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INTRODUCTION: Extended nursing roles in dementia can improve treatment, care,
and patient and caregiver outcomes. We tested the efficacy and cost-effectiveness in
people living with dementia (PlwD) and caregivers.

METHODS: We analyzed data from 417 PlwD within the multicenter, cluster-
randomized InDePendent trial six months after baseline. Specifically, qualified nurses
carried out advanced dementia care management individually tailored to each
patient’s and caregiver’s needs. Outcomes included unmet needs (CANE), quality of life
(QoL-AD, EQ-5D), caregiver burden (Zarit), and cost-effectiveness (FIMA, RUD).
RESULTS: PIwD receiving the intervention had 74% lower unmet needs (0.26, C17°%:
0.17 to 0.40, p < 0.001) and higher quality of life (0.04, C1?°%: 0.01 to 0.07, p = 0.017)
than controls. There was a gain in quality-adjusted life years (0.01, C1?°%: —0.001 to
0.018) at slightly higher costs (1,425 EUR, C17°%: 638 to 2,211). There was no effect on
caregiver burden after six months.

DISCUSSION: The results provide evidence for the efficacy and cost-effectiveness of
extended nursing roles in dementia care, demonstrating that extended nursing roles
reduce unmet needs and improve quality of life.

TRIAL REGISTRATION: This trial was prospectively registered on ClinicalTrials.gov
under the identifier NCT04741932 on February 2, 2021.
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advanced nursing, cost-effectiveness, dementia, primary care, randomized controlled trial, unmet
needs
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1 | BACKGROUND

People living with dementia (PlwD) often suffer from numerous comor-
bidities in addition to their cognitive impairment, causing a variety
of unmet needs, such as a timely diagnosis, and require interdisci-
plinary and individualized post-diagnostic support.t~3 However, PlwD
face substantial barriers in accessing care and support, which originate
not only from individual-level factors but also from broader structural
gaps within the healthcare system. These include limited awareness
and information, stigma, inadequate tailoring of services to needs, and
sociodemographic challenges such as higher age and living situation.
In particular, there is no key contact person to connect PIwD with
healthcare services and support programs alongside an individual care
pathway to identify and address existing unmet needs.* Dementia care
programs attempt to address these challenges by providing advocacy,
structured guidance, and improved care navigation.

Thus, new healthcare models are needed to ensure individualized,
high-quality medical and nursing care for PlIwD.®> A redistribution of
responsibilities within primary care, often referred to as “extended
nursing roles,” could be one approach to addressing the need for
innovative models and care programs.

Internationally, such roles have been formalized through the devel-
opment of advanced practice nursing, in which graduate-educated
nurses with advanced competencies work collaboratively within
healthcare teams and contribute to care delivery, including assess-
ments, diagnostic reasoning, prescribing, and independent patient
management.®” In several countries, nurses with appropriate quali-
fications complement primary care by acting autonomously, thereby
helping to expand care capacities and improve access to timely support.

By 2019, several European countries had implemented nurse pre-
scribing laws supported by formal education and regulatory frame-
works. These roles have demonstrated high adaptability, particularly
during health crises such as the COVID-19 pandemic, and have con-
tributed to improved care quality and patient outcomes across various
settings.”® In contrast, the German nursing system has traditionally
followed a vocational training model with a low proportion (3%) of aca-
demically trained nurses.? The majority of nurses complete a 3-year
non-academic training program and enter practice without a university
degree. Although bachelor-level nursing programs have been intro-
duced in recent years, they are not yet the standard pathway.1° To
address evolving care needs, several national initiatives have explored
new competencies for nurses through structured training programs,

resulting in extended nursing roles. These roles equip nurses - often

* The InDePendent intervention significantly reduced the number of unmet needs in
PlwD and their caregiver according to CANE.
* Extended nursing roles can improve PlwD’s health-related Quality of Life.

* Advanced dementia care management were likely to be cost-effective after six

through post-vocational or bachelor-level training - with skills in areas
such as care coordination, needs assessment, and patient counsel-
ing. However, unlike nurse practitioner roles in countries such as the
United States or United Kingdom, which may include independent
prescribing rights, extended roles in Germany are currently legally
limited to approved model projects within the statutory healthcare sys-
tem (863,3c and §64d Social Code Book V). These legal frameworks
include specific predefined tasks in some selected disease areas (such
as dementia) and allow piloting extended nursing roles in temporally
restricted model projects.

Studies have revealed that extended nursing roles can yield com-
parable or superior patient and health system-level outcomes.!12
Collaborative dementia care programs, often delivered by specially
trained nurses, are typically based on the redistribution of tasks and
the integration of extended nursing roles. These programs aim to
improve post-diagnostic support and coordinate treatment and care in
close cooperation with the general practitioner and have been success-
fully implemented in several countries.23-1¢ Collaborative dementia
care management programs are defined as interventions that coordi-
nate individualized, guideline-based care for PlwD and their caregivers
in primary care settings.!>1> Delivered by qualified nurses, demen-
tia care management interventions typically include structured needs
assessments, medication management, caregiver support, interdis-
ciplinary care planning, and care coordination. Meta-analyses and
previous randomized controlled trials (RCTs) have demonstrated that
dementia care management programs can reduce neuropsychiatric
symptoms, improve caregiver burden and health-related quality of life
(HRQoL), delay institutionalization, and increase anti-dementia drug
prescription rates.’*1” However, evidence concerning the efficiency
and cost-effectiveness of extended nursing roles is limited and remains
heterogeneous.

This analysis aims to evaluate the efficacy and cost-effectiveness
of a dementia care model with extended nursing roles in an outpa-
tient setting of physician networks in Germany compared to usual care,
focusing on patient, caregiver, and health system-relevant outcomes.

2 | METHODS
2.1 | Trial design and participant flow

The InDePendent (Interprofessional Dementia Care: Redistribution

of tasks between physicians and qualified nurses in primary care)
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using PubMed. Studies revealed that extended nursing
roles could satisfy patients and cause similar or better
patient and health system-relevant outcomes. Several
countries have implemented such care models to improve
post-diagnostic support and coordinate treatment and
care, which generally supported previous studies eval-
uating extended nursing roles. However, evidence con-
cerning the efficacy and cost-effectiveness of extended
nursing roles is rare and needs to be confirmed.

2. Interpretation: The findings of this study led to the
hypothesis that an extension of nursing roles, in which
nurses autonomously perform specific medical tasks tra-
ditionally carried out by physicians, would reduce the
number of unmet needs of PlwD and their caregivers
compared to routine care and would likely be cost-
effective by improving QALYs at slightly higher costs.

3. Future directions: Our conclusion highlights the issue of
early initiation of post-diagnostic support in dementia
through extended nursing roles in primary care. Further
research with larger samples, extended intervention and
observational periods, and varying settings is needed to
reveal (1) who benefits most from such approaches, (2)
how such approaches could be modified and extended,

and (3) where an implementation is most appropriate.

trial is a multicenter, cluster-randomized controlled intervention study
with two arms (intervention group and waiting-control group receiv-
ing usual care). The trial was designed to test the efficacy and
cost-effectiveness of advanced dementia care management with a
redistribution of tasks between nurses and physicians in primary care.

The study protocol8 was approved by the ethics committees of the
Chamber of Physicians of Mecklenburg-Western Pomerania and the
State Medical Council Brandenburg and Hesse. The study was funded
by the German Innovation Fund of the Federal Joint Committee (G-BA)
(ref.. 0INVF18034).

General practitioner and specialist (neurologists, psychiatrists)
practices (n = 236) of five physician networks in three federal states
of Germany (Mecklenburg-Western Pomerania, Hesse, and Branden-
burg) were invited to participate. One hundred forty-nine practices
(63%) agreed (informed consent) to participate and were random-
ized (ratio 1:2) to the intervention (dementia care management with
extended nursing roles) or waiting-control group (usual care) using
cluster-level block randomization.!? Practices were the unit of ran-
domization to reduce the risk of contamination across groups. Neither
practices nor participants were informed about their randomization
status but became aware of their status in the course of the study due

to the nature of the intervention.

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Physicians (general practitioners or specialists) systematically
assessed the following eligibility criteria of patients: age >70 years,
living community-dwelling, formal dementia diagnosis, or positively
screened for dementia (Dementia Detection Test (‘DemTect’) < 8).2°
Patients who fulfilled the criteria were informed about the study,
invited to participate, and asked to provide written informed consent.
If the patient named a caregiver, he or she was also asked to participate.
When patients were unable to provide written informed consent, their
legal representative was asked to sign the informed consent on their
behalf.

Four hundred seventy-one patients fulfilled the eligibility criteria
and agreed to participate. Four hundred seventeen patients started the
baseline assessment. Fifty participants withdrew their informed con-
sent, and four suspended the 6-month follow-up assessment. Figure 1
and Table S1 display the trial flow chart and drop-out information,

indicating that the missing data are missing at random.

2.2 | Dementia care management intervention
with extended nursing roles

The intervention aims to optimize treatment and care of PlwD by
dementia-specific qualified nurses with expanded competencies. These
nurses autonomously perform specific medical tasks traditionally car-
ried out by physicians (e.g., prescribing medical and care aids and
outpatient care services, issuing follow-up prescriptions, documenting
and reviewing medication regimens, providing counselling, adminis-
tering infusion therapies and injections, applying standardized assess-
ment tools, and initiating referrals and consultations with contracted
physicians), within the framework of a model project paragraph in the
Social Code Book V (Sektion 63, Paragraph 3c SGB V). The goal was
to promote person-centered, needs-based, and coordinated care for
PIwD.

The intervention was based on a collaborative Dementia Care
Management model, previously implemented and evaluated in the
DelpHi-MV study.!” For the InDePendent trial, this model was adapted
to incorporate an expanded nursing role and a structured redistribu-
tion of selected responsibilities between qualified nurses and general
practitioners. Importantly, the aim of the expanded nursing tasks was
not to substitute for physicians but rather to support and comple-
ment their work within an interdisciplinary care framework. While
certain medical activities were performed autonomously by the nurses,
all actions were systematically coordinated with the treating general
practitioner. Regular communication and joint clinical decision-making
between nurses and physicians facilitated the integration of care pro-
cesses and promoted continuity and quality of care across healthcare
professions.

Prior to the start of the InDePendent intervention, participating
nurses completed a structured qualification program to become cer-
tified Dementia Care Managers. The training was developed by the
German Center for Neurodegenerative Diseases (DZNE) and approved
by the German Federal Ministries of Health and Family Affairs. The

program comprised 366 hours of theoretical instruction and 344 hours

8518017 SUOWILLIOD BAIER1D) 8|qeolidde ay) Aq peuenob aie 3o VO '8 Jo S3|ni 10} AXeiq18UIIUO AB]IM UO (SUORIPUOD-PUR-SWISY/WO0 A8 1M ARe1q 1 BUIIUO//SANY) SUORIPUOD pUe SWS | 8Ly 88S *[S202/TT/ET] uo Ariqiiauluo AJim ‘(3NZQ) “A @ uebunjuenyi3 esusBepoineN nj Wwniuez ssyosined Aq 22202 /20T OT/I0p/wod™A8 |Im Axeiq1jpulju0'S puIno -z fe//sdny Wwouy papeojumod ‘0T ‘5202 ‘6.2525ST



w17 | Alzheimer’s &Dementia

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

RADKE ET AL.

5 Eligible physician networks with 236 practices

v

149 Physicians provided informed consent

v

| 149 Physicians randomized |

P ~

Intervention group
66 Physicians provided informed consent
53 Physicians recruited
Patients (n = 202)

Waiting-control-group
83 Physicians provided informed consent
62 Physicians recruited
Patients (n = 269)

Lost to baseline (n=11)
Withdrawals (n = 8)
No data (n = 3)

A

Lost within baseline (n = 6)
Deceased (n=3)
Moved to nursing home <

Lost to baseline (n = 43)
Withdrawals (n = 42)
No data (n = 1)

Baseline (t0) (n=191)

(n=3)

Lost within baseline (n=9)
Deceased (n = 3)

Moved to nursing home
(n=4)

. Other (n = 2)

Baseline completed (t0) (n = 185)

Lost to follow-up (n = 28)
Deceased (n=13)
Moved to nursing home

(n=8)
Other (n=7)

Lost to follow-up (n = 20)
Deceased (n=10)
Moved to nursing home
(n=%)

.
— .
| o Other(n=5)

Follow-up 1 (t1) (n = 166)

Follow-up

Lost within follow-up (n = 1)

Other (n=1)

Lost within follow-up 1 (n=4)
e Deceased (n=4)

Follow-up 1 (t1) completed (n = 165)

Follow-up 1 (t1) completed (n = 193)

Lost to follow-up 2 (n=21)
e Deceased (n=6)

.
e Other(n=1)
e  Study time exceeded (n=7)

Move to nursing home (n=7)

Follow-u

P2 (t2) (n=172)

Lost within follow-up 2 (n=5)
e Deceased (n=23)

A4

. Move to nursing home (n = 2)

FIGURE 1 Trial flow chart.

Follow-up 2 (t2) completed (n = 167)
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of practical training, delivered part-time over 9 months via a web-based
three-dimensional learning environment. The program included basic
and advanced modules and practical internships covering dementia-
specific care, care planning, coordination, and selected medical tasks
(e.g., re-prescription of medical and care-related aids like nursing care
articles, showering aids, and mobility aids such as rollators, order-
ing diagnostics), which the specific qualified nursing can then carry
out independently. Training was delivered by physicians and academ-
ically trained nurses and concluded with a formal state examination.
Competency acquisition was monitored throughout the study via
examinations and structured evaluations. The qualification enabled
nurses to assume extended roles within primary dementia care in close
collaboration with general practitioners.

Following qualification, the Dementia Care Managers implemented
the intervention in participants’ homes, aiming to provide opti-
mized care to reduce unmet care needs. The intervention, based

on dementia-specific guidelines,21-23

provided an individualized care
scheme integrating multiprofessional and multimodal strategies to
improve patient- and caregiver-related outcomes.?* It comprised five
parts: (1) comprehensive assessment of unmet medical, pharmaceuti-
cal, psychosocial, social, and nursing care needs; (2) development of
an individualized treatment and care plan; (3) implementation of the
plan to address unmet needs; (4) monitoring of the intervention; and
(5) outcome assessment.

The assessment was carried out over one to four home visits to
identify needs with the help of an algorithm-based computerized Inter-
vention Management System. This enabled the specialized nurses to
swiftly and systematically identify needs, facilitate the development of
the individualized care plan, and later on monitor the implementation
of intervention tasks. Details on the design, the qualification, the inter-
vention, and functionalities of the Intervention Management System
are explained elsewhere.?4-27

Upon completion of the assessment, the nurses sent out brief sum-
maries and recommendations to the treating general practitioner.
Subsequently, the nurse and the physicians implemented the interven-
tion tasks in close cooperation with various healthcare providers and
other health and social care stakeholders. The intervention included
at least monthly consultations with participating PIwD and caregivers
over six months. Monthly case consultations with other care man-
agers and nursing scientists were carried out as needed. Participants
of the waiting-control group received usual care for six months and

subsequently the intervention.

2.3 | Baseline data and outcome assessment

Standardized, computer-assisted, face-to-face interviews were con-
ducted between January 2021 and August 2023 at the participants’
homes by study staff following study inclusion at baseline and six
months after baseline. Analyses were based on the six-month follow-

up data. Baseline characteristics of the trial have been described

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

elsewhere.?8 The reporting of this study follows the CONSORT
statement?? and CHEERS guidelines.3®

2.3.1 | Sociodemographic and clinical outcomes

Age, sex, living situation, and presence of an informal caregiver and
the following clinical measures were assessed: cognitive impairment
according to the Mini-Mental State Examination (MMSE),3! functional
impairment according to the Bayer-Activities of Daily Living Scale (B-
ADL),32 mobility status by De Morton Mobility Index (DEMMI),33 and
depression measures by the Geriatric Depression Scale (GDS).3* We
examined all International Classification of Diseases, Tenth Revision
diagnoses documented in the practitioner’s records and reviewed all

medications following the medication plan.

2.3.2 | Efficacy Outcomes

The primary outcome was the number of unmet needs assessed with
the German version of the Camberwell Assessment of Need for the
Elderly (CANE).3> CANE, a validated instrument that substantially
contributes to a comprehensive assessment of needs in the elderly,
includes 24 daily life domains (plus two caregiver items) to evaluate the
physical, psychological, social, and environmental met and unmet needs
of older people from both the patient’s and caregiver’s (proxy) perspec-
tives, resulting in a total number of unmet needs ranging from 0 to 27.3¢
Minimal important differences (MIDs) estimates did not exist.
The secondary outcomes included

1. Quality of life, measured by the Quality of Life in Alzheimer’s Dis-
ease (QoL-AD),%’ ranging from 13 to 52, in which higher numbers
indicate higher quality of life, and the EQ-5D-5L,%® covering five
dimensions. A health utility index was calculated using the Ger-
man value set,3? with values ranging from O (worst) to 1 (best).
Both measures are well validated. MIDs exist only for the EQ-5D-5L
(non-surgical interventions: 0.05).

2. Caregiver burden, measured by the validated Zarit Burden Inven-
tory (ZBI),*° ranging from zero to 88 points, with higher scores
representing higher levels of subjective caregiver burden.** MIDs

estimates did not exist.

2.3.3 | Cost-effectiveness outcomes

General health status was measured by the EQ-5D-5L. Costs were
calculated from a societal and public payer perspective based on
unit costs. Utilization of healthcare services and informal care were
assessed using the Questionnaire for Health-Related Resource Use in
an Elderly Population (FIMA)*2 and the Resource Utilization in Demen-

tia (RUD) questionnaire, covering caregiver support in hours per month
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for (i) Activities of Daily Living (ADL) (e.g., personal hygiene, eating,
and dressing) and (ii) instrumental ADL (IADL) (e.g., shopping, meal
preparation, and housekeeping).*®

2.4 | Statistical methods
2.4.1 | Descriptive statistics

Demographics and clinical variables were descriptively demonstrated
across groups for sample description. Differences between study
groups at baseline were assessed using generalized linear and logistic
regression models with random effects for clusters (general practi-

tioner practices and physician network).

2.4.2 | Efficacy analysis

We analyzed the intervention effect after six months for the primary
study outcome, number of unmet needs, and the secondary outcomes,
caregiver burden, and quality of life.

For missing data, we applied a multiple imputations technique by
chained equation.***> Prior to imputation, a drop-out analysis was
performed to evaluate the missing data mechanism. Using multivari-
ate logistic regression with random effects for general practitioners,
we examined whether dropout was associated with observed baseline
variables, including study group, unmet needs, sex, availability of an
informal caregiver, living situation, and age (Table S1). While no vari-
ables reached statistical significance, unmet needs and sex showed
trends toward influencing dropout, suggesting that missingness was
likely related to some observed variables. Consequently, the assump-
tion of missing at random (MAR) was deemed appropriate, and the
applied imputation method accounts for this.

The primary efficacy analysis was carried out using multivariable
Poisson (CANE, count variable) and linear regression models (HRQoL
and caregiver burden, metric variable), making it possible to adjust
for relevant covariates (e.g., age, sex, living situation, baseline score).
Models based on the intention-to-treat (ITT) principle (full analysis
set, excluding withdrawing PlwD) to preserve benefits of random-
ization and provide unbiased estimates of the intervention effect
six months after baseline compared to usual care under real-world
conditions.

A per-protocol analysis (PPA) was performed as a sensitivity anal-
ysis for the primary outcome (number of unmet needs), including
PlwD, who had completed the study according to the protocol. We
defined the PPA as complete case analyses, including PlwD adhering
to the intervention and assessment period of five to eight months.
Participants with missing data in the assessments or study protocol
violations (less than five months of intervention or follow-up assess-
ment or more than two months delayed) were excluded from the
PPA.

In all analyses, the predictor of interest was the study group (dummy

variable). For statistical comparison between groups, t-tests (unad-

justed means) and multivariate regression models adjusted for sex, age,
living situation, and the respective baseline value of the dependent
variables (adjusted means) to account for inter-individual variance at
baseline and to reduce residual variance were calculated. A positive
intervention effect was defined as a statistically significant back-
transformed regression coefficient (for the primary outcome) or as a
statistically significant adjusted mean difference (AMD) (for the sec-
ondary outcomes) between the study groups at p < 0.05. We also used
random effects for the physician network and the respective physi-
cian practice to account for dependencies. All p values for the primary
analyses are one-sided. Statistical analyses were conducted using SPSS
version 29.0., StataSE16.1 and RStudio.

24.3 | Cost-effectiveness analyses

Costs were calculated from a societal and public payer perspective
using 2023 unit costs.*¢4” The payer perspective (based on the total
sample) was chosen as the primary analysis and the societal perspec-
tive (based on a subsample of patients with an informal caregiver) as
sensitivity analysis. The health utilities obtained from the EQ-5D-5L
scores at baseline and follow-up were used for quality-adjusted life
years (QALYs) calculation.

The incremental cost-effectiveness ratio (ICER) was calculated
using the incremental cost per QALY gained by the intervention
compared to usual care.*® Due to baseline value differences, incre-
mental costs and QALYs were estimated using linear regression models
adjusted for age, sex, living situation, baseline utility score, and baseline
costs. To handle sampling uncertainty, non-parametric bootstrapping
with 2,000 resamples stratified for group distribution was used.*’
Results were displayed using a cost-effectiveness plane and accept-
ability curve with various willingness to pay (WTP) thresholds (40,000
to 200,000 EUR per QALY gained), demonstrating the probability of
cost-effectiveness.

2.4.4 | Additional analyses

We also analyzed the difference between the two study arms over
time. T-tests were used to compare outcomes of PlwD in the waiting-
control group at baseline, six months after receiving usual care, and
at 12 months after receiving the intervention. Also, subgroup cost-
effectiveness analyses were carried out for PIwD living alone versus

those not living alone.

3 | RESULTS
3.1 | Sample characteristics
Study enrollment started on January 1, 2021, and ended on Decem-

ber 31, 2022. The follow-up was completed on August 31, 2023.

Three hundred ninety-one PlwD were included in the efficacy ITT
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TABLE 1 Participant characteristics of the sample (efficacy analysis).
Total sample Usual care Intervention group
(n=391) (n=213) (n=178) p value?

Demographics

Age, mean (SD) 80.6 (7.0) 81.0(6.8) 79.9(7.1) 0.099

Sex (female), n (%) 222(56.8) 122(57.3) 100(56.2) 0.767

Caregiver included, n (%) 176 (45.0) 108 (50.7) 68(38.2) 0.014

Living alone, n (%) 160 (40.9) 89(41.8) 71(39.9) 0.757

Nationality (German), n (%) 405 (98.1) 221(98.7) 184 (97.4) 0.478

Education
Lower secondary school 161 (40.2) 85(39.7) 76 (40.6) 0.919
Upper secondary school 240 (59.9) 129 (60.3) 111(59.4)

Vocational program 292(73.9) 155(73.5) 137 (74.5) 0.909
Advanced vocational school 4(13.5) 33(15.4) 21(11.2) 0.243
Non-university tertiary institution 31(7.7) 19(8.9) 12 (6.4) 0.454
University 4 (13.5) 28(12.9) 26(14.1) 0.771

Clinical characteristics

Cognitive status (MMSE), mean (SD) 17.7 (7.4) 18.1(7.2) 17.3(7.6) 0.292
Mild dementia, n (%) 180 (46.0) 99 (46.5) 81(45.5)

Moderate dementia, n (%) 158 (40.4) 87 (40.9) 71(39.9) 0.875
Severe dementia, n (%) 53(13.6) 27 (12.7) 26(14.6)

Depression (GDS), mean (SD) 3.6(2.8) 3.7(2.9) 3.5(2.6) 0.616
No depression, n (%) 334(85.4) 179 (84.0) 155(87.1) 0.472
Depression, n (%) 57 (14.6) 34(16.0) 23(12.9) 0472

Number of diagnoses®, mean (SD) 11.3(9.6) 12.1(10.1) 10.3(8.9) 0.059

Functional impairment (B-ADL), mean (SD) 5.7 (2.3) 5.5(2.3) 6.0(2.2) 0.023

Number of drugs taken®, mean (SD) 6.7 (3.6) 6.6 (3.5) 6.8(3.8) 0.599

Mobility impairment (DEMMI), mean (SD) 57.6(17.1) 56.8(15.7) 58.6(18.7) 0.295

Abbreviations: B-ADL, Bayer Activities of Daily Living, range O to 10, lower score indicates better performance; DEMMI, de Morton Mobility Index, range
0 to 100, higher scores indicate a higher level of mobility; GDS, Geriatric Depression Scale, sum score O to 15, score > 6 indicates depression; MMSE, Mini-
Mental Status Examination, range O to 30, higher score indicates better cognitive function, 30 to 20: mild dementia, 19 to 10: moderate dementia, <9: severe

dementia; SD, standard deviation.

2Bold numbers indicate a statistically significant difference between groups based on generalized linear (metric variables) or logistic regression models
(categorical variables) with random intercepts for the general practitioner (metric variables), representing the cluster.
bNumber of ICD-10 diagnoses recorded in medical record of treating general practitioners.

“Number of regular drugs taken based on cabinet review at patients’ homes.

analysis (178 intervention group, 213 usual care). Fifty-four PlwD
passed away between baseline and the 6-month follow-up. A total of
358 received the intended treatment (PPA; 165 intervention group,
193 usual care). Three hundred thirty-two PlwD were included in the
cost-effectiveness analyses. No statistical differences existed between
included PIwD and those who dropped out concerning age, sex, and
DemTect score (Table S1).

At baseline, PlwD were, on average, 80.6 years old, mostly female
(57%), living with a caregiver (59%), and mildly to moderately cogni-
tively impaired (86%) (Table 1). There were no significant differences in
PIwD characteristics between the groups, except for the availability of
a caregiver (51% vs 38%, p = 0.014) and functional impairment (5.5 vs
6.0,p=0.023).

3.2 | Primary and secondary outcomes

The ITT analyses showed a significant decrease in the primary out-
comes number of unmet needs after six months for CANE (b = 0.26
[95% CI: 0.17 to 0.40], p < 0.001) in the intervention group. This means
that the number of unmet needs after six months in the interven-
tion group (PlwD receiving dementia care management by nurses with
extended roles) was 74% lower than in the control group. The results of
the PPA confirmed these effects for the primary outcome. For CANE,
the observed intervention effect was even higher than in the ITT anal-
ysis (b =0.20[95% Cl: 0.13 t0 0.33], p < 0.001). In the PPA, the number
of unmet needs was 80% lower than in the control group. A subgroup
analysis across all CANE dimensions is demonstrated in Table S2.
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For the secondary outcome quality of life, the ITT analysis demon-
strated that PlwD receiving dementia care management by nurses
with extended roles had a significantly higher HRQoL (AMD 0.04 [95%
Cl: 0.01 to 0.07], p = 0.017) compared to usual care. A positive ten-
dency toward a lower caregiver burden after receiving the intervention
(Table 2) was not statistically significant (AMD —1.22 [95% Cl, —4.27
to 1.84]; p = 0.434) after 6 months. The difference between six and
12 months (i.e., patients of the waiting-control group who received the
intervention after six months of usual care and those who received the
intervention after baseline), which was not the primary emphasis in
this analysis, shows a slightly larger effect in reducing caregiver bur-
den (AMD —2.05[95%Cl, —0.12 to 4.22]; p = 0.064). There was also no
effect on HRQoL measured by QoL-AD (AMD 0.03 [95% CI: —0.03 to
0.08]; p=0.347). A description of outcomes, mean group differences at
baseline and after 6 months (and also after 12 months for the waiting-

control group), and effect sizes are demonstrated in Tables 2 and 3.

3.3 | Cost-effectiveness outcomes

Total costs after six months were 5,107 EUR (95% Cl: 4,550 to 5,664)
for the intervention and 3,682 EUR (95% CI: 3,129 to 4,236) for the
usual care group. The intervention was associated with significantly
increased costs for medical treatments, especially for therapies, but
led to lower costs in other medical cost categories, especially for neu-
rologist and psychologist treatments and other specialist visits. There
was no effect on institutionalization costs and costs for formal care.
Regarding informal care, the intervention group showed significantly
lower costs for support per month for ADL/IADL provided by the
informal caregiver.

From a payer perspective, the intervention group had significantly
higher QALYs (0.01, 95% Cl: —0.001 to 0.018) with significantly higher
costs (1,425 EUR, 95% Cl: 638 to 2,211), resulting in an ICER of
142,500 EUR per QALY gained. Table 4 and Tables S3 and S4
summarize the mean and adjusted costs and QALY results.

The probability of the intervention being cost-effective was 47% at
a WTP threshold of 160,000 EUR per QALY gained, as represented in
Figure 2.

From a societal perspective that includes informal care and QALYs
of caregivers, there was no gain in QALY (0.00, 95% Cl: —0.016 to
0.012) but a significant decrease in costs (—5,545 EUR, 95% Cl: —9,744,
—1,346) mainly driven by lower utilization of informal care provided
by caregivers, indicating that the intervention dominated usual care.
The probability of cost-effectiveness was 97% at a WTP threshold of
160,000 EUR per QALY gained (Figure 2).

Sensitivity analyses for PlwD living alone versus those not living
alone demonstrated that the intervention was more likely to be cost-
effective in PlwD living alone (Figure S1). The gain in QALY (living alone:
b=0.02,95% Cl: 0.007 to 0.036, p = 0.004; not alone: b = 0.00, 95% ClI:
—-0.012 to 0.010, p = 0.857), incremental costs (living alone: b = 892,
95% Cl: —255 to 2,040, p = 0.126; not alone: b = 1,734, 95% Cl: 660 to
2,808, p = 0.002), and the probability of cost-effectiveness was better

in PlwD living alone (living alone: 97.3% at WTP 160,000 EUR/QALY;
not alone: 5.7%).

4 | DISCUSSION

Extended nursing roles significantly reduce unmet healthcare needs
(by 74%) and improve PlwD’s HRQoL and QALY after six months. There
was a positive tendency toward a reduction of caregiver burden (not
statistically significant). Extended nursing roles were likely to be cost-
effective after six months. Sensitivity analyses confirmed these results
and revealed that extended nursing roles were primarily cost-effective
in those living alone.

Evidence concerning the effect of innovative care models on unmet
needs reduction is rare.28 However, RCTs°%5! indicated that a home-
based care coordination intervention for elders with memory disorders
and a liaison intervention for PIwD in residential care, respectively,
significantly reduced unmet needs. Our results align with these find-
ings, demonstrating a significant reduction in unmet needs of 76% in
the intervention group compared with the usual care controls. Notably,
there was also a significant reduction in unmet needs in the controls.
Thus, the increased awareness through conversation with the treating
general practitioner about the study and the unmet needs assessment
conducted by the study nurses already had an impact. After six months,
this effect was significantly lower than that observed in the interven-
tion group. The effect of the intervention may be larger in a real-world
usual care scenario in which PIwD and caregivers are not exposed to
the study elements.>®

Another goal of extended nursing roles within home support pro-
grams is to reduce caregiver burden. In a meta-analysis, four studies
evaluated the impact of case management approaches to home sup-
port PlwD on caregiver burden over six months, yielding uncertain
effects,* which aligns with our results. While there was no significant
effect on caregiver burden after six months in our study, we found a
lower caregiver burden after 12 months in the waiting-control group
who received the intervention between months seven and 12. The
absence of an effect after six months in some of the previous stud-
ies and our study could be attributable to the short intervention and

1.52 recently demonstrated a sig-

observation periods. Michalowsky et a
nificant reduction in caregiver burden 36 months after a dementia care
management intervention.

Some studies reported better HRQoL of PlwD receiving collab-

orative nurse-led care management over 12 and 18 months,52->4

while others did not.17:55 Reilly et al. reports three studies3°5>¢
assessing HRQoL of participants applying various scales with no sig-
nificant effects on participants’ HRQoL at 4, 6, 12, and 18 months. 14
Our results align with these inconsistent findings. While we found
no effect on overall HRQol with the QoL-AD instrument, the EQ-
5D-5L showed significant improvement in HRQoL after 6 months
in the intervention group, highlighting the challenge of measuring
HRQoL in dementia diseases.?” Neither generic nor specific measures

assess every aspect of quality of life. Aguierre et al.”® showed higher
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TABLE 2 Description of treatment effect on patient and caregiver outcomes.

Unmet needs (CANE)

Baseline

6-month follow-up

Difference between 0 and 6 months
12-month follow-up (waiting group)
Difference between 6 and 12 months?®
Caregiver burden (ZARIT)

Baseline

6-month follow-up

Difference between 0 and 6 months
12-month follow-up

Difference between 6 and 12 months®
Quality of Life (QoL-AD) Caregiver
Baseline

6-month follow-up

Difference between 0 and 6 months
12-month follow-up

Difference between 6 and 12 months?®
Quality of Life (QoL-AD) PlwD
Baseline

6-month follow-up

Difference between 0 and 6 months
12-month follow-up

Difference between 6 and 12 months®
Quality of Life (EQ-5D-5L) Caregiver
Baseline

6-month follow-up

Difference between 0 and 6 months
12-month follow-up

Difference between 6 and 12 months?®
Quality of Life (EQ-5D-5L) PlwD
Baseline

6-month follow-up

Difference between 0 and 6 months
12-month follow-up

Difference between 6 and 12 months?

Intervention
Mean (SD)

2.3(2.5)
0.5(1.2)
-1.8(2.3)

24.8(12.1)
24.0(11.0)
—-0.8(9,8)

2.5(0.4)
2.4(0.4)
-0.1(0.3)

2.7 (0.4)
2.7 (0.3)
0.0(0.3)

0.71(0.20)
0.71(0.19)
0.0(0.1)

0.76(0.20)
0.80(0.17)
+0.04 0.0 (0.2)

Usual care
Mean (SD)

2.3
1.5
-0.8
0.2
-13

REEDENE
Mo v ey

23.6(13.6)
24.2(12.7)
+0.6(7.7)
22.1(11.8)
—-2.05(1.09)°

2.5(0.4)
2.5(0.4)
0.0(0.3)
2.4(0.3)
-0.04(0.02)°
2.7 (0.4)
2.7 (0.3)
0.0(0.3)

2.6(0.3)
0.03(0.02)°

0.64(0.25)

0.71(0.22)
+0.08 (0.2)

0.68(0.22)
-0.03(0.02)°

0.74(0.24)

0.75(0.21)
+0.01(0.2)

0.75(0.21)
—-0.01(0.01)*

Group
differences
Mean (SE)

—-0.07(0.27)
1.02(0.20)

-1.23(2.02)
0.24(1.87)

—0.00(0.06)
0.06 (0.06)

0.03(0.04)
—0.01(0.03)

—0.07 (0.04)
—0.00(0.03)

—-0.02(0.02)
—0.05 (0.02)

Effect size
Cohens-d [95% Cl]

0.55[0.32,0.73]

0.02[-0.28,0.32]

0.16[-0.14,0.47]

—0.03[-0.23,0.17]

—0.02[-0.32,0.28]

—-0.26[-0.46,-0.06]

Alzheimer’s &Dementia® | sor1r
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p value
[95% Cl]

0.788[-0.60,0.45]
0.001[0.63, 1.40]

0.001[-1.65,—-1.04]

0.542[-5.22,2.75]
0.896[-3.44,3.93]

0.064[-0.12,4.22]

0.969[-0.13,0.12]
0.293[-0.05,0.17]

0.092[-0.01,0.09]

0.377[-0.04,0.11]
0.743[-0.08,0.05]

0.152[-0.01,0.07]

0.044[-0.14,-0.01]
0.905[-0.07,0.06]

0.066[-0.00, 0.07]

0.286[-0.07,0.02]
0.009[-0.09, —0.01]

0.533[-0.02,0.03]

Note: Bold numbers indicate (at least half-sided) statistically significant difference between groups; for statistical comparison between groups t-tests were

calculated.

Abbreviations: CANE, Camberwell Assessment of Need for the Elderly; Cl, confidence interval; EQ-5D-5L, The EuroQol 5-Dimension 5-level questionnaire;
PIwD, people living with dementia; QoL-AD, Quality of Life in Alzheimer’s Disease; SD, standard deviation; SE, standard error; ZARIT, Zarit Caregiver Burden

Interview scale.

aDifference between patients of the waiting-control group that received the intervention after 6-month care as usual (FU2) and those who received the

intervention after baseline (intervention group, FU1); here difference between FU1 and FU2,n = 203.

bn=101.
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TABLE 3 Poisson regression analyses for treatment effect of intervention compared with usual care for primary outcome (number of unmet
needs, CANE) and secondary outcomes (caregiver burden and quality of life) after 6 months of intervention.

ITT (n=391) PP (n=301)°

Primary outcome (Back-transformed®) (Back-transformed®)

Unmet needs (CANE) coefficient b (95% Cl) p value coefficient b (95% Cl) p value
Study group (ref: control group) 0.26 (0.17 to 0.40) <0.001** 0.20(0.13t00.33) <0.001**
Gender (ref. male) 1.00(0.71 to 1.40) 0.983 1.18(0.88 to 1.58) 0.276
Living status (ref. not living alone) 1.36 (0.96t0 1.92) 0.084 1.09(0.81to0 1.47) 0.582
Age 0.99(0.97 to 1.02) 0.592 0.99(0.97 to 1.01) 0.301
Baseline unmet needs 1.15(1.11t0 1.19) <0.001** 1.15(1.10to0 1.20) <0.001**

Adjusted Mean

Intervention Waiting control group Difference

Secondary outcomes Mean (SE) [CI] Mean (SE) [CI] Mean (SE) [CI]

Caregiver burden (ZARIT)

(n=176) 23.04(1.21)[20.67,25.41] 24.26(0.98) [22.34,26.17] -1.22(1.56)[-4.27,t0 1.84]
Quality of life (QoL-AD) PlwD

(n=391) 2.69(0.02) [2.64,2.73] 2.66(0.02) [2.62,2.70] 0.03(0.03) [-0.03,0.08]
Quality of life (EQ-5D-5L) PlwD

(n=391) 0.797(0.01)[0.774,0.820] 0.758(0.01) [0.737,0.780] 0.04(0.02)[0.01,0.07]*

Abbreviations: Cl, confidence interval; ITT, intention to treat; PP, per protocol; PlwD, people living with dementia; SE, standard error.

Interpretation: In contrast to linear regression models, in Poisson regression and negative binomial regression models, the dependent variable is not modeled
directly. Instead, the logarithm of the variable is modeled, so the regression coefficients have to be back-transformed using an exponential function. As a
consequence, the back-transformed coefficient cannot be interpreted as in linear regression models. A coefficient of 1 equals no difference in treatment
effects. Values between 0 and 1 indicate a lower dependent variable for the intervention group compared to the control group, whereas values greater than 1
can be interpreted as a greater value for the dependent variable compared to the control group. In addition, a significant treatment effect for these non-linear

regression models is defined as a 95% confidence interval not containing the value 1.
2Mixed-effects model with random effects for medical practices and networks (both intercept only); predictor of interest was the study group.
bBack-transformation of coefficients was performed using exponential function for better interpretation.

*p < 0.05.

**p < 0.001; linear regression analyses adjusted for age, sex, living situation and baseline value; the study group was the predictor of interest; p-values are

given two-sided.

reliability scores and better performance of the EQ-5D compared
to dementia-specific measures like QoL-AD for mild and moderate
levels of cognitive impairment.® Notably, the observed change in EQ-
5D-5L scores exceeded the MID of 0.05 reported for non-surgical
interventions, suggesting that the improvement in HRQoL is likely to
be clinically meaningful. Further interventional studies should evalu-
ate the sensitivity of various measures to detect HRQoL changes in
PIwD. Cost-effectiveness results were inconclusive.”?-¢ The system-
atic review of Pimouguet et al.%2 included three studies of collaborative
care programs without any evidence for savings.®3-¢> The meta-
analysis of Reilly et al.'* indicated that costs may be reduced in the first
and second year.64-68 Michalowsky et al.?2¢? confirmed this, indicating
that collaborative dementia care management approaches will likely
be cost-effective over 24 months. Cost-effectiveness considering sub-
sequent long-term effects, such as reduced hospitalization or delayed
institutionalization, is lacking. Our results revealed an adjusted ICER of
142,500 EUR/QALY already after six months, indicating that extend-
ing nursing roles is very likely a cost-effective strategy with respect to
current WTP thresholds of high-income countries.®? Noticeably, our

results indicated lower costs for neurologist and psychologist treat-

ments and other specialist treatments, underlining the support and
relief of physicians and other specialists by extending nursing roles in
dementia care.

Previous studies have shown that PIwD living alone benefit more
from collaborative dementia care management models.>261.70 The
InDePendent study confirmed this, with sensitivity analyses demon-
strating greater QALY gains at only slightly increased costs, resulting
in incremental cost-effectiveness ratios well below typical willingness-
to-pay thresholds. These differences likely reflect varying levels of
informal support: PIwD living alone often lack caregivers to identify
and address their unmet needs, whereas those living with others usu-
ally receive informal support that reduces their additional benefit from
an intervention. Consequently, implementing dementia care manage-
ment with extended nursing roles may be particularly advantageous for
individuals living alone.

The pronounced benefit for this subgroup aligns with existing lit-
erature highlighting their increased vulnerability to social isolation,
unmet care needs, and poorer health outcomes.’! This underscores
the critical need for targeted, holistic interventions that leverage

advanced nursing skills to provide patient-centered care. From a policy
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Cost-Effectiveness Plane for extended nursing roles vs usual care (payer perspective)
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FIGURE 2 Cost-effectiveness plane and acceptability curves for extended nursing roles versus usual care.

SUONIPUOD PUE SWB | 84} 39S *[GZ02/TT/ET] U0 AriqiTauluo A|M ‘(3NZA) *A @ uebunjueyi3 esuwBapons nj Wwniuez saysined Aq /2202 ZB/200T 0T/I0p/w0d" A8 I AReIq 1 BuIiuO 'S UINO[-Z fe//SdNy Wiy papeoiumoq ‘0T ‘5202 ‘6.25255T

- o Areiqpuiiuoy/sd

ol

8518017 SUOWILIOD BAIER1D) 3[qeolidde ay) Aq peuenob aie Sajone VO ‘8 Jo S3|ni 10} AXeiq18UIIUO /B]IM UO (Suon]



w1y | Alzheimer’s &Dementia’

RADKE ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

perspective, allocating resources to programs addressing the unique
needs of individuals living alone may improve quality of life and
reduce healthcare costs. These findings emphasize the importance of
stratifying intervention effects by living situation. Further research is
warranted to identify factors driving these differences and to refine
dementia care strategies accordingly.

Our analysis indicates no substantial selection bias due to drop-out,
supporting the robustness of the primary findings. The multivariate
drop-out analysis (Table S1) revealed no statistically significant pre-
dictors for study attrition after baseline assessment. Neither group
allocation nor sociodemographic factors such as sex, age, living situ-
ation, or caregiver availability were significantly associated with loss
to follow-up. A non-significant trend was observed for lower unmet
needs and male sex, suggesting that individuals with fewer needs and
male participants may have been slightly more likely to drop out. Over-
all, the analysis indicates no substantial selection bias due to drop-out,
supporting the robustness of the primary findings.

The findings provide important implications for health policy, espe-
cially in the context of addressing demographic change and work-
force shortages in primary care. The demonstrated efficacy and
cost-effectiveness of extended nursing roles in dementia care offer
a strong rationale for expanding nursing scopes of practice. Nurses
with advanced training can effectively contribute to interprofessional
care by addressing unmet needs, improving HRQoL, and supporting
physicians through task-sharing models. Policymakers should consider
creating regulatory frameworks and reimbursement structures that
support the sustainable integration of such roles into routine care. Scal-
ing up evidence-based nursing interventions, as tested in this study,
may significantly strengthen primary care capacity and improve access
to personalized dementia care across diverse healthcare settings.

In clinical practice, the results support the implementation of nurse-
led dementia care models as a complementary component of primary
care services. Specially trained nurses can provide continuous, individ-
ualized support through home visits, needs assessments, coordination
of services, and targeted interventions - especially for people liv-
ing alone. To realize the full potential of such models, practical steps
include investing in academic training programs for advanced nursing
roles and developing interdisciplinary care pathways. These findings
can thus inform care organizations, providers, and educators seeking

to implement advanced dementia care in community-based settings.

4.1 | Limitations

The primary outcome was measured using the CANE. While CANE is
sensitive to identifying unmet needs in community-dwelling PlwD,”?
it may not consider all relevant need domains and is not specific
enough within the existing needs areas, represented by a marginal
average number of unmet needs that can be detected.”® Hence, there
is a need for a more comprehensive, IT-based needs assessments for
PlwD. Furthermore, the results are based on a 6-month intervention.
Effects would probably be higher after longer periods of observation.

In routine care practice, healthcare services are carried out continually

rather than over a defined period, as in this study. This could potentially
yield higher effects, which should be considered in future evalua-
tions. The validity of the assessed data might be limited in terms of
completeness and accuracy due to PlwD’s cognitive limitations. Addi-
tionally, data assessment commenced in January 2021, prior to the last
COVID-19-related lockdown in April 2021. Physician consultations,
hospital admissions, care service visits, and medication prescriptions
were reduced during this time,”* which may have affected the inter-
vention. However, the study was completed in August 2023. Therefore,
this bias might be small. Also, identification of PlwD was based on a
DemTect procedure,?° awidely used screening tool in primary care and
not on a state-of-the-art dementia diagnostic procedure. This could
have led to false positive inclusions. However, if the false positives had
been evenly distributed across both study groups, this would rather
have led to an underestimation of the effect. Finally, the generalizability
of our results is limited to mainly mildly cognitively impaired patients

within the German healthcare system.

5 | CONCLUSION

This is the first study evaluating the efficacy and cost-effectiveness
of extended nursing roles for PlwD. We demonstrate positive effects
on unmet needs and HRQoL by slightly higher costs. Our results con-
firmed that extended nursing roles have a high potential to improve
the situation of PlwD, health professionals, especially practitioners,
and the healthcare system. Addressing unmet needs is currently pri-
oritized in treatment and care of PlwD since no curative therapies are
available, even though antibody drugs are now entering the market.
Further implementation studies with larger samples, extended inter-
vention periods, longer observational periods, and varying settings are
needed to monitor the translation.
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