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Abstract

Background Rare diseases present a substantial patient burden, but the impact on non-professional caregivers
is poorly understood. We explored the health-related quality of life (HRQol) and productivity burden on caregivers
of adults with rare diseases.

Methods We analysed physician- and caregiver-reported real-world data from France, Germany, Italy, Spain, the United
Kingdom, and the United States of America collected July 2017-March 2021 via Adelphi Disease Specific Programmes'
in amyotrophic lateral sclerosis (ALS), eosinophilic esophagitis (EoF), graft versus host disease (GvHD), Huntington'’s
disease (HD), myasthenia gravis (MG), and progressive supranuclear palsy (PSP). Non-professional caregivers completed
the EQ-5D-5L and Work Productivity and Activity Impairment questionnaire. Multivariate regression analysis modelled
the relationship of care recipient/caregiver characteristics with caregiver HRQol and productivity.

Results Data were provided by 365 caregivers; 114, 89, 75,32, 29 and 26 in GvHD, PSP, ALS, MG, EoE and HD, respec-
tively. Care recipients’'mean (standard deviation [SD]) age was 58.7 (15.6) years, 59% were male and 23% had both pro-
fessional and non-professional caregivers. Patients'mean (SD) EuroQol visual analogue scale (EQ VAS) score was 50.9
(23.3) and mean EQ-5D utility was 0.460 (0.350). Caregivers'mean age was 55.8 (13.8) years, 66% were female. Caregivers’
EQ-5D-5L indicated their greatest problems in anxiety/depression. Overall, 45% of caregivers were employed, mostly
part-time. In the past 7 days, mean (SD) caregiver absenteeism was 5.2% (13.1%), presenteeism was 28.0% (23.7%),

and activity impairment was 43.1% (27.2%). Regressions identified multiple significant associations with caregivers’
HRQoL and productivity. Caregivers'HRQoL (EQ-5D utility and EQ VAS) was associated with care recipients' EQ-5D utility
and caregivers'age. Outcomes relating to caregivers'employment and productivity (hours spent caring, employment
status, hours in employment, hours of employment missed, absenteeism, presenteeism, work impairment and activity
impairment) were most frequently associated with care recipients’EQ-5D utility, caregivers'age and sex, caregiver living
with the care recipient, the presence of a professional caregiver, and the care recipient having HD.

Conclusions The substantial burden of providing non-professional caregiving to adults with rare diseases is asso-
ciated with multiple factors. Interventions improving care recipient HRQoL could enhance caregiver HRQoL
and productivity.
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Background

A rare disease is a medical condition affecting a small
proportion of the population [1-3]. They are often
chronic, progressive, genetic, inherited conditions that
can be life-shortening, and that may have no cure [3, 4].
Clinical guidelines and standard of care are often lacking
in rare diseases [5]. The lack of effective treatments leads
to polypharmacy [6] and extensive use of drugs “off label”
[7].

The threshold to consider a medical condition to be
a rare disease depends on geographical location, with
international prevalence thresholds ranging from 5 to
76 per 100,000 [8—12]. European orphan drugs regula-
tions specify that for a condition to be classified as a rare
disease, its prevalence must be no greater than 50 per
100,000 [8]. The US Rare Diseases Act defined any disor-
der affecting fewer than 200,000 US citizens as a rare dis-
ease [13], a definition used in FDA’s 2019 Draft Guidance
for Industry “Rare Diseases: Common Issues in Drug
Development” [14]. Based on Department of Commerce
figures, this equated to a prevalence of approximately 60
per 100,000 in the United States of America (USA) at the
start of 2022 [15].

Although the prevalence of individual rare diseases is
relatively low, given the number of rare diseases, together
they affect a substantial number of people. The Orphanet
database holds data on 6172 different rare diseases [4],
a recent international review suggested there are more
than 10,000 rare diseases [16], and 6—8000 medical con-
ditions are classified as rare diseases by the European
Commission [17]. Based on prevalence estimates and
global population numbers, more than 470 million peo-
ple worldwide were estimated to have rare diseases in
2022 [3]. The European Commission has reported that
approximately 30 million people in the EU have rare dis-
eases [17], and the Genetic and Rare Diseases Informa-
tion Center has reported that 25—30 million people in the
USA have rare diseases [18].

The humanistic and productivity burden of rare dis-
eases is considerable; the debilitating symptoms, chronic
nature, and lack of effective treatments impact the health-
related quality of life (HRQoL) and functional ability of
patients [19, 20]. Additionally, patients with rare diseases
frequently require the support of one or more caregivers,
often family members. Impaired HRQoL is also reported
in non-professional caregivers of patients with rare dis-
eases [20—22].

The total cost of rare diseases in the US in 2019 was
estimated at $997 billion [23], with this cost including
$437 billion in indirect costs attributed to productivity
losses for patients and their non-professional caregivers.
A study to assess the costs of ten different rare diseases
across eight European countries concluded that average
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annual costs per patient related to lost productivity could
be as high as €14,444, although this varied markedly
across the participating countries [24].

A number of published studies show a substantial bur-
den for caregivers of patients with rare diseases, indicat-
ing a growing awareness of the importance of this topic.
However, many studies consider a single disease within
one country [25-30]. Such studies frequently focus on
parents as caregivers, and few investigate the specific
drivers of caregiver burden [26—33]. The Social Economic
Burden and Health-Related Quality of Life in Patients
with Rare Diseases in Europe (BURQOL-RD) pro-
ject aimed to quantify the socio-economic burden and
HRQoL impact of ten rare diseases for patients and their
caregivers in Europe [21, 34]. Data from this study dem-
onstrate that the type of disease and the health/social
care systems of the country of residence impact the bur-
den of caregiving in rare diseases [24].

The objective of the current study was to explore the
HRQoL and productivity impact of caring for adults with
a rare disease, and to investigate the association of care
recipient and caregiver characteristics with the HRQoL
and productivity of the caregiver, independently of the
type of rare disease or country.

Materials and methods

Study design and data source

This was a retrospective analysis of physician- and car-
egiver-reported data drawn from six Adelphi Disease
Specific Programmes (DSP") conducted between July
2017 and March 2021 in five European countries and the
USA. DSPs are large, multinational, cross-sectional (with
retrospective data collection) surveys conducted in real-
world clinical practice. Full details of the DSP methodol-
ogy have been published previously [35].

Specifically, for this study, data were collected from
physicians and non-professional caregivers attending a
physician visit with a patient. Diseases were selected to
provide variety in patient characteristics (such as usual
age of onset), disease severity and manifestation (neu-
rological and non-neurological diseases), and caregiver
burden, to allow identification of common themes across
a broad range of conditions. Diseases were also selected
on the pragmatic basis of DSPs providing sufficiently
large datasets with data collected in the past five years.
Data were from the Huntington’s disease (HD) DSP,
collected July 2017 to October 2017; the progressive
supranuclear palsy (PSP) DSP, collected August 2018 to
October 2018; the graft versus host disease (GvHD) DSP,
collected September 2019 to February 2020; the myasthe-
nia gravis (MG) DSP, collected March 2020 to September
2020; the eosinophilic esophagitis (EoE) DSP, collected
July 2020 to December 2020; and the amyotrophic lateral
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sclerosis (ALS) DSP, collected July 2020 to March 2021.
An overview of included diseases is provided in Online
Appendix Table S1.

Data were collected in France, Germany, Italy, Spain,
the UK, and the USA for all DSPs except HD, for which
data were not collected in Spain.

Study participants and eligibility criteria

Physicians were eligible to participate in a DSP if they
were personally responsible for the management of
people living with one of the diseases under study (care
recipients). For data relating to a care recipient to be eli-
gible for inclusion in this analysis, they were required
to be at least 18 years old, have a physician-confirmed
diagnosis of the relevant disease, and be accompanied
on their visit to the physician by a non-professional car-
egiver who was 18 years or older.

Study procedures

Physicians completed a patient record form for consecu-
tively visiting patients attending routine care appoint-
ments. Completion of the form was undertaken by
consulting existing patient clinical records, and accord-
ing to physician judgement and diagnostic expertise.
Caregivers accompanying care recipients were invited
to complete a form. The data reported by the caregiv-
ers were matched anonymously to the physician’s forms.
Physicians, patients and caregivers all provided informed
consent to participate.

Data collected

Physician-reported data

The physician-reported patient record form included the
age and sex of the care recipient, whether the disease was
inherited or there was a known family history, current
disease severity, relationship of the caregiver to the care
recipient, and the length of time that the care recipient
had required a caregiver.

Caregiver-reported data

Caregivers reported demographic details for the care
recipient and themselves, information regarding car-
egiving needs, their relationship to the care recipient,
whether they lived with the care recipient, time spent
caring, details of their employment status, and the impact
of caregiving on their paid work.

Caregivers also  completed
questionnaires:

The EQ-5D-5L assesses HRQoL and was completed
as a proxy for the care recipient and a caregiver self-
report. The EQ-5D-5L assesses health status in five
dimensions (mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression), via five response

two  standardised

Page 30f 18

levels (no problems, slight problems, moderate problems,
severe problems, extreme problems/unable to do) [36].
Responses were mapped to EQ-5D-3L outcomes and val-
ued using a UK scoring algorithm [37, 38], resulting in a
single EQ-5D utility, with a value of 1 indicating perfect
health, a value of 0 indicating death, and negative values
suggesting health states worse than death [39]. Map-
ping from the EQ-5D-5L to the EQ-5D-3L allowed com-
parison with previously published utilities based on the
EQ-5D-3L, and EQ-5D-3L is preferred in economic mod-
elling by decision-makers such as the National Institute
for Health and Care Excellence [40]. The EQ-5D-5L also
includes a 20 cm visual analogue scale (VAS) on which
the respondent rates perceived health from 0 (the worst
imaginable health) to 100 (the best imaginable health).

The Work Productivity and Activity Impairment
(WPAI) questionnaire assesses productivity and activity
during the past 7 days [41], and was completed as a car-
egiver self-report. The WPAI included six questions con-
cerning employment status, hours worked, hours of work
missed due to caregiving, hours of work missed for other
reasons, and the degree to which caregiving responsibili-
ties affected productivity at work and regular daily activi-
ties (both on a scale of 0=no effect to 10=completely
prevented). Absenteeism (calculated as: hours of work
missed due to caregiving/(hours worked + hours of work
missed for any reason)x 100)), presenteeism (calculated
as: degree to which caregiving responsibilities affected
productivity at work [scale O (no effect) to 10 (unable
to work)] X 10), overall work impairment (calculated as:
sum of absenteeism and presenteeism), and total activ-
ity impairment (calculated as: degree to which caregiving
responsibilities affected regular daily activities [scale O
(no effect) to 10 (unable to do daily activities)] X 10) were
reported as percentages.

Statistical analyses
All variables were assessed descriptively: care recipient
and caregiver demographic data, current disease sever-
ity, whether care recipient received professional care,
the relationship of the caregiver to the care recipient,
whether the caregiver lived with the care recipient, car-
egiver employment status and the impact of caregiving
on caregivers’ paid work. For continuous variables, sam-
ple size, mean, standard deviation (SD) and range were
presented, and for categorical variables, sample size and
the number and percent in each category were presented.
Multivariate regression analysis was used to model the
relationship between caregiver and care recipient charac-
teristics and caregiver HRQoL and productivity. A sepa-
rate model was run for each of the following dependent
variables: time spent caring (hours/week), caregiver cur-
rently employed (yes/no), caregiver income reduction
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(%), hours worked (from WPAI), hours missed in paid
employment (from WPAI), absenteeism (%, from WPAI),
presenteeism (%, from WPAI), overall work impairment
(%, from WPAI), activity impairment (%, from WPAI),
caregivers’ self-reported EQ VAS score and caregivers’
self-reported EQ-5D utility. The following were con-
sidered for inclusion as independent variables in each
model: care recipient proxy-reported EQ-5D utility, care
recipient disease (included as a separate binary variable
for each disease, with EoE as the reference disease), care
recipient age, care recipient sex, caregiver age, caregiver
sex, whether caregiver lived with care recipient, whether
care recipient received professional care. A number of
potential independent variables were excluded from
some models due to collinearity with other variables.
We used variance inflation factors (VIF) and the Condi-
tion Number to detect multicollinearity, with variables
excluded if VIF > 10 or condition number >30. The varia-
ble ‘length of care’ was excluded as it caused the base size
to drop by>50% in all models. The proportion of miss-
ing data for independent variables included in the regres-
sion models was generally low; less than 3% in all cases,
with the exception of the variable indicating whether the
caregiver lived with the care recipient and the variable
indicating whether professional care was provided, which
had a higher proportion of missing data at 11% and 10%,
respectively.

Logistic regression was used to assess the relationship
between independent variables and caregivers currently
employed, as the dependent variable is binary in this
case. All other regressions were based on linear models
as all other dependent variables were continuous. It was
verified that all models met the requirements for linear
regression (linearity, normality, homoscedasticity and
independence) [42]. Independent variables included in
regression analysis were considered statistically signifi-
cantly associated with the dependent variable if p-values
were below 0.05.

All analyses were conducted in Stata v17.0 [43].

Results

Care recipient characteristics and care requirements

A total of 177 physicians and 365 caregivers provided
data for 365 care recipients (Table 1).

The largest data set in the analysis was GvHD (31% of
care recipients). PSP and ALS care recipients together
comprised 45% of the study population, with EoE, HD
and MG each comprising less than 10% of the study
population. Overall, 82% of care recipients were from
Europe, with the remainder coming from the USA. Only
2% of patients were from the UK, with at least 15% from
each of the other countries. The number of care recipi-
ents with each of the six diseases varied across countries:
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45% of GvHD care recipients were from Germany, but
none from the UK, and 38% of HD care recipients were
from Italy, but none from Spain.

Care recipients’ mean (SD) age was 58.7 (15.6) years,
with the oldest being those with PSP (mean 70.8 [7.0]
years) and the youngest those with EoE (mean 41.4 [17.3]
years). Males comprised 59% of care recipients, although
this varied between 44% for MG and 65% for HD. The
majority of care recipients had no known family history
of the relevant disease. Overall, 77% of care recipients
were considered by their physicians to currently have
mild or moderate disease. The proportions of care recipi-
ents reported to have severe disease were highest in ALS
(40%) and PSP (33%).

Overall, 23% of patients were receiving professional
care alongside their non-professional care. The length
of time for which caregiving (professional or non-pro-
fessional) had been required was reported only for ALS
and PSP, and varied from less than a week to 8 years.
Reported time spent caring for care recipients each week
was wide ranging, with some caregivers reporting pro-
viding care for 168 h/week (24 h every day). The highest
mean number of hours/week spent caring was reported
for care recipients with PSP (41.0 [44.0]), and the lowest
for GVHD (16.8 [15.0]).

The most common activities requiring caregiver sup-
port were preparing meals/cooking, walking unaided and
travelling out of home (data not shown).

Care recipient health-related quality of life
Care recipient EQ-5D-5L findings are shown in Table 2.

Some degree of difficulty for the EQ-5D-5L dimen-
sions mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression was reported for 72%, 68%, 80%,
77% and 82% of patients, respectively. When considering
responses by disease, the highest prevalence of problems
with mobility, self-care, and usual activities was reported
in care recipients with ALS and PSP, the highest preva-
lence of problems in pain/discomfort was for those with
ALS, and the highest prevalence of problems in anxiety/
depression was for those with ALS, HD, and PSP.

Both EQ VAS scores and EQ-5D utilities showed very
large ranges, indicating considerable variability in care
recipient HRQoL. For some care recipients, an EQ VAS
score of 0 (‘the worst health I can imagine’) was reported,
while for some a score of 100 (the ‘best health I can imag-
ine’) was indicated. For some care recipients, an EQ-5D
utility below zero (i.e. a health state worse than death)
was estimated, while for others an EQ-5D utility close
to 1 (i.e. full health) was obtained. Both EQ VAS scores
and EQ-5D utilities indicated that HRQoL was poorest
for care recipients with ALS or PSP, with the best HRQoL
reported for care recipients with EoE.
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Table 1 Care recipient characteristics and care requirements
Total ALS EoE GvHD HD MG PSP
(N=365) (N=75) (N=29) (N=114) (N=26) (N=32) (N=289)
Country, n (%)
n 365 75 29 114 26 32 89
Germany 88 (24%) 5 (7%) 0 (0%) 51 (45%) 2 (8%) 1 (3%) 29 (33%)
France 81 (22%) 23 (31%) 7 (24%) 30 (26%) 6 (23%) 5(16%) 0(11%)
USA 65 (18%) 20 (27%) 8 (28%) 9 (8%) 6 (23%) 9 (28%) 3 (15%)
Spain 66 (18%) 4(19%) 6 (21%) 6 (14%) 0 (0%) 13 (41%) 7 (19%)
Italy 56 (15%) 0(13%) 5(17%) 8 (7%) 10 (38%) 4 (13%) 9 (21%)
UK 9 (2%) 3 (4%) 3(10%) 0 (0%) 2 (8%) 0 (0%) ( %)
Inherited/Known family history?, n (%)
n 365 75 29 114 26 32 89
Yes 25 (7%) 6 (8%) 0 (0%) 0 (0%) 14 (54%) 0 (0%) 5 (6%)
No 335 (92%) 69 (92%) 29 (100%) 114 (100%) 12 (46%) 32 (100%) 79 (89%)
Don't know 5(1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (6%)
Age, years
n 365 75 29 114 26 32 89
Mean (SD) 58.7 (15.6) 63.1 (12.4) 414(17.3) 52.9(14.0) 50.1 (13.4) 585(17.3) 70.8 (7.0)
Median 62.0 63.0 440 54.0 47.5 61.0 71.0
Range 18-90 22-90 18-74 20-90 30-79 24-83 52-87
Sex, n (%)
n 365 75 29 114 26 32 89
Male 216 (59%) 48 (64%) 16 (55%) 70 (61%) 17 (65%) 14 (44%) 51 (57%)
Female 149 (41%) 27 (36%) 13 (45%) 44 (39%) 9 (35%) 18 (56%) 38 (43%)
Current severity“, n (%)
n 328 75 29 77 26 32 89
Mild 118 (36%) 14 (19%) 17 (59%) 47 (61%) 13 (50%) 16 (50%) 11 (12%)
Moderate 134 (41%) 31 (41%) 9(31%) 22 (29%) 11 (42%) 12 (38%) 49 (55%)
Severe/Very severe 76 (23%) 30 (40%) 3(10%) 8 (10%) 2 (8%) 4 (13%) 29 (33%)
Receiving professional caregiving®, n (%)
n 330 75 0° 110 26 32 87
Yes 75 (23%) 24 (32%) - 18 (16%) 6 (23%) 4 (13%) 23 (26%)
No 255 (77%) 51 (68%) - 92 (84%) 20 (77%) 28 (88%) 64 (74%)
Time caregiver has been required, months®
n 128 57 0° o° o° o° 71
Mean (SD) 18.8(17.4) 11.1(13.1) - - - - 249(18.1)
Median 12.0 6.0 - - - - 240
Range 0.2-96 1.0-60.0 - - - - 0.2-96
Time/week caring for care recipient, hours
n 306 75 21 93 0 31 86
Mean (SD) 272(30.2) 256 (6.0) 19.0 (35.1) 16.8 (15.0) - 29.3(35.1) 41.0 (44.0)
Median 240 24.0 10.0 120 - 15.0 26.5
Range 0-168 24-48 0-168 0-100 - 2-168 0-168

ALS, amyotrophic lateral sclerosis; EoE, eosinophilic esophagitis; GvHD, graft versus host disease; HD, Huntington’s disease; MG, myasthenia gravis; PSP, progressive

supranuclear palsy; SD, standard deviation

2 Physician-reported; ®Data missing as not asked

Caregiver characteristics

Caregiver characteristics are reported in Table 3.
Caregivers’ mean ages ranged from 48.2 (14.3) years

for those caring for adults with EoE to 61.5 (13.3) years

for those caring for adults with PSP, with an overall mean
age of 55.8 (13.8) years. In total, 66% of caregivers were
female, with a range of 55-74% for carers of individuals
with EoE and HD, respectively.
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Table 2 Proxy-reported care recipient health-related quality of life assessed with the EQ-5D-5L

Total ALS EoE GvHD HD MG PSP
(N=365) (N=75) (N=29) (N=114) (N=26) (N=32) (N=89)
Mobility, n (%)
n 361 74 29 13 26 31 88
No problems 101 (28%) (9%) 25 (86%) 56 (50%) 6 (23%) 3(10%) 4 (5%)
Slight problems 60 (17%) 1(15%) 0 (0%) 26 (23%) 6 (23%) 11 (35%) 6 (7%)
Moderate problems 102 (28%) 23 (31%) 3(10%) 24 (21%) 10 (38%) 9 (29%) 33 (38%)
Severe problems 61 (17%) 5 (20%) 1 (3%) 6 (5%) 3(12%) 8 (26%) 28 (32%)
Unable to walk about 37 (10%) 8 (24%) 0 (0%) 1(1%) 1 (4%) 0 (0%) 17 (19%)
Self-care, n (%)
n 359 74 29 112 26 31 87
No problems 114 (32%) (9%) 27 (93%) 62 (55%) 8(31%) 3(10%) 7 (8%)
Slight problems 80 (22%) 6 (22%) 0 (0%) 32 (29%) 11 (42%) 16 (52%) 5 (6%)
Moderate problems 82 (23%) 24 (32%) 1(3%) 11 (10%) 4 (15%) 7 (23%) 35 (40%)
Severe problems ( 2%) 2 (16%) 1 (3%) 5 (4%) 0 (0%) 4 (13%) 22 (25%)
Unable to wash or dress 9 (11%) 15 (20%) 0 (0%) 2 (2%) 3(12%) 1(3%) 18 (21%)
Usual activities, n (%)
n 361 74 29 13 26 31 88
No problems 71 (20%) 4 (5%) 23 (79%) 35(31%) 5 (19%) 2 (6%) 2 (2%)
Slight problems 82 (23%) 13 (18%) 0 (0%) 36 (32%) 12 (46%) 13 (42%) 8 (9%)
Moderate problems 112 (31%) 22 (30%) 5(17%) 30 (27%) 5 (19%) 12 (39%) 38 (43%)
Severe problems 54 (15% 19 (26%) 1(3%) 10 (9%) 0 (0%) 3 (10%) 21 (24%)
Unable to do usual activities 42 (12%) 16 (22%) 0 (0%) 2 (2%) 4 (15%) 1 (3%) 19 (22%)
Pain/discomfort, n (%)
n 360 74 29 112 26 31 88
No pain/discomfort 84 (23%) 17 (23%) 20 (69%) 20 (18%) 13 (50%) 2 (6%) 12 (14%)
Slight pain/discomfort 114 (32%) 26 (35%) 0 (0%) 3(38%) 6 (23%) 13 (42%) 26 (30%)
Moderate pain/discomfort 129 (36%) 23(31%) 8 (28%) 38 (34%) 7 (27%) 13 (42%) 40 (45%)
Severe pain/discomfort 27 (8%) 6 (8%) 1(3%) 10 (9%) 0 (0%) 3 (10%) 7 (8%)
Extreme pain/discomfort 6 (2%) 2 (3%) 0 (0%) 1(1%) 0 (0%) 0 (0%) 3(3%)
Anxiety/depression, n (%)
n 359 73 29 112 26 31 88
Not anxious/depressed 63 (18%) 4 (5%) 15 (52%) 33 (29%) 2 (8%) 4 (13%) 5 (6%)
Slightly anxious/depressed 109 (30%) 15 (21%) 0 (0%) 45 (40%) 9 (35%) 12 (39%) 28 (32%)
Moderately anxious/depressed 124 (35%) 33 (45%) 9 (31%) 24 (21%) 12 (46%) 7 (23%) 39 (44%)
Severely anxious/depressed 44 (12%) 16 (22%) 1 (3%) 5 (4%) 1 (4%) 8 (26%) 13 (15%)
Extremely anxious/depressed 19 (5%) 5 (7%) 4(14%) 5 (4%) 2 (8%) 0 (0%) 3 (3%)
EQVAS score
n 356 70 27 114 26 30 89
Mean (SD) 50.9(23.3) 375(214) 82.3(17.7) 58.0(19.7) 54.8 (20.1) 54.3(19.3) 40.5(19.3)
Median 50.0 40.0 88.0 60.0 575 60.0 40.0
Range 0-100 0-95 35-100 0-95 0-90 20-85 0-80
EQ-5D utility
n 357 73 29 m 26 31 87
Mean (SD) 0.460 (0.350) 0.276 (0.342) 0.755(0.311) 0.624 (0.268) 0.552 (0.296) 0.465 (0.247) 0.277 (0.332)
Median 0.531 0.376 0.925 0.651 0.614 0.560 0429
Range —0.532-0.989 —0.532-0.891 —0.091-0.987 —0.455-0.989 —0.237-0.871 —0.036-0.810 —0.532-0.986

™

© 2009 EuroQol Research Foundation. EQ-5D
As assessed by proxy completion of the EQ-5D-5L by the caregiver on behalf of the care recipient

is a trade mark of the EuroQol Research Foundation

ALS, amyotrophic lateral sclerosis; EoE, eosinophilic esophagitis; GvHD, graft versus host disease; HD, Huntington’s disease; MG, myasthenia gravis; PSP, progressive
supranuclear palsy; SD, standard deviation; VAS, visual analogue scale
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Table 3 Caregiver characteristics
Total ALS EoE GvHD HD MG PSP
(N=365) (N=75) (N=29) (N=114) (N=26) (N=32) (N=89)
Age, years
n 360 73 28 113 25 32 89
Mean (SD) 55.8(13.8) 59.8 (12.5) 482 (14.3) 52.0(12.5) 50.6 (12.5) 55.0(15.1) 61.5(13.3)
Median 56.0 60.0 47.0 530 45.0 545 650
Range 20-88 24-85 23-77 20-75 30-75 30-88 27-83
Sex, n (%)
n 362 75 29 114 23 32 89
Male 123 (34%) 28 (37%) 13 (45%) 32 (28%) 6 (26%) 13 (41%) 31 (35%)
Female 239 (66%) 47 (63%) 16 (55%) 82 (72%) 17 (74%) 19 (59%) 58 (65%)
Relationship to care recipient, n (%)
n 363 74 28 114 26 32 89
Partner/Spouse 265 (73%) 59 (80%) 16 (57%) 85 (75%) 20 (77%) 21 (66%) 64 (72%)
Parent/Guardian 0 (0%) 7 (25%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Child 7 (2%) 7 (9%) 1 (4%) 8 (7%) 1 (4%) 4 (13%) 21 (24%)
Sibling 42 (12%) 6 (8%) 3(11%) 5 (4%) 1 (4%) 2 (6%) 3(3%)
Other relationship?® 20 (6%) 2 (3%) 1 (4%) 13 (11%) 3(12%) 2 (6%) 0 (0%)
Other family member 21 (6%) 0 (0%) 0 (0%) 8 (7%) 1 (4%) 3 (9%) 1(1%)
13 (4%)
Caregiver lives with care recipient, n (%)
n 326 75 0 109 22 32 88
Yes 276 (85%) 63 (84%) - 95 (87%) 22 (100%) 25 (78%) 71 (81%)
No 50 (15%) 12 (16%) - 14 (13%) 0 (0%) 7 (22%) 17 (19%)

ALS, amyotrophic lateral sclerosis; EoE, eosinophilic esophagitis; GvHD, graft versus host disease; HD, Huntington’s disease; MG, myasthenia gravis; PSP, progressive

supranuclear palsy; SD, standard deviation

2 E.g. friend, neighbour, voluntary carer

The most common relationship of caregiver to care
recipient was partner or spouse. The vast majority of
caregivers for whom living circumstances were reported
lived with the care recipient, regardless of disease.

Caregiver health-related quality of life
Caregiver EQ-5D-5L findings are shown in Table 4.

Most caregivers reported no problems for the EQ-
5D-5L dimensions mobility, self-care and usual activities.
However, only 48% reported no problem with anxiety/
depression and 65% no problem with pain/discomfort.
Twenty-five percent of caregivers reported slight pain/
discomfort, 33% slight anxiety/depression, and 19% at
least moderate anxiety and depression. The distribution
of responses across EQ-5D-5L dimensions was similar
for each of the diseases, although caregivers of care recip-
ients with ALS, PSP and MG reported slightly greater
problems than other diseases across all dimensions, and
particularly for anxiety/depression.

Both EQ VAS scores and EQ-5D utilities showed large
ranges, particularly when care recipients had ALS or PSP,
indicating a great deal of variability in caregiver HRQoL.

On the EQ VAS, some caregivers in all diseases scored
themselves as 100, while others scored themselves close
to 0. Some caregivers of care recipients with ALS, EoE
and PSP had an EQ-5D utility below zero, while at least
one caregiver in each disease group had a utility close to
1. Mean EQ VAS scores and EQ-5D utilities indicated
worse caregiver HRQoL when care recipients had ALS or
PSP, compared with other diseases.

Caregiver employment, productivity and activity
impairment

Data on caregivers’ employment and productivity are
reported in Table 5.

Overall, 45% of caregivers reported being currently
employed, with a range of 31% in PSP to 68% in HD.

The overall mean hours worked by employed caregivers
in the 7 days prior to completion of the WPAI was 23.4
(16.2), suggesting that few caregivers were in full-time
employment. Caregivers for care recipients with ALS
worked substantially lower mean and median hours (13.1
and 0.0, respectively) than caregivers in other diseases,
but also had the greatest range (0-80).
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Table 4 Caregiver health-related quality of life assessed with the EQ-5D-5L

Total ALS EoE GvHD HD MG PSP

(N=365) (N=75) (N=29) (N=114) (N=26) (N=32) (N=89)
Mobility, n (%)
n 363 75 29 114 25 32 88
No problems 298 (82%) 58 (77%) 27 (93%) 103 (90%) 22 (88%) 24(75%) 64 (73%)
Slight problems 39 (11%) 7 (9%) 0 (0%) 9 (8%) 3(12%) 7 (22%) 13 (15%)
Moderate problems 17 (5%) 5 (7%) 1 (3%) 2 (2%) 0 (0%) 1(3%) 8 (9%)
Severe problems 6 (2%) 3 (4%) 1 (3%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)
Unable to walk about 3 (1%) 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)
Self-care, n (%)
n 363 75 29 114 25 32 89
No problems 331 (91%) 67 (89%) 28 (97%) 110 (96%) 24 (96%) 26 (81%) 76 (86%)
Slight problems 14 (4%) 0 (0%) 0 (0%) 4 (4%) 1 (4%) 5 (16%) 4 (5%)
Moderate problems 11 (3%) 4 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (3%) 6 (7%)
Severe problems 3(1%) 2 (3%) 1 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Unable to wash or dress 4 (1%) 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)
Usual activities, n (%)
n 364 75 29 114 25 32 89
No problems 301 (83%) 60 (80%) 26 (90%) 99 (87%) 22 (88%) 25 (78%) 69 (78%)
Slight problems 41 (11%) 8(11%) 0 (0%) 12 (11%) 3(12%) 6 (19%) 12 (13%)
Moderate problems 15 (4%) 4 (5%) 2 (7%) 3 (3%) 0 (0%) 1 (3%) 5 (6%)
Severe problems 4 (1%) 2 (3%) 1 (3%) 0 (0%) 0 (0%) 0 (0%) 1(1%)
Unable to do usual activities 3 (1%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)
Pain/discomfort, n (%)
n 361 75 29 112 25 32 88
No pain/discomfort 234 (65%) 46 (61%) 26 (90%) 77 (69%) 17 (68%) 20 (63%) 48 (55%)
Slight pain/discomfort 92 (25%) 18 (24%) 0 (0%) 28 (25%) 7 (28%) 9 (28%) 30 (34%)
Moderate pain/discomfort 28 (8%) 6 (8%) 2 (7%) 7 (6%) 1 (4%) 3 (9%) 9 (10%)
Severe pain/discomfort 7 (2%) 5 (7%) 1 (3%) 0 (0%) 0 (0%) 0 (0%) 1(1%)
Extreme pain/discomfort 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Anxiety/depression, n (%)
n 362 75 29 113 25 32 88
Not anxious/depressed 174 (48%) 30 (40%) 22 (76%) 62 (55%) 13 (52%) 12 (38%) 35 (40%)
Slightly anxious/depressed 119 (33%) 30 (40%) 0 (0%) 33 (29%) 9 (36%) 13 (41%) 34 (39%)
Moderately anxious/depressed 51 (14%) 10 (13%) 6 (21%) 13 (12%) 3(12%) 5(16%) 14 (16%)
Severely anxious/depressed 16 (4%) 3 (4%) 1 (3%) 5 (4%) 0 (0%) 2 (6%) 5 (6%)
Extremely anxious/depressed 2 (1%) 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
EQ VAS score
n 350 70 28 114 25 26 87
Mean (SD) 81.6(16.2) 793(19.8) 90.9 (12.0) 84.6(10.3) 80.9(123) 82.7(15.7) 763(194)
Median 85.0 90.0 95.0 850 81.0 85.0 80.0
Range 7-100 7-100 47-100 55-100 50-100 30-100 10-100
EQ-5D utility
n 352 73 28 1M1 22 32 86
Mean (SD) 0.831 (0.206) 0.786 (0.275) 0.899 (0.231) 0.868(0.132)  0.884(0.100)  0.817(0.176)  0.789(0.222)
Median 0.889 0.889 0.985 0.889 0.890 0.890 0.812
Range -0.217-0989  —0.217-0989  —0.131-0989 0377-0989  0.682-0989  0.262-0.989 —0.196-0.989

© 2009 EuroQol Research Foundation. EQ-5D

™

is a trade mark of the EuroQol Research Foundation

ALS, amyotrophic lateral sclerosis; EoE, eosinophilic esophagitis; GvHD, graft versus host disease; HD, Huntington’s disease; MG, myasthenia gravis; PSP, progressive
supranuclear palsy; SD, standard deviation; VAS, visual analogue scale
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Table 5 Caregiver employment and productivity

Total ALS EoE GvHD HD MG PSP

(N=365) (N=75) (N=29) (N=114) (N=26) (N=32) (N=89)
Caregiver currently employed, n (%)
n 330 72 0 114 25 31 88
Yes 148 (45%) 35 (49%) - 59 (52%) 17 (68%) 10 (32%) 27 (31%)
No 182 (55%) 37 (51%) - 55 (48%) 8 (32%) 21 (68%) 61 (69%)
Time worked in last 7 days, hours
n 183 72 0 58 17 10 26
Mean (SD) 234(16.2) 13.1(18.0) - 31.1(93) 280(12.7) 284(12.6) 300(114)
Median 25.0 0.0 - 335 30.0 335 345
Range 0-80 0-80 - 12-45 0-40 0-40 0-40
Effect on caregiver’s emp/oymem”'b/ n (%)
n 131 35 0 59 0 10 27
Reduced working hours 29 (22%) 10 (29%) - 11 (19%) - 2 (20%) 6 (22%)
Work from home 12 (9%) 12 (34%) - 0 (0%) - 0 (0%) 0 (0%)
Stopped working 2 (2%) 1(3%) - 0 (0%) - 1 (10%) 0 (0%)
Changed job/type of work 4(3%) 2 (6%) - 2 (3%) - 0 (0%) 0 (0%)
Changed working hours 2 (2%) 2 (6%) - 0 (0%) - 0 (0%) 0 (0%)
No changes to employment 85 (65%) 11 (31%) - 46 (78%) - 7 (70%) 21 (78%)
Reduction in caregiver’s income®, %
n 56 0 1 21 0 6 28
Mean (SD) 23.5(223) - 10.0 (0.0) 25.0(23.1) - 26.7 (10.3) 22.1(24.2)
Median 225 - 10.0 25.0 - 30.0 20.0
Range 0-100 - 10-10 0-100 - 10-40 0-100
Work time missed in last 7 days®, hours
n 175 73 0 51 15 10 26
Mean (SD) 12(3.8) 1.2 (5.0) - (2.7) 0.5 (1.0) (2.6) 20(34)
Median 0 0.0 - 0.0 0.0 0.0 0.0
Range 0-40 0-40 - 0-10 0-3 0-8 0-14
Absenteeism® in last 7 days®, %
n 128 31 0 51 13 9 24
Mean (SD) 52(13.1) 94 (21.7) - 35(88) 1.5(3.0) 36(84) 6.1(9.6)
Median 0.0 0.0 - 0.0 0.0 0.0 0.0
Range 0-100 0-100 - 0-33 0-8 0-25 0-37
Presenteeism? in last 7 days®, %
n 141 33 0 59 15 9 25
Mean (SD) 28.0(23.7) 33.6 (24.5) - 25.1(21.0) 34.7 (30.7) 26.7 (25.5) 24.0(23.5)
Median 20.0 30.0 - 20.0 20.0 20.0 20.0
Range 0-100 0-90 - 0-80 0-100 0-70 0-80
Overall work impairment® in last 7 daysb, %
n 127 30 0 51 13 9 24
Mean (SD) 30.7 (26.1) 364 (27.5) - 27.5(24.2) 40.1 (30.2) 28.0(274) 26.5(25.3)
Median 20.0 27.5 - 20.0 30.0 20.0 20.0
Range 0-100 0-90 - 0-85 10-100 0-78 0-85
Activity impairment’in last 7 days®, %
n 327 69 0 13 25 31 89
Mean (SD) 43.1(27.2) 445 (29.3) - 34.2(21.5) 44.8 (28.2) 429 (26.5) 52.9(28.38)
Median 40.0 40.0 - 30.0 40.0 40.0 50.0
Range 0-100 0-90 - 0-90 0-100 0-90 0-100

ALS, amyotrophic lateral sclerosis; EoE, eosinophilic esophagitis; GvHD, graft versus host disease; HD, Huntington’s disease; MG, myasthenia gravis; PSP, progressive
supranuclear palsy; SD, standard deviation; WPAI, Work Productivity and Activity Impairment questionnaire

2 Of those employed; °Due to caregiving; “Absenteeism =time missed from work; YPresenteeism =impairment while at work; *Overall work impairment = productivity
loss due to absenteeism and presenteeism; Total activity impairment = limitation in daily activities outside of work
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The most common impact of caregiving on employ-
ment was reduced working hours, although among car-
egivers of individuals with ALS, working from home was
reported slightly more frequently than reduced working
hours. An overall mean reduction of 23.5% in caregivers’
income was reported; however, only 15% of caregivers
provided this information.

Few hours of work were missed due to caregiving, and
absenteeism was generally low, although the maximum
reported absenteeism, for caregivers of individuals with
ALS, was 100%. Impairment while working was a bigger
issue than absenteeism, with caregivers reporting 28%
mean presenteeism due to caregiving.

For caregivers completing the WPAI, mean overall
work impairment was 31%, with mean activity impair-
ment due to caregiving of 43%.

Regression analyses

Regression analyses showed caregivers’ HRQoL, as
defined by EQ-5D utility and EQ VAS score, was signifi-
cantly associated with care recipient EQ-5D utility and
caregivers’ age. Caregivers’ EQ-5D utility was directly
correlated with care recipients’ EQ-5D utility (an increase
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of 10% in care recipient EQ-5D utility was associated
with an increase of 1.4% in caregiver EQ-5D utility),
while caregivers’ age was inversely correlated with car-
egivers’ EQ-5D utility (every additional year of caregivers’
age was associated with a reduction of 0.2% in caregiv-
ers’ EQ-5D utility) (Fig. 1a). An increase of 10% in care
recipient EQ-5D utility was associated with an increase
of 1.2% in caregiver EQ VAS score. Caregivers’ age was
inversely correlated with caregivers’ EQ VAS score, with
every additional year of caregivers’ age associated with a
reduction of 0.2% in EQ VAS score (Fig. 1b).

Care recipients’ EQ-5D utility, caregivers’ age and liv-
ing situation were all associated with the time caregivers
spent caring. An increase of 10% (absolute) in care recipi-
ents’ EQ-5D utility equated to 1.8 h/week less caregiving
time, every additional year of caregivers’ age equated to
0.5 additional hours caregiving time/week, and 13.6 more
hours/week of caregiving was observed if the caregiver
lived with the care recipient (Fig. 2a).

Caregivers’ age was inversely correlated with the odds
that the caregiver was currently employed; if caregiv-
ers’ age decreased by 1 year, the odds the caregiver was
employed increased by 7.9% (odds ratio of 0.93). The
odds of being employed were 2.6 times higher for male

(a) Caregiver EQ-5D utility (N=311)

ALS *

Coef (95% Cl)
0.015 (-0.066, 0.096) p=0.718

GvHD -

0.033 (-0.038, 0.105) p=0.361

HD -
PSP .
Care recipient EQ-5D utility

0.048(-0.032,0.128) p=0.236
-0.006 (-0.084, 0.073) p=0.888
0.144(0.060, 0.229) p=0.001

Care recipient age -

Care recipient male
Caregiver age o

0.001 (-0.001, 0.003) p=0.177
0.001(-0.077, 0.078) p=0.988
-0.002 (-0.005, -0.000) p=0.038

Caregiver male
Caregiver lives with patient ' 3

0.031(-0.051, 0.114) p=0.453
-0.028(-0.098, 0.042) p=0.426

Professional caregiver °

-0.10 -0.05 0.00 0.05

Regression coefficient

0.010(-0.159,0.178) p=0.911

0.10 0.15 0.20 025 prob>F =0.0026

R-squared =0.1090

(b) Caregiver EQ VAS (N=303)

ALS -

Coef (95% Cl)

0.75(-7.61,9.12) p=0.859

GvHD -
PSP

-0.52(-8.10, 7.06) p=0.892

HD -

-3.09(-11.19,5.01) p=0.452

Care recipient EQ-5D utility
Care recipient age .

-3.68(-11.94,4.57) p=0.380
. 1 12.46(5.41, 19.50) p=0.001
0.04(-0.16,0.23) p=0.725

Care recipient male F -
Caregiver age L]

-0.96(-7.58, 5.66) p=0.776
-0.24(-0.42, -0.07) p=0.007

Caregiver male b L 2

Caregiver lives with patient
Professional caregiver

-3.00(-10.32,4.32) p=0.420
-2.36(-7.51, 2.80) p=0.368

-15 -10 -5 0

Regression coefficient

3.76(-6.54, 14.05) p=0.472
5 10 15 20| prob>F

=0.0003
R-squared =0.1441

Fig. 1 Association of caregiver and care recipient characteristics with caregiver health-related quality. Plots present the regression coefficient (95%
Cl). A regression coefficient significantly different from zero indicates a statistical association of the dependent and independent variable. ALS,
amyotrophic lateral sclerosis; Cl, confidence interval; GvHD, graft versus host disease; HD, Huntington’s disease; PSP, progressive supranuclear palsy;

VAS, visual analogue scale
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versus female caregivers. ALS was associated with the
odds of the caregiver being in employment, which was
4.6 times higher in caregivers of those with ALS than for
other diseases (Fig. 2b). There were no significant asso-
ciations with the reduction in caregivers’ income due to
caregiving (Fig. 2c).

The age of the care recipient was significantly associ-
ated with caregiver time in paid employment in the past
7 days, with 0.3 fewer hours worked for every additional
year of the care recipients’ age. Caregivers worked 11.4
more hours in the 7 days prior to data collection if the
care recipient had a professional caregiver (as well as the
non-professional caregiver providing the data). Regres-
sion analysis also showed that the care recipient having
GvHD or PSP was significantly associated with the num-
ber of hours worked by the caregiver in the past 7 days
(compared with other diseases, the caregiver worked an
additional 12.4 h or 19.1 h, respectively) (Fig. 2d). Male
caregivers missed 2.9 fewer hours in paid employment
due to caregiving in the past 7 days than female caregiv-
ers. Caregivers also missed 1.4 fewer hours of work in the
past 7 days if the care recipient had a professional car-
egiver. The care recipient having HD was significantly
associated with the working time the caregiver missed
due to caregiving in the past 7 days (compared with other
diseases, the caregiver missed 1.9 fewer hours) (Fig. 2e).

Caregivers’ absenteeism in the past 7 days was 7.4%
lower if the care recipient was male rather than female
and 9.0% higher if the caregiver lived with the care recipi-
ent. Caring for an adult with HD was associated with
9.6% lower absenteeism than caring for those with other
diseases (Fig. 3a). Caregivers reported 22.1% lower pres-
enteeism in the past 7 days and had 27.0% less overall
work impairment in the past 7 days due to caregiving if
the care recipient had a professional caregiver in addition
to their non-professional caregiver (Fig. 3b, c). Regres-
sion analyses showed an increase of 10% (absolute) in
care recipient EQ-5D utility equated to 2.2% less activity
impairment for the caregiver in the past 7 days (Fig. 3d).

Discussion

This analysis of real-world data from Europe and the USA
investigated the HRQoL and productivity burden on non-
professional caregivers of adults with rare diseases. The
burden may differ from that of caring for people living

(See figure on next page.)
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with more common diseases, as fewer treatment options,
the lack of disease-modifying drugs, poorly-established
healthcare pathways and standards of care, and paucity of
available information could all add to the caregivers’ bur-
den. It may also differ from the burden experienced by
parents caring for children, as the relationship between
a parent and child and between two adults is likely to be
different.

Our findings identified impairment of HRQoL in adults
with rare diseases, and a substantial burden on their
non-professional caregivers. Some caregivers reported
impaired HRQoL, particularly in the area of anxiety/
depression. The clearest issues related to caregivers’
productivity were presenteeism and impairment of out-
of-work activities. We demonstrated the association
of various factors with the HRQoL and productivity of
non-professional caregivers of adults with different rare
diseases.

Approximately one-quarter of care recipients had a
professional caregiver in addition to their non-profes-
sional caregiver. Three-quarters of non-professional car-
egivers were the care recipient’s partner/spouse. These
findings are consistent with outcomes of other studies
across a range of rare diseases and in various countries
[21, 22, 44].

Both the EQ VAS scores and the EQ-5D utilities sug-
gest that care recipients with rare diseases have markedly
poorer HRQoL than members of the general population.
The overall mean EQ VAS score reported for patients was
50.9, substantially lower than population norms for par-
ticipating countries, which range from 75.0 for Spain to
82.8 for the UK [39]. The only disease for which the care
recipients’ EQ VAS score suggested no marked impair-
ment of HRQoL was EoE, with a mean score of 82.3. The
mean EQ VAS score for care recipients with ALS was
37.5, indicating major impairment of HRQoL. The over-
all mean EQ-5D utility for care recipients was 0.460, sub-
stantially lower than population norms for participating
countries, which range from 0.825 (USA) to 0.915 (Spain)
[39]. As with the EQ VAS score, the mean EQ-5D util-
ity was highest for care recipients with EoE, although
at 0.755, there was an indication of reduced HRQoL in
this group. Care recipients with ALS and PSP had mean
EQ-5D utilities of 0.276 and 0.277, respectively, signifying
considerably poorer HRQoL than the general population.

Fig. 2 Association of caregiver and care recipient characteristics with caregiver time caring and employment characteristics. a, ¢, d, and e present
the regression coefficient (95% Cl) and b presents the odds ratio (95% Cl). A regression coefficient significantly different from zero indicates

a statistical association of the dependent and independent variable; an odds ratio significantly different from one indicates a statistical association
of the dependent and independent variable. ALS, amyotrophic lateral sclerosis; Cl, confidence interval; GvHD, graft versus host disease; HD,
Huntington'’s disease; MG, myasthenia gravis; PSP, progressive supranuclear palsy
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a) Time spent caring (hours/week) (N=274,
(@ P 8 ) ) Coef (95% Cl)
ALS * -10.26(-22.20, 1.68) p=0.091
GVHD -10.54 (-22.90, 1.81) p=0.094
PSP 7.36(-7.52,22.24) p=0.330
Care recipient EQ-5D utility - -18.49 (-32.80, -4.19) p=0.012
Care recipient age L -0.20(-0.54,0.14) p=0.251
Care recipient male A 0.22(-5.53,5.57) p=0.994
Caregiver age - 0.49(0.22,0.77) p=0.001
Caregiver male —_———— -2.61(-9.73,4.51) p=0.470
Caregiver lives with patient —_—— 13.56 (7.43, 19.70) p<0.001
Professional caregiver . 2.64(-12.30, 17.57) p=0.728
-35 -30 -25 -20 -15 -10 5 0 5 10 15 20 25 Prob>F  =0.0000
Regression coefficient R-squared =0.2085
b) Caregiver currently employed (yes/no) (N=311,
(b) Careg y employed (yes/no) ( ) 0dds ratio (95% Cl)
ALS 4.56(1.33, 15.61) p=0.016
GvHD 2.26(0.81,6.32)p=0.119
PSP 2.44(0.74,8.07) p=0.145
HD 3.08(0.59, 15.96) p=0.180
Care recipient EQ-5D utility 1.90(0.82, 4.40) p=0.135
Care recipient age - 0.98(0.95,1.01) p=0.168
Care recipient male 1.52(0.68, 3.38) p=0.310
Caregiver age Ll 0.93(0.90, 0.96) p<0.001
Caregiver male 2.58(1.15,5.81) p=0.022
Caregiver lives with patient 0.83(0.33,2.06) p=0.683
Professional caregiver | - ) 2.33(0.37,14.62) p=0.368
02 10 50 250 | Prob > chi2 = 0.0000
Odds ratio Pseudo R2 =0.2103
(c) Reduction in caregivers' income due to caregiving (%) (N=53) Coef (95% Cl)
GVHD 3.54(-19.15, 26.23) p=0.754
psp 6.95(-19.57, 33.46) p=0.599
Care recipient EQ-5D utility 2.35(-18.79, 23.50) p=0.823
Care recipient age o -0.23(-0.89, 0.43) p=0.486
Care recipient male -4.53(-18.46,9.40) p=0.515
Caregiver age e -0.23(-0.81,0.34) p=0.414
Caregiver male -0.02(-15.09, 15.05) p=0.998
Caregiver lives with patient 9.86 (-6.86, 26.59) p=0.240
20 -15 -10 5 0 5 10 15 20 25 30 | Prob>F =0.6890
Regression coefficient R-squared =0.0845
(d) Caregiver time in paid employment in past 7 days (hours) (N=172) Coef (95% Cl)
MG 8.28(-2.83,19.39) p=0.143
GvHD 12.37(3.97,20.77) p=0.004
(53 19.06 (10.91, 27.20) p=0.000
HD 9.24(-3.99, 22.46) p=0.169
Care recipient EQ-5D utility - 2.77(-3.53,9.07) p=0.385
Care recipient age o -0.32(-0.55, -0.09) p=0.008
Care recipient male -1.58(-7.16,4.01) p=0.576
Caregiver age » 0.05(-0.15, 0.26) p=0.614
Caregiver male - 2.74(-3.49,8.97) p=0.385
Caregiver lives with patient -0.85(-6.39, 4.69) p=0.761
Professional caregiver —_———i 11.38(6.42, 16.34) p<0.001
-10 -5 0 5 10 15 20 25 30 | prob>F =0.0000
Regression coefficient R-squared =0.3379
(e) Caregiver time missed in paid employment in past 7 days (hours) (N=165) Coef (95% CI)
MG -0.61(-2.56, 1.35) p=0.539
GVHD -0.60(-2.42,1.22) p=0.515
psp -0.43(-4.12, 3.26) p=0.818
HD . -1.85 (-3.63,-0.07) p=0.042
Care recipient EQ-5D utility * -1.12(-2.77,0.53) p=0.181
Care recipient age Hod 0.05(-0.09, 0.19) p=0.476
Care recipient male 0.05(-0.09, 0.19) p=0.476
Caregiver age Oy -0.12(-0.28,0.04) p=0.139
Caregiver male -2.85(-5.65,-0.05) p=0.046
Caregiver lives with patient 2.10(-0.24,4.44) p=0.078
Professional caregiver e e -1.36(-2.60,-0.12) p=0.032
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5| Prob>F =0.0591
Regression coefficient R-squared =0.1869

Fig. 2 (Seelegend on previous page.)
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(a) Caregiver absenteeism in past 7 days due to caregiving (%) (N=119)

MG

GvHD
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HD

Care recipient EQ-5D utility
Care recipient age

Care recipient male
Caregiver age

Caregiver male

Caregiver lives with patient
Professional caregiver

-18  -16
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-10 -8

Regression coefficient

16

Coef (95% CI)

-5.73(-15.54, 4.09) p=0.249
-5.48(-14.75,3.80) p=0.243
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Fig. 3 Association of caregiver and care recipient characteristics with caregiver productivity. Plots present the regression coefficient (95% Cl).
A regression coefficient significantly different from zero indicates a statistical association of the dependent and independent variable. ALS,
amyotrophic lateral sclerosis; Cl, confidence interval; GVHD, graft versus host disease; HD, Huntington'’s disease; MG, myasthenia gravis; PSP,
progressive supranuclear palsy
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The EQ-5D-5L has previously been shown to be appro-
priate for assessing caregivers’ health status in relation to
the burden of caring in rare diseases [21, 45]. The over-
all mean EQ VAS score for caregivers was 81.6 and the
mean EQ-5D utility was 0.831, indicating a quality of life
similar to that of the general population in participat-
ing countries, with population norms for EQ VAS score
ranging from 75.0 to 82.8 and EQ-5D utility from 0.825
to 0.915 [39]. However, similarity of caregiver and general
population EQ VAS score and EQ-5D utility means does
not indicate no impact of caregiving on HRQoL, since
rare disease caregivers may differ from the general popu-
lation in other respects.

The HRQoL of caregivers of adults with ALS or PSP
was somewhat poorer than for other diseases. Although
mean EQ VAS scores of 79.3 and 76.3 for ALS and PSP,
respectively, do not indicate substantially poorer HRQoL
than for the general population, mean EQ-5D utilities of
0.786 and 0.789 for ALS and PSP, respectively, are lower
than those of the general population. This reflects the
higher levels of problems reported across the dimen-
sions, and particularly in anxiety/depression, for caregiv-
ers of adults with these diseases.

There is limited literature reporting HRQoL in caregiv-
ers of adults with rare diseases, especially across multi-
ple conditions. A quantitative analysis of BURQOL-RD
data for ten rare diseases from six European countries
demonstrated impairment of caregivers’ HRQoL to be
greater with higher caregiver burden (as assessed with
the Zarit Burden Interview) [21]. However, the BUR-
QOL-RD population comprised predominantly paediat-
ric care recipients, and therefore HRQoL values are not
directly comparable with those reported in our study.
One study utilising data from a rare disease patient group
in Hong Kong reported findings similar to ours, with a
mean EQ VAS score of 76 and a mean EQ-5D utility of
0.80 [20]; population norms for China are 80.4 for EQ
VAS score and 0.951 for EQ-5D utility [39]. Our find-
ings that caregivers’ self-reported responses on the five
dimensions of the EQ-5D-5L indicated some issues with
anxiety or depression confirmed findings from other
studies [20-22]. Additionally, evidence from published
studies indicates that caregivers’ HRQoL varies by dis-
ease [29, 46—48] and country [49, 50].

Over half of caregivers were not currently employed.
Many caregivers reported reduced working hours
and income from their caregiving responsibilities. For
employed caregivers, work time missed and percentage
absenteeism due to caregiving were relatively low, but
their presenteeism was marked. Activity impairment was
considerable for caregivers regardless of employment sta-
tus or care recipients’ disease. A literature search did not
identify any studies of caregiver productivity across rare
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diseases or in any of the diseases included in this study.
However, low levels of absenteeism, substantial presen-
teeism, and activity impairments have been reported in
other studies of caregivers of adults with short bowel syn-
drome or lupus erythematosus [51, 52] and high indirect
costs resulting from lost productivity have been reported
based on data from the BURQOL-RD project [24].

We used regression analysis to model the relationship
between care recipient and caregiver characteristics,
and caregiver HRQoL and productivity. The independ-
ent variables that were significantly associated with the
highest number of dependent variables were care recipi-
ents’ EQ-5D utility, caregivers’ age, and having a pro-
fessional caregiver. Care recipients’ EQ VAS score was
not included as an independent variable in the analyses
as EQ VAS score and EQ-5D utility are both summary
measures of HRQoL. More time caring and poorer car-
egiver HRQoL (lower EQ VAS score and EQ-5D utility)
were observed with lower care recipient EQ-5D util-
ity and greater caregiver age. Greater caregiver activity
impairment was associated with poorer care recipients’
EQ-5D utility, and a reduced probability of the caregiver
being employed was associated with greater caregiver
age.

Regression analysis also showed that the care recipi-
ent having ALS was associated with a greater likelihood
of the caregiver being employed, and the care recipient
having GvHD or PSP was associated with the caregiver
working longer hours. The caregiver living with the care
recipient was associated with a higher number of hours
caregiving, while the care recipient having a professional
caregiver was associated with caregivers working longer
hours, missing fewer hours of work, and lower presentee-
ism and overall work impairment.

Many of these associations might be expected intui-
tively. It makes sense that older caregivers had poorer
HRQoL, were less likely to be in paid employment,
and spent more time caring (they are less likely to be
employed). It is also to be expected that having a profes-
sional caregiver will allow the main caregiver to spend
more time working and have less work impairment. Find-
ing that poorer care recipient HRQoL was associated
with more time caring, greater caregiver activity impair-
ment, and poorer caregiver HRQoL also appears logical.
The associations of some specific diseases with particular
outcomes are less obvious and may even appear coun-
terintuitive. Caregivers for people with ALS were more
likely to be working than those caring for people with
other diseases, although care recipients with ALS tended
to be older, have more severe disease and worse health
status than those with other diseases. Compared to other
diseases, caregivers in GvHD and PSP worked more
hours, and caregivers in HD missed fewer work hours
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and had lower absenteeism. One possible explanation is
that these findings relate to the age of caregivers and the
relationship of care recipients and caregivers. Caregiv-
ers in EoE (the disease used as the reference disease in
regression models) had the lowest mean age of any dis-
ease, and 25% of EoE caregivers were parents of the care
recipients, compared with 2% overall. More than 70% of
caregivers in ALS, GvHD, PSP and HD were the part-
ner or spouse of the care recipient, compared with only
57% in EoE. In PSP, 24% of caregivers were the child of
the care recipient, versus 4% in EoE. Therefore, it is pos-
sible that caregivers in ALS, GvHD, PSP and HD had
more opportunity to establish a career prior to providing
care compared with caregivers in EoE, leading to a higher
likelihood of being employed, the possibility of working
longer hours, and fewer working hours missed in these
diseases versus EoE.

A few published studies have investigated the asso-
ciation between the HRQoL of adults with rare diseases
and their caregivers’ HRQoL and productivity. The Hong
Kong rare disease study reported correlations between
caregivers’ and care recipients’ EQ-5D utility (p=0.001)
[20] and a study in cystic fibrosis in France identified
strong correlations between care recipient EQ-5D utility
and caregiver utility (» =0.003) and VAS score (p <0.0001
[29], aligning with our finding of lower caregiver EQ VAS
score and utility with lower care recipient EQ-5D utility.

Our study had several potential limitations. The
requirement for care recipients to consult their physician
means the study sample was potentially not representa-
tive of the wider rare disease population; care recipients
who consulted their physician more frequently than
average might be over-represented. Despite the high
numbers of study participants, missing data resulted in
small sample sizes for some variables. As with all studies
of this type, the methodology relied on accurate report-
ing—missing data were to be expected but may have
influenced results. Variables with most missing values
were those not commonly recorded in patient records or
discussed during consultations, such as the time spent
caring or caregiver productivity. Missing data are not
unusual in observational studies, and, due to the gener-
ally low proportion of missing independent variables
in regression models, no statistical approach was used
to replace missing values. However, the possibility of a
degree of bias due to missing data cannot be excluded. As
this was a cross-sectional survey, the analyses explored
the association between variables but not causality. The
fact that the caregiver completed the EQ-5D-5L both for
themselves and as a proxy for the patient might result in
greater caregiver/patient HRQoL correlation than would
be the case if the patient reported their own HRQoL,
although the use of proxy-reported HRQoL is widely
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accepted when considering populations where physi-
cal or cognitive impairment limits self-reporting [53]. In
assessing the impact on caregiver productivity, only paid
work was considered; productivity loss did not include
opportunity cost for caregivers who were not employed.
Finally, the fact that we combined data from six rare
diseases, with differing characteristics, might be con-
sidered a limitation. However, we controlled for disease
in the regression models to allow for the heterogeneous
study population. As there are few studies evaluating the
impact of rare diseases across a range of conditions, we
believe this is a potential advantage of the study, with
outcomes generalisable beyond one disease area. Despite
any potential limitations, this study provides valuable
insight into factors influencing the HRQoL and produc-
tivity of caregivers of adults with rare diseases.

Study outcomes indicate that rare diseases can be asso-
ciated with substantial detriments to caregivers’ HRQoL
and productivity, with implications for the provision of
health and related services. It is important to consider
the impact of interventions on carers as well as patients.
There are also implications for economic modelling,
as evaluations that take a traditional healthcare system
perspective and limit assessment to patients’ health out-
comes are potentially overlooking a considerable HRQoL
and economic impact on caregivers. In particular, our
findings indicate that improvements in patients’ HRQoL
may be associated with improvements in caregivers’
HRQoL and productivity.

Conclusions

In conclusion, the HRQoL and productivity burden
on those providing non-professional caregiving in
rare diseases is considerable. Many published studies
of caregiving in rare diseases focus on caring for chil-
dren; this study shows that there is a substantial burden
in adults caring for other adults across a range of rare
diseases and in a number of countries. The burden on
caregivers is associated with a number of factors, some
of which, such as caregiver age, cannot be managed.
However, it appears that any intervention that improves
care recipient HRQoL could potentially improve car-
egiver HRQoL and productivity. The prevalence of rare
diseases, the observed burden for non-professional car-
egivers, and the paucity of published studies examining
these hypotheses suggest further research is warranted.
Investigating similar outcomes with paediatric patients
with rare diseases, or with a focus on inherited dis-
eases, could generate interesting, relevant and action-
able findings.
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