heading (MeSH) terms and the current lit-
erature on the topic. The search was based on the concepts 
of FH, screening and economic evaluation. The literature 
search was conducted in MEDLINE via Ovid, EMBASE via 
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Ovid, Scopus, the Cochrane Library, the Economic Litera-
ture Database (EconLit) via EBSCOHost, the International 
HTA Database (INAHTA) and the NHS Economic Evalua-
tion Database (EED) and Database of Abstracts of Reviews 
of Effects (DARE). We searched for studies published from 
inception to 2 February 2023. Combinations of terms of 
MeSH and keywords were used to identify eligible studies 
in the search strategy. The full search strategies are available 
in Appendix 2. The language was restricted to English and 
Spanish. The reference lists of included studies and previous 
reviews of interest were also screened for additional studies. 
Four reviewers in independent pairs (TA, AL, CM and PD) 
screened titles and abstracts, and four reviewers screened 
the full text of selected studies (TA, CM, AL and PD). Dis-
crepancies were resolved by CM. Conference abstracts were 
excluded under the assumption that they may not provide as 
much granular detail needed to perform a thorough analysis 
of the methods and the results.

2.3  Data extraction and synthesis

Data extraction was performed using a data extraction tem-
plate adapted for the outcomes of interest. Collected data 
included the author, year of publication, country of setting, 
the objective of the study, intervention, comparator, general 
characterisation of the model (model type, perspective, time 
horizon, treatment arms, discount rate and currency year), 
baseline risks and treatment effectiveness and their data 
sources, types of costs, total costs, total outcomes, ICERs 
and results from sensitivity analyses. Studies were grouped 
by screening strategy in data extraction summaries. Screen-
ing strategies were defined as cost-effective on the basis of 
each study’s willingness to pay (WTP) threshold.

2.4  Quality assessment

Quality assessment was performed independently by four 
reviewers in independent pairs (ML, DA, YB and CM). 
The methodological quality of the studies was assessed 
using the Drummond checklist [14] and reporting quality 
was assessed using the 28 items checklist provided in the 
CHEERS statement (2022 version) [15]. If any reviewer 
was also an author in an evaluated study, that reviewer was 
excluded from evaluating and resolving discrepancies, and 
a different reviewer completed the assessment. Any other 
discrepancies were resolved by CM. The results for each 
Drummond and CHEERS item were summarised in a col-
our histogram with “yes”, “no” and “unclear” categories, 
depending on the criteria fulfilment. On the basis of the ful-
filment of each criterion, each item was rated with 1 point 
(green), 0.5 points (yellow) or 0 points (red). For reporting 
the results, the total percentage of criteria fulfilment for 
each study was calculated. Items that were not applicable 

to the study were subtracted from the total number of items 
for the score.

2.5  Cost adjustments methods

To be able to compare ICERs in a common currency and 
cost-effectiveness plane, all costs were adapted to 2022 
US dollars (US$) using the cost-adjustment method previ-
ously validated and published by Ademi et al. [16]. Briefly, 
the methodology follows three steps: first, the total direct 
medical costs of each study were adjusted for the level of 
healthcare resource utilisation between each country and the 
USA. Second, the prices of healthcare in each country were 
adjusted with the US prices, and third, costs were adjusted 
for inflation in the common setting of choice (i.e., the USA). 
Further details for the cost adaptation process and the adap-
tation tables with each adjustment factor are presented in 
Appendix 3.

Beyond cost adaptation to a common cost-effectiveness 
plane, Table 3 includes the cost-effectiveness thresholds 
(CET) for each jurisdiction calculated by Woods et al. [17] 
based on the opportunity costs in each setting. These CETs 
are based on empirical estimations of opportunity costs and 
the relationship between each country’s gross domestic 
product and the value of statistical life. The CETs reported 
in Table 3 correspond to those reported by Woods et al. [17] 
in US$ and adjusted for purchasing power parities and have 
been adjusted for inflation to 2022 US$ using data from the 
Organisation for Economic Cooperation and Development 
(OECD).

3  Results

3.1  Search results

After duplicate removal, our search strategy resulted in 2314 
unique records. After title and abstract screening, 99 stud-
ies were included in the full-text screening process. From 
these 99 studies, 20 were deemed eligible according to the 
inclusion and exclusion criteria and were selected for data 
extraction and quality appraisal. Upon further revision, two 
publications were deemed to be duplicate reports of the 
same study, and thus only one [18] was kept for data extrac-
tion and evaluation. Two further studies fulfilling the criteria 
were included as articles in-press [19, 20] after the search 
was concluded but before starting the data extraction and 
quality appraisal. In total, this systematic review includes 21 
studies. The searching, screening and inclusion procedure is 
summarised in the PRISMA flowchart in Fig. 1.
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3.2  Quality appraisal

Overall, the quality of the studies was deemed very high, 
with most studies obtaining above 85% fulfilment of criteria 
in both the Drummond and the CHEERS checklist (Fig. 2). 
The overall average percentages for the Drummond check-
list were 90% and for CHEERS 88%. The percentages of 
fulfilment for each study were similar in both checklists. 
The item with most negative scores in Drummond was 
item 16 (“Quantities of resource use are reported separately 
from their unit costs”), while in CHEERS it was the early 
planning of health economic analysis. The Drummond and 
CHEERS assessment results can be found in Appendices 4 
and 5.

3.3  General characteristics of the included studies

Of the 21 included studies, five studies were set in Australia 
[20, 21, 22, 23], four in the UK [24, 25, 26, 27], three in the 
Netherlands [19, 28, 29], two in England and Wales [18, 
30], two in Spain [31, 32], two in the USA [33, 34], one in 
Poland [35], one in Argentina [36], and one in Canada [37]. 
All the studies were reported in English. All studies were 
published in peer-reviewed journals except the one set in 

Canada, which was published by Ontario’s Health Technol-
ogy Assessment (HTA) agency [37]. None of the studies 
were set in low or middle-income countries. Most studies 
evaluated more than one screening strategy or different types 
of case ascertainment (and hence the number of strategies 
evaluated is larger than the total number of included stud-
ies). Of the selected studies, 17 evaluated cascade screening, 
either as a standalone strategy [18, 19, 22, 23, 24, 25, 28, 
29, 31, 33, 37] or in combination with other strategies [26, 
30, 32, 35, 36, 38]. Six studies evaluated a population-wide 
screening strategy [18, 21, 26, 34, 35, 36], four evaluated an 
opportunistic strategy (in most cases followed by cascade 
screening) [18, 32, 35, 38], and three evaluated a systematic 
screening strategy using electronic medical records [20, 27, 
30]. General characteristics for the included studies are pre-
sented in Table 1.

Most of the studies (80%) used a lifetime horizon for the 
evaluation, while Ademi et al. [23] and Lazaro et al. [32] 
used a 10-year horizon, Spencer et al. [34] a 20-year, and 
Jones et al. [27] a 12-weeks horizon. In all. 6 studies used 
a decision tree for their analysis [18, 24, 27, 29, 32, 36] 
mostly based on life-table data, and 13 used a decision tree 
followed by a Markov model [19, 20, 21, 22, 23, 25, 26, 30, 
33, 34, 35, 37, 38]. In addition, two studies did not describe 
the analytical design [28, 31]. Most studies (71%) reported 

Fig. 1  PRISMA flow diagram
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cost per QALY gained as the main outcome of interest, four 
reported cost per life year gained (LYG) [18, 28, 29, 31] 
(of note, all four were published before 2010), one study 
reported both cost per quality-adjusted life-year (QALY) 
and cost per LYG as the main outcome [36], and one study 
reported cost per FH case detected [27]. For studies that 
reported QALYs, 10 studies used the EQ-5D instrument for 
the utility weights [19, 20, 21, 22, 23, 24, 32, 33, 37, 38]. 
Out of the 21 included studies, 6 included strategies focus-
ing on children (from age 1–10 years) [19, 22, 26, 36, 38] 
or adolescents (16 years) [18] as their target population, and 
the remaining focused on adult populations.

From the included studies, only three reported the number 
needed to screen (i.e. the number of people that needs to 
undergo screening to avoid one adverse outcome).

3.4  Screening strategies

There were four main screening strategies that were evalu-
ated: (1) cascade screening, which involved the screening of 
relatives of an index case with diagnosed or suspected FH; 
(2) opportunistic screening, which involved offering screen-
ing to any individual with or without symptoms as they 
present to a health care practice or other institutions (i.e. 
schools) for reasons unrelated to the disease; (3) systematic 

screening, which usually involved screening of some form 
of medical records to detect potential FH cases and differs 
from universal screening in that a prior step trying to iden-
tify high-risk individuals is conducted before the actual FH 
case ascertainment; and (4) population-wide screening, 
which involved the screening of a whole defined segment of 
the population with no prior criteria for detecting high-risk 
individuals.

3.4.1  Cascade screening

Of the 21 included studies, 17 evaluated cascade screening 
either as a standalone strategy [18, 19, 22, 23, 24, 25, 28, 
29, 31, 33, 37] or in combination with other strategies [26, 
30, 32, 35, 36, 38]. Of note, we defined cascade screening 
as a standalone strategy if the studies did not include the 
costs and process of finding the index cases. All the stud-
ies included genetic testing for case ascertainment, either 
alone, in combination, or in comparison with other clinical 
and/or lipid level-based diagnostic tools. Of the studies that 
compared ascertainment methods, Nherera et al. [24] com-
pared genetic versus genetic plus clinical, Chen et al. [33] 
compared cascades screening using genetic testing versus 
cascade screening using lipid testing and lipid testing plus 
an adherence program and McKay et al. [26] and Crosland 

Fig. 2  Cost-adapted results from different health strategies (health-
care perspective) presented in a common cost-effectiveness plane 
for costs (2022 USD) and QALYs. Strategies were included in the 
cost-effectiveness plane if they reported health benefits and costs per 
person, if costs were adaptable to 2023 USD and if the comparator 
was standard of care (i.e. for studies that evaluated several strategies 
and compared several against the next best alternative, only the one 
comparing against standard of care was included). Strategies that 

did not fulfil these criteria could not be presented in a common same 
cost-effectiveness plane. 1. Marang et al. [28], 2. Oliva et al. [31], 3. 
Nherera et al. [24], 4. Ademi et al. (2014) [20], 5. Lazaro et al. [32], 
6. Kerr et  al. [25], 7. McKay et  al. [26], 8. Crosland et  al. [30], 9. 
Ademi et al. (2020) [21], 10. Ontario Health [37], 11. Spencer et al. 
[34], 12.Marquina et al. (2021) [23], 13. Ademi et al. (2023) [18], 14. 
Marquina et al. (2023) [19]
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et al. [30] compared seven and eight different ascertainment 
strategies, respectively. Three studies evaluated national cas-
cade screening strategies in the Netherlands (both in adult 
relatives [28, 29] and children [19]), in Spain [31, 32] and 
in the UK [18, 26]. In addition, the Ontario HTA reported 
an analysis of cascade screening for first-, second- or third-
degree relatives using lipid testing, cholesterol testing or 
both [37]. From the studies that evaluated cascade screening, 
five did not define the relatives or family members tested 
(first or second degree).

3.4.2  Opportunistic screening

Four studies [18, 22, 35, 38] evaluated some type of oppor-
tunistic screening. Marks et al. [18] evaluated three forms 
of opportunistic screening: (i) by offering lipid testing to 
all individuals presenting to a primary care practice, (ii) by 
offering lipid testing only to 16-year-olds presenting at a 
primary care practice, and (iii) by testing patients after a 
premature myocardial infarction (MI). In all cases, the first 
screening step involved lipid testing followed by case ascer-
tainment using genetic testing or clinical criteria. Lazaro 
et al. [32] evaluated the implementation of the national 
program for FH in Spain. In this study, adult individuals 
and their first-degree relatives (either adult or children) are 
offered genetic testing for FH after a high cholesterol result 
in a routine lipid panel, thus combining opportunistic cho-
lesterol screening with cascade screening. Pelczarska et al. 
[35] evaluated the screening of individuals after an acute 
CVD event using clinical or genetic ascertainment. Finally, 
Martin et al. [38] evaluated the screening of 1–2 year old 
children receiving a scheduled immunisation at a healthcare 
practice by testing blood samples for high cholesterol levels, 
followed by genetic testing if total cholesterol was above the 
 95th percentile. If results were positive for FH, both parents 
were offered cascade screening (again via lipid testing and 
genetic testing). The study used the model previously pub-
lished by Ademi et al. [22] to estimate long-term outcomes.

3.4.3  Systematic screening

Three studies evaluated the systematic screening of elec-
tronic medical records to detect potential FH patients (11 
strategies in total). From the eight different strategies evalu-
ated, Crosland et al. [30] included the systematic screening 
of electronic medical records from primary or secondary 
care or both, with individuals identified using the Simon 
Broome or the Dutch Lipid Network criteria, followed by 
genetic testing and cascade screening. Marquina et al. [20] 
evaluated the systematic screening of electronic medi-
cal records in primary care to identify potential FH cases 
using the Dutch Lipid Network Criteria, followed by a care 
management plan for positive cases. Finally, Jones et al. Ta
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[27] evaluated the cost-effectiveness of FH case finding in 
the UK using electronic medical records and five different 
algorithms compared with no active screening. The authors 
reported the ICER in terms of cost per FH case found over 
a short time-horizon (12 weeks).

3.4.4  Population‑wide screening

Six studies evaluated a population-wide screening strategy 
[18, 21, 26, 34, 35, 36] (15 strategies in total). Marks et al. 
[18] evaluated a strategy involving sending invitations to 
all primary care patients (either with no age restrictions 
or focused on 16 year olds) followed by lipid testing and 
clinical or genetic ascertainment. McKay et al. [26] analysed 
seven different population-wide screening strategies, based 
on cholesterol or genetic testing, with or without following 
with cascade screening. Pelczarska et al. [35] evaluated a 
population-wide screening strategy in Poland that involved 
screening individuals getting their first job (with clinical or 
genetic ascertainment) and a population-wide screening of 
all children aged 6 years (with genetic ascertainment). Both 
Spencer et al. [34] in the USA and Marquina et al. [21] in 
Australia evaluated the population-wide screening using 
genetic testing. In Spencer et al. [34] the authors target a 
population of 20 years olds, while Marquina et al. [21] cap-
tured a population aged 18–40 years [20]. Finally, Araujo 
et al. [36] evaluated the population-wide screening of chil-
dren at 6 years old in Argentina using cholesterol levels as 
the first testing criteria.

3.5  Perspective, costs and benefits

All the studies but four adopted a healthcare perspective for 
the base case analysis: three studies evaluated both a health-
care and a societal perspective [19, 20, 32], and Chen et al. 
[33], adopted a societal perspective. Additionally, nine stud-
ies included a societal perspective in sensitivity analyses. In 
terms of the costs included, most studies included testing 
costs, the costs of acute and chronic management for CVD 
and the cost of routine healthcare visits. All the studies but 
two [27, 38] included the long-term costs of lipid-lowering 
treatment. In the study by Jones et al. [27] the short time 
horizon was not designed to capture subsequent treatment or 
CVD (acute or chronic) costs. While indirect cost can refer 
to a variety of items, in the included studies indirect costs 
mainly referred to productivity losses. Costs were discounted 
in all but two studies [27, 28] (of note, Jones et al. [27] used 
a 12-week time horizon which does not warrant discount-
ing). Discounting rates varied from 1.5% in Canada [37] to 
5% in Australia [20, 21, 22, 23], and Marks et al. [18] used 
a 6% discount for costs only in England and Wales. Only 
Nherera et al. [24] and Chen et al. [33] included adverse 

events from subsequent cholesterol-lowering treatment in the 
model. Details on costs and benefits are presented in Table 2.

In terms of incremental health outcomes per person 
screened, the largest benefits per person were reported 
for cascade screening for a child population (2.54 QALY 
gained) [19] while the lowest health benefits were reported 
for population-wide screening (0.001 QALYs gained) 
[34]. For opportunistic screening, health gains per person 
screened varied between 0.085 and 0.05 QALYs gained (of 
note, two of the studies evaluating opportunistic screening 
did not report granular outcomes per person). For systematic 
screening, health gains per person varied between 0.058 and 
0.012 QALYs, both reported by Crosland et al. [30] and 
for population-wide screening, the health gains per person 
screened varied between 0.006 [21] and 0.001 QALYs [34].

3.6  Cost‑adaptation to 2022 USD

To allow a comparison between the results of the studies 
in the different settings, costs were adapted to 2022 US$. 
Costs per person were adapted from studies that reported 
granular costs per person screening, evaluated a healthcare 
perspective and provided information on the currency year. 
Marks et al. [18] and Martin et al. [38] were excluded from 
adaptation process a due to lack of information. In addition, 
Wonderling et al. [29], Pelczarska et al. [35], and Araujo 
et al. [36] were not included in the adaptation process as 
the study setting had a different currency that the one used 
for results reporting. The cost adapted ICERs are reported 
in 2022 US$ unless indicated otherwise. Table 2 includes 
original and adapted costs per person screened and Table 3 
presents original, adapted ICERs and opportunity costs CET 
(USD/QALY).

3.7  Cost‑effectiveness results

Overall, 77% of ICERs evaluating a healthcare perspective 
for any screening strategy were found to be cost-effective 
under the original analysis criteria and willingness-to-pay 
thresholds for the base-case. All were cost-effective when 
the comparator was no screening. From a societal perspec-
tive, four out of five reported ICERs resulted in cost-effec-
tive results. All cost-effectiveness results are presented in 
Table 3.

As a standalone strategy, cascade screening was evaluated 
in 23 analyses and was found cost-effective in 78% of the 
reported ICERs, with healthcare ICER values ranging from 
dominant in cascade screening for children in Australia [22] 
to US$104,877 in cascade screening of third-degree relatives 
using lipid plus genetic testing in Canada [37]. The HTA 
report by Ontario health [37] also found cascade screening 
not to be cost-effective (compared with no screening) for 
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second- and third-degree relatives using genetic or sequen-
tial (genetic plus lipids) testing. However, in this study cas-
cade screening for first degree relatives was found cost-effec-
tive for both lipid and genetic testing. Only Chen et al. [33] 
reported results that were not cost-effective from a societal 
perspective (i.e. including costs from lost productivity). The 
study was set in the USA and evaluated cascade screening 
on the basis of genetic ascertainment compared with the cur-
rent standard of care of cascade screening with lipid testing 
resulting in an ICER of US$519,813/QALY gained (for a 
US$100,000 willingness-to-pay threshold) [33]. Chen et al. 
reported one of the largest costs per person screened (incre-
mental cost of US$5,198 per person).

From the 4 studies focusing on opportunistic screening, 
there were 10 reported ICERs resulting from opportunistic 
screening as a standalone strategy and 3 ICERs for oppor-
tunistic screening followed by cascade screening, all from a 
healthcare perspective. All but two strategies (opportunistic 
screening with genetic ascertainment after an acute CVD 
event and opportunistic screening in 16-year old people 
presenting to primary care, both evaluated by Marks et al. 
[18]) resulted in cost-effective ICERs. This translated to 85% 
of cost-effective results for opportunistic screening, with 
ICERs between US$1,484 to US$41,705.

From the three studies evaluating systematic screening, 
there were 10 strategies evaluated with 11 reported ICERs, 
10 from a healthcare perspective [20, 27, 30] and 1 from a 
societal perspective [20]. All strategies but two were found 
to be cost-effective (80% cost-effective from a healthcare 
perspective and 100% cost-effective from a societal per-
spective). ICERs ranged between $2763 and $69,969 (both 
reported by Crosland et al. [30]). The upper range ICER 
corresponds to systematic screening of primary and second-
ary care electronic medical records using either the Simon 
Broome or the Dutch Lipid Network criteria and was found 
no cost-effective compared with the next best alternative (i.e. 
screening of primary care electronic medical records only).

For population-wide screening, 15 strategies were evalu-
ated in six different studies, with ICERs ranging from 
US$1484 and US$223,240 per QALY gained. As a stan-
dalone, seven strategies yielded cost-effective results [18, 21, 
35, 36] in the UK, Australia, Poland and Argentina, and one 
strategy did not show cost-effective results in the US [34]. 
From the remaining eight strategies, all combining popula-
tion-wide screening with cascade screening, four were found 
cost-effective in Spain and the UK, whilst four were not 
cost-effective (of note, all the no cost-effective strategies 
were compared against the best next alternative, not against 
the standard of care).
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Table 3.  Cost-effectiveness results and model drivers of the included studies

Author, year ICER (discounted) origi-
nal costs/health gain

ICER (discounted) 
adapted cost/health 
 gain±

Cost effective? Original WTP 
(cost/QALY)

Opportunity costs 
 CET§ (USD/QALY)

Marks, 2002 [18] Clinical ascertainment
(1) Pop wide £2777 /

LYG
(2) Opportunistic 

£13,029/LYG
(3) Opportunistic 16yo 

£11,310/LYG
(5) Opportunistic MI 

£9281/LYG
(6) Cascade £3097/LYG
Genetic ascertainment
(1) Pop wide £14,842/

LYG
(2) Opportunistic 

£78,060/LYG
(3) Opportunistic 16yo 

£70,009/LYG
(5) Opportunistic MI 

£21,106/LYG
(6) Cascade £4914/LYG

NA* Yes, all except opp in 
16 yo

NR* US$23,717–US$23,717

Marang-van de 
Mheen, 2002 [28]

€31,260/LYG US$28,970 Yes NR US$26,510–US$33,619

Wonderling, 2004 
[29]

US$8800/LYG NA Yes NR US$26,510–US$33,619

Oliva, 2009 [31] €3,423/LYG US$4,028 Yes NR US$18,388–US$21,511
Nherera, 2011 [24] (1) Genetic £479

(2) Genetic + clinical, 
Extended Dominance*

(3) Genetic + clinical + 
lipids £3,666

(1) US$359
(2) Extended Domi-

nance*
(3) US$2745

Yes, all £20,000 US$23,717–US$23,717

Ademi, 2014 [23] AU$3,565/QALY $6,180 Yes AU$50,000 US$26,572–US$33,839
Chen, 2015 [33] 1) Genetic testing vs. 

lipid: US$519,813/
QALYs

2) Lipid testing + 
ADP vs. lipid: 
US$12,223QALYs

NA (societal perspec-
tive only)

Yes, for lipid testing 
+ adherence

No for genetic testing

US$150,000 US$30,504–US$50,388

Lazaro, 2017 [32] Healthcare: €29,608/
QALYs

Societal:  dominant¥

Healthcare: 
US$16,807

Societal: NA

Yes €30,000 US$18,388 – 
US$21,511

Kerr, 2017 [25] £5,806/QALY US$4,433 Yes £20,000 US$23,717–US$23,717
McKay, 2018 [26] 1) Lipids £19,298

2) Genetic + lipids if 
(+) £21,872

3) Lipids + genetic if 
(+) £12,480

4) Parallel lipids and 
genetic £283,799

5) Strategy 2 + RCT 
£84,240

6) Strategy 3 + RCT 
£131,635

7) Strategies + RCT 
£63,957

(1) US$15,180
(2) US$17,205
(3) US$9,817
(4) US$223,240
(5) US$66,264
(6) US$103,546
(7) US$50,309

Yes, for those with no 
RCT 

No, for those with 
RCT 

£20,000-£30,000 US$23,717–US$23,717
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Table 3.  (continued)

Author, year ICER (discounted) origi-
nal costs/health gain

ICER (discounted) 
adapted cost/health 
 gain±

Cost effective? Original WTP 
(cost/QALY)

Opportunity costs 
 CET§ (USD/QALY)

Crosland, 2018 [30] (1) Cascade, Extended 
Dominance*

(2) EMR primary care, 
SBC £13,365

(3) EMR primary care, 
DLNC £3,254

(4) EMR secondary 
care, SBC Dominated

(5) EMR secondary 
care, DLNC Domi-
nated

(6) EMR both, SBC 
£82,388

(7) EMR both, DLNC 
£63,514

(8) EMR primary care, 
no cascade £1,186

(1) Extended Domi-
nance*

(2) US$11,350
(3) US$2,763
(4) Dominated
(5) Dominated
(6) US$69,969
(7) US$53,940
(8) US$1,007

Yes for primary care 
screening

£20,000 US$23,717–US$23,717

Pelczarska, 2018 [35] (1) Universal first job, 
clinical €2,304

(2) Universal first job, 
genetic €3,465

(3) Universal 6yo, clini-
cal €4,555

(4) Opp after MI all, 
clinical €5,048

(5) Opp after MI 55-65 
yo clinical €470

(6) Opp after MI all, 
genetic €21,375

(7) Opp after MI 55-65, 
genetic €3,415

NA Yes NR US$7694–US$13,703

Araujo, 2020 [36] US$1,365/QALY NA Yes NR NR
Ademi, 2020 [22] Dominant¥ Dominant¥ Yes AU$28,000 US$26,572–US$33,839
Marquina, 2021 [21] AU$27,705/QALY US$55,382 Yes AU$28,000 US$26,572–US$33,839
Ontario Health, 2022 

[37]
(1) 1st degree, lipid 

CA$45,754
(2) 1st degree, sequen-

tial CA$50,220
(3) 1st degree, genetic 

CA$58,390
(4) 2nd degree, lipid 

CA$52,037
(5) 2nd degree, sequen-

tial CA$58,564
(6) 2nd degree, genetic 

CA$67,442
(7) 3rd degree, lipid 

CA$64,602
(8) 3rd degree, sequen-

tial CA$75,251
(9) 3rd degree, genetic 

CA$85,545

(1) 1st degree, lipid 
US$56,094

(2) 1st degree, 
sequential 
US$61,569

(3) 1st degree, genetic 
US$71,585

(4) 2nd degree, lipid 
US$63,797

(5) 2nd degree, 
sequential 
US$71,799

(6) 2nd degree, 
genetic US$82,683

(7) 3rd degree, lipid 
US$79,201

(8) 3rd degree, 
sequential 
US$92,257

(9) 3rd degree, genetic 
US$104,877

Yes CA$50,000-
CA$100,000

US$21,051–US$26,564

Martin, 2022 [38] AU$3,979 US$8,124 Yes NR US$26,572–US$33,839
Spencer, 2022 [34] US$181,000/QALY US$195,485 No US$100,000/QALY US$30,504–US$50,388
Jones, 2022 [27] £11,734/QALY US$9,965 Yes £20,000-£30,000 US$23,717–US$23,717
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3.8  Model drivers‑ and robustness of the results

Most studies included one-way sensitivity analysis, scenario 
analysis and probabilistic sensitivity analysis. According to 
results from one-way analysis, the most common driver 
impacting the model results for all strategies was the long-
term or chronic costs of lipid-lowering treatment, which 
was mentioned in 17 studies. Most models were also sensi-
tive to adherence to lipid-lowering treatment, discounting 
rates and the size effect of the lipid-lowering treatment. For 
population-wide screening, the cost per test was also found 
to be a key driver for the main outcomes. In all, 11 of the 
included studies [3, 19, 20, 21, 22, 23, 26, 27, 30, 31, 33, 
37] reported results from probabilistic sensitivity analyses. 
All of them reported results above 50% of the simulations 
yielding cost-effective results. The lowest proportion of cost-
effective simulations was reported by Crosland et al. (57% 
of simulations cost-effective) and eight studies reported a 
proportion of cost-effective simulations above 90% [19, 20, 
21, 22, 23, 24, 26, 31].

4  Discussion

Overall, most screening strategies for FH were found to be 
cost-effective compared with standard of care that usually 
included no active screening. Cascade screening was the 
most evaluated strategy (in total, the 21 studies included 23 
evaluations of cascade screening as a standalone strategy) 
and were found to be cost-effective in 78% of the analysis. 
Opportunistic screening was found to be cost-effective in 

85% of the evaluated strategies, while systematic screening 
was cost-effective 80% and population-wide screening in 
60%, although in four out of the five strategies that were not 
cost-effective for population-wide screening, the comparator 
was the next best alternative, not the standard of care.

Our results are mostly consistent with previous evi-
dence synthesis studies [12, 13] but include a larger variety 
of strategies, reflecting contemporary literature. Cascade 
screening has been consistently demonstrated to be cost-
effective across different settings, with ICERs from health-
care perspective ranging from cost-saving to US$104,877 
(2022 US$). Indeed, cascade screening targeting children 
has shown cost-effective results in all the included studies. 
This finding directly contradicts the latest recommendations 
against screening for FH in children and adolescents in the 
community, a recommendation derived from limited US data 
and cholesterol testing alone [39]. Cascade screening also 
resulted in the larger health gains per person screened and 
per person detected. In the studies included, only Chen et al. 
[33] reported that cascade screening was not cost-effective 
from a societal perspective when comparing cascade screen-
ing using genetic testing versus lipid testing (i.e. the current 
standard of care in the modelled population). However, the 
authors reported that the current cascade screening with 
lipid testing will be cost-effective with a program targeted to 
increase statin adherence. The study identified the high cost 
of FH sequencing as the main parameter driving the results. 
For the overall studies on cascade screening, the increased 
prevalence of FH in relatives of FH subjects (i.e. having a 
higher risk target population) may contribute to explaining 
the positive results. The choice of case ascertainment for 

Table 3.  (continued)

Author, year ICER (discounted) origi-
nal costs/health gain

ICER (discounted) 
adapted cost/health 
 gain±

Cost effective? Original WTP 
(cost/QALY)

Opportunity costs 
 CET§ (USD/QALY)

Ademi, 2023 [19] Healthcare: €9,220/
QALY

Societal:  dominant¥

Healthcare: 
US$11,733

Societal NA

Yes NR US$26,510–US$33,619

Marquina, 2023 [20] AU$14,664/QALY
Societal:  dominant¥

US$33,598
Societal NA

Yes AU$28,000 US$26,572–US$33,839

NR not reported, NA not applicable, LYG life year gained, QALY quality-adjusted life year, CET Cost-effectiveness thresholds, ICER cost-effec-
tiveness ratio, Opp opportunistic screening, yo years old, ED extended dominance, EMR electronic medical records, SBC Simon Broome crite-
ria, DLNC Dutch lipid-network criteria, ADP adherence program
± Adapted ICERs were calculated by adapting the original incremental costs reported in each study to 2023 US$, using the method defined by 
Ademi et al. {Ademi, 2018 #15}. Studies that did not report the currency, the cost year or that reported a societal perspective could not be cost-
adapted.
§ Opportunity cost-effectiveness thresholds (CET) were derived from the study by Woods et al. that calculates cost-effectiveness thresholds rela-
tive to the opportunity costs in each jurisdiction. The threshold reported are based and adopted from the 2013 US adjusted for purchasing power 
parities, and inflated to 2023 US$ using inflation data from the OECD. In some instances, threshold ranges are the same.
*Extended dominance, a screening in combination with intervention which is shown to cost more per additional unit of a benefit than another 
option, and thereby be ruled out by extended dominance.
¥ Dominant refers to an alternative screening or treatment option is both less costly and results in better health outcomes than the comparator 
screening or treatment
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cascade screening has yielded controversial results, with 
some studies showing good cost-effectiveness compared 
with cholesterol testing alone [24] and others showing 
ICERs above WTP [33]. Of note, lipid testing may fail to 
detect up to 20% of FH patients, due to overlapping in the 
LDL-C levels of FH and non-FH individuals [40]. Many 
efforts have been made to implement and promote cascade 
screening for FH at a national level in different contexts. 
However, despite the clear economic evidence most of these 
initiatives still have limited scope. Efforts to optimise cas-
cade screening include comprehensive programs to raise 
awareness among primary care physicians as well as among 
FH index cases and their relatives. Paediatric patients can be 
most effectively detected using genetic cascade testing from 
affected parents, but additional methods of screening will be 
required to identify a sizeable proportion of the population, 
as suggested by Wald et al. [41].

For opportunistic screening, a key advantage is the immedi-
ate availability of the population of interests, since screening 
is done usually at a point of care during routine clinic visits. 
This can reduce program costs in comparison to broader popu-
lation-level screening strategies, though overall case detection 
numbers may be lower. Systematic screening strategies have 
started to be considered only more recently; leveraging elec-
tronic medical records offers the opportunity to detect potential 
high-risk patients at a fraction of the cost of other screening 
strategies, since the information to assess high risk of FH has 
already been collected. However, this strategy relies heavily 
on the use of electronic medical records (which are not imple-
mented in all contexts) and it can underestimate the resources 
needed to mobilise healthcare practitioners and patients and 
to confirm diagnoses. ICERs for systematic screening varied 
depending on the type of patients included (primary versus 
secondary prevention) and the diagnostic algorithm applied. 
Moreover, the comparator was also a key consideration, since 
all the non-cost-effective strategies were comparing against 
the next best systematic screening alternative, not against 
the standard of care for FH detection in each setting. Finally, 
population-wide screening has mostly showed cost-effective 
results (only one study reported results above the willingness 
to pay threshold when comparing against standard of care), but 
is the strategy with the largest variability, with ICERs vary-
ing from US$1484 in the study Marks et al. [18] set in the 
UK to US$195,485 in the study Spencer et al. [34] set in the 
USA (without following with cascade screening). Population 
screening was also the strategy with the largest variability in 
the targeted populations, which could contribute to explaining 
the wide range of results. The diverse results could also be an 
artefact of the relatively small number of studies that assessed 
population screening, with only five studies including it as a 
strategy.

While not an inherent feature of screening per se, most 
analyses showed that adherence to long-term treatment is 

one of the main drivers of cost-effectiveness. The results 
have two major implications. First, it is important to keep 
lipid-lowering costs low. Second, it is key to keep adher-
ence rates high. While low adherence would imply lower 
lipid-lowering costs in the model, low adherence has been 
shown to affect CVD risk reduction, and thus it can result 
in more acute CVD events and chronic management costs, 
which will reduce the cost-effectiveness of screening and 
early detection.

4.1  Limitations of this systematic review

Our review has several limitations. The generalisation of 
the cost-effectiveness results is debatable, since all the stud-
ies were set in Western countries, which can make it diffi-
cult to translate to other contexts such as low- and middle-
income countries. Indeed, the only country included in the 
evaluations without universal healthcare access (the USA) 
has shown large differences in cost-effectiveness with the 
remaining countries. Generalisation is also difficult due to 
the different comparators and types of costs included in each 
study, even for the same type of screening. On the other 
hand, the fact that most studies found FH screening to be 
cost-effective, even when applying different criteria or when 
set in different context, speaks to the robustness of the con-
clusions. Regarding the cost adaptation, the estimated costs 
and ICERs derived from the adaptation of cost cannot be 
directly interpreted as the true ICERs for the USA. These 
cost adaptation exercises should be approached as an approx-
imation of the cost-effectiveness levels to be expected for a 
common setting. Nevertheless, the overall cost-effectiveness 
results in the four analysed strategies were consistent when 
adapted to the US setting. Finally, our study did not include 
articles published in non-English/Spanish languages, which 
can be a source of publication bias.

4.2  Limitations of the reviewed cost‑effectiveness 
studies

The cost-effectiveness studies analysed also had some limi-
tations. First, the lack of publicly available models limits the 
capacity to compare between settings and countries, since 
many model features remain obscure. Second, most studies 
did not report key screening features such as the number 
needed to screen or the screening uptake. Even when the 
uptake was reported, it was likely an overestimation or a 
best-case scenario. Third, most of the included studies only 
adopted a healthcare perspective in their analyses, overlook-
ing the wider societal implications of screening policies. 
Another major consideration was the presentation of the 
ICERs only against the best next alternative in some studies, 
with non-existence of a universal standard care comparator. 
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Therefore, the generalisability of the results for other con-
texts is also challenging.

5  Conclusions

Most of the screening strategies assessed showed cost-
effective results and were robust to the sensitivity and 
scenario analyses. Cascade screening showed the greatest 
health benefit per person screened, but studies may have 
missed a significant proportion of the undetected FH popu-
lation by focusing only on relatives of index cases. Novel 
strategies, including systematic screening and population-
wide screening may be cost-effective in combination with 
cascade screening to raise overall detection rates. Thus, 
the upcoming challenge in FH detection could be imple-
menting a seamless application of the various screening 
methods reviewed and their integration with cost-effective 
management of disease.
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