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Abstract Amyotrophic lateral sclerosis (ALS) is a fatal
neurodegenerative disease that imposes a great burden on
the patient, the patient’s family and society. However, we
lack information about the total disease burden at a
national level, especially regarding costs before and after
diagnosis and the consequences for spouses. We aimed to
estimate the factual direct and indirect costs of ALS in a
national sample. Using records from the Danish National
Patient Registry (1998-2009), 2,394 patients with ALS
were identified and subsequently compared with 9,575
randomly chosen control subjects matched for age, gender
and geographic area/civil status. Direct costs, including
frequencies of primary and sector contacts and procedures,
and medication from primary and secondary sectors, were
obtained from the Danish Ministry of Health, the Danish
Medicines Agency, and the National Health Security.
Indirect costs included labour supply and social transfer
payments, and were based on income data derived from
Coherent Social Statistics. Patients with a diagnosis of ALS
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had poor survival. The average (95 % CI) 5-year survival
rate was 0.278 (0.358-0.298) compared with 0.865
(0.858-0.872) among controls. Patients with ALS had
significantly higher rates of health-related contact and
medication use and higher socioeconomic costs. They also
had very low employment rates, while those in employ-
ment had a lower income level than control subjects. The
annual mean excess health-related cost was €18,918 for
each ALS patient. However, spouses showed no excess
health usage; in fact, their employment and income rates
were higher, and the net cost was reduced by —€3,420. We
conclude that ALS has serious mortality, health and
socioeconomic consequences for patients. However, the
consequences for spouses are complex; they tend to com-
pensate for the social consequences to patients by
increasing their net income after ALS diagnosis.

Keywords Amyotrophic lateral sclerosis -
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Economic burden - Employment - Spouse

Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal neurode-
generative disease characterized by progressive degenera-
tion of motor neurons, leading to muscular atrophy,
paralysis and death in 3-5 years from the first appearance
of symptoms. ALS is familiar in about 10 % of cases and
mutations of the copper—zinc superoxide dismutase 1
(SOD1) enzyme are found in a significant percentage of
these cases. Furthermore mutations of the copper—zinc
superoxide dismutase 1 (SOD1) enzyme [25] and the gene
CI90RF72 [6] is identified in sporadic and familiar cases
and are found in a significant percentage of these cases.
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Significant progress has been made towards under-
standing the underlying pathophysiology, improving
diagnostic accuracy, and managing this disorder. The
pathological disease process is characterized by the pro-
gressive destruction of the spinal cord and cortical motor
neurons. Future advances are expected to further our
understanding of the brain processes underlying the dis-
ease. No intervention is currently possible that reduces the
severity of the disease and its associated mortality.

Because of its severity, ALS causes significant mor-
bidity and mortality, imposing a major burden on the
patient, their family and society, with respect to heath care
use, loss of work capabilities [7-9, 16, 17, 24, 27, 30] and
caregiving [19, 26].

ALS places a significant burden on caregivers due to
resulting limitations, depression and anxiety [26]. How-
ever, there are limited data on the factual consequences of
ALS on patient health usage, work capability and partners.
As the mortality rate is significant, it should be taken into
account in the analysis of the burden of disease.

In Denmark, it is possible to calculate health sector costs
and productivity losses related to diseases from public and
private hospitals and clinics in the primary and secondary
sector—including medication, social factors, income, and
employment data from all patients—is registered in central
databases. The effect of the disease can therefore be esti-
mated before, at, and after diagnosis. We undertook the
current study to evaluate the socioeconomic consequences
of ALS for patients, their partners, and society, as deter-
mined in a national population-based study.

Methods

In Denmark, all hospital contacts are recorded in the
National Patient Registry (NPR) in terms of the time of
contact and information about primary and secondary
diagnoses. The NPR includes administrative information,
diagnoses, and diagnostic and treatment procedures using
several international classification systems, including the
International Classification of Disorders (ICD-10). The
NPR is a time-based national database that includes data
from all inpatient and outpatient contacts, so the data that
we extracted are representative of all patients in Denmark
who have received a diagnosis of ALS in the primary or
secondary sector in public and private hospitals. As data
are available throughout the observation period, we can
trace patients retrospectively and prospectively relative
to the time of their diagnosis. All contacts in the
primary sector (general practice and specialist care in the
primary sector) and the use of medications are recorded
in the databases of the National Health Security and
the Danish Medicine Agency, respectively. There is some
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underestimation of numbers of patients with chronic dis-
eases, as those with a contact in the primary sector but
not in the secondary sector are recorded as having had
contact but not as having had a diagnosis. However, for a
potentially harmful disease like ALS this effect is mini-
mal, as almost all patients are recorded by the hospital
system.

The economic consequences of ALS for patients and
their partners were estimated by determining the yearly cost
of illness per patient diagnosed with ALS (ICD DG122),
and comparing that figure with the cost of healthcare in a
matched control group. The health cost was then appor-
tioned to annual health sector costs and productivity.

Direct costs included those of hospitalization and out-
patient cost, weighted by use, for separate diagnosis-related
groups, and specific outpatient costs (DRG tariffs). These
costs were all based on data from the Danish Ministry of
Health. The use and costs of drugs were derived from data
from the National Danish Medicine Agency, consisting of
the retail price of each drug (including dispensing costs)
multiplied by the number of transactions. The frequencies
and costs of consultations with general practitioners and
other specialists were based on data from the Danish
National Health Security.

Productivity losses because of a reduced labour supply
related to diseases comprise income derived from state
coffers. Also, all social transfer incomes were measured,
including subsistence allowances, pensions, social security,
social assistance, publicly funded personal support for
education, and others. Productivity losses and social
transfer incomes were based on income figures from
Coherent Social Statistics.

Cost-of-illness studies measure the economic burden
resulting from disease and illness across a defined popu-
lation. Costs are the value of resources used in the treat-
ment, care, and rehabilitation of people with the condition
under study. Productivity losses represent the value of
economic resources lost because of disease-related work
disability or premature mortality. As patients leave the
national data registers at the time of death, the indirect
costs estimate comprises only the production loss related to
disease-related work disability. It is important to distin-
guish costs from monetary transfer payments such as dis-
ability and welfare payments. These payments represent a
transfer of purchasing power to the recipients from the
general taxpayers, but do not represent net increases in the
use of resources and, therefore, are not included in the total
cost estimate.

By reviewing the NPR, we identified all patients who
received a first diagnosis of ALS from 1998 to 2009
(excluding ALS cases prior to 1997). Then, using data
from the Civil Registration System Statistics Denmark
database (which includes information about all social
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factors, incomes, pensions, etc.), we randomly selected
citizens of the same age and sex as the patients. Social
compensation was achieved by selecting control subjects
of the same civil status who resided in the same area of
the country as the patients. The ratio of control subjects to
patients was 4:1. Data from patients and matched control
subjects who could not be identified in the Coherent Social
Statistics database were excluded from the sample. More
than 99 % of the observations in the two groups were
successfully matched. Patients and matched control sub-
jects were followed from the year of diagnosis until 2009.
If a patient or control was not present in the CPR register
on January lst each year, then the corresponding control
or patient control was not included in the dataset for that
year. Patients who are not in the CPR register are typically
deceased, in prison, or have emigrated to another country.
All patients’ partners (married or non-married, irrespective
of gender) were identified. A similar control group of
partners was identified on the basis of age, gender and
socio-demographic status.

Costs were measured on a yearly basis and adjusted to
2009 prices using the health sector price index for health
sector costs; the general price index was applied to non-
medical costs. All costs were measured in DKK and con-
verted to Euros (€1: DKK 7.45).

The study was approved by the Danish Data Protection
Agency. Data were handled in a manner that did not reveal
the identity of any patients or control subjects, so neither
individual nor ethical approval was required. Statistical
analysis was performed using SAS 9.1.3 (SAS, Inc., Cary,
NC). Statistical significance of the cost estimates was
assessed by nonparametric bootstrap analysis (33).

Results

In total, 2,394 patients with ALS were identified and sub-
sequently matched with 9,575 control subjects. The age
distribution of the patients and control subjects is shown in
Table 1. Overall, 54.9 % were male, and 63.6 % of the
patients were married or cohabiting compared with 63.0 %
of the controls subjects (not significant).

Survival in patients with ALS compared with controls

Patients with a diagnosis had a significantly lower survival
rate than age-, gender- and demographically matched
controls. The mean (95 % confidence interval) survival rate
(fraction of 1) was 0.356 (0.336-0.376) versus 0.924
(0.918-0.929) at 3 years, 0.278 (0.358-0.298) versus 0.865
(0.858-0.872) at 5 years, and 0.203 (0.182-0.224) versus
0.711 (0.698-0.724) at 10 years (p < 0.0001 in each
comparison).
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Table 1 Age distribution of patients
Age (years) ALS patients Control

N % N %
<20 32 1.3 128 1.3
20-29 17 0.7 68 0.7
30-39 64 2.7 256 2.7
40-49 158 6.6 632 6.6
50-59 444 18.5 1,776 18.5
60-69 716 29.9 2,863 29.9
70-79 660 27.6 2,640 27.6
>80 303 12.7 1,212 12.7
All 2,394 100 9,575 100

Males (%): 54.9

Direct costs: outpatient clinic, hospital, primary care,
and drug costs

More patients than control subjects were treated in outpa-
tient clinics, were hospitalized, used medication and had
contact with the primary care system (Table 2, Fig. 1). The
total health cost increased significantly at time of diagno-
sis, but decreased thereafter (Fig. 2). Patients’ partners did
not have higher rates of inpatient or outpatient treatment
than control subjects’ partners, but did make slightly less
frequent use of healthcare services and medication
(Table 3, Fig. 1).

Indirect costs, social costs, employment rate,
and income

Fewer patients than controls had income from employment
and more often received public transfer income after an ALS
diagnosis (Table 2). The employment rate for patients was

Table 2 Percentage of ALS patients and controls receiving health-
care, and income (after diagnosis)

Share P value

ALS patients  Control
Outpatient treatment (%) 59.2 36.6 <0.001
Inpatient treatment (%) 579 20.5 <0.001
Medication (%) 93.3 85.1 <0.001
Public health insurance (%) 97.4 95.7 <0.001
Income from employment (%) 21.0 28.6 <0.001
Public transfer income total (%) 86.6 77.9 <0.001
Pension (%) 55.9 60.0 <0.001
Other public transfers (%) 25.3 15.3 <0.001
Sickpay (public-funded) (%) 9.8 4.2 <0.001

P value from logit model, indicating significant differences between
percentages of patients and controls for each expense type
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1 Survival Table 3 Health care use before, at, and after diagnosis in patients
with ALS (a) and their spouses (b)
0,9
Share P value
0,8
ALS patients Control
07 spouse
0,6 .
Outpatient treatment (%) 34.3 352 <0.001
05 —As Inpatient treatment (%) 16.2 16.4 <0.001
— Control
0,4 Medication (%) 83.8 84.3 NS
0,3 Public health insurance (%) 96.8 96.8 NS
02 Income from employment (%) 40.5 37.8 <0.001
’ Public transfer income total (%) 70.9 71.0 <0.001
o1 Pension (%) 435 476 <0.001
0 . ~
0o 1 2 3 4 5 6 7 8 9 10 11 12 Other public transfers (%) 22.7 20.0 <0.001
Year Sickpay (public-funded) (%) 7.9 6.1 <0.001

Fig. 1 Twelve-year survival in patients with a diagnosis of ALS
compared with controls. The difference is significant (p < 0.001)

significantly slightly lower before diagnosis and decreased
significantly over time following their diagnosis of ALS
(Fig. 1). After the ALS diagnosis, the corresponding income
from employment decreased and the public transfer income
accordingly increased (Fig. 1). Patients’ partners, by con-
trast, had a higher employment rate, earned more income
from employment and received public transfer income less
often after the patient’s diagnosis (Table 3, Fig. 1).

Total annual costs

The sources of information and the average annual
healthcare cost per person-year by cost category for
patients with ALS in Denmark compared with age- and
sex-matched control subjects are presented in Table 4; the
corresponding figures for their partners are shown in
Table 5. The patients’ total cost was greater prior to an
ALS diagnosis, while after diagnosis the net sum of direct

ALS patient

Health expenses total
18.000

16.000
14.000
12.000

¢ 10.000

— ALS

8.000 — Control

6.000
4.000

2.000

1109 8 7 6 5 4 3 2 -1 0 1 2 3 4 5 6 7 8 9 10 11

Year

P value from logit model, indicating significant differences between
percentages of patients and controls for each expense type

net healthcare costs (general practitioner services, hospital
services, and medication) and productivity losses (loss of
labor market income) were €18,918 for patients with ALS
and —€3,420 for their partners compared with controls. In
other words, patients’ partners higher income than those of
the control group due to a higher employment rate, and also
lower social transfer payments.

Influence of age and sex on employment and direct
and indirect costs

Male patients and controls had higher incomes than their
female counterparts. Age and sex were markedly associ-
ated with direct costs, especially with respect to higher
expenses due to hospitalization and medication among
younger patients, whereas direct and indirect costs were
higher among elderly patients, due to increased indirect
costs (Fig. 3).

Spouses/partners

Health expenses total
18000

16000
14000
12000

10000

— Spouse

8000 — Control

6000

4000

2000 M

41-10-9 8 7 6 5 -4 3 210 1 2 3 4 5 6 7 8 9 10 11

Year

Fig. 2 Health care use before, at, and after diagnosis in patients with ALS and their spouses
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Table 4 Average yearly health costs and income before and after
diagnosis (patients and controls)

Table 5 Average yearly health costs and income before and after
diagnosis (partners of patients and of controls)

ALS Control P value
patients
Before
N 13,146 52,397
Outpatient treatment (€) 312 215 <0.001
Inpatient treatment (€) 1,242 863 <0.001
Medication (€) 524 420  <0.001
Public health insurance (€) 431 269 <0.001
Income from employment (€) 14,695 16,651 <0.001
Public transfer income total (€) 10,194 9,403
Pension (€) 5,263 5,195 NS
Other public transfers (€) 4,510 3,927  <0.001
Sickpay (public-funded) (€) 421 281 <0.001
Health sector costs (€) 2,508 1,767 <0.001
Foregone earnings (€) 1,956
Sum of costs (€) 4,464 1,767 <0.001
Net costs (€) 2,697
Social transfer payments (€) 10,194 9,403 <0.001
Net Social transfer payments (€) 791
After
N 6,780 54,842
Outpatient treatment (€) 955 402 <0.001
Inpatient treatment (€) 9,595 1,636 <0.001
Medication (€) 2,308 572 <0.001
Public health insurance (€) 1,409 355 <0.001
Income from employment (€) 6,796 11,447 <0.001
Public transfer income total (€) 12,940 11,412
Pension (€) 6,274 8,612  <0.001
Other public transfers (€) 5,839 2,576  <0.001
Sickpay (public-funded) (€) 827 224 <0.001
Health sector costs (€) 14,268 2,965 <0.001
Indirect costs, foregone earnings (€) 4,651
Sum of costs (€) 18,918 2,965  <0.001
Net costs (€) 15,953
Social transfer payments (€) 12,940 11,412  <0.001
Net Social transfer payments (€) 1,528

P value from bootstrapped ¢ test

Discussion

The study illustrates several serious consequences of ALS.
The mortality is high and patients had significantly higher
rates of contact with all sectors of the healthcare system
(general practice, outpatient clinics, and in-hospital ser-
vices). Patients had higher rates of medication use, other
treatment devices, and of publicly supported payment for
medication. Total costs were higher in the group of patients
with ALS than in age- and sex-matched control subjects.
Patients with ALS also had lower employment rates and

ALS spouse Control P value
Before
N (€) 9,001 36,085
Outpatient treatment (€) 262 270 0.663
Inpatient treatment (€) 1,123 1,006 0.190
Medication (€) 440 429 0.299
Public health insurance (€) 295 273 <0.001
Income from employment (€) 17,732 17,352 0.780
Public transfer income total (€) 8,292 8,064
Pension (€) 3,866 3,804 0.990
Other public transfers (€) 4,041 3,948 0.279
Sickpay (public funded)(€) 386 312 <0.001
Health sector costs (€) 2,120 1,978 <0.001
Foregone earnings (€) (380)
Sum of costs (€) 1,740 1,978  <0.001
Net costs (€) (238)
Social transfer payments (€) 8,292 8,064  <0.001
Net social transfer payments (€) 228
After
N (€) 4,124 33,961
Outpatient treatment (€) 366 391 1.000
Inpatient treatment (€) 1,162 1,317 0.560
Medication (€) 445 493 0.002
Public health insurance (€) 349 347 1.000
Income from employment (€) 17,314 14,119  <0.001
Public transfer income total (€) 9,185 9,312
Pension (€) 5,298 6,009  <0.001
Other public transfers 3,467 3,001 <0.001
Sickpay (public funded) (€) 420 302 0.010
Health sector costs (€) 2,322 2,548 <0.001
Foregone earnings (€) (3,195)
Sum of costs (€) (873) 2,548  <0.001
Net costs (€) (3,420)
Social transfer payments (€) 9,185 9,312 <0.001
Net social transfer payments (€) (127)

P value from bootstrapped ¢ test

received welfare payments significantly more often;
employed patients had lower incomes than employed con-
trol subjects. ALS did not cause increased health care use
among partners, and partner’s level of income increased.
Consequently, the health care costs and the productivity
losses were lower for partners of ALS patients (compared to
controls). The study demonstrates that ALS has social and
economic consequences even before a diagnosis has been
established. Thus, ALS has socioeconomic and morbidity
impacts on patients, partners and society. However, the
health costs reduce over time, probably due to selection,
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ALS patients Spouses/partners
Income from employment Income from employment
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Fig. 3 Income from employment (in Euros), public transfer income and social security in patients and their spouses before and after a diagnosis
of ALS, compared with control subjects. The differences were significant from 4 years before patients received their diagnosis

since the reduction in health care costs follows the mortality
rate of ALS patients. Use of medication and non-invasive
and invasive ventilation are included in the analysis, but
have not been evaluated separately. Additional cost analysis
to helpers in subgroups of patients treated with invasive
ventilator treatment or specific anti-ALS medical treatment
needs further analysis.

The presence of a serious, chronic disease like ALS
affects partners of patients in several ways: social decline,
psychological effects, and a heavier workload [3]. Patients’
neurobehavioral symptoms were related to lower caregiv-
ers’ quality of life, depression, and burden [3]. However, we
found that ALS is one of the first diseases in which we have
found that spouses make less use of health and social ser-
vices and have a higher income. We believe that such a
pattern is specific to a disease like ALS, whereby a healthy
partner tends to compensate for the patient’s serious health-
related and social decline by increasing their workload. The
increasing income among spouses might be explained by a
need to maintain a target income for the family after a drop
in labour market income among the patients. Another
hypothesis could be that the municipalities provide more
home care after diagnosis so spouses have more time to join
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the labour market (diagnosis is often used as a gatekeeping
to municipal services), but the data from the municipalities
have not sufficient quality to control for that. We have not
evaluated the consequences for families with children with
ALS; further subgroup analysis of this aspect is needed.

Previous studies examining the burden of ALS have
focused on the direct costs, e.g., hospital services and use
of treatment procedures, such as medication, surgical
intervention, non-invasive ventilation, physiotherapy, the
reduction in quality of life [11, 15, 16, 28, 31], and the
burden on caregivers [4, 10, 18-20, 26, 29]. There are
currently limited data whatsoever regarding the total cost
benefit or cost effectiveness of treatment on direct or
indirect costs, including education, familial, and societal
consequences.

The impact of ALS is considerable. As can be seen in
Figs. 1 and 4, even by the time of diagnosis, patients had
already experienced significant reductions in their levels of
employment. The employment rate was affected before a
diagnosis of ALS had been made, and fell even further
once it was confirmed. This pattern has been described in
other chronic and progressive disorders, such as multiple
sclerosis [13], parkinsonism [14] and sleep-disordered
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Fig. 4 Health expenses, income from employment and public transfer income by age and gender in ALS patients and controls

breathing [12], but the effect is considerable in the case of
ALS due to it serious effect on morbidity. We have not
calculated the effect of loss of active years due to increased
mortality. We have included all types of treatments
including medication and uses of non-invasive ventilation,
but not evaluated subtypes of treatment or services pro-
vided for municipalities [1, 2, 5, 11, 22, 23].

The current study considered all patients who had
received a diagnosis of ALS. In Denmark, most ALS
patients have contact with neurological departments and
are, therefore, registered. Because of the severity of the
disease, no or only few patients are in primary care, and the

number identified probably comprises all ALS patients who
are in the observation period. Former studies of the regis-
tration procedure suggests that 85-90 % of registrations in
the NPR are correct [21]. Incorrect diagnoses are due to
incorrect registration, variation in the registration proce-
dure, or in diagnostic criteria. As all Danes are registered in
national databases using social security codes, including
data concerning health (diagnostic and treatment proce-
dures in primary and secondary sector), medication, social
factors, and employment are recorded.

The control group was not defined as a group of healthy
subjects, rather, they were selected on the basis of age, sex,
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geography, and social factors. To be included as control
subjects they could not have a diagnosis of ALS, but they
may very well have had other illnesses. The differences
observed between patients and control subjects thus rep-
resent those between people with ALS and a random
population-based sample.

Consequently, the study presents the objectively deter-
mined direct and indirect costs of ALS that were evaluatedin a
national sample, compared with a control group with a similar
age, sex, and social composition, over a 12-year period.

In conclusion, ALS leads to high mortality, higher
health-related and social transfer costs, and lower levels of
employment and income. The partners of ALS patients are
involved in a different way from what has been observed in
other neurological diseases: they tend to compensate by
taking on a greater workload, and consequently have a
higher income. Additional research is needed to evaluate
the effects of specific interventions on morbidity, mortality,
costs and families.
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