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Abstract

Objectives To examine costs of care from a healthcare sector perspective within 1 year before death in patients with non-
cancer diseases and patients with cancer.

Methods This nationwide registry-based study identified all Danish citizens dying from major non-cancer diseases or can-
cer in 2010-2016. Applying the cost-of-illness method, we included costs of somatic hospitals, including hospital-based
specialist palliative care, primary care, prescription medicine and hospice expressed in 2022 euros. Costs of patients with
non-cancer diseases and cancer were compared using regression analyses adjusting for sex, age, comorbidity, residential
region, marital/cohabitation status and income level.

Results Within 1 year before death, mean total healthcare costs were €27,185 [95% confidence interval (CI) €26,970-
27,401] per patient with non-cancer disease (n = 109,723) and €51,348 (95% CI €51,098-51,597) per patient with cancer
(n = 108,889). The adjusted relative total healthcare costs, i.e. the ratio of the mean costs, of patients with non-cancer
diseases was 0.64 (95% CI 0.63-0.66) at 12 months before death and 0.91 (95% CI 0.90-0.92) within 30 days before death
compared with patients with cancer.

Mean costs of hospital-based specialist palliative care and hospice in the year leading up to death were €17 (95% CI €13—
20) and €90 (95% CI €77-102) per patient with non-cancer disease but €1552 (95% CI €1506-1598) and €3411 (95% CI
€3342-3480) per patient with cancer.

Conclusions Within 1 year before death, total healthcare costs, mainly driven by hospital costs, were substantially lower
for patients with non-cancer diseases compared with patients with cancer. Moreover, the costs of hospital-based specialist

palliative care and hospice were minimal for patients with non-cancer diseases.

1 Introduction

Accounting for 71% of all deaths globally, chronic disease
is the leading cause of death, with cancer being the most
dominant cause, followed by ischaemic heart disease, stroke,
chronic obstructive pulmonary disease and diabetes [1]. Ter-
minally ill patients suffering from chronic diseases require
an increased level of care as death approaches, resulting in
considerable healthcare costs [2]. Thus, previous studies have
estimated that approximately 8.5—-11.2% of healthcare budgets
in high-income countries are spent in the last year of life [3-6].

Ageing populations have translated into a rising propor-
tion of individuals dying from chronic diseases [2—5]. There-
fore, the share of gross domestic product spent on care at
the end of life may rise in the coming years [7]. This trend

Extended author information available on the last page of the article

poses challenges to existing health policies that aim to con-
trol healthcare costs and prioritise resources effectively.
Additionally, research indicates that healthcare costs at the
end of life vary depending on the specific chronic disease
causing death, with patients dying from non-cancer diseases
generally incurring lower healthcare costs compared with
those dying from cancer [6, 8—15]. This disparity may be
attributed to variations in high-intensity healthcare services,
such as chemotherapy and inpatient hospital care, particu-
larly towards the end of life [6, 8—15]. However, access to
palliative care during the final stages of life has been associ-
ated with a reduction in high-intensity interventions [16-20],
lower healthcare costs [17, 18, 21-24] and improved quality
of life [16, 25-28], but it is primarily offered to patients with
cancer [29-32]. Nonetheless, only few studies can be iden-
tified that have explored the patterns of various healthcare
costs according to the disease causing death in the months
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Key Points for Decision Makers

In this nationwide study, conducted within a healthcare
system offering universal coverage, it was observed that
costs to the public healthcare sector gradually increased
on a monthly basis during the year preceding death, irre-
spective of the underlying disease. However, costs were
markedly lower for patients with non-cancer diseases
than for patients with cancer, and costs of hospital-based
specialist palliative care and hospice were minimal in
patients suffering from non-cancer diseases.

These findings indicate the need for political strategies
and considerations on how to achieve a better balance
and prioritisation of end-of-life healthcare resources,
particularly among patients with non-cancer diseases.

preceding death [8—10]. Furthermore, most studies adopted
mixed economic perspectives when examining costs related
to care at the end of life, covering costs from a healthcare sec-
tor perspective, while also including some, but not all, public
sector costs [6, 11, 13, 14, 33, 34]. This mixed methodo-
logical approach limits the usefulness in informing resource
prioritisation within the healthcare sector. Therefore, knowl-
edge is warranted that identifies the patterns of costs of care
as death approaches within a healthcare system with uni-
versal coverage, comparing patients dying from non-cancer
diseases and patients dying from cancer, while also consid-
ering potential confounding factors. By applying a cost-of-
illness method and adopting a healthcare sector perspective,
it is possible to quantify the economic burden of end-of-life
healthcare services and illustrate allocation of resources by
the underlying disease causing death. This knowledge can
inform future healthcare planning, particularly in systems
aiming to ensure equity in healthcare utilisation and increase
financial sustainability within the healthcare sector [35, 36].

Therefore, in this nationwide study from a healthcare sys-
tem with universal coverage, the costs of providing healthcare
services in the year leading up to death in patients dying from
non-cancer diseases and patients dying from cancer were esti-
mated. Adopting a healthcare sector perspective, we aimed to
include all costs to the healthcare sector, encompassing costs of
primary care, prescription medicine, somatic hospitals, includ-
ing hospital-based specialist palliative care, and hospice care.

2 Methods
2.1 Study Design and Setting

We conducted this nationwide study including all adult
Danish citizens dying from one of seven major non-cancer
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diseases or from cancer between 1 January 2010 and 31
December 2016.

The study applied a cost-of-illness method to estimate the
value of the resources used for providing healthcare services
related to care at the end of life in Denmark [37, 38]. Adopt-
ing a healthcare sector perspective, we aimed to include all
costs to the healthcare sector each month during decedents’
last year of life as this 12 month time period aligns with
the estimation practices of other activities in the public sec-
tor and annual budget expenditures always form the budget
framework for prioritisation discussions in Denmark and
many other countries. Relevant healthcare costs included
costs of somatic hospitals (inpatient admissions, outpatient
specialist clinic visits and emergency room visits), includ-
ing hospital-based specialist palliative care, primary care
(general practitioners, practicing medical specialists and
other health professionals, e.g. physiotherapists), prescrip-
tion medicine and hospice care.

To ensure equity in access to primary care, hospitals and
hospices in Denmark, these healthcare services are tax-
funded and provided free of charge to all citizens [39].

However, medicine costs for medication out of hos-
pital are only partly subsidised. Thus, for all prescription
medicines sold in Danish pharmacies, a fixed co-payment
scheme is in place with an annual maximum of DKK 4320
per patient (2022 level) [40]. Even so, terminally ill patients
with a life expectancy of weeks to months may be granted
drug reimbursement and receive all prescription medicine
free of charge [41]. Although drug reimbursement due to
terminal illness is accessible for all patients with a short
life expectancy, it is offered mainly to patients with cancer
[42, 43].

Based on individual-level data from population-based
medical and administrative registries in Denmark, we
obtained information on each Danish citizen using their
unique civil personal register (CPR) number. The CPR
number is a personal identification number assigned to all
Danish citizens at birth or immigration, enabling accurate
and unambiguous linkage across the various Danish regis-
tries [44].

The study was reported to the Danish Data Protection
Agency (record number 2015-57-0002) by registration at
Aarhus University (Aarhus University record number 2016-
051-000001/977). Under Danish law, approvals from ethics
committees and consent from patients are not required for
non-interventional registry-based studies.

2.2 Decedents

We identified all adult Danish citizens registered with one
of seven selected non-cancer diseases or cancer as the cause
of their death using the Danish Registry of Causes of Death.
From death certificates for all Danish decedents, the Danish
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Registry of Causes of Death encompasses information on
cause of death and date of death with a completeness of
approximately 97% [45]. In accordance with the Dartmouth
Atlas Projects of end-of-life care, the selected non-cancer
diseases causing death included dementia, diabetes, heart
failure, ischaemic heart disease, stroke, chronic liver disease
or chronic obstructive pulmonary disease [46].

The Danish Civil Registration System, an administrative
registry with individual-level information on all Danish citi-
zens, was used to obtain data on decedents’ age at death,
sex, residential region and marital/cohabitation status [47].

From Statistics Denmark, the central authority of Dan-
ish statistics, we obtained data on decedents’ mean annual
household income during the 5 years leading up to death,
that is, excluding the year of death [48]. Household income
was grouped into three levels according the national medians
of household income in the year of death, obtained from Sta-
tistics Denmark [49]. The income levels encompassed: low
income level (< 50% of national median), middle income
level (50-100% of national median) and high income level
(> 100% of national median).

We computed a comorbidity score for comorbidities at
time of death according to the Charlson Comorbidity Index.
The comorbidity score was calculated from weights of 19
selected diagnoses in relation to hospitalisation and out-
patient visits during the last 10 years leading up to death,
excluding the disease causing death [50, 51]. Data on diag-
noses were obtained from the Danish National Registry of
Patients, a nationwide registry with information from inpa-
tient and outpatient hospital contacts since 1995, including
patients’ discharge diagnoses [52].

2.3 Somatic Hospital Costs

We computed direct costs of somatic hospital care, encom-
passing costs of inpatient hospital admissions, including
medicine given during hospital admissions and medicine
handed out by the hospital during outpatient specialist clinic
visits, emergency room visits and hospital-based specialist
palliative care utilisation. These costs were computed using
the Diagnosis Related Group (DRG) and Danish Ambula-
tory Grouping System (DAGS) tariffs within the Danish
National Patient Registry. The registry has served as basis
for the payment of public and private hospitals via the DRG/
DAGS tariffs since 2002 [53]. The DRG/DAGS tariffs are
determined at the national administrative level and reflect
average costs of treatments of patients across Danish hospi-
tals, covering all hospital costs [53].

2.4 Primary Care Costs

Data on the costs of primary care at the end of life were
obtained from the Danish National Health Service Registry.

Since 1990, the National Health Service Registry has been
effective, and it includes a weekly gross fee for primary care
services from private practicing health professionals reim-
bursed by the National Health Insurance. Primary care costs
included all services in private practice, covering contacts
with general practitioners, practicing medical specialists,
physiotherapists, chiropractors, psychologists, dentists and
chiropodists.

In addition to the gross fee directly linked to services in
general practice, Statistics Denmark computes a special esti-
mate adding capitation payment for patients affiliated with
the general practitioners and clinical practice cost fees, cor-
responding to approximately one-third of the costs [54, 55].

Since information on services in the National Health
Service Registry is based on payments reimbursed by the
National Health Insurance, the completeness is assumed to
be good [56].

Costs associated with services not reimbursed by the
National Health Insurance are not included in the analyses
as they are not registered in the National Health Service
Registry, e.g. physiotherapist and dental treatments without
subsidy.

2.5 Prescription Medicine Costs

The Danish National Prescription Registry was used to iden-
tify costs of out-of-hospital prescription medicine dispensed
from all Danish pharmacies, including the pharmacy selling
price, dispensing fee and patients’ co-payment. In the pre-
sent study, costs were modified by subtracting the patients’
co-payment from the dispensing fee, aiming to accurately
reflect costs to the healthcare sector. Since 1995, the Dan-
ish National Prescription Registry has contained individual-
level information on all prescriptions dispensed at Danish
pharmacies [57].

2.6 Hospice Care Costs

The five Danish regions are the administrative bodies
responsible for the costs of hospice care, but these are not
included in the DRG/DAGS system. According to a daily
bed charge determined by the regions, the hospices’ costs
are reimbursed directly from the regions. We retrieved the
daily bed charge from each of the five Danish regions for
each of the years from 2010 to 2016 and used the Danish
National Registry of Patients to obtain information on total
days spent in hospice.

2.7 Statistical Analysis
Descriptive statistics were used to describe the cohort of

included patients dying from non-cancer disease and from
cancer. For patients with non-cancer diseases and patients
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with cancer, we computed mean monthly and annual costs
per patient of somatic hospitals, including hospital-based
specialist palliative care, primary care, prescription medi-
cine and hospice care. Additionally, we estimated mean total
costs of all the included healthcare services per patient by
month and as a total within the last year of life. The mean
monthly costs per patient were plotted by the underlying
cause of death in the year leading up to death. For costs of
hospital-based specialist palliative care and hospice, how-
ever, the mean monthly costs per patient were presented in
graphs by the underlying disease causing death in the last
3 months of life. Furthermore, we estimated the proportion
of patients accessing the services of hospital-based special-
ist palliative care and hospice care in the year leading up to
death as well as the mean monthly costs of these particular
patients.

We computed relative monthly costs of patients with non-
cancer diseases when compared with patients with cancer.
The relative monthly costs were adjusted for potential con-
founding factors that are common causes of both the under-
lying disease and healthcare service costs, including sex, age
at death, comorbidity, residential region, marital/cohabita-
tion status and income level. The adjustment was performed
using a Poisson regression with a gamma function in the
denominator. This approach accounts for the continuous
nature of the outcome on a positive semi-definite scale. The
standard error was estimated using a robust variance estima-
tor to relax the assumption of Poisson distributed outcome.
The adjusted relative monthly costs of hospital-based spe-
cialist palliative care and hospice, however, were graphed
by months before death during the 3 months leading up to
death.

Additionally, all analyses were repeated after restric-
tion to patients dying from chronic obstructive pulmo-
nary disease and patients dying from lung cancer as
recent data suggest comparable levels of symptom bur-
den and palliative care needs in these two patient popula-
tions [58, 59].

Finally, we made supplemental analyses examining a
potential shift in the distribution of total end-of-life health-
care costs according to decedents’ age at death, as this has
previously been suggested [9].

All costs were expressed in 2022 euros and we inflated
past costs using the net price index reported by Statistics
Denmark [60].

The statistical analyses were conducted on a secure
remote server hosted by the Statistics Denmark using Stata
17 software (StataCorp. 2021. Stata Statistical Software:
Release 17. College Station, TX: StataCorp LLC).
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3 Results

We included 109,723 patients dying from one of the seven
selected non-cancer diseases (dementia, diabetes, heart fail-
ure, ischaemic heart disease, stroke, chronic liver disease or
chronic obstructive pulmonary disease) and 108,889 patients
dying from cancer in the period from 1 January 2010 to 31
December 2016 (Supplementary Table 1). The demographic
data showed that patients dying from non-cancer diseases
were older, were more likely to live alone and had a lower
income level than patients dying from cancer (Supplemen-
tary Table 1).

3.1 Healthcare Costs

The mean total costs of the included healthcare services were
€27,185 [95% confidence interval (CI) €26,970-27,401]
per patient with non-cancer disease and €51,348 (95% CI
€51,098-51,597) per patient with cancer in the year leading
up to death (Table 1). Hospital costs contributed 91.7% to
total costs in patients with non-cancer diseases and 89.1%
in patients with cancer.

Mean monthly total healthcare costs per patient with
non-cancer disease increased from €1038 (95% CI
€1014-1063) at month 12 before death to €11,320 (95% CI
€11,197-11,443) within 30 days before death. Accordingly,
for patients with cancer, this increased from €2103 (95% CI
€2073-2133) at 12 months before death to €15,254 (95% CI
€15,136-15,371) within 30 days before death (Fig. 1, Sup-
plementary Table 2).

When compared with patients with cancer, the adjusted
relative total healthcare costs of patients with non-cancer
diseases stayed relatively stable in the months leading up
to death, until the last month in which it increased (Fig. 2).
Thus, at 12 months before death, the adjusted relative total
healthcare costs was 0.64 (95% CI 0.63-0.66) for patients
with non-cancer diseases when compared with patients
cancer. This decreased to 0.53 (95% CI 0.52-0.55) at
four months before death and increased to 0.91 (95% CI
0.90-0.92) within 30 days before death (Fig. 2).

In the subgroup analyses of patients dying from chronic
obstructive pulmonary disease and from lung cancer, we
found less pronounced differences in total end-of-life
healthcare costs (Figs. 3, 4). Compared with patients dying
from lung cancer, the adjusted relative total healthcare
costs of patients dying from chronic obstructive pulmo-
nary disease was 1.10 (95% CI 1.04-1.17) at 12 months
before death, decreasing to 0.75 (95% CI 0.72-0.78) at
2 months before death and then increasing to 1.12 (95% CI
1.09-1.16) within 30 days before death (Fig. 4).



Healthcare Costs at the End of Life

755

Table 1 Mean costs per patient
in the year leading up to death
in patients dying from non-
cancer diseases (n = 109,723)
and patients dying from cancer
(n = 108,889) between 2010
and 2016

Mean costs, €
150 200 250
1 1 1

100
1

50
I

121110 9 8 7 6 5 4 3 2

15,000
1

10,000
1

Mean costs, €

5,000
1

121110 9 8 7 6 5 4 3 2

Died of non-cancer

Died of cancer

Mean total costs, € [95% confidence interval (CI)]
Mean hospital costs, € (95% CI)?
Mean hospital-based specialist palliative care costs,

€(95% CI)

Mean primary care costs, € (95% CI)

Mean prescription medicine costs, € (95% CI)
Mean hospice care costs, € (95% CI)

27,185 (26,970-27,401)
24,933 (24,720-25,146)
17 (13-20)

938 (932-944)
1,225 (1215-1235)
90 (77-102)

51,348 (51,098-51,597)
45,741 (45,512-45,969)
1552 (1506-1598)

876 (872-880)
1320 (1306-1334)
3411 (3342-3480)

“Mean hospital costs encompasses mean costs of hospital-based specialist palliative

Primary care costs

Months before death

Hospital costs

Months before death

1

1

Mean costs, €

Mean costs, €

100 150 200 250

50

10,000 15,000

5,000

Prescription medicine costs

Total healthcare costs

121110 9 8 7 6 5 4 3 2 1
Months before death

21110 9 8 7 6 5 4 3 2 1
Months before death

Fig. 1 Mean monthly costs per patient for primary care, prescription medicine, somatic hospitals and total healthcare costs in the year leading up

to death for patients dying from non-cancer diseases and for patients dying from cancer
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Primary care costs

2.0
1

1.5

Adjusted relative costs
1.0
1

0.5
1

T T
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Months before death

-

Hospital costs

Adjusted relative costs
0.5 1.0 15 2.0
1 1

0.0
1

T T
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Months before death

Prescription medicine costs

2.0

1.5

Adjusted relative costs
1.0
1

0 |
o
o |
o
T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1
Months before death
Total healthcare costs
o
2

Adjusted relative costs
0.5 1.0 15
1 1

0.0
1

T T
12 11 10 9 8 7 6 5 4 3 2
Months before death

-

Non-cancer (ref. cancer)

95% confidence interval

Fig.2 Adjusted relative costs of primary care, prescription medicine, somatic hospitals and total healthcare costs in the year leading up to death

for patients with non-cancer diseases compared with patients with cancer

In supplementary analyses, in patients with non-cancer
diseases and patients with cancer alike, we found that the
pattern of total end-of-life healthcare costs shifted when
stratifying on age at death, i.e. the higher age, the lower
costs. The adjusted relative estimates of total healthcare
costs showed decreasing difference with increasing age
group (Supplementary Fig. 1).
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3.2 Hospital-Based Specialist Palliative Care
and Hospice Care Costs

Hospital-based specialist palliative care and hospice care
were mainly utilised in the last month of life and provided
predominantly for patients with cancer. Thus, 0.6% of
patients with non-cancer diseases and 27.6% of patients with
cancer received hospital-based specialist palliative care in
the year leading up to death, whereas 0.5% of patients with
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Fig.3 Mean monthly costs per patient of primary care, prescription medicine, somatic hospitals and total healthcare costs in the year leading up
to death for patients dying from chronic obstructive pulmonary disease and for patients dying from lung cancer

non-cancer diseases and 18.4% of patients with cancer were
admitted to hospice.

Within the last 30 days leading up to death, the mean
costs of hospital-based specialist palliative care were €9
(95% CI €7-11) per patient with non-cancer disease and
€771 (95% CI €751-791) per patient with cancer (Fig. 5).
Accordingly, the mean costs of hospice were €57 (95% CI
€47-66) per patient with non-cancer disease and €2868
(95% CI €2808-2928) per patient with cancer (Fig. 5).

The adjusted relative costs of hospital-based special-
ist palliative care costs were 0.02 (95% CI 0.01-0.02) for

patients with non-cancer diseases when compared with
patients with cancer within 30 days before death, whereas
the adjusted relative hospice costs were 0.03 (95% CI
0.02-0.03) (Fig. 5).

For the patients accessing hospital-based specialist pal-
liative care, the mean costs of hospital-based specialist pal-
liative care were €1360 (95% CI €1098-1622) per patient
with non-cancer disease and €2794 (95% CI €2726-2863)
per patient with cancer within 30 days before death. Cor-
respondingly, for patients accessing hospice care, the mean
costs of hospice were €11,624 (95% CI €9923-13,325)
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per patient with non-cancer disease and €15,600 (95% CI
15,337-15,863) per patient with cancer.

Overall, similar patterns of hospital-based specialist pal-
liative care costs and hospice costs were found in the sub-
group analyses of patients dying from chronic obstructive
pulmonary disease compared with patients dying from lung
cancer (Supplementary Fig. 2).

4 Discussion

Our nationwide study within a healthcare system with
universal coverage indicates substantial variations in total
healthcare costs at the end of life when comparing patients
dying from non-cancer diseases with patients dying from
cancer. During the last year of life, the total healthcare costs,
mainly driven by hospital costs, increased irrespective of
the disease causing death but were considerably lower for
patients with non-cancer diseases than for patients with can-
cer. However, in the last months of life, relative differences
were reduced although persisting.

In the year leading up to death, costs of hospital-based
specialist palliative care and hospice were minimal for
patients with non-cancer diseases, as these palliative care
interventions were provided primarily for patients with can-
cer. This pattern was also found when comparing patients
dying from chronic obstructive pulmonary disease with
patients dying from lung cancer.

While acknowledging that there are considerable differ-
ences in the organisation and financing of healthcare sys-
tems, our findings are congruent with the few previous stud-
ies, which also adopted a healthcare sector perspective when
examining healthcare costs at the end of life [8—10]. These
studies, conducted in England and Australia, also suggested
that patients with non-cancer diseases incur substantially
lower total end-of-life healthcare costs than patients with
cancer, and that hospital care costs were the main driver
of costs [8—10]. Exploring healthcare service utilisation at
the end of life in Denmark in a previous study, we found
that the number of hospital admissions and length of stay in
patients dying from non-cancer diseases do not vary consid-
erably from those of patients dying from cancer [61]. This
combination of comparable hospital activity but lower costs
among patients with non-cancer diseases may be explained
by a more active treatment approach among patients with
cancer, often involving expensive medicine administered
during hospital admission [15]. Even so, consistent with
other studies, the findings from the present study showed
that the relative difference in total healthcare costs among
patients with non-cancer diseases and patients with cancer
was reduced in the last months of life, although patients with
cancer persisted to incur higher costs [8—10].
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One possible explanation of this may relate to a rela-
tively faster rise in the use of high-intensity treatments and
potentially costly medical interventions especially in the last
month of life in patients with non-cancer diseases rather than
in patients with cancer. This is in accordance with findings
from our previous research showing that in the 6 months
leading up to death, patients dying from non-cancer diseases
were twice as frequently admitted to intensive care units and
had a greater risk of dying there than patients dying from
cancer [62]. Overall, the present study demonstrated that
healthcare costs at the end of life decreased with increas-
ing age, as did the difference in costs between patients with
non-cancer diseases and patients with cancer. These findings
align with previous research that has established a corre-
lation between age and a reduced likelihood of receiving
expensive high-intensity treatments [9, 62]. Furthermore,
as age increases, there is also a diminished difference in
intensive care unit admissions between patients with dif-
ferent underlying diseases [62]. This trend may partly be
explained by a different general attitude towards active or
intensive interventions in older patients compared with their
younger counterparts.

A mounting body of evidence describes that pallia-
tive care improves quality of life [16, 25-28] and reduces
healthcare costs at the end of life [17, 18, 21-24], irrespec-
tive of the disease causing death. Moreover, some cost-
effective palliative care interventions have even been pre-
sented [21, 63]. This, however, has not noticeably affected
practice for patients with non-cancer diseases as pallia-
tive care is still received mainly by patients with cancer
[29-32]. This is in line with the findings in the present
study of extremely low average costs of hospital-based
specialist palliative care and hospice care in patients with
non-cancer diseases.

Considered in conjunction with previous studies, this may
indicate that cancer patients receiving specialist palliative
care, including hospice care, may have been spared some
costly, potentially futile, high-intensity interventions at the
end of life, which may have improved the quality of life for
these patients and their families [16-20].

The findings of differences in terms of costs of hospital-
based specialist palliative care and hospice care for patients
with non-cancer diseases and patients with cancer were
similar to the observed difference in the analyses of patients
with chronic obstructive pulmonary disease and patients
with lung cancer only. Thus, substantially lower costs were
observed among patients with chronic obstructive pulmo-
nary disease. This difference between patients with chronic
obstructive pulmonary disease and patients with lung can-
cer is remarkable since both patient populations experience
fairly equivalent symptoms and needs of care at the end of
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life [58, 59] and would most likely benefit somewhat equally
from palliative care interventions [64].

The present study has some major advantages. We used
a nationwide population-based design in a healthcare sys-
tem with universal coverage, which enabled individual-
level linkage between national and medical registries with
prospectively collected data [52, 65, 66]. Additionally, we
examined end-of-life healthcare costs across different health-
care settings, whereas previous studies have mostly been
focusing on hospital costs [6, 8—10].

Using the Danish Registry of Causes of Death, which
is approximately 97% complete, to identify patients dying

from a non-cancer diseases or from cancer made selection
bias unlikely [45]. However, some misclassification of the
disease causing death may exist, which we tried to account
for by including only well-defined chronic conditions in our
analyses.

Data from the Danish National Health Service Registry
and the Danish National Registry of Patients serve as basis
for payment wherefore the coverage is assumed to be good.
Thus, we expect a low risk of information bias concerning
primary care costs, hospital costs and hospice costs [52, 66].
Correspondingly, data on prescription medicine costs from
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the Danish National Prescription Registry was considered
complete and valid from 1995 [57].

Analyses were adjusted for several potential confound-
ing factors, but some influence from residual confounding
may remain. Moreover, our results may be confounded from
unmeasured factors on which information was not available
in the present study, e.g. life style factors, that may vary
between patients with non-cancer diseases and patients with
cancer and influence healthcare costs. However, these factors
are not likely to explain the entire difference in end-of-life
healthcare costs among patients with non-cancer diseases
and patients with cancer.
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Several limitations need to be considered when interpret-
ing our findings. We applied a cost-of-illness method and
adopted a healthcare sector perspective aiming to include
all costs to the healthcare sector. Thus, the present study
does not include all types of end-of-life healthcare costs.
Psychiatric hospital costs were not included, but these are
expected only to be a minor part of end-of-life healthcare
costs. Moreover, resources for providing municipality-
based end-of-life care services were not included, covering
homecare, homecare nursing and rehabilitation (i.e. ser-
vices outside the public healthcare sector). However, it is
not possible to trace municipal costs to individual patients in
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Danish registries. Furthermore, patients’ own costs (travel,
patient co-payment for prescription medicine and over-the-
counter medication, etc.) as well as indirect costs such as
productivity loss resulting from time off employment were
not included either. Broadening of the economic perspec-
tive into including these costs outside the healthcare sec-
tor might show less variation in end-of-life care costs when
comparing patients with non-cancer diseases and patients
with cancer. For instance, patients with non-cancer diseases
receive considerably more non-medical homecare at the end
of life than patients with cancer [67]. Even so, adopting a
broader economic perspective would be beyond the scope
of the present study, focusing on prioritisation of resources
in the healthcare sector.

To estimate hospital costs, we used the DRG/DAGS tar-
iffs, which are measures of average costs of services rather
than a fee-for-service approach. While providing incentives
for hospitals to limit the services per patient, the DRG/
DAGS tariffs are thought to improve efficiency, but we can-
not disentangle whether costs of terminally ill patients are
actually reflected in the DRG/DAGS tariffs. Hence, if termi-
nally ill patients incur more costs than accounted for in the
DRG/DAGS tariffs, we are most likely to underestimate the
actual costs of hospital contacts. Correspondingly, hospice
costs are measured by a daily bed charge that fails to take
variation in costs into account. However, in the comparison
of patients dying from non-cancer diseases and from cancer,
this may not introduce substantial information bias.

Furthermore, the available data in the present study
only go until 2016, which may limit their usefulness for
projecting future costs. Even so, we believe the findings
from these data may inform resource allocation decisions
for care at the end of life, since neither the capacity of
specialist palliative care in Denmark nor the distribution
of patients with cancer versus patients with non-cancer
diseases who access specialist palliative care services have
changed considerably from 2016 and onwards [68].

Simply estimating high costs using a cost-of-illness
method is debated as a tool for decision making, since
it does not provide information on potential inefficien-
cies [69-71]. However, we believe the findings from the
present study, conducted within a healthcare system with
universal coverage and specifically focusing on comparing
patients dying from non-cancer diseases with those dying
from cancer while accounting for potential confounding
factors, provide valuable insights into the identification
of patients with high healthcare costs and the understand-
ing of resource allocation. Consequently, these findings
hold the potential to contribute to political considerations
focusing on ensuring appreciable interventions for patients
nearing the end of life.

5 Conclusions

The present study extends our understanding of the substan-
tial healthcare costs related to the end-of-life phase accord-
ing to different underlying diseases. In the year leading up
to death, total healthcare costs of patients with non-cancer
diseases were substantially lower than for patients with can-
cer although relative differences were reduced in the last
months of life. Together with the findings of minimal costs
of hospital-based specialist palliative care and hospice care
in patients suffering from non-cancer diseases, considera-
tion is warranted on how to achieve a better balance and
prioritisation of end-of-life healthcare resources, particularly
among patients with non-cancer diseases.
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