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ABSTRACT

Background: Health state utilities are measures of health-related quality of life that reflect the value 
placed on improvements in patients’ health status and are necessary for estimation of quality-adjusted 
life-years. Health state utility data on Fabry disease (FD) are limited. In this study we used vignette 
(scenario) construction and valuation to develop health state utilities.

Objectives: The aim of this study was to use vignette construction and valuation to estimate health 
state utility values suitable for inclusion in economic models of FD treatments.

Methods: Health state vignettes were developed from semistructured qualitative telephone interviews 
with patients with FD and informed by published literature and input from an expert. Each vignette 
was valued in an online survey by members of the United Kingdom (UK) general population using 
the composite time trade-off (TTO) method, which aims to determine the time the respondent would 
trade to live in full health compared with each impaired health state.

Results: Eight adults (50% women) with FD from the UK were interviewed. They were recruited via 
various approaches, including patient organizations and social media. The interviewees' responses, 
evidence from published literature, and input from a clinical expert informed the development of 
6 health state vignettes (pain, moderate clinically evident FD [CEFD], severe CEFD, end-stage re-
nal disease [ESRD], stroke, and cardiovascular disease [CVD]) and 3 combined health states (severe 
CEFD + ESRD, severe CEFD + CVD, and severe CEFD + stroke). A vignette valuation survey was 
administered to 1222 participants from the UK general population who were members of an external 
surveying organization and agreed to participate in this study; 1175 surveys were successfully com-
pleted and included in the analysis. Responses to TTO questions were converted into utility values 
for each health state. Pain was the highest valued health state (0.465), and severe CEFD + ESRD was 
the lowest (0.033).

Discussion: Overall, mean utility values declined as the severity of the vignettes increased, indicating 
that respondents were more willing to trade life-years to avoid a severe health state.

Conclusions: Health state vignettes reflect the effects of FD on all major health-related quality-of-life 
domains and may help to support economic modeling for treatment of FD.

BACKGROUND

Fabry disease (FD), a rare, X-linked, inherited metabolic disease, is 
caused by insufficient activity of the lysosomal enzyme α-galactosidase 
A. This leads to cellular accumulation of globotriaosylceramide and its 
derivatives (eg, globotriaosylsphingosine), resulting in multisystemic 
organ manifestations that can include severe renal, cardiac, pulmonary, 

and neurological involvement.1 The prevalence of FD ranges from 1 in 
17 000 to 1 in 117 000 in white male populations.2 In the United King-
dom (UK) general population, prevalence has been reported as 0.27 
and 0.29 per 100 000 for male and female patients, respectively.3 FD 
is divided into classical and nonclassical phenotypes.4 Classical FD is 
characterized by a multisystemic organ manifestation; signs and symp-
toms include neuropathic pain, cornea verticillata, and angiokeratoma 
with early onset. The prevalence of classical FD ranges from approxi-
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mately 1 in 22 000 to 1 in 40 000 in male patients.2 Nonclassical FD 
is characterized by a more variable, later-onset disease course than in 
classical FD, with patients experiencing a less severe disease that may 
affect only a single organ system, with cardiac involvement being the 
most common. The prevalence of nonclassical FD ranges from 1 in 
1000 to 1 in 3000 and 1 in 6000 to 1 in 40 000 for male and female 
patients, respectively.2 

Early treatment initiation with enzyme replacement therapy 
(ERT) is key to the treatment of affected major organs, including the 
prevention of increase in cardiac mass and stabilization of kidney func-
tion. Furthermore, early ERT initiation improves neuropathic pain, 
sweating, gastrointestinal symptoms, and reported hearing loss.5-8 Cur-
rently, 3 treatment options have been approved by the European Med-
icines Agency for the treatment of FD in the European Union, and 
these fall into 2 therapeutic classes: the first class of therapy is ERT and 
includes agalsidase alfa (Replagal, Takeda)9 and agalsidase beta (Fab-
razyme, Sanofi Genzyme),10 both approved in 2001; the second class 
is chaperone therapy, for which migalastat (Galafold, Amicus Thera-
peutics; approved in 2016) is currently the only approved treatment.11

Agalsidase alfa is indicated for the long-term treatment of patients 
with a confirmed diagnosis of FD. Pivotal clinical studies in FD, as 
well as studies in real-world settings, have shown that treatment of FD 
with agalsidase alfa leads to measurable and sustained clinical bene-
fits.1,7,8,12,13 However, data on the health state utility values of patients 
with FD are limited,14-16 and studies investigating the effect of ERT on 
health-related quality of life (HRQoL) have been inconclusive.17

A health state utility value is a measure of preference or value for 
a given state of health. The values of health state utilities are necessary 
for the estimation of quality-adjusted life-years, which is the widely 
used metric for cost-effectiveness analyses18; however, generating data 
for health state utilities in rare diseases is often challenging. Utility data 
generation studies, which collect data using preference-based measures 
of HRQoL or mapping studies, require large sample sizes and so are 
not feasible for FD owing to its rarity.19 A vignette, sometimes called a 
“scenario,” “health state vignette,” or “health state,” is a description of 
the impact of a medical condition that can be valued in a preference 
elicitation task to obtain a utility estimate.20 To generate the neces-
sary health state utility data, a vignette is constructed to describe each 
of the frequently occurring states associated with a condition and its 
treatment, in a form that can be valued by survey respondents using 
standard valuation methods. The vignettes are usually based on find-
ings from interviews with patients, caregivers, and/or healthcare profes-
sionals. They can incorporate a range of information about the impact 
of the condition and its treatment.19

This study aimed to use vignette construction and valuation to 
estimate health state utility values for FD that could then be used in 
cost-utility analyses to inform healthcare decisions in patients with FD.

METHODS

Vignette Development
Adults (aged ≥18 years) who were living in the UK and had a diagno-
sis of FD were recruited, in collaboration with the healthcare research 
agency Global Perspectives (Reading, UK), to understand patients’ 
lived experience of FD and to generate the descriptions for health state 
vignettes. Global Perspectives is a provider of data for clinical non-
interventional studies. They used a mix of recruitment approaches, 
including tailored interviews, online surveys, and mobile apps. Indi-
viduals with FD interested in participating in the research contacted 
the recruiter, and a screening telephone call was then conducted to 
check eligibility for the study. If eligible, the participant was sent an 
information sheet and consent form to take part in the study. Health 

state vignettes describing the impact of FD on patients’ HRQoL were 
developed from semistructured qualitative telephone interviews with 
the recruited patients to gain their perspective on the impact of this 
disease. Patient interviews (or qualitative interviews) were performed to 
develop vignettes describing specific complications for FD; therefore, a 
full thematic analysis was not conducted, but responses were analyzed 
drawing on thematic analysis techniques.

A discussion guide was created to carry out the patient interviews. 
The content of this guide was informed by a focused review of the lit-
erature concerning the impact of FD on patients’ quality of life.1,12,13,21 
The discussion guide included semistructured questions about the na-
ture, terminology, frequency, severity, and impact of known physical 
and neurological symptoms, adverse events, and complications. There 
were also questions about any other important symptoms, adverse 
events, or complications that had not already been discussed.

The findings from the patient interviews informed the devel-
opment of a health state vignette primarily focused on pain-related 
symptoms, and 2 health state vignettes describing moderate and severe 
clinically evident FD (CEFD). However, further health state vignettes 
were required for the main complications associated with progression 
of this disease, namely cardiovascular disease (CVD), end-stage renal 
disease (ESRD), and stroke. Most of the patients interviewed were in 
the early stages of FD progression and had limited or no experience of 
the 3 complications of interest (4 patients reported CVD [of whom 2 
patients reported arrhythmia], 2 patients reported ESRD, and none 
reported stroke). Therefore, information to develop these health state 
vignettes was sought from external sources. For the CVD and stroke 
health states, the descriptions developed by Matza et al22 were used. 
The process used by Matza et al to develop these states was considered 
methodically rigorous, with multiple rounds of review with clinicians 
and further refinement via a pilot study with a sample of the UK gener-
al population (n  =  200).22 To develop the ESRD vignette, descriptions 
of the effects were drawn from the data collected in the qualitative 
interviews and from online sources, such as the websites of the UK Na-
tional Health Service (NHS) and the National Kidney Foundation.23,24 
Health state vignettes were refined using an iterative process and in-
corporated feedback from an independent clinical expert in FD, to 
ensure that they were clinically accurate and reflected real health states 
associated with FD. Health state vignettes based on combinations of 
disease complications were planned but were not included in the final 
valuation survey owing to their complexity; instead, these were calcu-
lated after data collection.

Vignette Valuation
The developed health state vignettes were reviewed and the utility value 
for the health state for each vignette was determined by members of 
the UK general population using the composite time trade-off (TTO) 
method.25 This method combines conventional TTO and lead-time 
TTO approaches. It starts with the conventional TTO for all health 
states: if the respondent considers the health state to be “better than 
dead,” the “better than dead” task of the conventional TTO is used. 
However, if the respondent considers the health state to be “worse than 
dead,” the lead-time TTO is used. The goal is to determine how many 
years of life in full health the respondent considers equivalent to a fixed 
number of years in each impaired health state. Respondents were pre-
sented with a series of choice tasks, each involving 2 hypothetical lives. 
They were asked to choose between living a longer life in the impaired 
health state or a shorter life in full health. Depending on which life path 
was chosen, the amount of time in full health was altered until a point 
of preferential indifference was reached, at which point the respondent’s 
utility value for the health state could be calculated. Utility values were 
anchored on a scale with 0 representing dead and 1 representing full 
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health. If a respondent considered a health state to be “worse than dead,” 
a negative utility value was assigned to that health state.

The implementation of the TTO in this study followed the EQ-
5D-5L valuation protocol as far as feasible.25 The use of the composite 
TTO approach, description of the health state anchors, and the iteration 
procedures followed the published protocol. An online self-completion 
survey was administered to 1222 participants from the UK general 
population between June 18 and July 7, 2021, to implement the TTO 
tasks. The survey was administered to a sample of members of an ex-
ternal surveying organization (Qualtrics, Provo, Utah, USA). Respon-
dents agreed to be invited to participate in this study. Quota sampling 
was applied to ensure a representative sample from the UK in terms 
of age and gender. The sample size was informed by the EQ-5D-5L 
valuation protocol for TTO valuation studies, which recommends a 
sample of at least 1000 respondents for EQ-5D-5L valuation studies.26 
Respondents were presented with a 6-minute instructional video in-
troducing the TTO method and explaining how to complete TTO 
tasks. Given that the survey was conducted online without interviewer 
assistance, the wording and formatting of some of the instructions, 
including the inclusion of an instructional video, differed for clarity in 
an online setting. Respondents then completed a practice TTO task, 
valuing a mild generic health state unrelated to FD. The main valuation 
began after this, in which each respondent completed 9 further TTO 
tasks—1 task for each of the 6 health state vignettes, and 1 for each of 
the 3 combination health state vignettes.

Statistical Analysis
Respondent background characteristics were reported using counts and 
proportions, and compared with the most recent UK census data to 
assess representation across the sample.27 The general health of the re-
spondents was compared with the data collected from the 2009 Adult 
Dental Health Survey (ADHS).28 Mean utility values were calculated 
for individual health state vignettes in accordance with EuroQol pro-
tocols.29 For the combination vignettes, the additive, multiplicative, 
and minimum methods were considered. To evaluate which approach 
yielded the most accurate data, the utilities for severe CEFD and each 
complication health states were combined using the additive and mul-
tiplicative approaches. These were compared with the utility data gen-
erated by the survey for the health states combining complications with 
severe CEFD. The multiplicative approach was chosen as the preferred 
method because it yielded values closest to the observed values generat-
ed by the online valuation survey. 

Subgroup analyses were conducted to examine potential differ-
ences in preferences across different background characteristics of the 

sample. A linear regression model was conducted for the analysis of each 
health state separately, with utility value as the dependent variable. The 
background characteristics and survey completion time were includ-
ed as explanatory variables. Sensitivity analyses were conducted with 
varying exclusion criteria applied, based on the total number of logical 
inconsistencies, to assess the impact of exclusion. This study used exclu-
sion criteria similar to those in published national valuation studies.30 
Responses were checked for logical inconsistencies, with inconsistency 
being defined as the valuation for “health state A” exceeding the val-
uation of “health state B” when “health state B” represented logically 
better quality of life than “health state A” (ie, when “health state B” 
was at least as good as “health state A” on all aspects described in the 
vignette). The mean values were expected to follow a logical pattern 
from least to most severe for the health states for which this difference 
in severity was discernible (pain → moderate CEFD → severe CEFD) 
and (ESRD → severe CEFD + ESRD, CVD → severe CEFD + CVD, 
stroke → severe CEFD + stroke).

Another sensitivity analysis examined the impact of excluding re-
spondents who completed the survey unusually quickly (based on a 
prespecified criterion of completing the survey in <50% of the median 
survey time). A scenario analysis was conducted to assess the impact of 
removing respondents with a major inconsistency (eg, valuing the pain 
health state—the mildest of the health states—as worse than any other 
health state). The impact of excluding respondents who gave the same 
value for all health states, thereby failing to distinguish between states 
of differing severity, was also assessed. This included “nontraders”—
respondents who were not willing to trade any time in any of the TTO 
tasks—who were assigned a value of 1 to all health states.

RESULTS

Vignette Development
Eight adults with FD living in the UK were recruited and interviewed 
for 45 to 60 minutes in collaboration with the healthcare research 
agency Global Perspectives. Of these respondents, 4 (50%) were wom-
en and 5 (62.5%) were receiving FD-specific treatment. Based on age 
at symptom onset, 2 respondents were reported to have early-onset 
FD and 6 respondents late-onset FD. Phenotype information was not 
collected for these participants. Three patients (37.5%) were aged 30 to 
39 years, 3 (37.5%) were aged 40 to 49 years, 1 (12.5%) was aged 50 
years or older; the age of 1 patient was not disclosed. The most prev-
alent signs and symptoms mentioned were fatigue (n = 8), acropares-
thesia (n = 8), gastrointestinal problems (n = 7), angiokeratoma (n = 7), 
and anhidrosis (n = 6) (Table 1). Sweating problems were experienced 

Table 1. Signs and Symptoms Described During Patient Interviews

FD-related 
Symptoms

Symptom Description Instances 
Mentioned

Fatigue Having a moderate to severe impact on patients’ HRQoL and daily activities, including their ability to get 
out of bed in the morning, to do their job properly, and to interact with their families. The frequency of 
these bouts of fatigue varied from 3-4 times per month to at least once per day.

8

Acroparesthesia A painful sensation ranging from a mild hot or tingling sensation to a severely painful burning sensation. 
This pain was usually experienced in the hands and/or feet and worsened in hot weather. When severe, it 
can be very debilitating, affecting patients’ ability to perform day-to-day activities. At its mildest, pain was 
experienced infrequently (at least once per week); at its worst, it caused pain daily.

8

Gastrointestinal 
problems

Stomach cramps and diarrhea that severely limited patients’ daily activities and their ability to plan ahead 7

Angiokeratoma Red/dark spots covering various areas of the body including the lower stomach, legs, and back. Highly 
embarrassing and negatively affecting self-confidence and social activities. 

7

Anhidrosis (lack of 
sweating)

Patients who experienced this symptom indicated that it was constantly an issue for them, and it was 
exacerbated by hot weather or exercise.

6

Abbreviations: FD, Fabry disease; HRQoL, health-related quality of life.
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by all 8 patients, 6 of whom experienced anhidrosis and 2 of whom 
experienced hyperhidrosis. It was decided to include anhidrosis and to 
exclude hyperhidrosis from the pain and CEFD vignettes because anhi-
drosis was more prevalent and, based on the responses provided, seemed 
more important to daily activities. Four patients mentioned that they 
had experienced depression in some form during their lifetime, which 
is a symptom that was not included in the vignettes. Depression was 
usually attributed to the current and future negative health outcomes 
associated with the patient’s disease or with the prospect of passing 
FD on to their children. Another symptom that was not included in 
the vignettes was tinnitus, which was reported by 5 patients; however, 
it was excluded because none of these patients described it as having 
a substantial impact on their quality of life or as impeding their daily 
activities in any way.

The interviewees’ responses, evidence from published literature, 
and input from a clinical expert informed the development of 6 health 
state vignettes covering the following: pain, moderate CEFD, severe 
CEFD, ESRD, stroke, and CVD. In addition, 3 combined health 
state vignettes were developed, covering severe CEFD + ESRD, severe 
CEFD + CVD, and severe CEFD + stroke (Figure 1).

Vignette Valuation
Of the 1222 participants from the UK general population who accessed 
the survey, responses to TTO questions were received from 1175 adults 
(Table 2). Forty-seven respondents were automatically excluded because 
they completed the survey in less than 10.5 minutes (more quickly than 
50% of the median completion time), based on prior agreement with 
the panel provider and informal piloting of the survey. Completing 

Figure 1. Summary of Health State Vignettes

+3: Severe CEFD 4: ESRD Signs and symptoms of vignette 3 (severe CEFD) and vignette 4 (ESRD)

+3: Severe CEFD 5: CVD Signs and symptoms of vignette 3 (severe CEFD) and vignette 5 (CVD)

+3: Severe CEFD 6: Stroke Signs and symptoms of vignette 3 (severe CEFD) and vignette 6 (stroke)

1: Pain Reduced ability to sweat; daily painful tingling/burning in extremities; daily stomach cramps   

2: Moderate CEFD
Reduced ability to sweat; very painful daily tingling/burning in extremities; daily stomach cramps 
and diarrhea; lack of energy several times a week; severe constipation; large patches of red spots 
on hands, joints, thighs, and genitalia; propensity to depression; moderate hearing loss; social impact

3: Severe CEFD

Reduced ability to sweat; very painful constant tingling/burning in extremities; daily painful stomach 
cramps and severe diarrhea; daily lack of energy; severe constipation; large patches of red spots 
on hands, joints, thighs, genitalia, and lips; propensity to depression; moderate hearing loss; 
aberrant heart rate; social impact  

4: ESRD Inability to work or to exercise due to lack of energy; fluid in the lung caused by kidney failure; 
difficulty breathing easily; dialysis 2-3 times a week; anxiety; social impact

5: CVD
Fatigue; shortness of breath when walking or lying down; fluid retention and increased
urination frequency; difficulty maintaining full-time employment; additional health 
management responsibilities; social impact

Difficulty pronouncing words clearly; reduced ability to walk; difficulty thinking clearly; 
difficulty remembering; difficulty maintaining full-time employment; additional health 
management responsibilities; social impact 

6: Stroke

Health State Vignette Health State Vignette Summary

Abbreviations: CEFD, clinically evident Fabry disease; CVD, cardiovascular disease; ESRD, end-stage renal disease.
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the survey this quickly was deemed implausible if the respondent had 
watched the explanatory video and read the instructions in full. The 
median (range) completion time was 21.0 (8.23-489.55) minutes. The 
recruited sample was representative of the UK general population in 
terms of age and gender according to the 2011 UK Census,27 with the 
exception of those aged 75 years or older, who were underrepresented. 
Differences between the study sample and UK census and ADHS were 
analyzed using a χ2 test (age, P = .784; current health, P = .007; gender, 
P = .848). The data collected here were similar to the data collected in 
the ADHS in terms of the proportions of the respondents choosing 
“very bad” and “bad” in the current health categories. The proportion 
of respondents reporting “very good” in the current health categories 
(14.6%) was approximately half of that reported in the ADHS (35.8%), 
and the opposite was observed for the proportion of respondents re-
porting “fair” health (30.0% vs 15.7%). There was also a difference in 
the proportion of respondents reporting “good” health compared with 
ADHS data, although this difference was smaller (7.5% vs 43.1%). 

Health State Utility Values
Pain was valued the highest at 0.465, and severe CEFD  +  ESRD was 
valued the lowest at 0.033 (Table 3). For the main complications of FD, 
the lowest mean utility value was for the ESRD health state, followed 
by the CVD health state and the stroke health state (0.119, 0.278, and 
0.385, respectively). Standard deviation values ranged from 0.560 to 

0.675 and grew broader as health state severity increased (Table 3). 
No health state had a negative health utility (ie, none was considered 
“worse than dead” on average). Given that the patient interviews were 
completed ahead of the quantitative online study, it would not have 
been possible to explore directly the order of values for the health states 
in the patient interviews.

Combination Health State Analyses
The utility values for the combination health states have been calcu-
lated using 3 combination methods and are shown in Table 4. Of the 
3 methods used, the additive method was the only one to produce 
negative mean utility values, except for the CVD + stroke combina-
tion health state. To evaluate which approach yielded the most ac-
curate data, utilities for severe CEFD and each complication health 
state were combined using the additive and multiplicative methods, 
and compared with the utility data generated by the survey. The mini-
mum approach was excluded from this comparison owing to previous-
ly demonstrated bias in favor of younger cohorts.31 The multiplicative 
approach yielded values closest to the observed values generated by 
the online valuation survey when using pain—the least severe health 
state—as the baseline level of utility (Table 5). This suggests that, when 
assessing health states that include more than 1 complication, it is more 
accurate to use the values generated by the multiplicative method. 

Table 2. Valuation Survey: Respondent Demographics

Characteristic Respondent Sample, n (%)a Proportion of UK Census 2011, %

Gender

Male 605 (51.5) 48.6

Female 563 (47.9) 51.4

Other 4 (0.3) NA

Prefer not to say 3 (0.3) NA

Age, years

18-24 129 (11.0) 11.9

25-34 214 (18.2) 17.1

35-44 211 (18.0) 17.8

45-54 231 (19.7) 17.5

55-64 207 (17.6) 14.9

65-74 148 (12.6) 8.7

≥75 35 (3.0) 7.8

Education level

Primary school 5 (0.4) NA

Secondary school, up to age 16 years 242 (20.6) NA

Higher or secondary or further education 321 (27.3) NA

College or university 458 (39.0) NA

Postgraduate degree 142 (12.1) NA

Prefer not to say 7 (0.6) NA

Current health Self-reportedb ADHS 2009

Very good 172 (14.6) 35.8

Good 558 (47.5) 43.1

Fair 353 (30.0) 15.7

Bad 73 (6.2) 4.3

Very bad 20 (1.7) 1.1
Abbreviations: ADHS, Adult Dental Health Survey; NA, not applicable.
an = 1175.
bThe self-reported current health of the sample was compared with the current health data collected in the ADHS in 2009.
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Subgroup Analysis
The variables that were statistically significant (P < .05) in explaining 
variance in health state utility values were age, education level, and sur-
vey completion time (Supplementary Table S1). Survey completion 
time was statistically significant for explaining the variance in utility 
values for all health states and had a small negative impact on mean 
utility (ie, the longer respondents spent on the survey, the lower the 
utility scores were for every health state). Respondent age was statis-
tically significant for explaining the variance in utility values for the 
stroke and severe CEFD + stroke health states. Although nonsignifi-
cant, there was a small negative relationship between age and every 
health state, except for the pain health state, for which a small positive 
relationship was observed. Respondent education level had a marginal-
ly positive, statistically significant relationship with mean health state 
utilities for the moderate CEFD, severe CEFD, and CVD health states. 
Respondent gender and current health status were not statistically sig-
nificant variables in explaining the variance in utility values for any of 
the health states.

Sensitivity Analyses
TTO surveys typically produce responses that may be considered “in-
consistent.” However, there is no consensus in the literature as to what 
constitutes an “inconsistent” response or when to exclude such respons-
es. For this reason, sensitivity analyses were conducted using alternative 
exclusion criteria to assess the impact of exclusion on the results. In this 

study, the data features that were considered inconsistent, illogical, or 
otherwise problematic were instances in which respondents met any of 
the following criteria: completed the survey in less than 10.5 minutes 
(less than 50% of median completion time); valued all health states 
as the same; or did not value pain as the least severe health state. In 
each of the 7 scenarios tested using alternative rules for exclusion of 
data (Supplementary Table S2), the mean utility values followed the 
same logical pattern observed in the main analysis. “Worse than dead” 
values were observed in all but 2 scenarios tested, namely scenario 2 (in 
which respondents who gave the same value to each health state were 
excluded) and scenario 3 (in which respondents who did not value pain 
as the least severe health state were removed). The highest mean utility 
values across all health states were observed in scenario 3. The lowest 
mean utility values were observed in scenario 4, for which data from 
respondents who showed any inconsistencies (by meeting any of the 3 
criteria listed above) were removed.

DISCUSSION

We report the findings of an online vignette valuation survey that was 
designed to estimate the impact of FD on patients’ HRQoL. The vi-
gnettes were based on qualitative interviews performed with 8 patients 
with FD in the UK and then completed by 1175 adult participants 
from the UK general population, which were validated by a clinical 
expert to ensure clinical accuracy and reflection of health states asso-

Table 3. Health State Utilities

Health States Valued in the Survey a Mean (SD) Median Standard Error 95% Confidence Limits

Pain 0.465 (0.560) 0.6 0.016 0.433 to 0.497

Moderate CEFD 0.203 (0.637) 0.425 0.019 0.166 to 0.240

Severe CEFD 0.156 (0.658) 0.350 0.019 0.119 to 0.193

ESRD 0.119 (0.670) 0.275 0.020 0.074 to 0.150

CVD 0.278 (0.630) 0.5 0.018 0.252 to 0.314

Stroke 0.385 (0.606) 0.5 0.018 0.350 to 0.420

Severe CEFD + ESRD 0.033 (0.672) 0.0 0.020 −0.006 to 0.071

Severe CEFD + CVD 0.081 (0.675) 0.0 0.020 0.042 to 0.119

Severe CEFD + stroke 0.111 (0.672) 0.2 0.020 0.073 to 0.150
Abbreviations: CEFD, clinically evident Fabry disease; CVD, cardiovascular disease; ESRD, end-stage renal disease.
an=1175. 
 

Table 4. Calculated Utility Values for Combination Health States

Combination Health State Additive Approach Multiplicative Approacha Minimum Approach

(Severe CEFD + ESRD) + (severe CEFD + CVD) −0.042 0.017 0.033

(Severe CEFD + ESRD) + (severe CEFD + stroke) −0.012 0.024 0.033

(Severe CEFD + CVD) + (severe CEFD + stroke) 0.036 0.058 0.081

(Severe CEFD + ESRD) + (severe CEFD + CVD) + 
(severe CEFD + stroke)

−0.087 0.012 0.033

Abbreviations: CEFD, clinically evident Fabry disease; CVD, cardiovascular disease; ESRD, end-stage renal disease.
aRecommended values.

Table 5. Comparison of Utility Combination Methods

Complication Health State Mean Utility Value Additive Approach (Pain as Base 
Health)

Multiplicative Approach (Pain as 
Base Health)

Severe CEFD + ESRD 0.033 −0.19 0.040

Severe CEFD + CVD 0.081 −0.031 0.093

Severe CEFD + stroke 0.111 0.076 0.129
Abbreviations: CEFD, clinically evident Fabry disease; CVD, cardiovascular disease; ESRD, end-stage renal disease.
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ciated with FD. Of the complication health states, the lowest mean 
utility value was observed for the ESRD health state, followed by the 
CVD health state, and then the stroke health state. The same pattern 
continued for the combination health states. Health state utilities are 
normally skewed with medians larger than means because of the im-
pact of outlier responses, notably giving a value of −1 to a health state32; 
median values remained higher than mean values when observations 
from respondents who completed the survey in less than 10.5 minutes 
were included. Values were lowest for the severe CEFD + ESRD health 
state and highest for the pain health state. These findings highlight a 
potential difference between the impact of the early-onset, more severe, 
classical FD and the late-onset, less severe, nonclassical FD on patients’ 
HRQoL, because someone with nonclassical FD may experience few 
or none of the symptoms described in either the moderate or severe 
CEFD health state.

Compared with the utility values for similar health states in the 
literature, the mean utility values for each health state generated in this 
study were low, but comparison with EQ-5D health states of similar 
values suggest that these results are plausible. For example, the value set 
for England reported by Devlin et al,33 based on the EQ-5D-5L, found 
that the utility value for health state 23245 is 0.247 (11111, best health 
state; 55555, worst health state). Typically, other studies that were dis-
cussed sought utility values from patients, whereas our study sought 
utility values from the general public, consistent with recommenda-
tions from the National Institute for Health and Care Excellence.34 In 
a study by Rombach et al,16 a Markov model was developed to assess 
the cost-effectiveness of ERT for patients with FD. Mean utility values 
per year by disease state were estimated using the TTO method. These 
health states and associated utility values were no symptoms (0.87), 
acroparesthesia/symptomatic (0.76), single complication (0.74), and 
multiple complications (0.58).

The single complication health state shown in Rombach et al is 
considerably higher (0.74) than the utility values observed for the sin-
gle complication health states generated in our study (0.119-0.385). 
There are some factors that could at least partly explain this difference. 
First, the patients in the Rombach et al study could have adapted to 
their condition and, hence, underestimated what it means to be in “full 
health.” This would bias their utility values upward and is a well-re-
searched phenomenon.35 Second, those patients were all receiving ERT, 
which could have affected their utility values. Third, the health states 
in that study were described using EQ-5D, which fails to capture the 
impact of FD on certain dimensions of HRQoL. These include em-
barrassment, fatigue, and hearing loss,36-40 and FD affects all 3 of these 
dimensions of health to varying degrees.

In a study by Arends et al,14 the effect of sex, phenotype, age, 
different states of FD severity, pain, and ERT on EQ-5D utilities were 
evaluated. This study generated utility values for a wide range of health 
states, which were also higher than the values generated in our study. 
This disparity can also be partly explained by patient adaptation bias 
and the lack of validity of EQ-5D in relevant dimensions of health that 
are affected by FD. The results of this study also suggest that a very 
small proportion of patients reported extreme problems with pain and 
performing usual activities. This is at odds with the results of the qual-
itative interviews and the input from the clinical expert in our study. 
The values in that study were much higher than those described by 
Miners et al,15 who reported values similar to the results from our study 
(eg, a mean value of 0.56 for male patients with classical FD who had 
not been treated with ERT). 

The utilities generated for the single complication health states 
were also compared with utility values of similar health states in the 
literature. Liem et al41 reviewed health state utilities generated using the 
TTO method for patients with ESRD undergoing hemodialysis and 

found utility values ranging from 0.39 to 0.89. The mean ESRD health 
state utility value generated in our study (0.119) lies below this range. 
A possible reason could be the inclusion of the description of how pa-
tients with FD and ESRD are unable to work owing to their extreme 
fatigue. The inclusion of very extreme levels of fatigue was requested by 
the clinical expert who reviewed the health state vignettes. If this level 
of fatigue is not matched by at least some of the health states reviewed 
by Liem et al, then this could explain why the utility values generated 
by the current study are comparatively low. 

A systematic review of studies reporting utility values following 
a stroke identified that a wide range of values was reported.42 Mean 
reported values ranged from 0.30 to 0.90 for a minor stroke and from 
−0.08 to 0.71 for a major stroke. Similarly, a systematic review of EQ-
5D utility values in CVD found that mean values ranged from 0.24 
to 0.90.43 The CVD and stroke health states in our study were large-
ly informed by the health states used by Matza et al22; however, the 
descriptions were shortened and some of the wording was amended 
to make the descriptions more appropriate for patients with FD. In 
Matza et al, the mean utility values for the chronic heart failure and 
stroke health states were 0.57 and 0.52, respectively, whereas the utility 
values observed for CVD and stroke health states in our study were 
0.278 and 0.385, respectively.22 This is a substantial difference, and 
the order of severity of these health states is reversed compared with 
the mean utility values observed in our study. Although the reasons for 
this disparity cannot be identified, the change in wording and length 
of the descriptions, along with a different mode of administration used 
in Matza et al, could be causative factors.

This was a robust, iterative process that allowed for a high degree of 
confidence that the vignettes included in the valuation survey reflected 
the health states included in economic modeling and accurately repre-
sented the lived experiences of patients with FD. Most of the patients 
interviewed were not yet at the stage of disease to have experienced the 
3 complications of interest, but this was mitigated by rigorous evidence 
from the literature.22-24 Although a systematic review of the literature 
on the effects of FD on HRQoL may have been informative in the 
development of vignettes, the most burdensome signs and symptoms 
appear to have been adequately captured by the methodology employed 
in this study; however, depression was excluded because it is challenging 
to capture the range of potential causes of depression within a health 
state vignette without making it considerably more complex. Pain, dif-
ficulties surrounding heritability, and a negative health perception have 
been identified among the potential causes of depression in FD, togeth-
er with more subjective factors, such as uncertainty about the future 
and stigmatization.44 Furthermore, the valuation of health states that 
contain uncertainty can be methodologically challenging.

There are limitations to this research. The preferred approach 
of eliciting surveys using the TTO method is face-to-face interviews, 
but the COVID-19 pandemic dictated the implementation of a self-
completed online valuation approach; however, there was no evidence 
to suggest that the online approach had a negative impact on data 
quality. Other limitations included the small number of patients with 
FD who contributed to the development of the health state vignettes 
and the fact that they were predominantly in an early stage of the 
disease course. Further research to quantify the difference in HRQoL 
impact between patients with classical and nonclassical FD and any 
differences between male and female patients, as well as including 
patients with advanced disease, would be informative.

CONCLUSIONS

The findings of an online vignette valuation survey that was designed 
to estimate the impact of FD on the HRQoL of patients have been 
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detailed. Health state vignettes included summaries of the effects of FD 
on all major HRQoL domains. Overall, mean health state utility values 
followed a declining pattern as the severity of the vignettes increased, 
implying that respondents were more willing to trade life-years to 
avoid a severe health state than to avoid a less severe health state. This 
research highlights the considerable health burden in patients with FD 
and adds to the limited body of evidence for health state utility values 
for this rare disease. These utility values can potentially be used in 
economic modeling—such as cost-utility analyses—to determine cost-
effectiveness of different FD treatments.
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