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RESEARCH ARTICLE

Examining changing working status and caregiver assistance in

amyotrophic lateral sclerosis (ALS) using large-scale European

databases as part of PRECISION-ALS
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Abstract

Objective: To examine the working status of people living with ALS (plwALS), the identity of their caregivers, the
amount of informal care provided to them, and how these factors change over time. Methods: Data from nine specialist
European ALS centers and previously funded projects, such as ALSCarE, were collated. The cohort was stratified into
progression groups based on the calculated DFRS and compared longitudinally. Results: Twenty-one thousand eight hun-
dred and twenty patients were identified at the time of data analysis. One thousand one hundred and eighty-four had
working status data. Two hundred and thirty-seven patients in this group were followed in the form of semi-structured
interviews. Within the 1184 patient group, 45% were identified as in “paid employment” prior to diagnosis, taking a
median of 12 months to leave the workforce post-onset. Eighty-three percent of patients were no longer working 20
months post-diagnosis. Informal care hours increased over time, and were primarily provided by spouses and children.
In those less than 12 months from symptom onset, the median number of care hours per week was 15.0 (IQR 63.8), ris-
ing to 60.0 (IQR 154.0) 48–96 months after onset. There was a significant relationship between ALSFRS-R total score
and hours of care delivered (r ¼ −0.47, p < 0.001). Conclusion: Up to 45% of plwALS are working prior to diagnosis
and their working status changes rapidly, taking an average of 12 months to leave the workforce. Caregiver input
increases over time, proportional to ALSFRS-R score. Caregivers are primarily spouses and children. Further work is
needed to comprehensively capture this information and calculate its true socioeconomic impact.
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Introduction

Amyotrophic lateral sclerosis is a neurodegenera-
tive condition affecting motor function and cogni-
tion. Patients are generally affected in the 6th or
7th decade of life with progressive disability.
Disease duration is however highly variable. While
certain clear trends have been demonstrated in
terms of variables such as site of onset or sex, sig-
nificant variation persists (1).

In Europe, decades-long capture of patient
information has been possible through the use of
population registers and targeted projects, provid-
ing information that has helped map this disease
heterogeneity (2–4). Despite this, certain aspects
remain poorly understood or incompletely cap-
tured, such as changes in working status and the
role of caregivers.

Working status has been identified as a signifi-
cant factor in health-related quality-of-life in con-
ditions such as breast cancer (5), inflammatory
bowel disease (6), and multiple sclerosis (7). From
clinical experience, this changes rapidly following
an ALS diagnosis (8–12). The rate with which
these factors change has both personal and socioe-
conomic consequences. Understanding who is
more likely to leave work and when, or who is
more likely to become a full-time carer or not is
difficult to predict with any certainty. Similarly,
the availability of formal and informal caregivers
varies both because of personal circumstances and
available healthcare resources, likely playing a role
on a personal and practical level.

Here, we have collated and harmonized inter-
national longitudinal data as part of the
PRECISON-ALS project (13). Data were analyzed
with the aim of describing working status of people
diagnosed with ALS, the identity of their care-
givers, the amount of care provided, and how these
factors change over time, modeling a resource-
intensive—and often overlooked—aspect of patient
care.

Methods

Participants

Under GDPR compliant data sharing agreements,
data from previously funded collaborations and
large-scale genomics projects have been harmon-
ized and collated for analysis. In brief, nine
European specialized ALS centers, part of the
TRICALS consortium, with active population-
based registries were approached to participate.
Data requests were sent to each site to provide
patient-level, de-identified data on demographic
and disease characteristics, both obtained at diag-
nosis and during longitudinal follow-up. All
patients diagnosed with either possible, probable

(±laboratory supported) or definite ALS according
to the revised El Escorial criteria were eligible in
PRECISION-ALS. Sites were asked to provide all
consecutively diagnosed patients from the begin-
ning of their registry until December 2022. Data
were obtained by direct questioning, either by a
clinician or trained interviewer and then verified
with patient records. Follow-up was at each hos-
pital/community follow-up visit. The sites included
were Trinity College Dublin, The University of
Sheffield, King’s College London, UZ Leuven,
Bellvitge University Hospital, University Hospital
Tours, The Karolinska Institute, The University of
Turin, and UMC Utrecht. The dates spanned by
these registries are available in the supplementary
materials.

These population and clinic-based register
datasets were combined with other data from the
ALSCarE study (A Programme for Amyotrophic
Lateral Sclerosis Care in Europe). ALSCarE was a
European, multi-center study investigating the
wellbeing of people with ALS and primary infor-
mal caregivers throughout Europe. ALSCarE par-
ticipants were included only if also available in
their respective population registry. ALSCarE data
were collected at 4-monthly intervals. Data were
generated through semi-structured interviews that
included demographic and socio-economic details,
caregiver burden, psychological distress, and qual-
ity of life assessments. ALSCarE did not recruit
formally paid caregivers, nor people aged less than
18 years. All free text responses (e.g. relationship
of caregivers) were translated into English and
standardized into categorical variables.

Progression calculation

The cohort was stratified into three progression
groups based on the calculated DFRS. DFRS at
baseline was calculated as previously published
(14). “Slow” progressors comprised those below
the 25th DFRS percentile, “intermediate” progres-
sors were between the 25th and 75th percentiles,
and “fast” progressors above the 75th DFRS
percentile.

Statistical analysis

Data analysis was performed in both R (version
4.2.2) (15) and Python (version 3.9.13).
Descriptive statistics summarized the socio-
demographic and wellbeing measures of caregivers
in Ireland, England, Italy, and the Netherlands.
These are presented as frequency with percentage
(%), mean with standard deviation (SD), or
median with interquartile range (IQR), as appro-
priate. Data were plotted to visually represent rela-
tionships between variables, with simple linear
regression models fitted and correlation assessed
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using Pearson’s or Spearman’s rank correlation
coefficients as appropriate. Non-normally distrib-
uted groups were compared for statistical signifi-
cance using the Kruskal–Wallis test.

Results

Working status

Twenty-one thousand eight hundred and twenty
patients were identified across all sites at time of
data analysis. One thousand eight hundred and
eleven had working status data for analysis.
Additionally, 237 of the patients with working status
data participated in ALSCarE semi-structured inter-
views. Background clinical information such as sex,
site of onset, age of onset, age at diagnosis, and
onset to death are included in the Supplementary
Figures.

Of all patients with working status data, prior
to diagnosis; 45% were identified as in “paid
employment”, 49% were “retired”, 2.65% were
“unemployed”, 1.82% were “unable to work”,
0.6% were “looking after home/family”, and 0.2%
were recorded as “other”. Significantly more men
were in employment (47.83%) than women
(42.38%, p ¼ 0.027), no other gender compari-
sons reached statistical significance.

As expected, the ages of the groups showed sig-
nificant variation, with the “retired” group (70.5
years, IQR 9.80) being significantly older than the
“unemployed” (55.7 years, IQR 9.6, p < 0.00001)
or “paid employment” groups (55.1 years, IQR
12.7, p < 0.00001). Ages were not significantly
different between the “unable to work” (58.2
years, IQR 9.6), “looking after home/family” (68
years, IQR 6.49) and “other” (59.2 years, IQR
10.1) groups.

Those with longitudinal information collected
as part of ALSCarE (n ¼ 237) were examined for
how their employment status changed over time.
The proportion of patients in paid employment
changed over time and was compared to status at
diagnosis. At 20 months post-diagnosis, only 15%
of patients continued paid employment
(p ¼ 0.002) and the proportion of patients who
reported that they were unable to work due to per-
manent sickness or disability increased to 45% at
20 months post-diagnosis (p ¼ 0.001). Overall, the
proportion of patients not working 20 months
post-diagnosis was 83.51% (p ¼ 0.0001).

Those who were identified as in employment
prior to diagnosis were then analyzed to calculate
the time it took them to leave paid employment
(Figure 1). It took a median of 12 months (IQR
10.3) for patients to leave employment post-onset;
women remained in work for longer post-onset,
with a median of 12 months (IQR 2.83) as
opposed to men with a median of 11 months (IQR
10.5, p ¼ 0.001). There was a small negative

correlation coefficient between the time taken to
give up work and the number of years of education
(−0.021, p ¼ 0.8).

Caregiver identities

Data from 172 patient/caregiver dyads were avail-
able. Informal caregivers were primarily immediate
family members, either the patient’s spouse/partner
(45.0%) or children (26.4%). However, friends
(7.2%), siblings (6.2%), extended family (4.6%),
in-laws (3.9%), parents (3.6%), and care services
(3.3%) were also identified. The identity of these
caregivers remained consistent across the 20
months of follow-up. At the time of baseline data
capture, patients received care from a mean of
1.75 people (SD 0.88, range 1–5). 32.5% of care-
givers were male and 49.7% female, with the sex
of the caregiver unknown in 17.8% of cases.

Caregiver hours

There was evidence of increasing informal care
hours over time. In those less than 12 months
from symptom onset, the median number of care
hours per week was 15.0 (IQR 63.8), rising to
32.0 (IQR 81.0) 12–24 months after onset, 35.5
(IQR 154.0) 24–48 months after onset, and 60.0
(IQR 154.0) 48–96 months after onset. Median
hours provided fell in those >96 months after
onset to 36.5 (IQR 158.0) (Table 1).

A weakly positive correlation was observed
between hours of care provided and time since
onset of symptoms (r ¼ 0.11, p ¼ 0.02, Figure 2).
This correlation was consistently positive across
the three progression groups: slow (r ¼ 0.22,
p ¼ 0.08), intermediate (r ¼ 0.23, p ¼ 0.001), and
fast (r ¼ 0.26, p ¼ 0.06, Figure 3). Of note, a
cluster at 168hours of care per week was observed,
likely to represent individuals requiring 24-h care;
for individuals with one carer, this would be the
maximum care hours that could be received per
week.

Figure 1. Where a patient was recorded as employed at the
time of onset, they were longitudinally followed and the date at
which they left full-time employment was recorded; this
probability graph shows the rate at which this change occurs in
our cohort in months.
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Significant differences in care hours provided were
seen between the three progression groups (H ¼ 12.8,
p ¼ 0.002). Stepwise analysis showed fast progressing
individuals received significantly more informal care
hours per week than slow (p < 0.001) or intermediate
(p¼ 0.02) progressing individuals (Table 2).

At a group-level, there was no statistically sig-
nificant difference in care hours provided to male
and female patients (p ¼ 0.42). However, when
stratifying by progression group, as above, slow
progressing males did receive significantly more
care hours than slow progressing females
(p < 0.001), though this difference was not
observed in intermediate (p ¼ 0.09) or fast
(p ¼ 0.10) progressors. There was also no statistic-
ally significant difference between the care hours
provided by male or female carers (p ¼ 0.25) at a
group-level (Table 3).

We observed a significant relationship between
functional impairment, as measured by the
ALSFRS-R total score, and hours of care delivered
per week. Broadly, those with increased functional
impairment received more care per week
(r ¼ −0.47, p < 0.001, Figure 4).

Tasks performed by caregivers

As part of the semi-structured interviews, data
were collected on the specific tasks with which
patients were helped. Categories were as follows:
“personal care”, “housework”, “transport”,
“shopping”, and more broadly “general support”.
Across all time points, general support was pro-
vided most frequently (81%), followed by support
with housework (75%), shopping (65%), personal
care (59%), and transport (55%), represented in
Figure 5.

Comparing patients less than 12 months from
symptom onset and those greater than 96 months
since onset, there was a 32% rise in those assisted
with personal care, a 9.9% rise for assistance with
housework, 11.0% rise for assistance with trans-
port, 41.5% rise for assistance with shopping, and
15.4% rise in general support (Figure 5).

Discussion

Maintaining independence for people living with
ALS (plwALS) is an important aspect of their clin-
ical care. Here, we have examined working status
and caregiver assistance as a proxy measure of this
independence. Understanding the factors that
influence the decision to leave the workforce and
the rate at which informal caregivers become more

Table 1. Descriptive longitudinal data showing an increase in median informal care hours per week.

Months from symptom onset n (patients)

Hours of informal care/week

Mean (SD) Median (IQR) Range

<12 22 46.3 (65.3) 15.0 (63.8) 1–216
12–24 67 65.5 (78.2) 32.0 (81.0) 1–336
24–48 94 71.4 (71.6) 35.5 (154.0) 1–338
48–96 27 79.9 (75.5) 60.0 (154.0) 0.7–336
>96 10 68.9 (70.6) 36.5 (158.0) 2–172

Figure 2. Scatterplot with simple linear regression representing
positive relationship between time since symptom onset and
hours of informal care provided per week (r ¼ 0.11, p ¼ 0.02).

Figure 3. Scatterplot with simple linear regression representing
positive relationship between time since symptom onset and
hours of informal care provided per week across slow-
(r ¼ 0.22, p ¼ 0.08), intermediate- (r ¼ 0.23, p ¼ 0.001), and
fast-progressors (r ¼ 0.26, p ¼ 0.06).
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involved is crucial, as it impacts both plwALS and
their communities.

Working status

From clinical experience, working status changes
quickly following an ALS diagnosis. A consider-
able proportion of people are retired at the time of
diagnosis, however—as we have demonstrated
here—45% were in paid employment. As popula-
tions work for longer and retirement ages increase
across Europe, this proportion of individuals is
likely to become more important. We have also
shown here that men are more commonly
employed at the time of diagnosis and are more
likely to exit the workforce at an earlier timepoint
than women.

Continued employment is often associated with
better quality of life (5,7). Due to the nature of
disease progression in ALS, sustained participation
in the workforce is likely representative of a more
slowly progressive disease course. Clearly, leaving
the workforce early has a socioeconomic impact.
However, from a clinical trial perspective in ALS,
if an intervention could be shown to delay the
need to leave the workforce, that would be a
meaningful outcome.

Informal caregivers

Caregivers have a central but challenging role
within the multi-disciplinary management of ALS.
The commitment of informal caregivers enables
plwALS to stay in their own home for longer,
where much of ALS care delivered, focusing on
symptom control and quality of life (9,11,16). As
has been previously reported (17,18), informal
caregivers in this study were most likely to be part-
ners or close relatives. This undoubtedly alters the
dynamics of close inter-personal relationships, as
loved ones adopt a new care role. This period of
adjustment accompanies a new diagnosis of a uni-
versally fatal disease, understandably resulting in
caregivers often struggling with their new reality
and increased responsibility (19–23).

Caregiver burden is a term that encompasses
the emotional, physical, social, and financial effects
that stem from adopting a caregiving role (10).
Previous longitudinal study has shown ALS care-
givers experience increasing levels of physical and
emotional distress, or caregiver burden, over time
(10,19,22,24). Our study showed an increase in
informal care hours over time, both as the disease
duration lengthens and as the level of functional
disability worsens. This is in line with previous
findings and complements study into caregiver
burden, which has demonstrated that the level of

Table 2. Group-level comparison of informal care hours provided to slow-, intermediate-, and fast-progressors.

Progression rate n (patients)

Hours of informal care/week

Kruskal–Wallis (H, p value)Mean (SD) Median (IQR) Range

Slow 56 58.4 (67.5) 29.5 (81.8) 0.7–336 12.8, 0.002
Intermediate 72 70.1 (73.0) 35.0 (136.0) 1–338
Fast 21 98.8 (85.7) 62.2 (146.4) 2–300

Table 3. Group-level comparison of informal care hours provided to those with differing levels of functional impairment.

ALSFRS-R total score n (patients)

Hours of informal care/week

Kruskal–Wallis (H, p value)Mean (SD) Median (IQR) Range

37–48 137 39.9 (46.1) 24.5 (47.0) 0.7–168 61.8, <0.001
25–36 155 78.9 (70.8) 49.0 (148.0) 2–336
13–24 58 117.7 (77.9) 154.0 (118.0) 6–264
1–12 11 93.5 (46.6) 90.0 (55.0) 10–168

Those that have more significant functional impairment broadly receive more informal care.

Figure 4. Scatterplot with simple linear regression representing
strong relationship between functional impairment and hours of
informal care provided per week (r ¼ −0.47, p < 0.001).
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disability experienced by a plwALS is strongly cor-
related to caregiver burden (25). In addition, we
did not identify significant differences in hours of
provided care between male and female carers,
consistent with previous study that has reported
the sex of the caregiver not to be a significant fac-
tor in the degree of caregiver burden (26).

The impact on ALS caregivers is broad-
reaching, with caregiver burden restricting the abil-
ity of carers to work full-time, thus affecting finan-
cial income and stability, as well as impacting
physical and mental health, leading to a reduction

in health-related quality of life and quality of life
more broadly (27,28). Using the median hourly
wage of e16.09 for a carer across the localities
included in this study (29), the annual caregiving
costs per plwALS, were they not to be cared for
informally, would range from e20,499 for pwALS
with mild disability to e128,849 for pwALS with
severe disability. With an estimated ALS preva-
lence in Europe of 6.22/100,000 (30), the total
annual cost of ALS caregiving in Europe could be
crudely estimated at e1.28 billion (supplementary
file).

Figure 5. Series of bar plots representing specific tasks with which patients were helped by their informal caregivers. We observe
broadly an increase in the proportion of pwALS assisted as time passes from onset of symptoms.
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Looking forward, there is increasing recognition
of the need to address caregiver burden within the
holistic management of ALS (11). Clinicians are
encouraged to be aware of and screen for depres-
sion and anxiety within caregivers, thus enabling
early intervention (25). It has also been suggested
that supportive measures may lean on factors that
have been found to mitigate caregiver burden,
such as spirituality and existential wellbeing (31),
social support (32), and mindfulness (33). The
positive aspects of caregiving, such as a sense of
personal satisfaction, a meaning in life, and a sense
of hope, have also been highlighted as potential
sources for future design and implementation of
supportive interventions for caregivers and
pwALS (11).

Limitations

This study analyzes data from plwALS attending
European clinics, which should be considered
when generalizing these results. It should also be
considered that, when looking at the longitudinal
data, those who participate in the semi-structured
interviews are likely to be overrepresented, com-
pared with those presented in the population
registries.

In this study of over 21,000 ALS patients,
there was variable data capture regarding working
status and caregiver information. Indeed, only
1184 of these patients had working status recorded
and therefore the bias inherent in this smaller
group analysis should also be considered. Despite
this variable data capture, there is clear change
captured in this analysis, which has implications
for care planning, disease trajectory delineation,
and therefore event prediction. These findings
could, however, be refined further with more com-
prehensive data capture moving forward.

Conclusion

Working status and the amount of care provided
by caregivers change over the disease course. Up
to 45% of people are in paid employment at the
time of diagnosis and their rapid change in
employment status post-diagnosis is likely to have
a socioeconomic impact. This problem is likely to
worsen as demographic changes take place with
time. Spouses and children are often principal
caregivers and the care they provide rapidly
increases in proportion to disease progression.
Men are more likely to be in full time employment
at the time of diagnosis and exit the workforce
more quickly than women post-diagnosis.

Caregiver input and working status information
are not captured comprehensively across the
cohorts examined. Further work is needed to har-
monize data collection across Europe so that these
variables can be interrogated for socioeconomic

planning and disease stratification. Collecting such
granular data as part of PRECISION-ALS will
help inform future investigation into the hidden
costs of ALS via frameworks such as Health
Technology Assessments.
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