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Dementia as a predictor of palliative 2
care: Uncovering patient patterns based
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Abstract

Background Palliative care aims to ensure a dignified and self-determined life for people facing the end of life.
While palliative care is established for tumor diseases, it's notably absent from German medical guidelines for other
progressive diseases with an unfavorable prognosis such as dementia. This study will identify predictors of palliative
care use in older patients and explore how these predictors relate to the probability of palliative care.

Methods We used data from the largest German health insurance company of people over 50 years of age from the
period 2014-2019. The analysis focused on the last year of life. Outcomes were outpatient and inpatient palliative
care and predictors were demographics, comorbidities, therapeutic remedies and rehabilitation, care and medical
interventions, medication and patient group. Combined logistic regression models and discrete conditional inference
survival forests were used to predict the utilization of outpatient and inpatient palliative care. For evaluation we

used concordance-index and calibration plots. We identified the most important predictors by using a permutation
approach and the log-loss metric.

Results The study cohort for the analysis of inpatient palliative care comprised 43,896 patients, while the cohort

for the analysis of outpatient palliative care included a total of 37,430 patients. The models had appropriate
discriminatory power (inpatient palliative care: concordance-index=0.737 (95%Cl =0.721-0.754); outpatient palliative
care: concordance-index=0.689; 95%C|=0.675-0.704) and showed appropriate calibration. A diagnosis of dementia,
like a diagnosis of cancer, is predictive of inpatient palliative care and outpatient palliative care. We observed a lower
probability for inpatient and for outpatient palliative care for dementia patients compared to cancer patients.

Conclusions The findings highlight the need to focus palliative care on other patient groups besides cancer patients,
such as dementia patients, and to facilitate access for all patients.
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Background

Hospice and palliative care in Germany include multi-
professional care for people with incurable diseases and
a limited life expectancy. The focus is on maintaining
quality of life and ensuring a dignified death, as well as
the alleviation of pain or other symptoms [1-3]. Pal-
liative care can be provided on an outpatient or inpatient
basis. Depending on need and cost, a distinction is made
between general outpatient palliative care and specialized
outpatient palliative care [3—5]. General outpatient palli-
ative care includes palliative care that can be provided by
primary care providers (primarily office-based primary
care physicians, specialists, and outpatient care services)
with basic palliative care training [6]. Care includes pri-
mary care visits and nursing services to manage the signs
and symptoms of the disease [2, 4, 5, 7]. Specialist pallia-
tive home care services are available for complex cases,
for patients at home, in nursing homes or long-term care
facilities [3]. It includes specialized medical and nursing
care, social interaction, and often even logotherapy and
physiotherapy [8]. Patients with advanced disease, severe
and difficult-to-control symptoms requiring hospitaliza-
tion are eligible for inpatient palliative care.

Palliative care focus on a wide range of serious and pro-
gressive diseases and affected organs. This includes can-
cer as well as advanced heart, lung, kidney, neurological
diseases and multimorbid geriatric patients [2, 9].

In Germany, medical guidelines (S3-guidelines [8]) rec-
ommend that patients with incurable cancer should have
access to palliative care, regardless of disease stage or
therapy [8]. In addition, patients should be offered pallia-
tive care after a diagnosis of incurable cancer, regardless
of the targeted therapy. While the integration of pallia-
tive care for tumor diseases is increasingly established in
oncology and general health care in cases of progressive
disease and unfavorable prognosis, palliative care is sur-
prisingly not mentioned in guidelines for other progres-
sive diseases, such as dementia [10].

Demographic aging is leading to an increase in the
total number of older people with limitations due to age
and disease, who require temporary or permanent sup-
port or care. As a consequence, long-term care and pal-
liative care are becoming increasingly important in the
context of health care [11-13], as elderly morbid patients
are predominantly cared for at home by family or self-
funded professional care services [11]. With outpatient
palliative care, the patient can receive additional support
at home [3]. If the family cannot provide the care, care
can be shifted to the inpatient care setting. The patient
may receive outpatient specialist palliative care in a nurs-
ing home or can admitted to an inpatient palliative care
or hospice setting [3].

The rise in the elderly population will also lead to an
increase in the number of people with dementia, as the
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strongest risk factor for developing dementia is advanc-
ing age [14, 15]. Dementia is often not perceived as a life-
limiting condition that requires palliative care, although
it is an incurable, progressive process in which the
patient gradually loses the ability to manage daily life and
independence, often requires assistance and care, and
with to a higher mortality rate [9]. Two-thirds of demen-
tia patients in Germany currently receive informal care
at home. As the number of dementia patients increases,
the number of people in nursing homes will also rise.
Although the symptom burden is similar to that of cancer
patients, many dementia patients do not receive adequate
and timely care [16].

Due to the discrepancy between care recommenda-
tions, and the associated increase in the care needs of
patients at the end of life, we aim to investigate the utili-
zation of end-of-life healthcare at in this paper. We aimed
to identify predictors of palliative care utilization among
older people and then examine the probability of pallia-
tive care.

We hypothesized that a cancer diagnosis is an impor-
tant predictor of palliative care and increases its prob-
ability independently from in- or outpatient palliative
care. In contrast, a dementia diagnosis is a less important
predictor and reduces the probability of palliative care in
any setting. Other important predictors are age and long-
term care.

Methods

Data

We used longitudinal data from Germany’s largest
health insurance company, Allgemeine Ortskranken-
kasse (AOK). The data sample was randomly drawn in
2014 from individuals aged 50 and older (N=250,000)
and we followed them quarterly from the beginning
of 2014 until the end of 2019. The data include demo-
graphic information on gender, year and month of birth
and death (if applicable), place of residence, and whether
or not the person lived in an institution. In addition, the
sample contains information on all inpatient and outpa-
tient diagnoses, coded according to the German modifi-
cation of the 10th revision of the International Statistical
Classification of Diseases and Related Health Problems
(ICD-10). The data included filled prescriptions for medi-
cations coded according to the Anatomical Therapeutic
Chemical Classification of Active Substances and Drugs
code (ATC) and surgeries based on the German proce-
dure classification, a modification of the International
Classification of Procedures in Medicine (ICPM) (OPS,
https://www.dimdi.de/dynamic/en/classifications/op
s/, accessed: June 1, 2024). The data were anonymized
claims data that did not require ethical review or patient
consent.
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Study design

To predict the probability of end-of-life palliative care,
we selected individuals who died during the observation
period and were observed for a one year prior to death
(Supplementary Figure S1). In addition, skin cancer
patients were excluded from the study group, as skin can-
cer can be detected and treated at an early stage through
Germany’s statutory cancer screening program. As a
result, morbidity and mortality are significantly lower
than for other types of cancer [17]. Our study cohort con-
sisted of 37,430 patients. Since the data was unbalanced
in terms of inpatient palliative care cases, the synthetic
minority over-sampling technique (SMOTE) was used
to increase the number of cases to address this issue [18,
19]. After up-sampling the observations, we had a study
population of 43,896 for the inpatient palliative care anal-
ysis. For the outpatient palliative care analysis, we used
the non-up-sampled study cohort of 37,430 patients.

We generated training, test, and validation data sepa-
rately for outpatient and inpatient palliative care. To cre-
ate training populations, we randomly selected 60% of
each study cohort, stratified by palliative care (palliative
care vs. no palliative care, see Sect. 2.3 for more details),
time to diagnosis and patient groups (see Sect. 2.4 for
more details). The remaining subjects each study cohort
were equally divided into validation and test groups. We
trained the models on training datasets and used the
validation datasets to find the optimal parameter values.
Finally, we fit the models with optimal parameter values
to the test data.

Outcomes

The outcome for outpatient palliative care (OPC) was a
binary variable and included general outpatient palliative
care and specialized palliative care, as well as palliative
care (PC) in primary care. The outcome for inpatient pal-
liative care (IPC) was also a binary outcome. The precise
definitions of both are provided in Supplementary Table
S1. Both outcomes were defined according to ICD-10,
Einheitlicher Bewertungsmafistab (EBM) and Opera-
tionen- und Prozedurenschliissel (OPS). EBM is the uni-
form valuation scale for services provided by registered
physicians and registered psychotherapists in Germany.
It is a social security list in the German health care sys-
tem according to which outpatient and physician services
are covered by health insurance. OPS is an official clas-
sification for the systematic recording and coding of all
operations, procedures and general medical measures.

Exposure

We categorized patient status into six subgroups: demen-
tia patients (ICD-10 codes: FO0-F03, F05.1, G30, G31.0),
cancer patients (ICD-10 codes: C00-C41, C45-C97),
patients with a diagnosis of dementia and cancer, and
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patients without a dementia diagnosis and without a can-
cer diagnosis (in the following referred as non-dementia
& non-cancer). The group with a diagnosis of cancer
and diagnosis of dementia was further divided into three
subgroups: patients who received a diagnosis of demen-
tia and a diagnosis of cancer within 12 months (referred
as cancer & dementia), patients who received a diagno-
sis of dementia first and a diagnosis of cancer at least 12
months apart (referred as dementia & subsequent can-
cer), patients who received a diagnosis of cancer first
and a diagnosis of dementia at least 12 months apart
(referred as cancer & subsequent dementia). All were
included as time-dependent binary “ever” variables with
a value of 1 starting from the first occurrence of a dis-
ease and zero otherwise. Patient status may change over
time. For example, a patient may be in the non-dementia
& non-cancer group at baseline and receive a diagnosis
of dementia during the observation period. At this point,
the patient moves to the patient status dementia patients
and the old patient status variable (non-dementia & non-
cancer) is reset to zero and the new patient status vari-
able (dementia patients) is set to one. Thus, only one
patient status group applies to a person at a time.

Predictors

We included the following predictors and categorized
them into five different groups. Therapeutic remedies
and rehabilitation: physiotherapy, occupational ther-
apy, speech therapy, other therapies (excluding phys-
iotherapy, occupational therapy, and speech therapy),
general practitioner (GP) visits, neurologist visits, doc-
tors’ visits (without GP and neurologist) and rehabilita-
tion. Further information can be found in Supplementary
Table S2. Medical interventions and major medica-
tions: chemotherapy, nuclear therapy, radiotherapy, can-
cer and dementia drugs. Comorbidities defined by the
Elixhauser index [20]: hypertension, diabetes, chronic
pulmonary disease, congestive heart failure, depression,
cardiac arrhythmias, fluid and electrolyte disorders,
rheumatoid arthritis/collagen vascular disease, renal fail-
ure, valvular disease, peripheral vascular disease, coagu-
lopathy, pulmonary circulated disorders, liver disease,
obesity, paralysis, deficiency anemia, hypothyroidism,
drug abuse, peptic ulcer disease, weight loss, AIDS/HIV,
blood loss anemia, alcohol abuse and neurological disor-
ders without dementia. All descriptions of the comorbid-
ities can be found in Supplementary Table S3. Category
care interventions included information on whether
patients lived in a nursing home and on the presence or
absence of severe care dependency, where severe care
dependency was defined as care level 3 (until the end of
2016) or care level 5 (from 2017), IPC and OPC (accord-
ing to model) and information on the number of hos-
pital days. Further details on long-term care including
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definition on care levels are available in Supplementary
Method S1. We also included demographics such as age
at baseline and sex.

All predictors except age, sex, different physician
visits, and number of hospital days, were included as
time-dependent binary “ever” variables with a value of
1 starting from the first occurrence of a given code and
zero otherwise.

Statistical analysis

The longitudinal information of the patients was ana-
lyzed using discrete time-to-event analysis with time
since start of observation in quarters as analysis time.
Since all observations started one year before death the
maximum number of observed quarters was four. To
predict the probability of PC, we used a combination
of a logistic regression model (glm) and discrete condi-
tional inference survival forests (cforests) [21]. Glm and
cforest predictions were predicted individually and then
averaged without weighting. The input data for these
models consisted of one row per quarter and patient with
information on the utilization of IPC, OPC and time-
dependent predictors (as described in Sect. 2.5). All cal-
culations were done in R version 4.1.3 (2022-03-10). For
cforest, we used the partykit package (version 1.2.16) [22]
to perform separate models for OPC and IPC. In addi-
tion, we calculated separately logistic regression models
and a conditional inference survival forests for both out-
comes in a sensitivity analysis.

To indicate whether the predicted features in- or
decrease the probability of PC, we calculated odds ratios
(OR) for each outcome using the 20 most important
features.

Model evaluation

We calculated the concordance index (c-index) to assess
discriminatory power using the discSurv package (ver-
sion 2.0.0) [23], 95% confidence intervals (95% CI) were
calculated using 1000 bootstrap replications from the
test data. In addition, we examined calibration plots
(to graphically assess model calibration) and calculated
a logistic recalibration intercept and slope to assess
whether predicted risks were systematically over- or
underestimated. To maximize model performance, we
used the validation data to adjusted the “mtry” param-
eter (the number of input variables randomly samples at
each node available for splitting). Using a permutation
approach and the log-loss metric, we identified the key
features for prediction.

Results

First, we examined whether our study sample reflected
the use of PC at the end of life in Germany. For this pur-
pose, we analyzed the development of the utilization
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rates for OPC and IPC (percentage of deceased insured
persons with OPC or IPC out of all deceased insured per-
sons in a given year). The use of OPC increased from 25.5
to 28.8% from 2015 to 2019. IPC use increased from 7.7
to 8.5%. The results of the utilization rates for OPC and
IPC can be found in Supplement Figure S2.

Study cohort

Study population for inpatient palliative care at baseline

Our study cohort consisted of 43,896 patients, of whom
20,015 (45.60%) were male and 23,881 (54.40%) female.
At baseline the mean age was 78.62 years. 558 patients
(1.27%) received IPC and about 20% of the patients were
already living in a nursing home at baseline. (Table 1). A
cancer diagnosis was documented for 21.72% of the study
participants; 24.84% had a dementia diagnosis, 47.71%
had neither dementia nor a cancer diagnosis. About 5%
had a combination of dementia and cancer diagnosis. The
most common comorbidities in the study group were
diabetes (43.48%), congestive heart failure (42.33%), car-
diac arrhythmias (39.54%) and renal diseases (35.71%).
Dementia-related medications were prescribed to more
than 40% of patients (Table 1). The average observation
period was 2.94 quarters (one quarter minimum, four
quarters maximum).

During the observation period, the distribution of
patients between groups changed. At the beginning of
the observation period, most patients were still non-
dementia & non-cancer patients, but by the quarter of
death, the largest group were the dementia patients with
32.79%. Non-dementia & non-cancer patients were the
second largest group with 31.28%, followed by the cancer
patients (24.77%). The proportion of the patients group
cancer & dementia increased to 6.05%, the group demen-
tia & subsequent cancer increased to 2.17%, and the
group cancer & subsequent dementia increased to 2.95%.
In subsequent quarters, the proportion of patients with
an IPC prescription increased to a proportion of 11.89%.
All results can be found in supplement Table S4.

Inpatient palliative care patients at prescription

At time of IPC prescription (N=9,699), more than half
(57.26%) were diagnosed with cancer (Table 1). Non-
dementia & non-cancer patients were the second largest
group, accounting for 18.79% of all IPC patients. Patients
were often affected by disturbances in fluid and elec-
trolyte balance (64.14%), peripheral vascular disorders
(46.19%), congestive heart failure (44.95%), and periph-
eral vascular disorders s (44.36%). More than a third of
patients (34.43%) were already receiving OPC.

Study population for outpatient palliative care at baseline
The dataset included a total of 37,430 patients. Of these,
48.77% had no dementia & no cancer diagnosis, 27.13%
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Table 1 Characteristics of the study population at baseline and the time of prescription of IPC

Study population for IPC at baseline

IPC patients at prescription

(N=43,869%) (N=9,699)

N % N %
Outcome
Inpatient palliative care 558 1.27 9,699 100.00
Patient group
Cancer 9,534 21.72 5,554 57.26
Dementia 10,902 24.84 1,297 1337
Non-dementia & non-cancer 20,944 47.71 1,822 18.79
Cancer & dementia 1,752 3.99 578 5.96
Dementia & subsequent cancer 267 0.61 202 2.08
Cancer & subsequent dementia 497 1.13 246 254
Demographics
Time since observation (mean) 4 393
Age at baseline (mean) 78.62 74.83
Men 20,015 45.60 4,697 4843
Comorbidities
Disturbances in fluid and electrolyte balance 14,872 33.88 6,221 64.14
Weight loss 4,894 11.15 3,144 3242
Congestive heart failure 18,581 4233 4,360 4495
Peripheral vascular disorders 14,646 33.37 4480 46.19
Cardiac arrhythmias 17,355 39.54 4,302 44.36
Renal disease 15,674 35.71 4,133 4261
Depression 13,756 31.34 3,906 40.27
Diabetes 19,088 4348 4,229 43.6
Therapeutic remedies and rehabilitation
Doctor’s visits (without GP and neurologist) (mean) 3.72 498
Care interventions
Outpatient palliative care 2,161 492 3,339 3443
Nursing home 8,537 19.45 1,753 18.07
Medical interventions and major medications
Chemotherapy 1,927 439 1,579 16.28
Dementia drugs 18,504 4215 4,281 4414
Radiotherapy 525 1.2 813 838

We report only the 20 most influential predictors in terms of variable importance (Fig. 1). IPC: inpatient palliative care, * data up sampled. Data: AOK data from

2014-2019

had a dementia diagnosis and 18.14% had a cancer diag-
nosis. Around 6% of patients had a cancer and dementia
diagnosis (Table 2). The mean age at baseline was 79.28
years. The most common comorbidities with a frequency
of over 30% were disturbances in fluid and electrolyte bal-
ance, depression and renal disease (Table 2). About 21%
of all patients live in a nursing home and 8% receive long-
term care. The average observation period was 2.94 quar-
ters (one quarter minimum, four quarters maximum).
The distribution of patients among the groups changed
during the observation period. The proportion of non-
dementia & non-cancer patients decreased over the
observation period from 48.77 to 34.87%, while the pro-
portion of patients in all other patient groups increased.
At the end of the observation period, 33.99% of the
patients had a dementia diagnosis and 20.93% had a
cancer diagnosis. 5.57% of the patients were cancer &

dementia patients, and 1.85% of the patients were demen-
tia & subsequent cancer patients. The proportion of
cancer & subsequent dementia patients was 2.79%.
At baseline, 4.31% of patients (n=1,612) were already
receiving OPC prescriptions. In subsequent quarters, the
proportion of patients with a prescription varied. Only
shortly before death the proportion of patients increased
to 15.36% (quarter of death). All results can be found in
supplement Table S5.

Outpatient palliative care patients at prescription

OPC patients (N=9,992) were predominantly cancer
patients (41.57%), followed by dementia patients (30.77%)
(Table 2). Women were more likely to receive OPC
(58.13%) and the most common comorbidities were dis-
turbances in fluid and electrolyte balance (68.04%), renal
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Table 2 Characteristics of the study population at baseline and the time of prescription of OPC

Study population for OPC at baseline

OPC patients at prescription

(N=37,430) (N=9,992)

N % N %
Outcome
Outpatient palliative care 1,612 431 9,992 100.00
Patient group
Cancer 6,791 18.14 4,154 41.57
Dementia 10,154 2713 3,075 30.77
Non-dementia & non-cancer 18,256 48.77 1,288 12.89
Cancer & dementia 1,559 417 833 8.34
Dementia & subsequent cancer 237 0.63 333 333
Cancer & subsequent dementia 433 1.16 309 3.09
Demographics
Time since observation (mean) 4 3.81
Age at baseline (mean) 79.28 79.46
Men 16,903 45.16 4,184 41.87
Comorbidities
Weight loss 4,000 10.69 3,165 31.68
Disturbances in fluid and electrolyte balance 12,753 34.07 6,799 68.04
Depression 11,683 31.21 4,293 4296
Paralysis 4,065 10.86 1,817 18.18
Renal disease 13,679 36.55 4,947 4951
Therapeutic remedies and rehabilitation
Doctor’s visits (without GP and neurologist) (mean) 3.68 5
Physiotherapy 5314 14.2 1,890 18.92
Rehabilitation 360 0.96 275 2.75
Care interventions
Long-term care 3,001 8.02 2,349 23.51
Nursing home 8,000 2137 3,852 38.55
Inpatient palliative care 186 0.5 1,118 11.19
Medical interventions and major medications
Chemotherapy 1,169 3.12 1,047 1048
Radiotherapy 330 0.88 362 362

We report only the 20 most influential predictors in terms of variable importance (Fig. 2). OPC: outpatient palliative care. Data: AOK data from 2014-2019

disease (49.51%), and depression (42.96%). In addition,
11.19% of patients had previously received IPC.

Model evaluation

First, we used both a glm and a cforest to predict IPC
as well as OPC. The cforest had a higher discriminatory
power than the glm model for the prediction of IPC.
However, the calibration of the cforest was worse than
that of the glm model. All results are shown in Supple-
mentary Table S6 and Figure S3. Therefore, we used a
combined model of both approaches. The c-index was
0.737 (95% CI=0.721-0.754), and the calibration was
acceptable with an intercept of -0.023 (95% CI = -0.030
- -0.016) and a slope of 1.418 (95% CI=1.332-1.504)
(Fig. 3).

The discriminative power of glm and cforest for OPC
was comparable. The glm model tended to slightly over-
estimate the predicted values, while the cforest had
the opposite effect and tended to underestimate the

predictions. All results are shown in Supplementary
Table S6 and Figure S3. Again, we decided to combine
both models to predict OPC. The c-index was 0.689 (95%
CI = [0.675-0.704]), and the calibration plot showed that
the combined model was better calibrated than the indi-
vidual models, with intercept close to 0 and slope close
to 1 (intercept: -0.006; 95% CI = -0.010 - -0.003; slope:
1.122; 95% CI=1.083-1.161) (Fig. 3).

Most important variables

Inpatient palliative care

The most important variable was the time since obser-
vation (Fig. 1). The second and third most important
variables were cancer diagnosis and age at baseline. In
addition to cancer diagnoses, non-dementia & non-
cancer, and dementia diagnoses were among the top 20
predictors (3/6). Eight diseases from the comorbidities
(disturbances in fluid and electrolyte balance, weight loss,
congestive heart failure, peripheral vascular disorders,
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VARIABLE IMPORTANCE INPATIENT PALLIATIVE CARE

time since observation

cancer patients

age at baselie

outpatient palliative care

non-dementia & non-cancer patients
disturbances in fluid and electrolyte balance
dementia patients
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doctor’s visits (without GP and neurologist)
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chemotherapy

sex

nursing home

dementia drugs

cardiac arrhythmias

renal disease

depression

radiotherapy

diabetes

o

0.005

0.01 0.015 0.02 0.025

Fig. 1 Variable importance for the model of inpatient palliative care. AOK data 2014-2019

cardiac arrhythmias, renal disease, depression and dia-
betes) (8/28) and one therapeutic remedy and rehabili-
tation (number of doctor’s visits) (1/8) were among the
most predictive factors. Three medical interventions
and major medications (chemotherapy, dementia medi-
cations, radiotherapy) (3/5), and two care interventions
(OPC and nursing home) (2/5) were also among the top
20 predictors.

The probability of prescribing IPC was primarily
increased by characteristics of comorbidities, medical
interventions and major medications (Supplement Fig-
ure S4). Patients who receive chemotherapy (OR=1.51;
95% CI=1.41-1.61), radiation therapy (OR=1.10; 95%
CI=1.05-1.15), or dementia drugs (OR=2.95; 95%
CI=2.69-3.24) had an increased probability of IPC
compared to patients who did not receive any of these
medical interventions or major medications (Table 3).
With each quarter of observation, the probability of IPC
increased. Women and patients who had already received
OPC had a significantly increased probability of IPC
(women: OR=1.16, 95% CI=1.11-1.22; OPC: OR=1.65
95% CI=1.56-1.73).

All patient groups had a significantly lower probability
of receiving IPC compared to cancer patients (dementia:
OR=0.28, 95% CI=0.26-0.30; non-dementia & non-
cancer: OR=0.30, 95% CI 0.20-0.32; cancer & dementia:
OR=0.61, 95% CI=0.56-0.67; dementia & subsequent

cancer: OR=0.70, 95% CI=0.60-0.82; cancer & subse-
quent dementia: OR=0.58, 95% CI=0.51-0.67).

Outpatient palliative care

The most important predictor was time since observation
(Fig. 2). This was followed by non-dementia & non-can-
cer diagnosis and cancer diagnosis. In addition to these
diagnosis dementia, cancer & dementia were predictive
for OPC (4/6). The comorbidities weight loss, distur-
bances in fluid and electrolyte balance, depression, paral-
ysis and renal disease (5/28) were predictive for OPC. In
addition to time since observation, the demographic fac-
tors of age at baseline and sex were important predictors
of OPC (3/3), as well as long-term care, IPC and nursing
home from care interventions (3/5), doctors’ visits (with-
out GP and neurologist), physiotherapy and rehabilita-
tion from therapeutic remedies and rehabilitation (3/8),
and chemotherapy and radiotherapy from medical inter-
ventions and major medications (2/5).

The probability of an OPC prescription was mainly
influenced by the comorbidity structure of the patients,
as well as therapeutic remedies, rehabilitation and care
interventions (Supplement Figure S5). The OPC probabil-
ity increased significantly with the use of physiotherapy
(OR=1.09; 95% CI=1.03-1.15), rehabilitation (OR =1.58;
95% CI=1.38-1.82), chemotherapy (OR=2.05; 95%
CI=1.89-2.23) and radiotherapy (OR=1.57; 95%
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Table 3 Odds ratios from logistic regression with inpatient palliative care as the outcome

Inpatient palliative care Odds Ratio P>z [95% Conf. Interval]
Demographics

Time since observation 171 <0.001 1.67 1.74
Age at baseline 0.99 <0.001 0.98 0.99
Sex

Male Ref

Female 1.16 <0.001 111 122
Patients group

Cancer patients Ref.

Dementia patients 0.28 <0.001 0.26 0.30
Non-dementia & non-cancer patients 0.30 <0.001 0.29 0.32
Cancer & dementia patients 0.61 <0.001 0.56 0.67
Dementia & subsequent cancer patients 0.70 <0.001 0.60 0.82
Cancer & subsequent dementia patients 0.58 <0.001 0.51 067
Comorbidities

Disturbances in fluid and electrolyte balance 1.35 <0.001 1.29 142
Weight loss 1.35 <0.001 1.28 142
Congestive heart failure 0.85 <0.001 0.81 0.90
Peripheral vascular disorders 1.13 <0.001 1.08 1.18
Cardiac arrhythmias 093 0.005 0.89 0.98
Renal disease 097 0.209 092 1.02
Depression 1.10 <0.001 1.05 1.15
Diabetes 0.99 0.538 0.94 1.03
Therapeutic remedies and rehabilitation

Doctor’s visits (without GP and neurologist) 1.01 <0.001 1.01 1.01
Care interventions

Outpatient palliative care 1.65 <0.001 1.56 1.73
Nursing home 0.73 <0.001 0.68 0.77
Medical interventions and major medications

Chemotherapy 1.51 <0.001 141 161
Dementia drugs 1.10 <0.001 1.05 1.15
Radiotherapy 295 <0.001 2.69 324

Controlled for the top 20 predictors. AOK data 2014-2019

CI=1.38-1.80) (Table 4). Patients with existing care
intervention also had an increased probability of OPC
compared to patients without these care (long-term care:
OR=1.93, 95% CI=1.83-2.05; nursing home: OR=1.49,
95% CI=1.41-1.57; IPC: OR=1.97, 95% CI=1.82-2.13).

The probability of OPC was lower in all groups (except
those with dementia & subsequent cancer diagno-
sis) compared to those cancer diagnosed (dementia:
OR=0.33; 95% CI=0.31-0.36; non-dementia & non-can-
cer: OR=0.18; 95% CI=0.17-0.19; cancer & dementia:
OR=0.64; 95% CI=0.59-0.70; and cancer & subsequent
dementia: OR =0.54; 95% CI=0.48-0.62).

Discussion

A diagnosis of dementia was a significant predictor of the
use or non-use of PC, along with cancer. Patients with
dementia had a significantly lower probability of both
IPC and OPC compared to patients with cancer. They
even had the lowest probability of receiving IPC. This is
in line with existing studies on the patient situation in

PC, where cancer patients still represent the largest pro-
portion of patients [24, 25]. Furthermore, our data reflect
the use of PC at the end of life in Germany and confirm
the findings of Ditscheid et al. [26].

Inpatient palliative care

Time since observation were the most important factors
predicting IPC. Even though early integration of PC has
been proven to be beneficial for patients with progressive
life-limiting diseases [27], in practice, the involvement of
PC often occurs near death [28]. Dementia diagnoses are
among the ten most important predictors of IPC. We had
expected that patients with a dementia diagnosis would
have a lower probability of IPC than patients with a can-
cer diagnosis. Our analyses validated this hypothesis, as
all other patient groups in our study exhibited a signifi-
cantly lower probability of IPC than cancer patients. In
particular, the patient group without a combined cancer
diagnosis (non-dementia & non-cancer as well as demen-
tia) had a significantly lower probability. Surprisingly, the
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VARIABLE IMPORTANCE OUTPATIENT PALLIATIVE CARE
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Fig. 2 Variable importance for the model of outpatient palliative care. AOK data 2014-2019
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Fig. 3 Calibration plots. Intercepts and slopes were calculated using logistic recalibration (95% confidence intervals in parentheses)

patient groups with a combined cancer diagnosis (cancer This may be explained by the fact that most old peo-
& dementia, dementia & subsequent cancer and cancer &  ple with dementia live in private households as well as
subsequent dementia) also showed a significantly lower in nursing homes and residential care facilities [29].
probability. Instead of using IPC facilities, they and their families
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Table 4 Odds ratios from logistic regression without patient palliative care as the outcome

Outpatient palliative care Odds Ratio P>z [95% Conf. Interval]
Demographics

Time since observation 146 <0.001 144 1.49
Age at baseline 1.00 0.002 1.00 1.01
Sex

Male Ref.

Female 112 <0.001 1.07 117
Patient groups

Cancer patients Ref.

Dementia patients 033 <0.001 0.31 0.36
Non-dementia & non-cancer patients 0.18 <0.001 0.17 0.19
Cancer & dementia patients 0.64 <0.001 0.59 0.70
Dementia & subsequent cancer patients 1.00 0.954 0.88 1.15
Cancer & subsequent dementia patients 0.54 <0.001 048 0.62
Comorbidities

Weight loss 157 <0.001 1.50 1.65
Disturbances in fluid and electrolyte balance 1.39 <0.001 133 146
Depression 117 <0.001 .11 1.22
Paralysis 1.07 0.025 1.01 1.13
Renal disease 1.00 0.856 0.96 1.05
Therapeutic remedies and rehabilitation

Doctor’s visits (without GP and neurologist) 1.03 <0.001 1.03 1.03
Physiotherapy 1.09 0.002 1.03 1.15
Rehabilitation 1.58 <0.001 1.38 1.82
Care interventions

Long-term care 1.93 <0.001 1.83 2.05
Nursing home 149 <0.001 141 1.57
Inpatient palliative care 1.97 <0.001 1.82 213
Medical interventions and major medications

Chemotherapy 2.05 <0.001 1.89 223
Radiotherapy 1.57 <0.001 1.38 1.80

Controlled for the top 20 predictors. AOK data 2014-2019

and caregivers may prefer OPC [30], which allows them
to stay in their familiar home surroundings until death.
Dementia patients who received IPC are more likely to
show signs of advanced dementia [31], characterized
by symptoms such as disorientation, helplessness, and
inability to perform activities of daily living [32], beyond
the point at which patients could be cared for at home
as outpatients. Another barrier to IPC may be accessi-
bility. Due to a lack of guidelines and indications for PC
for patients with dementia, many patients have difficulty
accessing care [10].

Patients who had already received OPC had an
increased probability of IPC. These patients represent
an already morbid patient population with the prospect
of premature death or need for assistance with daily liv-
ing and self-care [2, 4]. In cases of severe acute symptoms
that cannot be adequately controlled in an outpatient set-
ting, the patient may be transferred to an inpatient setting
where PC physicians and nurses use a variety of medical
and nursing interventions to re-stabilize the patient and,
if possible, even discharge the patient home [7].

Outpatient palliative care

We hypothesized that a cancer diagnosis would be an
important predictor of PC and a dementia diagno-
sis would be a less important predictor. Both diagnosis
groups rank among the top predictors, but as expected,
the probability of OPC was lower in dementia patients
compared to cancer patients. Specialized OPC offers
the possibility of receive high-quality OPC not only at
home but also in institutions. In Germany, most people
with early stages of dementia remain at home and are
cared for by family members [31, 33], and almost half
of patients with dementia are receive care at home until
death [34]. It is difficult to determine the optimal point
in time when PC for dementia patients should be initi-
ated [9, 35, 36]. During the final stage of life, people with
advanced dementia may encounter significant physical
and psychological symptoms. Various outpatient medi-
cal and nursing interventions can alleviate symptoms and
enhance wellbeing. Physicians and outpatient care ser-
vices with basic training in PC provide appropriate end-
of-life care to dementia patients [34]; however, such care
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is not yet implemented regularly for people diagnosed
with dementia, so many patients struggle to receive
appropriate end-of-life care [10].

The probability of OPC is driven by the comorbid-
ity structure, therapeutic remedies and rehabilitation as
well as care interventions of the patients. Patients who
have previously received long-term care, lived in a nurs-
ing home, or received care in an IPC facility have a high
probability of being dependent on assistance. It is not
surprising, therefore, that these patients had an increased
probability of needing OPC compared to those without
prior care experience. When basic PC interventions as
part of primary care are no longer sufficient to alleviate
symptoms specialist OPC can provide additional sup-
port for both patients and their families and caregivers
[3]. Patients receiving IPC are more likely to require OPC
services although most patients die in hospital [37]. This
may be related to the fact that patients who have been
discharged from IPC and who may not have died during
IPC are at a higher risk of requiring OPC. The fundamen-
tal objective of IPC in Germany is to alleviate the symp-
toms and therapeutic interventions associated with the
disease, thereby stabilizing the patient’s condition and
facilitating discharge home or transition to another care
facility [37]. These patients continue to receive OPC after
being discharged from IPC.

Lack of communication and knowledge deficits about
PC as well as the stigma of PC as an intervention for the
imminently dying remain as additional barriers that may
impede access to palliative care [38].

Our finding that women are at higher more likely to
receive PC is well known [39, 40] and may be due to a
variety of influences, including gender roles, stress, life-
style, and preventive health measures [40]. Women also
have a higher risk of lacking a support system. Statisti-
cally, women live longer than men [41], so often the sick
husband can be cared for by the wife, but if she becomes
ill later, the husband has often already died and she is
dependent on other support systems.

Strength and limitations

The study benefits from large, comprehensive data col-
lected from the inpatient and outpatient sectors includ-
ing nursing homes in Germany, which increases the
validity of the study conducted. The standardized survey
reduces problems such as selection and recall bias. How-
ever, the data are primarily used for billing purposes,
which limits the generalizability of the results, especially
for individuals who did not visit a physician. Addition-
ally, the AOK has a higher percentage of individuals with
a low socioeconomic status compared to other statutory
health insurers and even in comparison to private health
insurers in Germany [42]. While these disparities could
potentially affect both morbidity and the utilization of
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healthcare services, they can be partially attributed to
the differing age distribution within the AOK popula-
tion, which is older than the German population. When
considering patients of the same age, the difference in
the social structure of the AOK population is more pro-
nounced in younger age groups than in older ones [43,
44]. Information on medical prescriptions is limited to
the filling of the prescription, without information on the
actual intake of the medication.

In addition, there were initial problems in tuning the
models. The cross-entropy based log-loss metric was
employed to measure prediction quality. Tuning regard-
ing c-index resulted in loss of calibration. Therefore, a
combined model of glm model and cforest was selected
as a compromise between c-index and calibration model
coefficients. It is worth noting that the fitted model is
only marginally better than the untuned model in terms
of the c-index and the calibration model coefficients.
Possible data-related issues should be considered. Our
dataset comprised a limited number of cases of IPC, thus
we conducted an up-sampling beforehand to artificially
increase the sample.

To incorporates time-variable switching conditions
and integrates IPC and OPC could represent a promis-
ing future advancement. However, it is imperative to
consider that patients in Germany have the option of
transitioning between IPC and OPC. The development of
models that take this switching into account is only pos-
sible on the condition that the order of prescriptions is
clearly recognizable in the data. The nature of our data
collection process, which is conducted on a quarterly
basis, precludes the identification of the sequence in
which prescriptions are made. Further research can con-
sider the integration of IPC and OPC, including time-
varying switching conditions.

The provision of PC in Germany is influenced by both
socioeconomic and medical factors [45], but socioeco-
nomic variables were not included in our data. The deci-
sion to provide support depends on the person in need of
care, where they live, and their care needs and the care-
giver [11]. In 2021, 84% of Germans in need of long-term
care were receiving care at home from informal caregiv-
ers and professional care services [33]. Providing care at
home for relatives results in financial losses for the family
caregiver since they have to reduce their working hours
that ensure income if they are below retirement age [46].

Socioeconomically disadvantaged individuals dem-
onstrate an increased need for medical care compared
to the general population [47]. Access to PC services
depends on physician referrals, as referral patterns for
PC are not standardized, depend on many patient and
provider characteristics, and are not necessarily based
on actual need [47]. Individuals with low social security
often have limited access to health care services [47].
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Further analyses of PC with other data are advised to
adequately address socioeconomic factors in addition to
medical factors.

Conclusions

Our analyses suggest that a diagnosis of dementia, like a
diagnosis of cancer, is predictive of both IPC and OPC,
even though dementia patients appear to have a much
lower chance to access palliative care. It seems that
dementia patients are less likely to receive both IPC and
OPC. Particular attention should be paid to demen-
tia patients with pre-existing comorbidities and those
who are already in contact with the care system (either
through nursing and medical interventions or through
therapeutic and rehabilitative interventions). Patients
with pre-existing care needs, such as long-term care,
nursing home residents and rehabilitants, appear to
be more likely to receive PC. These patients may have
already exhausted all care interventions outside of PC,
so that symptom control and care are still possible only
in the inpatient setting. Another group with a compara-
tively high probability of PC are older women, which may
indicate a lack of informal social support in older age.
Our findings underline the need to focus PC on other
patient groups besides cancer patients, such as dementia
patients, and to facilitate access for all patients.

Abbreviations

AOK Allgemeine Ortskrankenkasse

ICD-10 International Statistical Classification of Diseases and Related
Health Problems, 10th revision

ATC Anatomical Therapeutic Chemical Classification of Active
Substances and Drugs code

ICPM International Classification of Procedures in Medicine
SMOTE Synthetic minority over-sampling technique
pC Palliative care

OPC Outpatient palliative care

IPC Inpatient palliative care

EBM Einheitlicher Bewertungsmafstab

OPS Operationen- und Prozedurenschlissel

GP General practitioner

GLM Logistic regression model

Cforest Discrete conditional inference survival forests
C-index  Concordance index

95% Cl 95% confidence intervals

OR Odds ratio

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512904-025-01672-y.

[ Supplementary Material 1 ]

Acknowledgements

Elena Rakusa gratefully acknowledges the resources provided by the
International Max Planck Research School for Population, Health and Data
Science (IMPRS-PHDS).

The authors are grateful to the Scientific Research Institute of the Allgemeine
Ortskrankenkasse (AOK), (German: Wissenschaftliches Institut der AOK, WIdO),
for providing the data.

Page 12 of 13

Author contributions

ER and GD conceptualized the study. Data were analyzed by ER. MS, TW, CR
and ER contributed to the methodology. Project management and resources
were provided by GD. The project was supervised by GD. The study was
validated by LK, CR, GD, MS and TW. The original draft of the manuscript and
the visualisation of the results were prepared by ER. All authors were involved
in draft revisions and approving the final draft for submission.

Funding

Open Access funding enabled and organized by Projekt DEAL. This research
did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Data availability

The data that support the findings of this study are available from Scientific
Institute of the AOK (WIdO) but restrictions apply to the availability of these
data, which were used under license for the current study, and so are not
publicly available. Data are however available from the Scientific Institute of
the AOK (WIdO) upon reasonable request and with permission.

Declarations

Ethics approval and consent to participate

The Ethics Committee of the University Medical Center Rostock has stated
no ethical concerns to this study. All analyses of this study are based on
anonymized German administrative health claims data which never identify
patients directly. As individuals are anonymous, the results presented here
do not in any way affect the persons whose records were used. This study
complies with the tenets of the Declaration of Helsinki, and the use of
routinely collected data for scientific purposes is regulated by federal law, so
informed consent to participate was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 5 August 2024 / Accepted: 28 January 2025
Published online: 18 February 2025

References

1. World Health Organization. Palliative Care: The essential facts.

2. Radbruch L, Schmedding L, Ates G, Jaspers B, Melching H, Kranz S,
Bausewein C. Infrastruktur Der Palliativversorgung- Versorgungspfade Von
pflegebedrftigen Menschen in Der Palliativen Phase. Pflege-Report 2022.
Berlin, Heidelberg: Springer; 2022. pp. 33-52. https://doi.org/10.1007/978-3-6
62-65204-6_3.

3. Happe K, editor. Palliative care in Germany: perspectives for practice and
research. Halle (Saale): Deutsche Akademie der Naturforscher Leopoldina e.V;
February; 2015.

4. §39bSGB 5 - Einzelnorm. 17.01.2023. https://www.gesetze-im-internet.de/sg
b_5/__39b.html. Accessed 17 Jan 2023.

5. Bundesamt flr Justiz. § 37b SGB 5 - Einzelnorm. 17.01.2023. https://www.ges
etze-im-internet.de/sgb_5/__37b.html. Accessed 17 Jan 2023.

6. Afshar K, Geiger K, Mller-Mundt G, Bleidorn J, Schneider N. Hausérztliche
Palliativversorgung Bei Nichtonkologischen Patienten: Eine Ubersichtsarbetit.
[Generalist palliative care for non-cancer patients: a review article]. Schmerz.
2015;29:604-15. https://doi.org/10.1007/500482-015-0054-9.

7. PritzF, Sal8 A-C. Daten zur Palliativversorgung in Deutschland: Welche Daten-
quellen gibt es, und was sagen sie aus? [Data on palliative care in Germany:
Which data sources are available and what do they tell?]. Bundesgesund-
heitsbl. 2017;60:26-36. https://doi.org/10.1007/s00103-016-2483-8

8. DGP- Deutsche Gesellschaft fur Palliativmedizin. Erweiterte S3-Leitlinie
Palliativmedizin fir Patienten Mit Einer Nicht Heilbaren Krebserkrankung. In:
Deutschen Krebsgesellschaft e. V. (DKG) und Deutschen Krebshilfe (DKH).,
editor. Leitlinienprogramm Onkologie der Arbeitsgemeinschaft der Wissen-
schaftlichen Medizinischen Fachgesellschaften e V (AWMF).



Rakusa et al. BMC Palliative Care

22.
23.
24,

25.

26.

27.

28.

29.

30.

(2025) 24:46

van der Steen JT, Radbruch L, Hertogh CM, de Boer ME, Hughes JC, Larkin
P, et al. White paper defining optimal palliative care in older people with
dementia: a Delphi study and recommendations from the European Associa-
tion for Palliative Care. Palliat Med. 2014;28:197-209.
Deutsche Gesellschaft flr Psychiatrie und Psychotherapie, Psychosomatik
und Nervenheilkunde, Deutsche Gesellschaft fir Neurologie, Deutsche
Alzheimer Gesellschaft e.V. - Selbsthilfe Demenz. S3-Leitlinie Demenzen 2016.
https://doi.org/10.1007/978-3-662-53875-3
Ehrlich U, Kelle N. Plegende Angehdrige in Deutschland: Wer pflegt, wo, fir
Wen Und Wie? Z fur Sozialreform. 2019,65:175-203. https://doi.org/10.1515/z
sr-2019-0007.
Wetzstein M, Rommel A, Lange C. Pflegende Anghdrige- Deutschlands
groBter Pflegedienst. GBE Kompakt 6(3); 2015.
Nauck F. Palliativversorgung Im Jahr 2030. Palliativmedizin. 2012. https://doi.o
rg/10.1055/5-0032-1322887.
World Health Organization. Global action plan on the public health response
to dementia 2017-2025. World Health Organ. 07.12.2017.
Daviglus ML, Bell CC, Berrettini W, Bowen PE, Connolly ES, Cox NJ et al. NIH
state-of-the-science conference statement: Preventing Alzheimer’s disease
and cognitive decline. NIH consensus and state-of-the-science statements.
2010;27:1-30.
Moens K, Higginson IJ, Harding R. Are there differences in the prevalence of
palliative care-related problems in people living with advanced cancer and
eight non-cancer conditions? A systematic review. J Pain Symptom Manag.
2014,48:660-77. https://doi.org/10.1016/jjpainsymman.2013.11.009.
Robert Koch-Institut. Krebs in Deutschland fur 2019/2020: Nicht-melano-
tischer Hautkrebs:68-9.
Chawla NV, Bowyer KW, Hall LO, Kegelmeyer WP. SMOTE: synthetic minority
over-sampling technique. J Artif Intell Res. 2002;321-57. https://doi.org/10.16
13/jair.953.
Siriseriwan W. Smotefamily: a Collection of Oversampling techniques for
Class Imbalance Problem Based on SMOTE.
Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J-C, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. 2005;43:1130-9. https://doi.org/10.1097/01.m[r.0000182534.1
9832.83.
Hothorn T, Hornik K, Zeileis A. Unbiased recursive partitioning: a conditional
inference Framework. J Comput Graphical Stat. 2006;15:651-74. https://doi.or
g/10.1198/106186006X133933.
Hothorn T, Seibold H, Zeileis A, partykit. A Toolkit for Recursive Partytioning.
Welchowski T, discSurv. Discrete Time Survival Analysis. Version 2.0.0.
Radbruch L, Nauck F, Fuchs M, Neuwdhner K, Schulenberg D, Lindena G.
What is palliative care in Germany? Results from a representative survey. J
Pain Symptom Manag. 2002;23:471-83. https://doi.org/10.1016/50885-3924(
02)00408-6.
Stiel S, Pulst K, Krumm N, Ostgathe C, Nauck N, Lindena G, Radbruch L. Pal-
liativmedizin Im Spiegel Der Zeit- Ein Vergleich Der Ergebnisse Der Hospiz-
Und Palliativerhebungen Von 2004 und 2009. Palliativmedizin. 2010;11:78-84.
https://doi.org/10.1055/5-0029-1223497.
Ditscheid B, Meissner F, Gebel C, Hennig B, Marschall U, Meiner W, et al.
Inanspruchnahme Von Palliativversorgung Am Lebensende in Deutschland:
Zeitlicher Verlauf (2016-2019) und regionale Variabilitat. [Utilization of pal-
liative care at the end of life in Germany: temporal trend (2016-2019) and
regional variability]. Bundesgesundheitsbl. 2023;66:432-42. https://doi.org/10
.1007/500103-023-03683-7.
Dalgaard KM, Bergenholtz H, Nielsen ME, Timm H. Early integration of pallia-
tive care in hospitals: a systematic review on methods, barriers, and outcome.
Palliat Support Care. 2014;12:495-513. https://doi.org/10.1017/514789515130
01338.
Braun UK, Beyth RJ, Ford ME, McCullough LB. Defining limits in care of termi-
nally ill patients. BMJ. 2007;334:239-41. https://doi.org/10.1136/bm;j.39048 47
5046.68.
Brijoux T, Zank S. Auswirkungen Kognitiver Einschrankungen (Demenz) auf
Lebensqualitat und Versorgung. In: Kaspar R, Simonson J, Tesch-Rémer C,
Wagner M, Zank S, editors. Hohes Alter in Deutschland: die Studie D80+
Hohes Alter in Deutschland Wurde Vom Bundesministerium fr Familie,
Senioren, Frauen Und Jugend Von 2019 Bis 2022 gefordert. Berlin, Heidel-
berg: Springer; 2023. pp. 173-95. https://doi.org/10.1007/978-3-662-66630-2
8.
Schneider W, Eichner E. Struktur- und Prozesseffekte der SAPV in Bayern—
Evaluation/Qualitatssicherung und (Aus—)Wirkungen der SAPV auf Struktur-
und Prozesseffekte der SAPV in Bayern— Evaluation/Qualitétssicherung und

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

Page 13 of 13

(Aus—)Wirkungen der SAPV auf die AAPV (unter besonderer Berticksichtigung
des landlichen Raums) Ergebnisbericht. 2014.

Sharda N, Zietlow K, Wong S, Kuchibhatla M, Johnson KS. Characteristics and
outcomes of Dementia patients who receive Inpatient Palliative Care Consul-
tation. J Am Geriatr Soc. 2020;68:2027-33. https://doi.org/10.1111/jgs.16521.
Alzheimer’s Disease and Dementia. Stages of Alzheimer’s. 06.10.2023. https://
www.alz.org/alzheimers-dementia/stages. Accessed 6 Oct 2023.

Statistisches Bundesamt. Pflegebed(irftige nach Versorgungsart, Geschlecht
und Pflegegrade 2021. 2022. https://www.destatis.de/DE/Themen/Gesellsch
aft-Umwelt/Gesundheit/Pflege/Tabellen/pflegebeduerftige-pflegestufe.html.
Accessed 21 Aug 2023.

Diehl-Schmid J, Riedl L, Rising U, Hartmann J, Bertok M, Levin C, et al. Pal-
liativversorgung Von Menschen Mit Fortgeschrittener Demenz. [Provision of
palliative care for people with advanced demential. Nervenarzt. 2018,89:524—
9. https://doi.org/10.1007/500115-017-0468-y.

van Riet Paap J, Mariani E, Chattat R, Koopmans R, Kerhervé H, Leppert W, et
al. Identification of the palliative phase in people with dementia: a variety of
opinions between healthcare professionals. BMC Palliat Care. 2015;14:56. http
s://doi.org/10.1186/512904-015-0053-8.

van der Steen JT, Radbruch L, de Boer ME, Jiinger S, Hughes JC, Larkin P, et al.
Achieving consensus and controversy around applicability of palliative care
to dementia. Int Psychogeriatr. 2016;28:133-45. https://doi.org/10.1017/5104
1610215000824.

Radbruch L, Payne S. Standards und Richtlinien fir Hospiz- Und Palliativvers-
orgung in Europa: teil 2. Z fur Palliativmedizin. 2011;12:260-70. https://doi.org
/10.1055/5-0031-1276957.

Ziehm J, Farin E, Schafer J, Woitha K, Becker G, Kéberich S. Palliative care for
patients with heart failure: facilitators and barriers - a cross sectional survey of
German health care professionals. BMC Health Serv Res. 2016;16:361. https.//
doi.org/10.1186/512913-016-1609-x.

Saeed F, Hoerger M, Norton SA, Guancial E, Epstein RM, Duberstein PR. Prefer-
ence for Palliative Care in Cancer patients: are men and women alike? J Pain
Symptom Manag. 2018;56:1-e61. https://doi.org/10.1016/}jpainsymman.201
8.03.014.

Verbrugge LM. Gender and health: an update on hypotheses and evidence. J
Health Soc Behav. 1985;26:156. https://doi.org/10.2307/2136750.

Wang H, Abbas KM, Abbasifard M, Abbasi-Kangevari M, Abbastabar H, Abd-
Allah F, Abdelalim A. Global age-sex-specific fertility, mortality, healthy life
expectancy (HALE), and population estimates in 204 countries and territories,
1950-2019: a comprehensive demographic analysis for the global burden of
Disease Study 2019. Lancet. 2020;396:1160-203. https://doi.org/10.1016/S01
40-6736(20)30977-6.

Epping J, Geyer S, Eberhard S, Tetzlaff J. Vollig unterschiedlich oder doch
recht dhnlich? Die soziodemografische Struktur Der AOK Niedersachsen

Im Vergleich Zur niederséchsischen Und Bundesweiten Allgemein- Und
Erwerbsbevolkerung. [Completely different or quite similar? The Sociodemo-
graphic structure of the AOK Lower Saxony in comparison to the General and
Working Population in Lower Saxony and the Federal Republic of Germany].
Gesundheitswesen. 2021,83:577-86. https://doi.org/10.1055/a-1553-3565.
Doblhammer G, Fink A, Fritze T. Short-term trends in dementia prevalence

in Germany between the years 2007 and 2009. Alzheimer’s Dement.
2015;11:291-9. https://doi.org/10.1016/jjalz.2014.02.006.

Nerius M, Fink A, Doblhammer G. Parkinson'’s disease in Germany: preva-
lence and incidence based on health claims data. Acta Neurol Scand.
2017;136:386-92. https://doi.org/10.1111/ane.12694.

Evans JS, Murphy MA, rfUtilities. Random Forests Model Selection and Perfor-
mance Evaluation. 2022.

Michalowsky B, Thyrian JR, Eichler T, Hertel J, Wucherer D, Flessa S, Hoffmann
W. Economic Analysis of Formal Care, Informal Care, and Productivity losses
in primary care patients who screened positive for dementia in Germany. J
Alzheimers Dis. 2016;50:47-59. https://doi.org/10.7759/cureus.16786.

Lewis JM, DiGiacomo M, Currow DC, Davidson PM. Dying in the margins:
understanding palliative care and socioeconomic deprivation in the devel-
oped world. J Pain Symptom Manag. 2011;42:105-18. https://doi.org/10.1016
/jjpainsymman.2010.10.265.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



