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Purpose: Rare diseases substantially contribute to population morbidity and mortality. Under-
standing rare disease health-related quality of life (HRQL) is essential for evaluating platform-based
interventions that aim to tackle multiple rare diseases at a time. However, most HRQL studies focus
on single or select group of rare diseases, often in a single country. Our study aimed to identify
patient- and disease-specific correlates of HRQL across diverse rare diseases.
Methods: We conducted an international online survey of rare disease patients and caregiver
proxies affected by a systematically identified sample of rare diseases. We calculated EQ-5D
scores and conducted multivariate linear regression to examine sociodemographic and disease
predictors of EQ-5D-5L visual analog scale (VAS) and utility scores (United States only).
Results: A total of 1053 individuals affected by 103 different rare diseases participated,
including 660 patients and 393 caregiver proxies. Disability status and disease prevalence
correlated with poorer HRQL across models (P < .05). Increased pain and decreased ability to
perform usual activities also correlated with lower VAS for both adult patients and caregiver
proxies (P < .05). Being unemployed approached significance as a correlate of both lower
caregiver proxy VAS and lower patient utility scores.
Conclusion: Our results suggest that across rare diseases, lower HRQL is associated with a
reduced rare disease prevalence and disability status, among other predictors. Understanding the
key correlates of HRQL is essential for developing interventions for improving health care
delivery and quality of life for rare disease patients and families.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American College of Medical
Genetics and Genomics. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

An estimated 10,000 rare diseases affect over 300 million
people around the world." Although definitions vary,

internationally a rare disease is one affecting approximately
40 per 100,000 individuals.” The majority (70%) of these
diseases present in childhood and have a suspected or
confirmed genetic origin.” Although individually rare,
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collectively these diseases are responsible for an estimated
28% of deaths in the neonatal intensive care unit,4 and over
half of these diseases are associated with a reduced life-
span.”’ Patients with rare diseases also have significant health
care needs, with rare diseases collectively accounting for an
estimated 25% of all admissions to the neonatal intensive
care unit® and pediatric intermediate care units,7 more than
30% of admissions to pediatric long-term care facilities, and
more than 40% of pediatric comfort care patients.” Studies
in a range of countries also suggest that the collective eco-
nomic burden of rare disease care, including direct medical
costs to the health care system and out-of-pocket health care
costs to families, is immense.”'”

Although the manifestation of individual rare diseases
varies widely, patients with rare diseases and their care-
givers report many similar challenges in navigating the
health care system and society. Patients and caregivers
report significant delays in diagnosis, limited treatment op-
tions, and a lack of providers with sufficient knowledge of
their unique condition.'' Other reported challenges include
poor doctor-patient communication and feelings of uncer-
tainty, especially for those who have yet to receive a diag-
nosis.'” Outside of the clinic, rare disease patients report
stigma, social exclusion, and a lack of social and emotional
support from others who understand their unique chal-
lenges.'” The shared health care and social support needs of
the rare disease community suggest the opportunity to
develop interventions to improve quality of life for patients
with a range of rare diseases.'

Recent advances in the therapeutic landscape for rare
disease also are increasingly breaking down distinctions
between individual rare diseases.'* Advances in multi-omics
and other approaches to functional genomics suggest that
phenotypically distinct rare diseases may share underlying
pathophysiology at the cellular level.'” These shared
mechanisms open the door for platform-based approaches to
therapeutic development that explicitly attempt to address
more than one rare disease at a time. Examples of such
approaches include the use of umbrella or basket trials to
evaluate a single therapy in multiple rare diseases, as in a
recent trial evaluating a monoclonal antibody in three
different rare diseases with shared molecular pathophysi-
ology.'® Platform-based approaches also include develop-
ment of innovative therapeutic delivery mechanisms that
can be repeatedly modified to target different disease-
causing mutations.'” The expansion of these approaches
suggests movement away from a “one disease at a time”
approach to therapeutic development for rare diseases.'*

Despite growing recognition of both the shared chal-
lenges and opportunities to improve health care and out-
comes for rare diseases, with few exceptions,lg’lg much of
the peer-reviewed literature measuring patient-reported
outcomes has focused on a single disease, or select group
of well-known rare diseases (eg, cystic fibrosis).'’ System-
atically capturing the perspectives of patients across a broad
range of rare diseases is challenging; not only are patients
few in number and spread across the globe, but also the

large number of rare diseases and highly diverse phenotypes
makes sampling a challenge. The lack of integrated, sys-
tematic data across rare diseases limits our ability to
compare outcomes across different rare diseases, identify
factors that may exacerbate poor outcomes, or evaluate in-
terventions targeting diverse rare diseases.'*

Research that seeks to systematically understand the
impacts of a range of different rare diseases on general
outcomes, such as health-related quality of life (HRQL), is
essential to fill this gap.'* To this end, we sought to identify
patient- and disease-specific characteristics associated with
differences in HRQL in a systematically selected interna-
tional sample of diverse rare diseases.”'"”

Materials and Methods
Overview

To assess HRQL and characteristics associated with varia-
tion in HRQL, we administered an anonymous, online
survey to rare disease patients and caregivers from October
to December of 2021. Participants were identified from
Facebook support groups for systematically identified rare
diseases. A preliminary version of these results and analyses
were presented at the ISPOR Conference in 2023.%"** This
study protocol was reviewed and approved by the Stanford
University School of Medicine Institutional Review Board,
Protocol #61783.

Sampling and recruitment

We first identified a stratified random sample of 1200 rare
diseases from the Orphanet database.'® Because only 4% of
rare diseases with relatively high prevalence account for an
estimated 80% of rare disease patients, our sample was
constructed such that 40% of diseases selected were these
more common rare diseases (ie, those with a point preva-
lence 1-9 in 1,000,000 or greater). This sampling strategy
was designed based on (1) the estimated percentage of rare
diseases with a genetic etiology; (2) the distribution of point
prevalence for rare diseases in Orphanet,3 (3) recent data on
the emergence of rare disease support groups on Facebook
by disease prevalence,”” and (4) anticipated response rates
based on prior studies using this recruitment method.”* After
identifying the initial sample, the list of diseases was
reviewed, and any rare diseases without a known or sus-
pected genetic etiology were removed by a trained genetic
counselor (M.Y.) based on the existing evidence available in
the scientific literature (eg, GeneReviews).”

After identifying our sample of rare diseases, we utilized
a study-specific Facebook account to search for support
groups for each of the 1200 diseases in our sample. Iden-
tified groups were included based on group size (only the
single largest group was included if multiple groups were
identified for a disease) and disease-specific focus (the



A. Rao et al.

specific disease was listed in the group name and/or in the
public description). To recruit individual participants for the
survey, a member of our research team contacted up to three
moderators of each identified Facebook group with
Institutional-Review-Board-approved language to share
with the group participants. Individuals were eligible to
participate if they were (1) 18 years of age or older, (2) able
to write and read in English, and (3) self-identified as either
a patient with, or a caregiver of a patient with, a rare or
undiagnosed disease. Additional details of our approach for
sampling rare diseases and Facebook group identification
have been published in Yabumoto et al’® (2022).

Data collection and measures

Data were collected electronically using Qualtrics. Measures
were drawn from validated instruments whenever possible
or were adapted from existing instruments and piloted with
an outside group of rare disease patients and caregivers
before use.

Outcome measure

To measure HRQL, we utilized the EQ-5D-5L.°" We
selected this measure because of its rigorous development
and testing and use in over 17,000 registered studies around
the world for over 30 years.” It is also generic (as opposed
to condition-specific) and brief, assessing five dimensions of
HRQL (Mobility, Self-Care, Usual Activities, Pain/
Discomfort, and Anxiety/Depression), as well as a global
question using a visual analog scale (VAS). The VAS asks
respondents to self-rate their health on a scale of 1 to 100, in
which 1 is the “worst health you can imagine,” and 100 is
the “best health you can imagine.””” Each question block in
the EQ-5D-5L corresponds to a single dimension and elicits
a value from 1 to 5 that describes the severity of impairment
in each of the dimensions (5 being most impaired). For both
the EQ-5D-5L and VAS, patients were asked to self-report
HRQL, and caregivers were asked to report on the HRQL
of the patient they are caring for by proxy (referred to here
as “caregiver proxy”).

Additionally, and unlike many other commonly used
HRQL measures (eg, Patient-Reported Outcomes Mea-
surement Information System measures,”” and The World
Health Organization Quality of Life measure3()), the EQ-5D-
5L is a preference-based measure with associated value sets.
This allows its use in the calculation of location-specific
utility values to inform value assessments in policy and
health care decision making, of which there is a critical lack
of data in rare diseases. Value sets are typically country/
region specific collections of index values, which indicate
how severe a given 5 number code is relative to the popu-
lation in that region. To calculate utility scores, the resulting
5 number “code” (eg, 11345) summarizing the respondent
rating on each of the 5 EQ-5D dimensions is converted into
a single utility score, which ranges from O to 1, in which 1 is
the best HRQL.'

Predictor variables

We collected data on a range of sociodemographic and
disease characteristics, including role (patient/caregiver),
age, gender, self-reported race and ethnicity, location,
urbanicity, education, employment, household income, and
social media connectedness.”’ We applied the Office of
Management and Budget standards when asking about race,
ethnicity, and gender.”” Although a more granular catego-
rization of race was included in the original survey (15
categories), our multivariate model included the five Office
of Management and Budget racial categories because of
very small sample sizes in some racial groups. Survey
questions about disease characteristics included disability
status, having prior genetic testing, having a confirmed ge-
netic diagnosis (defined as having an identified genetic
mutation known to cause the patient’s rare disease), age of
symptom onset, and rare disease (clinical) diagnosis.

Data analysis

All data were analyzed in R (version 4.1.1). Descriptive
statistics were calculated as means and standard deviations
for normally distributed data, or medians and interquartile
ranges for nonnormal data. Nominal variables were dichot-
omized when possible and included role (caregiver vs pa-
tient), gender (male vs female), location (United States vs
outside the United States), community type (urban vs rural),
employment (employed vs unemployed), disability identity
(disabled vs not disabled), and genetic diagnosis (diagnosed
vs undiagnosed). Because our participant sample included
demographic characteristics of both patients and caregivers
inside and outside the United States, we divided the sample
into four groups for analysis: (1) patients in the United States,
(2) patients outside the United States, (3) caregivers in the
United States, and (4) caregivers outside the United States.

We modeled VAS and utility scores as outcomes,
assessing predictors of each. We first conducted univariable
analyses (¢ test, Xz’ or analysis of variance) between pre-
dictor variables and outcomes in each of the four analytic
groups. Predictor variables for which univariable analyses
were significant at P < .20 were then included in four initial
multivariate linear regression models: (1) all patients
(United States and non-United States) with VAS as the
outcome variable, (2) all caregivers (United States and non-
United States) with VAS as the outcome variable, (3) United
States patients with the utility score as the outcome variable,
and (4) United States caregivers with the utility score as the
outcome variable. Predictor variables were assessed in each
model manually until the most parsimonious models were
identified. A significance level of 0.05 was used for all
analyses. Additionally, we completed a Spearman’s rank
correlation to determine interdimensional-correlation in the
EQ-5D domains.

Conducting separate multivariate regression analyses for
patients and caregivers with the VAS as the primary outcome
allowed us to investigate causal mechanisms in VAS
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heterogeneity without the confounder of reporting mecha-
nism (self vs proxy). Because utility values are based on
location-specific utility weights, comparing utility measures
across countries may lead to erroneous conclusions about
utility score differences. To account for this, only United
States participants were included in models with utility score
as the primary outcome. In addition, although we collected
data on race, ethnicity, and income from all participants, our
analysis suggested inconsistent interpretation of these ques-
tions by international participants. Therefore, these variables
were only included in the utility score model, which included
only United States participants.

Results
Sample characteristics

A total of 1053 participants, including 660 (63%) patients
and 393 (37%) caregivers, from 103 disease groups partic-
ipated in the survey. The median Facebook group size was
1400 individuals (IQR = 765-2800).”° The mean age of
adult patients was 44.60 years old (SD 13.00), whereas that
of caregivers was 43.10 years old (SD 10.30).

Among adult patients, 81% (n = 532) were female, 62%
(n = 406) were employed, 81% (n = 535) reported having
some college education or greater, 44% (n = 287) reported
living in a rural community, and 35% (n = 232) reported
having a genetic diagnosis. Among caregivers, 86% (n = 336)
were female, 67% (n = 262) were employed, 84% (n = 329)
reported having some college education or greater, 45% (n =
175) reported living in a rural community, and 48% (n = 190)
reported that their care recipient had received a genetic
diagnosis.

Among United States-based participants only, 94% (n =
578) identified as White, 44% (n = 268) reported a house-
hold income greater than $100,000, and 71% (n = 434)
reported that they (or their care recipient) had private in-
surance. Among United States adult patients, 94% (n = 360)
identified as White, 39% (n = 150) reported a household
income greater than $100,000, and 69% (n = 262) reported
having private insurance. Among United States caregivers
94% (n = 218) identified as White, 51% (n = 118) reported
a household income of $100,000 or greater, and 74% (n =
172) reported that their care recipient had private insurance.
Additional details can be found in Table 1.

VAS, utility scores, and EQ-5D domains

The mean VAS score (scored from 1 to 100, with 100
indicating best HRQL) was 68.10 (SD = 21.40) across all
participants. The mean VAS score was 66.87 (SD 19.66)
among all patients (United States and non-United States)
compared with 70.40 (SD = 24.20) as reported by caregiver

proxies. Among United States participants only, the mean
utility score (scored from O to 1, with 1 indicating best
HRQL) was 0.71 (SD 0.22). For only United States patients,
the mean utility score was. 0.74 (SD = 0.16) compared with
0.67 (SD = 0.28) as reported by United States caregiver
proxies.

Within each of the 5 EQ-5D domains (scored from 1 to 5,
with 1 indicating the best outcome in that dimension), re-
sponses provided by all (United States and non-United
States) adult patients versus those provided by all care-
giver proxies were divergent in many cases. Caregivers
tended to report higher self-care deficits for their care
recipient, with 21% of caregivers scoring a 5 (total deficit)
for their care recipient on the Self-Care dimension, whereas
only one patient scored the same for themselves. Similar
increases in caregiver-reported deficiencies were observed
in the Mobility and Usual Activities dimensions. Addi-
tionally, caregivers tended to report fewer anxiety deficits
for their care recipient, with 46% of caregivers scoring a 1
(no deficit) for their care recipient on the Anxiety/Depres-
sion dimension, as opposed to only 28% of adult patients
scoring the same. Across all participants, self-care had the
highest reported proportion of “no deficit” responses (70%,
n = 636). The distribution of responses for each EQ-5D
domain is depicted in Figure 1.

Within the 5 EQ-5D dimensions, the strongest correlation
was between Usual Activities and Mobility (r = 0.66). There
was also a moderate correlation between Self-Care and
Mobility (r = 0.58), Self-Care and Usual Activities (r =
0.56), and Pain and Usual Activities (r = 0.46)
(Supplemental Table 1).

Multivariate regression analysis

VAS—ALL patients

Significant univariable predictors of lower patient VAS
included identifying as male (P = .04), living in an urban
community (P = .003), being affected by a lower prevalence
rare disease (P = .006), being unemployed (P < .001),
identifying as disabled (P < .001), and scoring more poorly
for each of the 5 EQ-5D dimensions (Self-Care, Mobility,
Usual Activities, Anxiety/Depression, and Pain/Discomfort)
(P < .001, Supplemental Table 2). The final multivariate
regression model, including all adult patients, explained
39% of the variability observed in VAS scores in this
population and included gender, location, community type,
disease prevalence, disability status, and each of the 5 EQ-
5D domain scores as predictors. In the final model, living in
an urban community (P = .04), identifying as disabled (P =
.006), and reporting poorer scores for Mobility (P = .02),
Usual Activities, Anxiety, and Pain (P < .001 for each) were
significant predictors of poorer HRQL (lower VAS). In
addition, identifying as male (P = .08), living in a country
other than the United States (P = .09) and being affected by
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Table 1  Demographic characteristics of rare disease patients and caregivers

Respondent Characteristics

N, Patient (%)

N, Caregiver (%)

Total N (% of All Responses)

Number of Respondents
Age (Median, IQR)
Missing (n, %)
Gender
Female
Male
Non- binary
Transgender Male
Prefer to self-describe
Prefer not to say
Missing
Location
United States (US)
Non-United States
North America
South America
Europe
Australia
Asia
Africa
Other
Missing
Race (select all that apply, US only)
American Indian or Alaskan Native
Asian or Asian American
Black or African American
Native Hawaiian or other Pacific Islander
White
Other
Missing
Hispanic Ethnicity (US only)
Hispanic/Latino
Not Hispanic/Latino
Missing
Community Type
Rural
Urban
Missing
Employment Status
Employed
Not Employed
Missing
Education Level
Less than high school
High school or GED
Some college or associate degree
Bachelor’s degree
Advanced or graduate level coursework or degree
Missing
Household Income (US only)
<$25,000
$25,001-$50,000
$50,001-$100,000
$100,001-$200,000
>$200,000
Prefer not to say/don’t know
Missing

660 (63)
44 (35-54)
21 (3.20)
660

532 (80.60)
106 (16.10)
6 (0.90)

4 (0.60)

0 (0.00)

1 (0.10)

11 (1.70)
660

382 (57.90)
189 (28.60)
49 (25.90)
4 (2.10)

90 (47.60)
24 (12.70)
7 (3.70)

5 (2.60)

10 (5.30)
89 (13.50)
382

10 (2.60)
12 (3.10)
12 (3.10)

1 (0.30)
360 (94.20)
4 (1.00)

9 (2.40)
382

20 (5.20)
361 (94.50)
1 (0.30)
660

287 (43.50)
356 (53.90)
17 (2.60)
660

406 (61.50)
230 (34.90)
24 (3.60)
660

6 (0.90)

86 (13.00)
178 (27.00)
169 (25.60)
188 (28.50)
33 (5.00)
382

29 (7.60)
63 (16.50)
100 (26.10)
150 (39.30)
0 (0.00)

29 (7.60)
11 (2.90)

393 (37)
41 (36-49)
8 (2.00)
393

336 (85.50)
47 (11.90)
0 (0.00)

0 (0.00)

1 (0.30)

1 (0.30)

8 (2.00)
393

233 (59.30)
98 (24.90)
15 (15.30)
0 (0.00)

53 (54.10)
12 (12.20)
6 (6.10)

5 (5.10)

7 (7.10)

62 (15.80)
233

3 (1.30)

10 (4.30)

6 (2.60)

0 (0.00)
218 (93.60)
5 (2.10)

6 (2.60)
233

16 (6.90)
216 (92.70)
1 (0.40)
393

175 (44.50)
206 (52.40)
12 (3.10)
393

262 (66.70)
117 (29.80)
14 (3.50)
393

5 (1.30)

43 (10.90)
87 (22.20)
131 (33.30)
111 (28.20)
16 (4.10)
233

6 (2.60)

26 (11.20)
61 (26.20)
118 (50.60)
0 (0.00)

22 (9.40)

0 (0.00)

1053
43 (35-52)
29 (2.80)
1053

868 (82.40)
153 (14.50)
6 (0.60)

4 (0.40)

1 (0.10)

2 (0.20)

19 (1.80)
1053

615 (58.40)
287 (27.30)
64 (22.30)
4 (1.40)
143 (49.80)
36 (12.50)
13 (4.50)
10 (3.50)
17 (5.90)
151 (14.30)
615

13 (2.10)
22 (3.60)
18 (2.90)

1 (0.20)
578 (940)
9 (1.50)

15 (2.40)
615

36 (5.90)
577 (93.80)
2 (0.30)
1053

462 (43.90)
562 (53.40)
29 (2.70)
1053

668 (63.40)
347 (33.00)
38 (3.60)
1053

11 (1.00)
129 (12.20)
265 (25.20)
300 (28.50)
299 (28.40)
49 (4.70)
615

35 (5.70)
89 (14.50)
161 (26.10)
268 (43.60)
0 (0.00)

51 (8.30)
11 (1.80)

(continued)
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Table 1 Continued

Respondent Characteristics

N, Patient (%)

N, Caregiver (%)

Total N (% of All Responses)

Patient Disability Status®
Not disabled
Disabled
Missing
Patient Insurance Status (US only)®
Public insurance
Private insurance
Missing
Patient Disease Prevalence®
Unknown
<11in 1,000,000
1-9 in 1,000,000
1-9 in 100,000
1-9 in 10,000
1-9 in 1000
Social Connectedness (Median, IQR)
Missing (n, %)
Patient Diagnosis®
Genetic diagnosis
No genetic diagnosis
Missing
Patient VAS (Mean, SD)*
Patient Utility Score (Mean, SD)*

Patient EQ-5D Scores by Dimension (Mean, SD)?

Self-Care
Mobility

Usual Activities
Anxiety

Pain

660

393

1053

238 (36.10) 197 (50.10) 435 (41.30)
378 (57.30) 173 (44.00) 551 (52.30)
44 (6.60) 23 (5.90) 67 (6.40)
382 233 615

111 (29.00) 57 (24.50) 168 (27.30)
262 (68.60) 172 (73.80) 434 (70.60)
9 (2.40) 4 (1.70) 13 (2.10)
660 393 1053

94 (14.20) 61 (15.50) 155 (14.70)
46 (7.00) 32 (8.20) 78 (7.40)
80 (12.10) 92 (23.40) 172 (16.30)
307 (46.50) 111 (28.20) 418 (39.80)
133 (20.20) 84 (21.40) 217 (20.60)
0 (0.00) 13 (3.30) 13 (1.20)
3.70 (3.30-4.30) 4.00 (3.30-4.30) 3.70 (3.30-4.30)
127 (19.20) 91 (23.20) 218 (20.70)
660 393 1053

232 (35.20) 190 (48.30) 422 (40.10)
367 (55.60) 165 (42.00) 532 (50.50)
61 (9.20) 38 (9.70) 99 (9.40)
66.87 (19.66) 70.40 (24.20) 68.10 (21.40)
0.74 (0.16) 0.67 (0.28) 0.71 (0.22)
660 393 1053

1.29 (0.66) 2.30 (1.62) 1.65 (1.21)
1.74 (0.96) 2.09 (1.42) 1.87 (1.16)
1.92 (0.95) 2.23 (1.32) 2.03 (1.11)
2.21 (1.01) 1.88 (1.00) 2.09 (1.02)
2.35 (1.01) 1.85 (0.93) 2.17 (1.01)

VAS, visual analog scale.

?Data refer to the patient and were provided either by self-report or by the caregiver by proxy.

a lower prevalence disease (P = .07) were each correlated
with poorer HRQL but did not reach statistical significance
at P < .05 (Table 2).

VAS—ALl caregivers

Significant univariable predictors of lower proxy VAS
score included older caregiver age (P < .001), identifying
their care recipient as disabled (P < .001) and as affected
by a lower prevalence rare disease (P < .001), and
reporting greater deficits for each of the 5 EQ-5D di-
mensions (Self-Care, Mobility, Usual Activities, Anxiety/
Depression, and Pain/Discomfort) (P < .001, Supplemental
Table 2. The final multivariate regression model with all
caregiver proxies explained 40% of the variability
observed in VAS scores in this population and included
age, employment status, disease prevalence, and 2 EQ-5D
Domains (Activities and Pain) as predictors (Table 2). In
this model, older caregiver age (P = .007), having a care
recipient affected by a lower prevalence rare disease (P =
.02), and reporting greater deficits in the domains of Usual
Activities and Pain (P < .001 for each) were significantly
correlated with poorer HRQL (lower VAS). In addition,

caregivers who reported being unemployed also reported
lower HRQL for their care recipient (P = .09), although
this association did not reach statistical significance at P <
.05 (Table 2).

Utility score—United States patients

Significant univariable predictors of lower utility scores
included reporting a lower education level (P = .002),
having public insurance (P = .001), being unemployed (P <
.001), having a lower household income (P < .001), and
identifying as disabled (P < .001, Supplemental Table 2).
The final multivariate regression model with all patients and
utility score as the primary outcome explained 27% of the
variability observed in utility scores in this population and
included employment status, education level, household
income, social connectedness, disability status, and insur-
ance status as predictors. In multivariate analysis, identi-
fying as disabled was significantly correlated with poorer
HRQL (lower utility score, P < .001). In addition, patients
who reported being unemployed also reported lower HRQL
(lower utility score, P = .08), although this association did
not reach statistical significance at P < .05 (Table 2).
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Utility score—United States caregivers

Significant univariable predictors of lower proxy utility
score included identifying their care recipient as disabled
(P < .001), lower social connectedness of the caregiver
(P < .01), and having a care recipient affected by a lower
prevalence rare disease (P < .001, Supplemental Table 2).
The final multivariate regression model with all United
States caregivers and utility score as the primary outcome
explained 24% of the variability observed in utility scores in
this sample and included patient disability status and patient
disease prevalence as predictors (Table 2). In multivariate
analysis, having a care recipient affected by a lower prev-
alence rare disease (P < .001) and who identified as disabled
(P < .001) were significantly correlated with poorer HRQL
(lower utility score, Table 2).

Analysis of the residual plots for the multivariate linear
regression models revealed a nonrandom distribution of
residuals (eg, residuals clustering in two main locations) for
the models in which utility score was the primary outcome.
Additional models were constructed to further evaluate if
there was a better model to use for our predictors and
outcome variable, which included generalized linear model
and generalized additive model, resulting in no notable
change in the nonrandom distribution of residuals.

Discussion

This study of HRQL in an international sample of patients
and caregiver proxies affected by 103 different rare diseases

(Supplemental Table 3) identified multiple correlates of
HRQL. In particular, identifying as disabled and being
affected by a lower prevalence disease (or having a care
recipient as such) were significantly correlated with poorer
HRQL in 3 of 4 models. Increased pain and decreased
ability to perform usual activities also were significantly
correlated with lower VAS for both patients and caregiver
proxies, and being unemployed approached significance as a
correlate of both lower caregiver proxy VAS and lower
patient utility scores. Additional correlates of lower VAS or
lower utility scores that warrant further investigation include
decreased mobility, increased anxiety, urban location, older
caregiver age, living in a country other than the United
States, and identifying as male.

Our findings extend the rapidly growing literature
focused on HRQL specifically for rare disease patients.
Although the literature examining HRQL across diseases
using the EQ-5D is extensive, many have focused on
comparison between rare diseases as a group and other
common diseases (eg, diabetes mellitus and asthma).”>**
Although others have examined variation in HRQL across
different rare diseases, many of these efforts have been
limited geographically.”*° A notable exception is the work
of Bogart et al,'®'” which examined correlates of HRQL
(assessed using NIH Patient-Reported Outcomes Measure-
ment Information System measures) in a sample of patients
with diverse rare diseases in the United States. Their ana-
lyses identified additional correlates of poorer HRQL,
including in specific disease subtypes (rare systemic and
rheumatologic, neurological, and immune diseases), those
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having multiple rare diseases, longer symptom duration, and
lower income. On the other hand, Bogart et al'’ found that
having had a formal diagnosis for a longer period was
associated with better HRQL. Although our study did not
include all of the correlates explored by Bogart et al'™'” (eg,
disease classification and number of rare diseases), our re-
sults also identified a link between indicators of low so-
cioeconomic status (specifically being unemployed) and

Table 2  Full multivariate linear regression analysis for variables
associated with proxy and self-reported VAS and EQ-5D utility

scores

All Patients, VAS Outcome (R? = 0.39 N = 465)

Variable Beta Estimate P Value®
(Intercept) 94.96 <.0071%**
Gender —3.55 .08
Female
Male
Location 2.61 .09
us
Non-US
Community Type —2.95 .04*
Rural
Urban
Patient Disease Prevalence 1.02 .07
Patient Disability Status —4.91 .006%*
No Disability
Disability
EQ-5D Domains
Mobility -3.36 .02%*
Usual Activities —4.65 <.001%**
Anxiety —2.83 <.001%%**
Pain —3.24 <.001%**
All Caregivers, VAS Outcome” (R? = 0.40 N = 312)
Variable Beta Estimate P Value
(Intercept) 109.20 <.001***
Age —0.28 .007**
Employment Status —3.84 .09
Employed
Not Employed
Patient Disease Prevalence 1.77 .02%
EQ-5D Domains
Usual Activities —4.79 <.001%**
Pain —10.33 <.001%**

US Patients, Utility Score Outcome (R? = 0.27 N = 276)

Variable Beta Estimate P Value
(Intercept) 0.77 <.001***
Employment Status —0.03 .08
Employed
Not Employed
Education Level 0.01 .19
Household Income 0.007 .35
Social Connectedness —0.003 .76
Patient Disability Status —0.15 <.001***

No Disability
Disability

(continued)

Table 2 Continued
US Patients, Utility Score Outcome (R? = 0.27 N = 276)

Variable Beta Estimate P Value
Patient Insurance Status —0.003 .89
Private
Public
US Caregivers, Utility Score Outcome® (R? = 0.24 N = 199)
Variable Beta Estimate P Value
(Intercept) 0.63 <.001***
Patient Disability Status —0.19 <.001%**
No disability
Disability
Patient Disease Prevalence 0.01 <.001%%*

VAS, visual analog scale.

Significance codes: <0.001 (***); <0.01 (**); <0.05 (*); <0.1 (.).

PAs a note, VAS and utility scores reported by caregivers are proxy
scores for the patients they are caring for.

poorer HRQL, consistent with Bogart et al. Our study also
adds disease prevalence and disability (which were not
included by Bogart et al), among other correlates, to our still
nascent understanding of correlates of HRQL across diverse
rare diseases'®'” (see Supplemental Table 4 for descriptive
information on disease classification HRQL outcomes).

Studies also have examined HRQL in rare diseases as a
group and have focused on comparisons between rare and
other common diseases, or with population norms. Results
indicate that patients with rare diseases report lower HRQL
as a group, even when compared with common chronic
diseases.””** For example, one study comparing HRQL in
patients with rare diseases, breast cancer, rheumatoid
arthritis, rare cancers, and multiple sclerosis found that rare
disease patient groups reported the lowest overall VAS and
EQ-5D-5L utility score.”* These findings point to the urgent
need to develop interventions to address HRQL in rare
disease that, although individually rare, collectively affect
hundreds of millions of patients worldwide.'

Researchers in the European Union have taken a more
systematic approach to examining HRQL in rare diseases.
The recently completed Social Economic Burden and Health-
Related Quality of Life in Patients with Rare Diseases in
Europe (BURQOL-RD) project focused on developing a set
of harmonized instruments (including the EQ-5D-5L used
here) to examine HRQL in different rare diseases.'’ Although
valuable for the insights it provides, this effort only included
10 rare diseases, each with a relatively high prevalence (eg,
cystic fibrosis, epidermolysis bullosa, and hemophilia), and
analyses focused on outcomes by individual rare disease.”” "
Our results further expand the literature examining HRQL
across a broad range of rare diseases through the use of a
systematic sampling procedure to ensure the inclusion of
diseases with varying prevalence. In addition, our findings
suggest that disease prevalence may be an important predictor
of HRQL, with patients with lower prevalence diseases at
higher risk of poor outcomes. Patients with more common
rare diseases may have greater access to therapies, better
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informed clinicians, and/or greater access to a patient com-
munity for social support, which may contribute to better
HRQL. Given that patients with very low prevalence rare
diseases (classified here as having a point prevalence of 1-9 in
1,000,000 or fewer) represent 1 in every 5 rare disease pa-
tients and that 96% of all diseases classified as rare fall into
this category, improving outcomes for these patients one
disease at a time is neither sustainable nor efficient.”'”
Developing interventions to addresses common barriers to
health care and therapeutic interventions that can treat mul-
tiple rare diseases will be essential to improving outcomes for
patients affected by ultra-rare diseases.

Of note, our examination of the distribution of EQ-5D
dimension scores reported by patients and caregiver proxies
revealed lower anxiety deficits and higher self-care deficits
reported by caregiver proxies for their dependents than by
adult patients. This may indicate differences in pediatric
versus adult rare disease patients’ HRQL. However, past
research on proxy bias in HRQL estimates also has shown
caregiver underestimation of HRQL in EQ-5D utility scores
generally® and specifically in caregiver underestimation of
anxiety deficits and overestimation of self-care deﬁcits,47
suggesting that such findings should be interpreted cautiously.

In addition, although our results suggest a consistent
association between disability status and lower HRQL, this
finding should be interpreted within the context of known
limitations of the EQ-5D and similar HRQL measures. Past
research suggests that the EQ-5D may not accurately
represent the health of disabled populations because of its
conflation of disability with poor HRQL."® Particularly in
countries that utilize cost-effectiveness analyses in health
resource allocation decision making, the use of utility scores
may lead to resources directed toward disabled communities
being deemed less “efficient” and thus increase barriers to
accessing care.”” At a minimum, our findings provide
further evidence relevant to the extensive debate around the
use of such measures as they relate to disability status.

Limitations

Our study has several limitations. This was a cross-sectional
survey; therefore, association between variables cannot be
interpreted as inferring causality. As is common in online
survey research,”” our response rate cannot be empirically
determined, nor can the diagnoses of respondents be
confirmed. The majority of participants in our study were
high income, White, and female, a documented pattern in
studies conducted using social media.”*”' Although we
recruited participants internationally, the survey was only
available in English; thus, the sample is limited to those
proficient in reading and writing English. Additionally, we
limited our analysis of utility scores and a number of pre-
dictor variables (eg, race, ethnicity, and income) to only
United States participants because of challenges in collecting
consistent sociodemographic data across international con-
texts and wide variation in the locations of non-United States

participants. We also collected geographic region but not
individual country for each participant. However, expanding
our participant pool to an international context provided the
benefit of including more patients with each rare disease and
partially addressing a longstanding challenge in understand-
ing the shared experiences of the global rare disease com-
munity.”” Future studies including more diversity of income,
race, and gender will be particularly important for examining
disparities in access to health care at the intersection of so-
cioeconomic status and disease prevalence.

Our models did not explain much of the variation in our
primary outcomes. Analysis of the residuals from the
multivariate analyses revealed a non-random distribution,
suggesting that a linear model was not the model of best fit.
Apart from there being confounders not accounted for, there
are a variety of factors that may have contributed to this
outcome. Our survey was not exhaustive in its inclusion of
all possible predictors of HRQL, which may have led to the
lower R? values across all models. For example, questions
not included on the survey that may have provided inter-
esting insight into outcome variables include availability of
and access to treatment(s) and the multisystemic vs isolated
nature of the rare disease. Further, we observed a noticeable
increase in variability explained across models with EQ-5D
dimensions included as predictor variables, calling into
question the validity of the utility score. Past research in
other contexts has shown that variability in VAS scores can
be explained by changes in EQ-5D domain scores.’” This
provides insight into the divergence of R? values between
models with outcome variables of VAS versus the EQ-5D
utility score and may add weight to the argument that the
VAS has a larger predictive validity compared with the EQ-
5D utility score on HRQL.™

Conclusion

This study addresses an essential gap in knowledge of HRQL
across an international sample of rare diseases. Our findings
suggest that, even in a diverse sample of rare diseases, lower
HRQL is associated with self-identified disability status and
reduced rare disease prevalence among other predictors. In
addition, overall HRQL in our participant sample is sub-
stantially lower than patients with common chronic condi-
tions.”"”” Given the shared challenges faced by rare disease
patients in the health care system, understanding key pre-
dictors associated with poorer HRQL is essential to devel-
oping policies and funding priorities for research to improve
health care delivery and quality of life across the thousands of
identified rare diseases.

Data Availability

The data sets generated and/or analyzed during the current
study are not publicly available because of privacy concerns
with small numbers of patients with certain rare diseases.
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