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Purpose: Socioeconomic disparities in end-of-life care have been reported across underlying diseases, but there is a paucity of
information on potential time trends. Thus, we aimed to examine time trends in use of health-care services at the end of life according
to socioeconomic position in patients dying from cancer and non-cancer diseases.
Materials and Methods: We conducted a nationwide registry-based study among adults dying from cancer or non-cancer diseases
(diabetes, dementia, heart failure, ischemic heart disease, stroke, chronic liver disease, and chronic obstructive pulmonary disease) in
Denmark in 2006–2016. We obtained data on patients’ educational level and income level and use of health-care services within three
months before death. Use of health-care services according to educational level and income level was plotted by calendar year of death
and compared by regression analyses adjusting for age, sex, comorbidity, cohabitation, and municipality.
Results: In both cancer (n = 169,694) and non-cancer patients (n = 180,350), we found limited socioeconomic disparities and no clear
temporal trends in use of hospital, intensive care, emergency room, general practice, home care nurse, and hospice. In 2006/2007, one
percentage point more cancer patients with high income level compared with low income level were affiliated with hospital-based
specialist palliative care (adjusted mean difference: 0.01 (95% confidence interval (CI): 0.01; 0.02)), whereas this was 12 percentage
points in 2016 (adjusted mean difference: 0.12 (95% CI: 0.09; 0.14)).
Conclusion: Socioeconomic disparities in specialist palliative care tended to increase over time among cancer patients but were
limited and without clear time trends in use of other health-care services in both cancer and non-cancer patients.
Keywords: chronic disease, death, hospitals, neoplasms, palliative care, socioeconomic factors

Introduction
Supporting equity in health by ensuring equal opportunities to access healthcare for those in equal need is a key health
policy priority in universal tax-financed health-care systems.1 However, socioeconomic disparities in health status and
access to healthcare have been reported across a range of medical conditions.2–6

The end of life represents a period of particular high healthcare use,7,8 and it remains challenging to provide the most
appropriate care for terminally ill patients.9 A number of studies, including a systematic review, have found socio-
economic disparities in end-of-life care.10–13 Hence, low socioeconomic position has been reported to be associated with
inferior end-of-life care, including not receiving specialist palliative care in the terminal phase as well as being acutely
admitted to hospital and dying there.10–13 However, the evidence base is dominated by studies reaching back decades.
Though a few previous studies suggested socioeconomic disparity trends, particularly regarding place of death,14–16 there
is a paucity of information on possible temporal trends in disparities in end-of-life care including various health-care
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services. Furthermore, socioeconomic disparities may potentially be on the rise due to population ageing, which
translates into higher proportions of patients dying from chronic diseases and thereby further increasing the demands
for palliative care services.17,18 Thus, it remains unclear whether increasing health policy attention towards reducing
socioeconomic disparities in health has reduced the disparity gap in end-of-life care.1 In addition, it is uncertain to what
extent the socioeconomic disparities are linked with the underlying disease, as it is well known that palliative care is less
utilized in patients with non-cancer conditions.19,20

This study aimed to examine potential changes from 2006 through 2016 in the association between socioeconomic
position and the use of health-care services within three months before death in patients dying from cancer and non-
cancer diseases, respectively.

Materials and Methods
We conducted a registry-based study encompassing all adult Danish citizens who died of cancer or one of seven non-
cancer diseases between January 1, 2006 and December 31, 2016. The unique personal identification number of every
Danish resident enabled individual-level linkage of national registries.21 Health-care services in Denmark are provided
free of charge due to funding by taxes, facilitating equity in access to healthcare for all residents.22

In line with Danish law, approval from an ethics committee is not required for observational studies, but the study was
reported to the Danish Data Protection Agency (record number: 2015-57-0002) and registered at Aarhus University
(record number: 2016-051-000001/977).

Characteristics of Decedents
All adult decedents registered with cancer or a non-cancer diagnosis as cause of death were identified using the Danish
Registry of Causes of Death. The Danish Registry of Causes of Death is a nationwide registry encompassing information
on cause and date of death from death certificates filled for all decedents with a completeness of approximately 97%.23

Non-cancer death diagnoses included diabetes, dementia, heart failure, ischemic heart disease, stroke, chronic liver
disease, and chronic obstructive pulmonary disease, selected according to the Dartmouth Atlas Project.24

Due to data availability, only decedents dying between April 1, 2011 and December 31, 2016 were included in the
analyses of intensive care unit admissions, home care nurse visits, and non-medical home care provision. Furthermore,
only decedents dying between April 1, 2009 and December 31, 2016 were included in the analyses of hospice admissions
(see registry descriptions below).

We obtained data regarding decedents’ age at death, sex, cohabitation, and residential municipality using the Danish
Civil Registration System, an administrative registry containing individual-level data on all Danish residents.25

Information on comorbidities for all decedents was retrieved using the nationwide Danish National Registry of
Patients, which encompasses data from in- and outpatient hospital contacts since 1995.26 Thus, we calculated
a comorbidity score of comorbidities at time of death according to the Charlson Comorbidity Index. The comorbidity
score was calculated from weights of 19 selected conditions, excluding the disease causing death, based on all diagnoses
from hospital contacts during the final 10 years before death.27,28

Socioeconomic Position
Information on socioeconomic position was based on individual-level data on patients’ education and household income
from the national authority on statistics, Statistics Denmark.29,30 The framework provided by the International Standard
Classification of Education 2011 (ISCED) was used to define levels of education: low (ISCED levels 0–2, primary and
lower secondary education), middle (ISCED levels 3–5, upper secondary education up to bachelor’s or equivalent level),
and high educational level (ISCED levels 6–8, equivalent to bachelor’s level or more).31 Income levels were defined
from estimation of the mean annual household income during the five-year period preceding the year of death. Income
levels were defined as low income level if the mean annual household income of the decedent was below 50% of the
national median, middle-income level if it was 50–100% of the national median, and high if it was above the national
median. Statistics Denmark was used to gain information of national medians of household income in the year of
death.32
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Hospital Contacts
Using the Danish National Registry of Patients, we gained information on all hospital contacts.

Previous studies have estimated a positive predictive value of 98.7% for the coding of intensive care unit
admissions.33 Accordingly, data on the date of discharge from an intensive care unit had a completeness below 78.7%
before 2011 but 95.1% in 2015.34 We therefore decided to restrict the analyses on intensive care admissions to decedents
who died between April 1, 2011 and December 31, 2016. Information on hospital-based specialist palliative care
included no detailed information on the amount of specialist palliative care provided. Data on hospice admissions
were not registered before 2009. Hence, we only included decedents who died between April 1, 2009 and December 31,
2016 in analyses on hospice admissions.

General Practice Contacts
In Denmark, 98% of the residents are assigned to a general practitioner.35 Data on general practice contacts, ie, number
of in-practice contacts and home visits, were retrieved from the National Health Service Registry. The registry has been
effective since 1990 and encompasses data on activities in the primary care health setting from information on expenses
reimbursed by the National Health Insurance.35

Home Care Provision
Data on home care, divided into categories of home care nursing and non-medical home care, were retrieved from
Statistics Denmark. We extracted data on the number of home care nurse visits and number of days with non-medical
home care provision. Non-medical home care included information on personal care (eg, help showering and getting out
of bed) but not on the extent of care provided.

In Denmark, home care is provided free of charge for all residents by the municipalities. Data on municipal care services
have been collected from the municipalities and into Statistics Denmark from 2006 and onwards.22 Since 2011, indicators of
home nursing and non-medical home care provision have been collected, but data collection has not been complete.36

Therefore, the analyses of home nursing and non-medical home care provision were restricted to decedents who died
between April 1, 2011 and December 31, 2016 who were residents in municipalities with valid data collection.37

Statistical Analysis
According to socioeconomic position, we estimated and graphed the proportion of cancer and non-cancer patients,
receiving the included health-care services within three months before death and the proportion of patients who died
during a hospital admission.

We estimated median total bed days in hospital, intensive care unit or hospice as well as median number of
emergency room visits, general practice contacts, home care nurse visits, and days with non-medical home care provision
during the three months leading up to death in cancer and non-cancer patients.

For cancer and non-cancer patients, respectively, we computed adjusted differences in mean use of the included
health-care services for patients with middle and high educational level, compared with patients with low educational
level as well as for patients with middle and high income level, compared with patients with low income level. We used
a linear regression model with robust variance estimator to calculate differences in means adjusted for age at death, sex,
comorbidity, cohabitation, and residential municipality. For the analyses of difference in mean number of home nurse
visits, however, we used robust regression since we discovered several outliers, assumedly caused by registration error. In
analyses regarding income level, cohabitation was not included as a covariate due to its correlation with household
income. Subsequently, the adjusted differences in mean use of the various health-care services were graphed according to
calendar year of death.

Analyses of home care nurse visits and non-medical home care provision included only decedents living in
municipalities where recordings on these indicators were considered valid during the three months before date of death.

Due to incomplete registration of education data before 1973, we addressed missing data on education using the
missing indicator method, which groups missing values into a distinct category.38
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We performed all analyses using a remote server at Statistics Denmark using STATA 16.1 (StataCorp. 2019.
Statistical Software: Release 16. College Station, TX: StataCorp LP).

Results
We included 169,694 individuals of 18 years or older with cancer as cause of death and 180,223 individuals with one of
the included non-cancer causes of death during January 1, 2006–December 31, 2016 (Supplementary Table 1).

Socioeconomic Position and Healthcare Utilization
Cancer Patients
We found limited socioeconomic disparities in the proportion of cancer patients being admitted to hospital, being
admitted to intensive care, visiting an emergency room, seeing a general practitioner, receiving home care nurse visits,
and dying in hospital (Supplementary Figures 1 and 2). An association with socioeconomic position was found for the
use of hospice and hospital-based specialist palliative care, as higher socioeconomic position was associated with higher
use (Supplementary Figures 1 and 2).

During the 2006–2016 period, the use of hospital-based specialist palliative care increased substantially whereas
decreasing proportions of patients died in hospital (Supplementary Figures 1 and 2).

Adjusted estimates of the associations between socioeconomic position and use of the various health-care services
stayed relatively stable during the 2006–2016 period (Figures 1 and 2). However, socioeconomic disparities in use of
hospital-based specialist palliative, particularly according to level of income, have increased over time. Thus, the
adjusted difference in the proportion of cancer patients affiliated with hospital-based specialist palliative care increased
from 0.01 (95% confidence interval (CI): 0.01; 0.02) in 2006/2007 to 0.12 (95% CI: 0.09; 0.14) in 2016 for the high
income level when compared with the low income level (Figure 2).

Non-Cancer Patients
During the study period, we found limited socioeconomic disparities in the proportion of non-cancer patients being
admitted to hospital, visiting an emergency room, seeing a general practitioner, being admitted to hospice, or receiving
specialist palliative care within three months before death (Supplementary Figures 3 and 4). Yet, an association between
socioeconomic position, particularly income level, and intensive care unit admissions and place of death was found.
Thus, the higher income level, the higher risk of being admitted to intensive care or dying in hospital (Supplementary
Figure 4). Moreover, we found that socioeconomic position was inversely associated with the proportion of patients
receiving home care nurse visits and non-medical home care, that is, the higher socioeconomic position the lower use
(Supplementary Figures 3 and 4).

During the 2006–2016 period, we discovered the proportion of patients dying in hospital to be decreasing
(Supplementary Figures 3 and 4). Fluctuations in the adjusted relative use of health-care services for non-cancer patients
according to socioeconomic position were limited during 2006–2016 (Figures 3 and 4). In patients with middle income
compared with patients with low income, however, the adjusted difference in proportions of patients dying while
admitted to hospital decreased from 0.07 (95% CI: 0.05; 0.08) in 2006/2007 to 0.02 (95% CI: 0.01; 0.04) in 2016
(Figure 4).

Discussion
We found educational and income level to be associated with use of hospital-based specialist palliative care for cancer
patients, that is, the higher socioeconomic position, the higher use. Moreover, high income level in non-cancer patients
was associated with increased risk of dying in hospital. In both patients dying from cancer and non-cancer diseases, we
found number of days with non-medical home care provision to be inversely associated with socioeconomic position, that
is, the higher socioeconomic position, the lower use.

During the 2006–2016 period, the socioeconomic disparity in use of hospital-based specialist palliative care increased
substantially for patients dying from cancer, though the proportion of cancer patients receiving specialist palliative care
increased. Conversely, in non-cancer patients, the socioeconomic disparity gap decreased in terms of risk of dying in
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hospital, although differences were modest. However, in both patient populations, we found limited socioeconomic
disparities and changes over time in the use of hospital, intensive care, emergency room, general practice, home care
nurse, and hospice during the study period.
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Figure 1 Adjusted mean difference in use of health-care services for cancer patients according to calendar year of death and middle and high educational level when
compared with low educational level.
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The nationwide design within the setting of a universal healthcare system, including the possibility of individual-level
linkage of national and medical registries, were major strengths of the current study.26,33,39 Furthermore, decedents were
identified using the Danish Registry of Causes of Death, an approximately 97% complete registry, wherefore selection
bias was unlikely.23
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Figure 2 Adjusted mean difference in use of health-care services for cancer patients according to calendar year of death and middle and high income level when compared
with low income level.
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Since missing data on education was caused by registration procedure,38 we believe that it was equally distributed in
the comparison groups, wherefore the risk of differential information bias is low.

We cannot exclude the risk of residual confounding of our results, though analyses were adjusted for multiple
potential confounders. There could also be confounding from unmeasured factors, eg, palliative care

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2006 2008 2010 2012 2014 2016

Year of death

Days in hospital

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2011 2012 2013 2014 2015 2016

Year of death

Days in intensive care unit

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2006 2008 2010 2012 2014 2016

Year of death

Emergency room visits

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2006 2008 2010 2012 2014 2016

Year of death

General practice contacts

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2011 2012 2013 2014 2015 2016

Year of death

Home care nurse visits

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2011 2012 2013 2014 2015 2016

Year of death

Non-medical home care provision days

-1
0

-5
0

5
10

A
dj

us
te

d 
di

ffe
re

nc
e

2009 2010 2011 2012 2013 2014 2015 2016

Year of death

Days in hospice

-0
.1

0
0.

1

A
dj

us
te

d 
di

ffe
re

nc
e 

in
 p

ro
po

rt
io

ns

2006 2008 2010 2012 2014 2016

Year of death

Hospital-based specialist palliative care
-0

.1
0

0.
1

A
dj

us
te

d 
di

ffe
re

nc
e 

in
 p

ro
po

rt
io

ns

2006 2008 2010 2012 2014 2016

Year of death

Death in hospital

Middle educational level High educational level

Figure 3 Adjusted mean difference in use of health-care services for non-cancer patients according to calendar year of death and middle and high educational level when
compared with low educational level.
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needs and lifestyle factors. However, these conditions are not likely to explain the temporal trends in socio-
economic disparity in end-of-life care, as we assume they have not changed considerably during the study
period.
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Figure 4 Adjusted mean difference in use of health-care services for non-cancer patients according to calendar year of death and middle and high income level when
compared with low income level.
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Our findings of increasing socioeconomic disparities in cancer patients receiving hospital-based specialist palliative
care over recent years are not in line with overall political efforts aimed at reducing socioeconomic disparities in health
and access to healthcare.1,40 Additionally, the capacity of hospital-based specialist palliative care in Denmark has
increased considerably during the study period.41 This is consistent with our findings of increasing proportions of cancer
patients affiliated with hospital-based specialist palliative care at the end of life. Hence, the fact that cancer patients with
high socioeconomic position were favored in access to hospital-based specialist palliative care indicates faster improve-
ment in care for patients with high socioeconomic position compared with the low. This may be explained by stronger
support networks, knowledge of specialist palliative care, and understanding of navigating the healthcare system in high
socioeconomic groups.42 However, the socioeconomic disparities in access to hospital-based specialist palliative care
may to some extent be mitigated by the greater use of non-medical home care in patients with low socioeconomic
position, which we found in the current study. Yet, the greater use of non-medical home care in patients with low
socioeconomic position may reflect a greater need related to more extensive psychosocial challenges in these patients,
including less support from family or informal caregivers. Thus, patients with low socioeconomic position are tradition-
ally the most vulnerable, wherefore the lower proportion of patients affiliated with hospital-based specialist palliative
care in this group warrants consideration since it may reflect unmet palliative needs and poor quality of care, not taking
individual circumstances into account.

To date, we are not aware of previous studies examining temporal trends in socioeconomic disparities in end-of-life
care, including various health-care services, stratified into patients dying from cancer and non-cancer diseases. However,
recent studies from England and Canada have examined essential end-of-life outcomes according to socioeconomic
position and potential temporal trends.14,15 By measuring death during hospital admission as a proxy for poor quality of
care at the end of life, Barratt et al (2017) explored trends in socioeconomic disparities over time in a nationwide cohort
in England from 2001 to 2012.14 They found that political efforts to advance end-of-life care did not reduce disparities
although the overall quality of care was improved, since patients with low socioeconomic position still had a greater risk
of dying in hospital despite an overall reduction in hospital deaths.14 In the Canadian study, Mondor et al examined
socioeconomic disparity trends in place of death and use of palliative care interventions.15 They found it to be persisting
that patients with low socioeconomic position were less likely to die in their homes and have palliative care provided
prior to death, despite overall improvements in these outcomes during the 2009–2016 period.15

In contrast to the English and Canadian results, we found non-cancer patients with high income level to be more
likely to die in hospital compared with patients with low income level despite an overall decrease in hospital deaths. In
Denmark, specialist palliative care capacity is limited, contrary to England and Canada,15,43,44 and almost exclusively
offered to patients with cancer. Hence, non-cancer patients in Denmark, particularly high-income patients, may tend to be
treated more aggressively towards the end of life due to insufficiently tailored palliative care interventions and
consequently die during hospital admissions. Still, our findings regarding a tendency of increased socioeconomic
disparities in cancer patients’ use of hospital-based specialist palliative care despite increased specialist palliative care
capacity41 are in line with the results from Canada.

Contrary to results from other studies, including a large systematic review by Davies et al, we did not discover the
expected substantial socioeconomic disparities in end-of-life care, favoring patients with high socioeconomic position.10–13

Overall, in both cancer and non-cancer patients, we found limited socioeconomic disparities in use of hospital, intensive
care, emergency room, general practice, home care nurse, and hospice and no trends over time. This may indicate that the
universal tax-financed healthcare system in Denmark provides more equality in access to health-care services at the end of
life compared with other health-care systems. Still, we cannot conclude that this reflects equity in care and good quality of
care for patients at the end of life, and it should be taken into account that there are considerable differences in the structure
and financing of health-care systems in Western countries and that organization and development of palliative care also
varies.45 However, in light of political strategies throughout the study period trying to diminish the socioeconomic disparity
gap in health and access to healthcare,1,40 the increasing disparities in care at the end of life regarding specialist palliative
care warrant consideration.
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Conclusions
Aligning with health policy priorities in the Danish universal tax-supported healthcare system, there are in general
limited differences in use of health-care services at the end of life according to socioeconomic position in patients dying
from cancer and patients dying from non-cancer diseases, respectively.

However, for patients dying from cancer, we found increased socioeconomic disparities in use of hospital-based
specialist palliative care during the study period along with non-medical home care being more frequently provided to
patients with low socioeconomic position regardless of underlying disease. Hence, focus on exploring this discrepancy is
needed in order to secure access to appropriately tailored palliative care at the end of life regardless of socioeconomic
position.
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