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Abstract
Objective  To compare the implementation of collaborative dementia care management (cDCM) across two settings regarding 
patients’ characteristics, unmet needs, and the impact on health-related quality of life (HRQoL) and costs.
Methods  This analysis was based on data from the DCM:IMPact study, implementing cDCM in a physician network (n = 
22 practices) and two day care centers (DCC) for community-dwelling persons with dementia over 6 months in Germany. 
Participants completed comprehensive assessments at baseline and 6 months after, soliciting sociodemographic and clini-
cal characteristics, unmet needs, HRQoL and healthcare resource utilization. Patient characteristics and unmet needs were 
analyzed descriptively, and the impact of cDCM on costs and HRQoL was assessed using multivariable regression models.
Results  At baseline, patients from the physician network (n = 46) exhibited more pronounced neuropsychiatric symptoms 
(NPI mean score 14 versus 10, p = 0.075), were more frequently diagnosed with dementia (76% versus 56%, p = 0.040), 
were less likely assigned a care level by the long-term care insurance (63% versus 91%, p ≤ 0.001) to access formal care 
services and had more unmet needs (12.8 versus 11.0, p ≤ 0.001), especially for social care services than DCC patients (n 
= 57). After 6 months, the adjusted means indicated that cDCM implemented in the physician network was more effective 
[EQ-5D-5L utility score; 0.061; 95% confidence interval (CI) − 0.032 to 0.153] and less costly (− 5950€; 95% CI − 8415€ 
to − 3485€) than cDCM implemented in DCC.
Conclusions  Patients and the healthcare system may benefit more when cDCM is implemented in physician networks. How-
ever, patient characteristics indicated two samples with specific conditions and various unmet needs using different ways 
of accessing healthcare, demonstrating the need for cDCM in both settings, which must be considered when implementing 
cDCM to integrate the respective sectors efficiently.
Trial Registration  German Clinical Trials Register: DRKS00025074. Registered 16 April 2021—retrospectively registered.

1  Introduction

The increasing prevalence of persons living with demen-
tia (PwD) and the associated economic burden challenge 
healthcare systems globally. Current estimations assume the 

number of PwD will rise to 153 million worldwide by 2050, 
while the costs could increase to US$2 trillion by the end 
of the current decade [1–3]. The latest figures for Germany 
indicate a forecasted increase from 1.8 million PwD in 2021 
to 3.0 million by 2070 [4, 5].

General practitioners (GPs) have been the initial contact 
persons on the patient's journey. They are responsible for 
early diagnosis necessary for access to dementia-specific 
postdiagnostic treatment. However, previous studies already 
addressed the underdiagnosing of dementia in primary care 
and its consequences, demonstrating that only 30% and 
36% of PwD received recommended and evidence-based 
dementia-specific medication with antidementia drugs and 
non-drug treatments, respectively [6–10]. Additionally, stud-
ies revealed that almost all PwD and caregivers show unmet 
healthcare needs, which are, in turn, associated with poor 
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Key Points for Decision Makers 

Patients from the physician network who received col-
laborative dementia care management had more pro-
nounced clinically relevant neuropsychiatric symptoms 
and the highest number of unmet needs but limited 
access to social and nursing care services.

Despite their direct access to professional nursing care, 
patients in day care centers also had many identified 
unmet needs, particularly for medical care, underlining 
the need in both settings.

Patients who received collaborative dementia care 
management as an additional healthcare service in the 
physician network achieved a higher quality of life at 
lower costs than those who received the intervention in 
day care centers, supporting the more significant benefit 
of implementation in physician-based settings.

health outcomes [11]. Several countries introduced strate-
gies and guidelines to improve timely diagnosis and post-
diagnostic support e.g., the German government developed 
a National Dementia Strategy (NDS), underlining dementia 
as a health priority [12, 13].

The German NDS aims to improve the support for PwD 
and their relatives by implementing collaborative dementia 
care management (cDCM) into routine care to overcome 
the challenges of timely formal diagnosis with guideline-
related post-diagnostic support, treatment, and care [12]. 
This development was accompanied by adoption of cDCM 
into the nation’s S-3 (i.e., highest methodological quality 
for elaborated consensual recommendations) guidelines 
for dementia [14]. cDCM is a nonpharmacological inter-
vention provided in the community by dementia-specific 
qualified nurses who coordinate the treatment and care 
for PwD and meet their individual needs according to 
evidence-based guidelines following the DelpHi-Standard 
[15], which has been proven to be effective, safe, and cost-
effective compared to usual care in the DelpHi-MV trial 
[16–19]. Particularly, PwD living alone and those with 
high comorbidity benefited most from improved health-
related quality of life (HRQoL), lower hospitalizations, 
and delayed institutionalizations [16, 20].

However, these findings refer to a specific study popula-
tion and an artificial setting, limiting the results’ generaliz-
ability. Little is known about the setting with the highest 
need and best implementability, represented by the highest 
effectiveness for patients. Additionally, the high degree of 
organizational fragmentation within (e.g., primary versus 

secondary care) and between (e.g., medical versus nursing 
care) healthcare sectors results in different legal and regula-
tory systems for the provision of health services and their 
financing, which also leads to the question of which payer 
(health versus long-term care insurance) reimburses the 
costs [21]. Hence, a direct comparison of cDCM between 
settings, such as physician networks including both GPs and 
specialists or formal care settings, such as ambulatory care 
or day care, allows the assessment of relative advantage and 
to determine the differences in the added value, which con-
vey relevant information for health policy decision-making 
when allocating limited resources.

Past interventions in adult day care centers (DCC) mainly 
target clinical parameters, such as neuropsychiatric symp-
toms or caregiver burden, while unmet needs beyond medi-
cal needs, such as social integration and legal support, are 
less considered, underlining the potential for positive effects 
of cDCM in this setting [22–24]. A previous literature review 
revealed a lack of specific interventions in DCC targeting 
various patients, including PwD [25]. PwD attending DCC 
are characterized by multimorbidity and polypharmacy, and 
thus the risk of potentially inappropriate medication lead-
ing to increased hospitalizations, which indicates the high 
potential for optimization through collaborative dementia 
care [26–28]. Additionally, PwD often prefer to live as long 
as possible in familiar environments. Previous publications 
have shown inconsistent results regarding the potential for 
delayed institutionalization through DCC, but cDCM as an 
additional health service could enhance this potential [29]. 
Moreover, findings of a German trial investigating a multi-
component non-pharmacological intervention in DCC for 
PwD suggested benefits to the patients and cost-effectiveness 
for payers compared with usual day care [30, 31].

Therefore, the objective of the present analysis was to 
compare the implementation strategy of cDCM in a physi-
cian network and DCC in terms of enrolled patients’ clinical 
characteristics, unmet needs, as well as the impact of cDCM 
on health-related quality of life over time and healthcare 
resource use and costs (cost-effectiveness).

2 � Methods

2.1 � Study Design

This analysis was based on data from the ongoing multi-
center implementation study Dementia Care Management: 
Implementation into different Care Settings (DCM:IMPact), 
which aims to translate the proven effective and cost-effec-
tive DelpHi-Intervention into various healthcare settings 
(e.g., physician networks, day care, or community health 
center) from different sectors to identify the setting with 
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the highest needs, lowest implementation barriers and best 
achievable effects to subsequently foster a large scale, sus-
tainable, and cross-sectoral translation of cDCM [15, 32]. 
The cDCM intervention is conducted by dementia-specific 
qualified nurses (dementia care manager) and was devel-
oped and evaluated within the DelpHi-MV trial [15, 17]. The 
detailed study design and intervention have been described 
elsewhere [17]. The intervention implementation costs are 
described in Supplementary Table 1.

The implementation is based on the framework of Men-
del et  al. [33], which focuses on the dissemination and 
implementation of interventions in mental health services 
research, starting the dissemination process with contex-
tual factors, such as structures, resources, and policies that 
should be reflected in the actual implementation process. 
The subsequent outcome evaluation should produce the need 
for adjustment on the intervention level and influence the 
contextual factors, with the latter in particular determining 
the most crucial aspect of dissemination. Accordingly, the 
DCM:IMPact study follows two steps: the individual settings 
are first examined separately (medical versus nursing care), 
and on the basis of these findings, cDCM will be enhanced 
to a cross-sectoral approach to overcome the challenges 
arising from German healthcare’s legal, organizational, and 
financial fragmentation as contextual factors [33].

So far, one physician network (comprising n = 22 partici-
pating practices), representing medical care funded by health 
insurances and two day care facilities, representing nurs-
ing care funded by long-term care insurances, were com-
pleted in 2023. The participating healthcare providers were 
located in a rural area in north-eastern Germany. Each set-
ting employed one dementia care manager. In total, n = 136 
eligible patients met the following criteria: aged ≥ 70 years 
old, living at home, DemTect < 9 [34], or formal dementia 
diagnoses according to the International Statistical Classifi-
cation of Diseases and Related Health Problems, 10th revi-
sion (ICD-10) [35], were informed about the study by the 
respective healthcare professionals, and provided informed 
consent approved by the ethical committee of the Chamber 
of Physicians of Mecklenburg-Western Pomerania—registry 
number: BB01/2019.

A comprehensive, standardized, computer-assisted face-
to-face interview was conducted by the respective dementia 
care manager at the participants’ homes at baseline (t0) and 
6 months after (t1), and was completed by n = 100 PwD. 
Patients who dropped out of the study were statistically sig-
nificantly less likely to enroll in DCC [odds ratio (OR) = 
0.06; 95% confidence interval (CI) 0.01–0.26; p < 0.001) 
and were less likely to have received a formal dementia diag-
nosis (OR = 0.20; 95% CI 0.07–0.58; p = 0.003). A detailed 
drop-out analysis is shown in Supplementary Table 2.

2.2 � Data

2.2.1 � Sociodemographic and Clinical Characteristics

The following demographic data and clinical variables were 
assessed: age, sex, living situation, cognitive impairment 
according to the mini-mental state examination (MMSE) 
[36]; deficits in daily living activities according to the Bayer 
activities of daily living scale (B-ADL) [37]; depressive 
symptoms according to the geriatric depression scale (GDS) 
[38]; behavioral and psychological symptoms according to 
the neuropsychiatric inventory (NPI) [39], dementia diagno-
ses according to the ICD-10 diagnoses listed in the GP files, 
and the care level, assigned by the long-term care insur-
ance for the amount of care and support a patient receives 
owing to their functional impairment, ranging from 1 to 5, 
with 1 indicating some problems and 5 indicating extreme 
problems.

2.2.2 � Unmet Needs

As part of the DelpHi-Intervention, an algorithm-based 
intervention management system (IMS) was developed and 
embedded in the computer-assisted interview, tested, and 
evaluated following current dementia-specific guidelines to 
support the systematic identification of unmet needs [40]. 
The IMS is an expert decision support system operating 
on rule-based principles, aligning the unique attributes of 
PwD to a computerized knowledge base comprising vali-
dated questionnaires, tests, and tailored inquiries [11, 40]. 
An unmet need was either (1) recognized automatically by 
the IMS and checked for plausibility or (2) added manu-
ally by the dementia care manager following the principles 
of not having double-established services and not violating 
patients’ autonomy [11, 40].

Unmet needs were assigned to the following domains: 
(1) nursing treatment and care, (2) social counselling and 
legal support, (3) pharmaceutical treatment and care, (4) 
social integration and participation, (5) medical diagnosis 
and treatment, (6) special therapies, (7) others, and (8) car-
egiver support and education [11, 40]. The domain “others” 
contains specific needs that the DCM identified without 
matching the other predefined domains, such as participation 
in rehabilitation programs [11, 40]. The respective unmet 
needs were assessed dichotomously (present versus absent) 
and totaled for each domain, resulting in a count variable. 
An overview of the questionnaires used and the detailed 
technical structure of the IMS are published elsewhere [40].

2.2.3 � Health‑Related Quality of Life

HRQoL was assessed by using the EQ-5D‑5L [41, 42] as 
self- and, if available, as proxy ratings by participating 
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family caregivers. The widely-used EQ-5D‑5L is a generic, 
preference-based, multidimensional instrument with five 
dimensions (mobility, self-care, pain/discomfort, usual 
activities, and anxiety/depression) and five levels (no, slight, 
moderate, severe, and extreme problems) accompanied by 
a thermometer-like visual analog scale (EQ-VAS) anchored 
by 0 (worst health) and 100 (best health) to assess health 
status at the time of assessment [41, 42]. The EQ-5D-5L 
responses were converted to health utility values using the 
German value set, anchored at 0 for death and 1 for full 
health [43]. Additionally, each of the mentioned dimensions 
was dichotomized (no versus any problem) to differentiate 
the problems experienced by patients in the physician net-
work and DCC at baseline.

2.2.4 � Health Resource Use and Costs

A prevalence-based bottom-up approach was used to first 
determine the extent of utilization of health resources and 
then to calculate the costs [44]. Health resource use was 
assessed retrospectively using the FIMA questionnaire 
[45] tailored to elderly individuals in the German health-
care system at baseline and 6 months after. Caregiver proxy 
ratings were captured to improve data validity, precision, 
and replacement in case of lacking plausibility or feasibility 
owing to advanced cognitive impairment. Detailed infor-
mation about frequencies (number of visits, days stayed) 
or quantities of used medical (physician consultations, in-
hospital care, drugs, aids, therapies) and formal care ser-
vices (ambulatory care, day, and night care) were recorded. 
Healthcare costs were calculated from the payers perspective 
by using published standardized unit costs [inflated to 2022 
and calculated in euros (€)] [46–48]. Informal care provided 
by patients’ informal caregivers was not included in this 
analysis. Supplementary Table 3 summarizes detailed infor-
mation about the monetary valuation of the utilized services.

2.3 � Statistical Analysis

Missing data was imputed using multiple imputations by 
chained equations (mice) separately for the respective 
healthcare setting. Only data from patients who received 
the intervention were imputed. Study participants sociode-
mographic and clinical characteristics, unmet needs, health 
resource use and costs, and HRQoL were presented using 
descriptive statistics. T tests (metric variables), Fisher exact 
tests (dichotomous variable), and Chi-square tests (categori-
cal variable, > 2 conditions) were used to test for group 
differences between the settings (physician network versus 
DCC). In addition, dependent-sample t-tests were conducted 
for the unadjusted HRQoL and health resource utilization to 
examine changes within each setting over time.

The incremental cost-effectiveness ratio (ICER) was cal-
culated using the incremental cost per utility value on the 
basis of the EQ-5D-L gained to directly compare the respec-
tive settings cost-effectiveness. A total of N = 3 patients who 
had a health utility of zero died, and thus incurred no costs 
since the date of death. Healthcare costs and utility scores at 
follow-up were used as dependent variables, and the health-
care setting was used as a predictor of interest to predict the 
ICER. Multiple regression models were controlled for age, 
sex, living situation, and the respective value for healthcare 
costs (e.g., medication costs, therapy costs, or total costs) or 
utility scores at baseline. To handle sampling uncertainty in 
the ICER, nonparametric bootstrapping with 1000 resamples 
stratified for setting distribution was used to create the cost-
effectiveness plane. For sensitivity analyses, quality-adjusted 
life-years (QALYs) based on the utility values for dyads 
[patients and participating caregivers (proxies)] were cal-
culated, and cognitive impairment, according to the MMSE 
and functional impairment represented by the assigned care 
level through the long-term care insurance (dichotomous: no 
care level versus any care level) were considered.

Data analyses were on the basis of participants who 
completed the baseline and follow-up assessment or died 
after baseline. All statistical analyses were conducted with 
STATA/IC software, version 16 [49].

3 � Results

3.1 � Patient Characteristics at Baseline

Table 1 summarizes the participants characteristics at base-
line. Patients from the physician network exhibited more 
clinically relevant neuropsychiatric symptoms (NPI mean 
score 14 versus 10, p = 0.075), were more frequently for-
mally diagnosed with dementia (76% versus 56%, p = 
0.040), but were less likely to have been assigned a care 
level by the long-term care insurance (63% versus 91%, p ≤ 
0.001) compared with patients from DCC. Although there 
were no differences in the average MMSE between both 
groups (18.5 versus 18.4, p = 0.925), patients enrolled in 
the physician network tended to have milder levels of cogni-
tive impairment according to the MMSE (no indication of 
dementia: 7% versus 9%; mild: 46% versus 26%; moderate: 
35% versus 60%; severe: 13% versus 5%; p = 0.048) than 
patients from DCC. There were no differences in depressive 
symptoms and functional impairment.

3.2 � Unmet Healthcare Needs at Baseline

Table  2 represents the number of unmet needs across 
the domains and subcategories for each setting. Patients 
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from the physician network had more unmet needs than 
DCC patients (12.8 versus 11.0, p ≤ 0.001), which was 
attributed to the domains of nursing treatment and care 
(4.8 versus 3.5, p ≤ 0.001), social counselling and legal 
support (2.2 versus 1.6, p ≤ 0.001), and social integra-
tion (3.3 versus 2.6, p ≤ 0.001). However, they had fewer 
pharmaceutical treatment needs (0.7 versus 1.2, p = 0.018) 
owing to lower demand for updated medication plans (9% 
versus 51%, p ≤ 0.001), a less frequent need for a formal 
dementia diagnosis (17% versus 46%, p = 0.003), and less 
special therapy needs, such as geriatric rehabilitation (0.3 
versus 0.5, p = 0.032), than DCC patients. Additionally, 
caregivers of DCC patients needed caregiver training and 
education significantly more often (3% versus 27%, p ≤ 
0.001).

3.3 � Impact of cDCM on Health‑Related Quality 
of Life

About 7.8% of the data were missing, primarily for DCC 
patients and imputed applying the mice approach. At base-
line, patients from the physicians network reported a lower 
HRQoL than DCC patients (EQ-5D-5L, 0.610 versus 0.768, 
p ≤ 0.001 and EQ-VAS, 55.2 versus 63.7, p = 0.020). Dif-
ferences at baseline could be traced back to the perceived 
impairment: patients enrolled in the physicians network were 
less likely to report problems with self-care (46% versus 
75%, p = 0.004) and usual activities (50% versus 79%, p = 
0.003), but more likely to report problems in the dimensions 
of pain (76% versus 52%, p = 0.014) and anxiety/depression 
(50% versus 32%, p = 0.073). At 6 months after baseline, 

Table 1   Patient characteristics 
at baseline

B- Values in bold indicate p < 0.05
ADL Bayer-activities of daily living scale, range 0–10, lower score indicates better performance; GDS geri-
atric depression scale, sum score 0–15, score ≥ 6 indicates depression; ICD International Statistical Clas-
sification of Diseases and Related Health Problems; MMSE mini-mental state examination, range 0–30, 
higher score indicates better cognitive function; NPI neuropsychiatric inventory, score of ≥ 5 indicates 
clinically relevant symptoms; SD standard deviation
a Differences in means: T test two-tailed
b Differences in proportions: Fisher's exact tests
c Chi-square tests

Physician network (n 
= 46)

Day care (n = 57) p value

Demographics
Age (years), mean (SD) 79.9 (6.9) 80.2 (7.9) 0.869a

Sex (female), n (%) 29 (63.0) 34 (59.7) 0.839b

Caregiver available, n (%) 43 (93.5) 56 (98.3) 0.322b

Living alone, n (%) 16 (34.8) 28 (49.1) 0.165b

Clinical characteristics
Cognitive status (MMSE), mean (SD) 18.5 (6.4) 18.4 (5.4) 0.925a

No indication of dementia, n (%) 3 (6.5) 5 (8.8) 0.048c

Mild dementia, n (%) 21 (45.7) 15 (26.3)
Moderate dementia, n (%) 16 (34.8) 34 (59.7)
Severe dementia, n (%) 6 (13.0) 3 (5.3)
Formal diagnosis of dementia, n (%) 35 (76.1) 32 (56.1) 0.040b

Depression (GDS), mean (SD) 3.3 (2.7) 3.3 (2.5) 0.995a

Neuropsychiatric symptoms (NPI), mean (SD) 13.6 (12.6) 9.6 (9.5) 0.075a

Functional impairment (BADL), mean (SD) 3.4 (1.7) 3.9 (2.1) 0.142a

Any care level, n (%) 29 (63.0) 53 (93.0) ≤ 0.001b

No care level, n (%) 17 (37.0) 5 (7.02) ≤ 0.001c

Care level: 1, n (%) 5 (10.9) 1 (1.8)
  2, n (%) 10 (21.7) 13 (22.8)
 3, n (%) 10 (21.7) 27 (47.4)
 4, n (%) 4 (8.70) 11 (19.3)
 5, n (%) 0 (0.00) 1 (1.75)
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the values converged (EQ-5D-5L 0.768 versus 0.760, p = 
0.854 and EQ-VAS, 58.6 versus 62.1, p = 0.0379) with an 
increase of HRQoL in physician network patients and a 
slight decrease of HRQoL in DCC patients. Considering 
the proxy values, family caregivers stated a lower HRQoL 
than patients. EQ-5D-5L proxy values significantly differ at 
baseline (0.485 versus 0.682, p ≤ 0.001), but both indicated 
a decrease 6 months later (0.475 versus 0.586, p = 0.047). 
Findings for the health-related quality of life are reported 

in Table 3. The problems experienced by patients from the 
respective setting for each domain are summarized in Sup-
plementary Table 4.

3.4 � Impact of cDCM on Health Resource Use 
and Costs

Overall, 8.7% of the data were missing, again primarily for 
DCC patients, and imputed using mice. At baseline, health 

Table 2   Unmet needs of 
patients with dementia in a 
physician network and in day 
care centers

Values in bold indicate p < 0.05
SD standard deviation
a Differences in means: T test two-tailed
b Differences in proportions: Fisher's exact tests

Physician net-
work (n = 46)

Day care (n = 57) p value

Total, mean (SD) 12.8 (2.6) 11.0 (2.8) ≤ 0.001a

Nursing treatment and care, mean (SD) 4.8 (1.6) 3.5 (1.5) ≤ 0.001a

Mobility limitation/risk of fall, n (%) 27 (58.7) 29 (50.9) 0.551b

Nursing care, n (%) 36 (78.3) 34 (59.7) 0.057b

Nursing care insurance, n (%) 15 (32.6) 18 (31.6) 1.000b

Visual /hearing impairment, n (%) 14 (30.4) 15 (26.3) 0.665b

Pain, n (%) 3 (6.5) 2 (3.5) 0.654b

Incontinence, n (%) 16 (34.8) 12 (21.1) 0.127b

Nutritional disorder, n (%) 7 (15.2) 2 (3.5) 0.074b

Non-pharmacological therapy, n (%) 46 (100) 57 (100) 1.000b

Foot treatment, n (%) 0 (0.0) 1 (1.8) 1.000b

Social counseling and legal support, mean (SD) 2.2 (1.0) 1.6 (0.7) ≤ 0.001a

Power of attorney/legal representative, n (%) 15 (32.6) 5 (8.8) 0.005b

Patient decree, n (%) 15 (32.6) 19 (33.3) 1.000b

Emergency card for hospital, n (%) 22 (47.8) 10 (17.5) ≤ 0.001b

Identity card for the disabled, n (%) 46 (100) 57 (100) 1.000b

Pharmaceutical treatment and care, mean (SD) 0.7 (0.9) 1.2 (1.0) 0.018a

Storage of drugs/drug dispenser, n (%) 16 (34.8) 15 (26.3) 0.392b

Issue of up-to-date medication plan, n (%) 4 (8.7) 29 (50.9) ≤ 0.001b

Preparation/administering medication, n (%) 1 (2.2) 0 (0.0) 0.447b

Indication/dose check for substance, n (%) 7 (15.2) 16 (28.1) 0.155b

Social integration, mean (SD) 3.3 (1.0) 2.6 (0.5) ≤ 0.001a

Physical activity, n (%) 19 (41.3) 32 (56.1) 0.167b

Social support/social activities, n (%) 46 (100) 57 (100) 1.000b

Care aids, n (%) 46 (100) 57 (100) 1.000b

Medical diagnosis and treatment, mean (SD) 1.2 (1.0) 1.4 (1.0) 0.529a

Referral to specialist, n (%) 17 (37.0) 14 (24.6) 0.199b

In-depth information about dementia, n (%) 29 (63.0) 37 (64.9) 1.000b

Diagnosis of dementia, n (%) 8 (17.4) 26 (45.6) 0.003b

Special therapies (Geriatric rehabilitation), mean (SD) 0.3 (0.5) 0.5 (0.5) 0.032a

Others, mean (SD) 0.2 (0.4) 0.2 (0.4) 0.732a

Caregiver related unmet needs, mean (SD) 0.5 (0.5) 0.5 (0.8) 0.998a

In-depth information about dementia, n (%) 13 (30.2) 7 (12.5) 0.043b

Mental health and safety consulting, n (%) 11 (25.6) 9 (16.1) 0.253b

Caregiver training, n (%) 1 (2.5) 15 (26.8) ≤ 0.001b
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resource use was comparable for both groups, except that 
patients enrolled in the physician network tended to have 
more physician consultations (9 versus 7, p = 0.088) and 
fewer days in day or night care facilities (10 versus 41, p ≤ 
0.001) than DCC patients. However, 6 months after base-
line, physician network patients had statistically significantly 
fewer medical aids (4.2 versus 5.1, p = 0.032), therapy visits 
(17 versus 36, p ≤ 0.001), days spent in day or night care 
facilities (10 versus 66, p ≤ 0.001), and ambulatory care ser-
vices visits (24 versus 47, p = 0.012) compared with DCC 
patients. Differences between and within settings over time 
are summarized in Table 4 and Supplementary Table 5.

3.5 � Cost‑Effectiveness

Patients from the physician network had a higher HRQoL 
(adjusted means: 0.797 versus 0.736, p = 0.195) and lower 
health care cost (adjusted means: 7292€ versus 13,242€, p 
≤ 0.001) after 6 months than DCC patients. The statistically 

significant differences in healthcare costs were attributed to 
the medical care costs (adjusted means: 5386€ versus 7437€, 
p = 0.034), in particular for medical aids and therapies as 
well as formal care costs (adjusted means: 1519€ versus 
5178€, p ≤ 0.001), in particular for day or night care and 
ambulatory care services.

Overall incremental health care costs of −5950€ (95% 
CI −8415€ to −3485€) and utility scores according to the 
EQ-5D‑5L of 0.061 (95% CI − 0.032 to 0.153) resulted in 
an ICER of − 97.541€/utility scores gained, indicating that 
cDCM implementation in the physician network was likely 
to be more effective and less costly, thus dominating the 
implementation in DCC.

In the sensitivity analysis, considering the differences in 
patient characteristics at baseline regarding cognitive and 
functional impairment both, costs and effects remained 
stable. However, the analysis of proxy-reported QALYs 
revealed a reverse effect of cDCM implementation in DCC 
by 0.011 (− 0.041 to 0.063) gained QALYs compared with 

Table 3   Effect of collaborative dementia care management on health-related quality of life of patients with dementia in a physician network and 
in day care centers

SD standard deviation; EQ-VAS visual analog scale range 0–100, higher score indicates better quality of life
a Differences in means: T test two-tailed

Baseline Follow up

Physician network Day care p valuea Physician net-
work, n = 46

Day care, n = 57 p valuea

Patients, n = 103 n = 46 n = 57 n = 46 n = 57
EQ‑5D‑5L, mean (SD) 0.610 (0.290) 0.768 (0.177) ≤ 0.001 0.768 (0.256) 0.760 (0.228) 0.854
EQ-VAS, mean (SD) 55.20 (17.93) 63.71 (18.40) 0.020 58.59 (19.11) 62.12 (20.93) 0.379
Proxy, n = 99 n = 43 n = 56 n = 43 n = 56
EQ‑5D‑5L, mean (SD) 0.485 (0.35) 0.682 (0.171) 0.004 0.475 (0.333) 0.586 (0.216) 0.047
EQ-VAS, mean (SD) 51.87 (18.34) 52.34 (18.19) 0.899 43.06 (18.41) 46.99 (20.10) 0.320

Table 4   Healthcare resource utilization of patients with dementia in a physician network and in day care centers

SD standard deviation
a Differences in means: T test two-tailed

Healthcare resource use, 
mean (SD)

Baseline Follow up

Physician net-
work, n = 46

Day care, n = 57 p valuea Physician net-
work, n = 46

Day care, n = 57 p valuea

Medical treatments
Physician, visits 8.6 (5.8) 6.9 (4.5) 0.088 5.2 (3.5) 5.7 (6.2) 0.621
In-hospital, days 4.0 (6.8) 2.4 (5.5) 0.192 2.0 (5.0) 1.7 (4.3) 0.699
Medications, number 9.4 (4.5) 9 (4.1) 0.628 8.8 (4.0) 9.0 (4.1) 0.863
Medical aids, number 4.2 (1.9) 4.7 (2.3) 0.272 4.2 (2.0) 5.1 (2.1) 0.032
Therapies, visits 15.1 (20.0) 17.8 (24.6) 0.550 16.7 (22.8) 35.7 (29.7) ≤ 0.001
Formal care
Day/night care, days 10.1 (24.8) 41.2 (40.3) ≤ 0.001 10.1 (20.9) 65.8 (48.1) ≤ 0.001
Ambulatory care, visits 21.3 (26.1) 28.5 (28.9) 0.194 23.5 (25.7) 46.8 (57.4) 0.012
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the cDCD implemented in the physician network. Table 5 
provides the unadjusted and adjusted means for healthcare 
costs and HRQoL over both groups. Supplementary Table 6 
summarizes the results of the sensitivity analyses. The cost-
effectiveness plane is presented in Fig. 1.

4 � Discussion

The present study provides substantial evidence about 
setting-specific variations in patient characteristics, unmet 
needs, and the impact of cDCM on HRQoL and healthcare 
costs, demonstrating that cDCM implemented in the physi-
cian network was more likely to be cost-effective owing to an 
utility score improvement and cost reduction compared with 

cDCM provided in the DCC. The findings further identified 
two groups of patients with specific characteristics, unmet 
needs, and access to healthcare complementing each other. 
Those enrolled in the physician network had relatively mild 
cognitive impairment, an increased rate of formal dementia 
diagnoses, more pronounced clinically relevant neuropsy-
chiatric symptoms and tended to have an increased need 
for social care services. In contrast, DCC patients showed a 
higher need for medical care but already increased HRQoL 
at baseline.

The analyses of patient characteristics suggested that 
there are two different samples with specific conditions 
that use different ways of accessing the healthcare system. 
Physician network patients tended to be rather mildly cog-
nitively impaired, were less likely to have problems with 

Table 5   Unadjusted and adjusted mean cost and effects of collaborative dementia care management for patients with dementia in a physician 
network and in day care centers

Bold values indicate only the summed cost categories or utility score visually. The significance can be read from the 95% CI.
CI confidence interval; SE standard error
a Multiple regression models adjusted for age, sex, and living situation and health care costs (i.e., cost component) or EQ-5D‑5L at baseline were 
applied to calculate adjusted means

Costs in Euros [€] Unadjusted mean Adjusted meana

Physician network 
Mean (SE)
[95% CI]

Day care 
Mean (SE)
[95% CI]

Difference 
Mean (SE)
[95% CI]

Physician network 
Mean (SE)
[95% CI]

Day care 
Mean (SE)
[95% CI]

Difference 
Mean (SE)
[95% CI]

Total healthcare 
cost

6719 (712)
[5285–8153]

12,764 (988)
[10,786–14,743]

−6046 (1273)
[−8570 to −3521]

6772 (917)
[4951–8592]

12,722 (823)
[11,089–14,355]

−5950 (1242)
[−8415 to −3485]

Medical treatments 5604 (656)
[4283–6925]

7260 (693)
[5872–8648]

−1656 (971)
[−3582 to 270]

5386 (703)
[3990–6781]

7437 (630)
[6186–8687]

−2051 (956)
[−3948 to −154]

Physician treat-
ments

283 (33)
[216–350]

369 (64)
[240–498]

−86 (78)
[−240 to 68]

261 (55)
[152–370]

386 (49)
[288–484]

− 125 (7)
−273 to 23]

In-hospital treat-
ments

1118 (485)
[141–2095]

1643 (591)
[458–2828]

−525 (790)
[−2092 to 1042]

1039 (596)
[−143 to 2222]

1707 (534)
[648–2765]

−667 (811)
[−2276 to 942]

Medications 2238 (151)
[1935–2542]

2273 (137)
[1999–2548]

−35 (204)
[−439 to 369]

2212 (84)
[2045–2379]

2294 (76)
[2144–2444]

−82 (114)
[−308 to 144]

Medical aids 1327 (91)
[1144–1511]

1608 (90)
[1429–1788]

−281 (129)
[−537 to −25]

1365 (67)
[1232–1498]

1578 (60)
[1458–1697]

−212 (91)
[−393 to −32]

Therapies 638 (129)
[378–898]

1367 (151)
[1065–1669]

−729 (204)
[−1133 to −324]

658 (136)
[388–929]

1351 (122)
[1108–1593]

−692 (184)
[−1059 to −326]

Formal care 1115 (213)
[685–1544]

5504 (542)
[4418–6591]

−4390 (634)
[−5647 to −3132]

1519 (464)
[599–2440]

5178 (411)
[4362–5993]

−3658 (658)
[−4964 to −2353]

Day/night care 609 (197)
[213–1005]

4498 (527)
[3442–5553]

−3889 (613)
[−5105 to −2673]

992 (457)
[85–1899]

4188 (405)
[3385–4992]

-3196 (650)
[−4486–-1907]

Ambulatory care 506 (81)
[342–670]

1007 (164)
[679–1334]

−501 (196)
[−890 to −111]

509 (142)
[227–792]

1004 (128)
[751–1257]

−495 (193)
[−877 to −113]

Cost for interven-
tion (cDCM)

520 520 0 520 520 0

Total costs (incl. 
intervention 
costs)

7239 (4829)
[5805–8673]

13,284 (988)
[11,306–15,263]

−6046 (1273)
[−8570 to −3521]

7292 (917)
[5471–9112]

13,242 (823)
[11,609–14,875]

−5950 (1242)
[−8415 to −3485]

Utility score (EQ-
5D‑5L)

0.768 (0.038)
[0.692–0.844]

0.760 (0.030)
[0.699–0.820]

0.009 (0.048)
[−0.086 to 0.104]

0.797 (0.034) 
[0.730–0.864]

0.736 (0.030) 
[0.677–0.796]

0.061 (0.046)
[−0.032 to 0.153]

Incremental cost per unit gained Physician net-
work dominates

Incremental cost per unit gained Physician net-
work dominates
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self-care and usual activities but more likely to have pain, 
showed more clinically relevant behavioral and psycho-
logical symptoms, such as anxiety and depression, and had 
limited access to formal care services compared with DCC 
patients, which could be an indication of an earlier stage 
of dementia disease. Thyrian et al. [18] pointed out the 
potential for cDCM in a general practitioner-based setting, 
demonstrating the effectiveness of reducing neuropsychiat-
ric symptoms in patients with mild cognitive impairment. 
Furthermore, the more pronounced behavioral and psycho-
logical symptoms already present at baseline for patients 
enrolled in the physician network could suggest that neu-
ropsychiatric symptoms in more progressed patients in DCC 
could already be relieved by using day care services, giving 
patients a guided daily routine and giving caregivers time 
to relax, as demonstrated by Mossello et al. [50]. However, 
the share of patients in need of care using DCC remains low 
at 5.6%, which underlines that only a few patients benefit 
from this access and should be expanded [51]. Therefore, 
implemented cDCM in primary care physician settings is 
more likely to reach early-stage dementia patients, initiate 
and promote access to formal care services, such as day care 
for suitable patients, and reduce neuropsychiatric symptoms 
as early as possible in the patient’s journey.

A detailed look at the unmet needs also shows that both 
groups complement each other. Patients from physician net-
works had improved access to medical services but showed 
more unmet nursing care, social counselling, legal support, 
and social integration needs, consequently aligning with 
Eichler et al. [11]. In contrast, DCC patients already had 
access to formal care services owing to their level of care 
but showed significantly higher demand for updated medi-
cation plans and the need for a formal dementia diagnosis. 

The present analysis revealed that patients from physician 
networks DCC had on average 13 and 11 unmet needs, 
respectively. This number of unmet needs was significantly 
higher than in the study by Eichler et al. [11] (on average, 
nine unmet needs) that used the same instrument but in a less 
cognitively impaired sample. Overall, the present analysis 
shows that the number of detected unmet needs was high 
in both groups, demonstrating the need for cDCM in both 
settings. These findings should be considered in a targeted 
implementation to reach patients and their needs, which may 
be missed when cDCM is introduced in a particular setting 
to realize the potential of integrated care through cDCM.

Nevertheless, according to the cost-effectiveness analy-
sis, cDCM implemented in the physician network domi-
nated the DCC implementation, achieving incremental 
HRQoL of 0.061 and cost savings of 5950€, mainly caused 
by expanded use of medical aids, other therapies, such as 
occupational therapy, and formal care services by DCC 
patients. The sensitivity analysis confirms the superior-
ity of cDCM implemented in physician networks except 
for proxy ratings. The difference in costs could be attrib-
uted to better access to social and nursing care services 
owing to the already existing care level in DCC patients, 
enabling patients to utilize additional care services that 
increase healthcare costs without improving HRQoL. The 
cDCM aims to coordinate the care needed within the exist-
ing healthcare structures by recommending and supplying 
available healthcare services to the patients on the basis 
of previously identified unmet needs and cooperating with 
the treating GPs owing to their gatekeeping function to 
approve additional healthcare services [15]. While costs 
in DCC are already increasing in the short term, positive 
effects of the extended use of health services described 

Fig. 1   Incremental cost-
effectiveness plane comparing 
collaborative dementia care 
management between physician 
network and day care centers. 
Estimates are based on regres-
sion analyses of incremental 
costs and effects within 1000 
bootstrap sample replications of 
the initial sample stratified for 
physician network and day care 
center patients
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above on HRQoL could not be observed, as the 6-month 
study period may not have been sufficient, and the effect 
could only become visible in the long term. Previous stud-
ies suggest this is particularly the case for caregiver and 
dyad-related outcomes, for which effects are downstream 
or delayed [19, 52]. The increase in days spent in day 
and night care following the provision of cDCM suggests 
that informal caregivers were relieved, which, as a result, 
may become apparent later. However, sensitivity analysis 
accounting for QALYs reported by proxies suggests that 
cDCM implementation in DCC demonstrates stronger 
effects on HRQoL than the implementation in the phy-
sician network, possibly reflecting caregiver relief. This 
assumption may be supported by the fact that both groups 
have the same level of caregiver availability, but nearly 
half of DCC patients live alone, suggesting that employed 
caregivers are a potentially important subgroup reached by 
the intervention in DCC. Therefore, further studies with 
more prolonged or repeated follow-up periods are required 
after the interventions are implemented in DCC.

The present analysis revealed substantial differences 
in self-reported HRQoL between both settings already 
at baseline, as confirmed by the reported proxy ratings. 
Especially the already higher HRQoL at baseline in DCC 
patients could have caused a ceiling effect that has lim-
ited the ability to improve HRQoL further [53, 54]. Even 
though the present study did not compare the intervention 
with usual care in the respective settings, Michalowsky 
et al. [16] confirmed the cost-effectiveness of cDCM in 
a physician-based setting, reducing hospitalizations and 
delaying institutionalization. Additionally, Steinbeis-
ser et al. [30] as well as Straubmeier et al. [31] provided 
evidence for the cost-effectiveness and effectiveness of a 
multicomponent non-pharmacological intervention com-
pared with usual day care for PwD in DCC, underlining 
the potential cross-sectoral benefits of cDCM for patients 
and payers. However, further research from additional for-
mal care settings beyond DCC is needed to confirm the 
gained findings.

5 � Limitations

The analyses compare two healthcare settings in a rural 
area in north-eastern Germany on the basis of small sam-
ple sizes, which may limit the findings’ generalizability. 
The study participants were not randomized to the respec-
tive settings. Therefore, the results could be biased owing 
to endogenous group differences. However, the results for 
the cost-effectiveness analysis in particular, were con-
trolled for several variables and remained stable overall 
even after sensitivity analyses except for the proxy assess-
ment by the family caregiver. Moreover, patients could 

not choose in which setting they use cDCM as an addi-
tional health service, which limits the patient perspective 
reported in this study. The study also included patients 
who had screened positive for dementia using the Dem-
Tect but had not been formally diagnosed or show no hint 
for dementia according the MMSE, which could lead to 
false-positive cases but could also indicate an underdiag-
nosis that had already been addressed in previous studies 
[6, 7]. Furthermore, it is already known that the DemTect 
is more suitable and sensitive than the mini-mental state 
examination in detecting early stages of dementia [55, 56]. 
PwD without a formal diagnosis were more likely to drop 
out, which affects the generalizability of the presented 
results for patients who screened positive for dementia. 
The dropout rate was higher among patients in the phy-
sicians network since the lockdown measures owing to 
COVID-19 made it impossible to conduct home visits to 
patients to complete these cases. Additionally, study staff 
assessed patient-reported primary data retrospectively at 
patients’ homes, possibly affecting their completeness and 
accuracy owing to recall bias, especially for the assessed 
healthcare resource utilization and costs. However, proxy 
interviews were conducted with healthcare providers and 
family caregivers to increase data validity and minimize 
this bias. However, inconsistencies must be considered, 
with self-reported values being systematically higher than 
the proxy assessment, particularly for HRQoL [57, 58]. 
The settings from different healthcare sectors were com-
pared directly so that two implementation alternatives for 
cDCM were presented in the cost-effectiveness analysis. 
Therefore, no conclusions based on the present study could 
be drawn regarding their inferiority or superiority toward 
usual care. However, the superiority of cDCM over routine 
care was assumed on the basis of the available studies. The 
unmet needs reported in the present study only considers 
unmet needs at baseline. The cDCM’s success in covering 
the previously identified unmet need is part of the process 
evaluation and further research.

6 � Conclusions

Patients who received cDCM as an additional healthcare 
service in the physician network achieved a higher HRQoL 
after 6 months at lower costs from the payer’s perspective 
than patients who received cDCM in the DCC, suggesting 
cDCM implementation in physician-based settings should 
be prioritized over formal care settings. Patients enrolled 
in the physician network had the highest unmet needs and 
more pronounced clinically relevant neuropsychiatric 
symptoms. However, access to social and nursing care ser-
vices was limited, which supports the higher demand for 
cDCM for patients in physician-based settings. A detailed 
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look at unmet needs suggested that DCC patients also had 
many identified unmet needs despite their direct access to 
professional nursing care. Implementing cDCM requires 
setting-specific focal points to integrate the respective sec-
tors more easily and efficiently. Further research is, there-
fore, needed to gain more insights into additional primary 
care settings and in-depth knowledge about the accept-
ance, barriers, and success experienced in various settings.
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