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Abstract
Our research project computed the direct health costs of patients with amyotrophic lateral sclerosis (ALS) in a Spanish
multidisciplinary unit and explored the main factors associated. Besides analyzing a context with universal health care
provision, we used an administrative health care dataset from the most crucial center unit treating ALS in Catalonia
(80% of total patients). Our results show that the direct health cost of caring for an ALS patient in our unit was
5,158eper patient/year. This cost was not influenced by the onset of the disease, sex or age, but it increased if the patient
lived near our center since this facilitates the frequency of follow-up visits. Finally, the higher the educational level, the
lower the direct health costs.

KEYWORDS: Amyotrophic lateral sclerosis, health economics, multidisciplinary ALS care

Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal neu-
rodegenerative disease characterized by degener-
ation of the upper and lower motor neurons. It is
considered a rare disease (those whose prevalence
is below 5 cases per 10,000 inhabitants in the
European Community). Rare diseases are usually
chronic and progressive, highly disabling, without
curative treatment, and difficult to diagnose. They
have high mortality and low prevalence. The only
treatment approved in Spain is riluzole. This com-
plexity has led to the creation of reference centers
with multidisciplinary teams, allowing excellence
in management and epidemiological knowledge.
Multidisciplinary units for neuromuscular diseases
are generally located in major academic centers or
tertiary hospitals scattered throughout the territory.

The concentration of large numbers of patients in
these centers has resulted in clinical expertise,
which facilitates appropriate management and
improves either survival or quality of life (1–5).

The economic burden of patients with ALS is
high, both in terms of direct medical costs to
health providers, non-medical costs incurred by
patients and their caregivers, and indirect costs
through loss of employment. Costs vary over the
trajectory of the condition and depend on disease
manifestation, progression, and survival duration.
There are several studies regarding the costs gener-
ated by ALS at reference hospitals. Van der Steen
(6) has shown that the cost of specialized care pro-
vided and coordinated by ALS care centers was no
more significant than the cost of ALS management
through non-specialized services. Connolly (7)
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quantified the health and social care costs of ALS
in Ireland and found that the most significant pro-
portion of costs (72%) was in community-based
care. Seven per cent of all costs were attributable
to assistive devices and appliances, and only 21%
of costs were attributable to ALS clinical care serv-
ices in Ireland. An economic analysis of ALS costs
in Australia found that indirect costs exceeded dir-
ect health care costs (i.e. costs of care facilities and
healthcare professionals) (8). Boylan (9) analyzed
direct care costs in 18 centers with public and pri-
vate care in the USA. The prominent patient cost
was related to the professional's salary. It high-
lighted that the costs related to consultations out-
side the clinic (mail, SMS, telephone, etc.) involve
hours of professional work. In a different context,
Song (10) evaluated the costs of the patient treated
in Chinese military reference hospitals, which are
approximately 1,800eper year, which increases
with the evolution of the disease. These costs were
related to pharmacy expenses.

We contribute to the scarce evidence of studies
examining the health care cost of ALS in multidis-
ciplinary units. Specifically, we calculated the dir-
ect health costs of a multidisciplinary ALS unit in
a Spanish tertiary center and explored the main
factors associated. This research constitutes a nov-
elty in the context of universal health care provi-
sion. Additionally, we also contributed by using an
administrative health care dataset from the most
crucial center unit treating ALS in Catalonia (80%
of total patients), including an inventory of costs,
disease-specific factors, and socio-demographic
information.

Patients and methods

The study design is a cost-of-illness analysis that
relates to an inventory of costs for 425 individual
patients with ALS treated at Hospital Universitari
de Bellvitge using retrospective information for
2016–2019. We considered all patients diagnosed
with ALS during this period irrespectively to their
diagnosis phenotype and only those costs at the
considered tertiary center that accounts for 80% of
ALS patients in Catalonia. In Spain, the medical
insurance system covers all costs of medical treat-
ment. Then, we estimated associated factors with
these direct health costs.

Variables of interest

Collected data corresponds to (i) socio-demo-
graphic characteristics (gender, age, nationality,
educational levels, and working condition), (ii) dir-
ect healthcare costs, which included visits (emer-
gency, nursing care, and medical specialists),
laboratory tests, and medical procedures (e.g. cap-
nography, individual respiratory kinesitherapy,

spirometry, etc.), and; (iii) strictly related to the
disease pharmacological expenditure.
Rehabilitation costs were not considered since
these costs are not related to the tertiary center.
Compared to most previous studies that used sur-
vey information (the Spanish case was analyzed in
L�opez-Bastida (11)), in 2019, we used analytical
costs that the hospital provided. We also consid-
ered the date of death if the patient passed away
during the considered period. Regarding visits, we
accounted for all kinds of visits: initial and follow-
up, consultation for hospitalization, palliative,
phone consultation, and internal visits for evalu-
ation or follow-up.

Indeed, in order to explore determinants of all
healthcare costs run at the multidisciplinary unit
plus pharmacological expenses related exclusively
to ALS, we considered the following predictors:
gender, age (quadratic specification), condition of
immigrant status, a dummy variable identifying
those patients that passed away during the period
(exitus), patient's educational attainment level,
working status and a variable representing the dis-
tance between the hospital where the unit of ana-
lysis is located and the reference hospital.
Additionally, we computed and introduced as a
covariate a dummy variable identifying those costs
and distances to a reference hospital that was, stat-
istically speaking, should be considered outliers
(12 patients were identified using the Hadi meth-
odology). The latter allowed us to control for extra
tailored expenses in our variable of interest distri-
bution. Then, we ran a further analysis introducing
a variable that interacted with exitus status and
time from ALS detection and exitus. Next, a
patient's residential postcode was used to get a
proxy of income in the specific location. In order
to do that, we have matched the database with the
microdata corresponding to a random sample of
declarants of the 2013 income tax provided by the
Fiscal Studies Institute. We calculated the average
tax base in each postcode, using it as a proxy of
income for the patients in that postcode.

Finally, some clinical variables were also con-
sidered, such as diagnosis phenotype (aggregated
at three level: bulbar onset, spinal onset, and other
motor neurone diseases that includes PSMA and
PLS), a dummy variable indicating that a genetic
analysis was carried out to confirm the disease and
the delay in diagnosis (time distance between the
date of ALS onset and the first time the patient
went into the clinic).

Statistical analysis

We have estimated through regression analysis
using a generalized linear model (GLM) that
became the dominant strategy for modeling health-
care costs when there are unknown forms of
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heteroskedasticity (12,13). The log link function
and the Gamma distribution are the most fre-
quently used GLM specifications in healthcare
cost studies are the log link function and the
Gamma distribution (13). We have also compared
GLM to alternative specifications such as finite
mixture models or a Tobit specification (since
costs were censured at the left part of the
distribution).

Results

Table 1 shows the characteristics of the representa-
tive patients with ALS in Catalonia. 55% of
patients were male, with a predominance of spinal
onset forms (52.94%), with a mean diagnostic
delay in days of 531.70. The mean distance to the
referral center was 36 km. The cultural level of the
patients evaluated through education showed that
12.24% had not completed primary education. Up
to 41.18% of the patients were retired, and
36.94% were active at work. 86% of patients had a
genetic test for c9. The average patient/year direct
costs generated in the multidisciplinary unit of 425
patients was 5,158e, although these costs showed
a significant variation (see Figure 1 disentangling
the sample by educational levels).

The ALS multidisciplinary care clinic at hos-
pital Universitari de Bellvitge was established in
2001 to ensure the delivery of continuing care
through a dedicated team of specialists

(neurologist, pulmonologist, nutritionist, endocrin-
ologist, rehabilitation specialist, physical therapist,
psychologist, social worker, nurse manager, speech
therapist, and an administrative worker). Patients
were seen every three months, with each visit
including an assessment of pulmonary function
(forced spirometry; home nocturnal pulse oxim-
etry; and arterial blood gas levels) and nutritional
status, with early NIMV and placement of a gas-
trostomy tube advocated as stated in the guidelines
of the American Academy of Neurology and the
European Federation of Neurological Societies.
Out of the 40,865 registers, most frequent catego-
ries (above 1%) corresponded to the following spe-
cific visits or procedures in descending order of
relevance: follow-up visits (22.6%), laboratory and
microbiology (12.6%), nursing follow-up visits
(8.6%), first visit (4.6%), health education (3.7%),
gasometry (3.6%), spirometry (3.1%), phone con-
sultations (3.0%), pulse oximetry (3.0%), urgency
visit (2.9%), kinesitherapy (2.2%), pharmacy
(1.6%), electromyography (1.5%) and consulta-
tions for hospitalization (1.4%).

Table 2 shows the estimated marginal effects
using GLM. The main predictors for direct health
costs were if the patient passed away, which relates
to end-of-life medical spending that is the main
component of aggregate medical expenditure (14)
and the link between severity and cost of illness
(15). Likewise, another good predictor was the
condition of being diagnosed utilizing a genetic
test which showed a shorter delay in diagnosis.
Finally, the costs increased if the patient lived near
the analyzed health care center. The latter relies
on the fact that closer distance facilitates the fre-
quency of follow-up visits. Hence, direct health
costs were not influenced by the onset of the dis-
ease or gender. Educational attainment levels were
statistically significant. Indeed, compared to less
advantaged patients, having secondary/tertiary edu-
cation showed lower direct health costs
(1,400e–1,500e) after adjusting for the rest of the
variables and controlling for outliers.

Discussion

Traditionally medicine always omitted evaluation
of the socioeconomic factors from its sphere. It
even came to consider that these questions
opposed the excellent medical practice. Today
such an assertion is unsustainable. For a health
professional, the path to efficiency passes by assur-
ing clinical effectiveness, in this way guaranteeing
both the patient's interest and the suitable distribu-
tion of resources.

The socioeconomic burden of ALS on a health-
care system is high, but unfortunately, the avail-
able information is limited for all healthcare

Table 1. Demographic and clinical characteristics.

Mean (std. dev.)

Costs at unit level 5,157.62 (4,758.96)
Female 0.46 (0.5)
Age 63.89 (12.50)
Immigrant status 0.07 (0.25)
Exitus 0.45 (0.50)
Income level at postal code (thousands e) 16.42 (5.76)
Distance in km to reference hospital 36.16 (50.50)
Delay in diagnosis (days) 531.10 (714.89)
Genetic study to confirm the disease 0.86 (0.34)

Percentages
Educational level
Incomplete primary 12.24
Primary 21.41
Vocational 32.24
Upper secondary 19.76
Tertiary 14.35
Labor status
Working 36.94
Unemployed 3.29
Disabled 8.94
Retired 41.18
Household care 9.65
Diagnoses phenotype
Bulbar onset 26.35
Spinal onset 52.94
Others motor neurone 20.71
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contexts. An intuitive and widely accepted dogma
is that multidisciplinary care clinics cost more to
deliver care than standard models. Our results
showed that the direct health costs associated with
an ALS patient in a multidisciplinary unit were
5,158eper patient/year in the Spanish universal

healthcare context. This cost was not influenced
by the onset of the disease, sex or age.
Notwithstanding, it increased if the patient lived
near our center since it facilitated the frequency of
follow-up visits. Likewise, costs were associated
with the patient's educational level. The more

Figure 1. Distribution of internal health direct costs by educational level. Note: dashed, solid, and dashed-dot lines refer to primary or
less secondary and tertiary educational levels, respectively.

Table 2. GLM results: marginal effects.

Age �32.485 (20.83)
Female 459.943 (502.77)
Immigrant status �775.554 (764.92)
Passed away �2,473.321 (600.19)���
Time to exitus 1.993 (0.58)���
Income's postcode residence area �23.381 (38.82)
Educational level
Primary �546.160 (992.20)
Vocational �1,505.928 (715.29)��
Secondary �1,405.846 (705.26)��
Tertiary �1,385.795 (687.28)��
Working labor status
Unemployed �475.719 (661.80)
Disability 36.320 (839.39)
Retired 492.936 (583.59)
House & others 1,358.525 (804.46)�
Outlier 9,119.638 (3,215.05)���
The delay between diagnosis & first clinic consult 0.289 (0.25)
Grouped phenotype
Spinal onset ALS 14.431 (467.72)
Others motor neurone 618.468 (430.06)
Confirmed ALS by a genetic test 2,228.177 (456.92)���
Distance in km �20.142 (5.06)���
N 425
Log-likelihood �4,015.05
AIC 8,094.09
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educated they were, compared to incomplete pri-
mary and primary, the lower the costs (around
1,400e). There are multiple mechanisms for the
effect of socioeconomic status on health. The
more educated in general had a healthier lifestyle,
and people with better education have better
employment opportunities, income, housing, and
increasing rates of supplementary health insurance.
We believe that people with a higher level of edu-
cation facilitate health education to be co-respon-
sible in self-care, reducing the number of visits to
reference units or the consumption of health
resources. Although more extensive studies are
needed to confirm this.

The multidisciplinary clinical team consists of a
core of health professionals who centralize care
and streamline the multiple visits, providing a
dynamic and individualized diagnosis and antici-
pating the orientation and plan of care. Studies
have shown that the quality of care delivered in
multidisciplinary care is high. Both qualities of life
and survival are better in neuromuscular popula-
tions treated in multidisciplinary clinics than in
isolated neurological clinics. International evidence
(16) suggests that multidisciplinary care should be
available for ALS people; attending multidisciplin-
ary clinics extends survival, enhances the quality of
life, reduces emergency hospital admissions and
enhances access to clinical professionals.
Multidisciplinary care is an effective and efficient
way of managing the disease. The team can recog-
nize disease progression, initiate palliative care dis-
cussions, and perhaps even reduce the number of
these emergent presentations to the hospital. The
objective is to improve survival and be efficient,
acceptably use resources, and achieve equal or bet-
ter effectiveness at a lower cost.

In a healthcare system where the money would
follow the patient (i.e. activity-based or capitated
population-based funding models), the referral of a
complex patient to a highly specialized center
should not place an economic burden on
the hospital.
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