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Introduction  

Background 

Due to demographic changes, medical and nursing care in Germany face new challenges. The 

effect of "double aging" [1], characterized by a declining birth rate and a dramatically increasing 

life expectancy, cause the aging of our society [2]. This is particularly evident in structurally 

weak regions, such as Mecklenburg-Western Pomerania [3]. Despite an absolute decrease in 

the population in Mecklenburg-Vorpommern over the next three decades, an increase in the 

share of people aged 65 or over in the total population from 21% in 2013 of up to 33% in 2060 

is expected [4]. In addition, the accessibility of primary care is becoming more difficult in 

structurally weak regions. In primary care, the general practitioner (GP) usually is the 

gatekeeper of treatment and care. In some rural areas, there is an health care provision rate of 

less than 90% [5, 6]. Thus, in times of an aging population, a higher primary care capacity is 

needed to maintain an adequate level of treatment and care for everyone in the population, 

especially in structurally weak regions [7, 8]. 

At the same time, the aging of the population is associated with an increase in age-associated 

diseases including dementia [9]. The prevalence of dementia in Germany is already high. It is 

estimated that between 6% and 9% of the over-65s are affected by dementia in all industrialized 

countries. At present, about 1.8 million people in Germany have dementia, most of them have 

Alzheimer’s disease [10]. This prevalence is expected to double every 20 years, reaching more 

than 3 million people with dementia by 2050 [11]. Dementia diseases are also associated with 

substantial healthcare costs [12, 13]. In Germany, the cost of dementia care amounts to 10.5 

billion euros, which corresponds to 8.4% of the total cost of care for the over 65s [14]. The 

expected increasing number of people with dementia (PwD) will be associated with high health 

expenditures and shows the social challenge for the health care system [15, 16], highlighting 

that dementia is currently and will be soon one of the economically most challenging disease 

of older age [17, 18]. 

Besides, aging of the population also results in an increased number of persons with multiple 

diseases [19, 20]. There is an association between increasing age and increasing morbidity of 

the patients. Therefore, more and more patients will be multi-morbid in the next decades, having 

several co-existing conditions that affect treatment and care [9]. Comorbidity (i.e. one or more 

diseases in addition to the underlying disease) is very common, especially in older patients [21, 

22]. In the age group over 60, the prevalence of comorbidity valued between 55% and 98% 
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[23]. The probability of multiple illnesses increases with age and is a rising problem for affected 

patients, their relatives, and the health care system. Comorbid patients have a higher risk of 

developing dementia and other cognitive disorders [24], have a reduced quality of life, need 

usually more care, and utilize more health care services [25-27]. In a retrospective cohort study 

by Mondor et al. 2017 among 30,112 long-stay home care clients with dementia, 89% of PwD 

were comorbid, i.e. in this population, two or more diseases were diagnosed in addition to the 

dementia diseases [28]. This study furthermore revealed that the risk for hospitalization and 

visits to the emergency room significantly increases with increasing comorbidity. The 

coexistence of other diseases next to dementia caused significantly higher medical care costs as 

well [29]. However, to my knowledge the cost of individual morbidity patterns in PwD has not 

been studied in the literature so far. 

As pointed out, comorbidity is the rule rather than the exception in PwD. The most common 

comorbidities in dementia (occurring in more than 10% of patients) are high blood pressure, 

osteoarthritis, hypercholesterolemia, diabetes mellitus, coronary artery disease, and depression 

[26, 28, 30, 31]. The coexistence of chronic diseases and comorbidity in PwD frequently creates 

complex treatment and care challenges. Certain diseases, such as stroke and diabetes, can lead 

to a faster cognitive decline [32, 33]. The increasing cognitive impairment can also hinder a 

patient's ability to monitor concomitant diseases, comply with therapies, or communicate signs 

and symptoms of complications to healthcare providers, which can lead to adverse treatment 

and care outcomes in PwD [20]. 

To overcome these challenges, innovative care approaches are currently being sought to support 

the increasing number of PwD adequately. One way to achieve the required performance 

capacity is the introduction of new care concepts and structured, person-centered treatment 

programs for PwD [34, 35]. These approaches can relieve individual service providers, like 

GPs, and thus compensate for the impending shortage of supply [36, 37]. Implementing new 

interprofessional care programs and redistributing the responsibilities in primary care may be 

one approach to ensure and improve the life as well as the treatment and care situation of PwD, 

especially in rural areas [38, 39]. 

Collaborative Dementia Care Management (DCM) demonstrated with the concept of support 

GPs by specifically qualified nurses an adequate and effective approach for the compensation 

of supply deficits in the primary care sector [39-41]. The focus of this care concept is a 

structured treatment program, which is initiated and coordinated through specially-qualified 
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nurses [37]. These nurses identified PwD and their caregivers’ unmet needs and initiated 

treatment and care needed to meet the existing needs. Simultaneously, PwD and their close 

relatives were much better integrated into the existing health care system without creating 

redundant structures. The study of Reilly et al. 2015 demonstrated that collaborative care 

management programs could reduce hospitalizations and the length of hospital stays, may 

postpone institutionalization, alleviate behaviour disturbance and depression, and improve 

social support for patients and caregivers [42]. 

However, there are solely a few studies that evaluated the cost-effectiveness of such 

collaborative programs. Most of them revealed inconclusive evidence concerning the cost-

effectiveness [42-47]. In the face of continuous increases of healthcare expenditures and limited 

health care resources in many rural areas, health economic evaluations of innovative care 

approaches are needed. These new care concepts can only be implemented in routine care if a 

positive cost-benefit and/or cost-effectiveness ratio can be achieved for the involved 

stakeholders and patients [48]. In order to evaluate a comprehensive care concept, it is necessary 

to examine the costs of care depending on the (un-)met care needs, sociodemographic and 

clinical characteristics of the patients. Especially patients` socio-demographic and clinical 

characteristics, like co-existing illnesses next to dementia, could result in very different cost-

effectiveness conclusions. Even though most of the economic analyses of collaborative models 

of care revealed inconclusive evidence concerning the cost-effectiveness, there will be sub-

groups of PwD that benefit most from any such program, resulting in higher cost-effectiveness 

of such programs. However, knowledge about important subgroups that benefits most from 

innovative care models in dementia is lacking.  

Objectives and research question 

Little is known about comorbidity in dementia diseases and associated utilization of health care 

resources and cost in community-dwelling PwD. Also, there is a lack of evidence regarding the 

socio-demographic and clinical characteristics of patients (especially their comorbidity) that 

may increase the cost-effectiveness of innovative models of care, like collaborative DCM 

programs.  

Therefore, the aims of this dissertation are to conduct (1) a health economic analysis of the 

impact of comorbidities in people with dementia and (2) a subgroup cost-effectiveness analysis 

of a collaborative DCM as an innovative approach to support and manage treatment and care 
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for PwD, to study sociodemographic and clinical characteristics that are associated with 

benefits from the perspectives of the patients and healthcare payers.  

It has been hypothesized that the costs of care for PwD vary depending on PwD comorbidity 

and their socio-demographic and clinical characteristics [49, 50]. Therefore, the health care 

costs of PwD will be calculated and the association between comorbidity and socio-

demographic and clinical factors of the PwD with their health care cost will be analyzed [49].  

In addition, we hypothesize that there are important subgroups (e.g. PwD with low, high or very 

high comorbidity and different sociodemographic characteristics) that benefit differently most 

from the DCM intervention. We will analyse for which subgroups the most significant effect 

on costs, on Quality-adjusted Life Years (QALY), and the highest individual cost-effectiveness, 

respectively, could be achieved. 

Material and Methods  

Study design and setting 

The analyses were based on data from the DelpHi-MV trial, a pragmatic, GP based, cluster-

randomized prospective controlled intervention trial [37]. The study aimed to implement and 

to evaluate the innovative concept of collaborative Dementia Care Management in Germany. 

The DCM was developed to support community-dwelling PwD and their caregivers in the 

primary care setting and to improve their treatment and care [39, 51, 52]. In this trial, DCM was 

operationalized as a complex intervention aiming to provide optimal individualized treatment 

and care for PwD and support to caregivers in close cooperation with the treating GP [39, 51, 

52]. A specifically qualified nurse, so-called Dementia Care Manager, assessed and recorded 

all nursing, medical, psychosocial, social and legal care needs of the PwD and his or her 

caregiver, transferred these needs into an individualized intervention plan and subsequently 

implemented each intervention in close cooperation with the treating GP [39]. After six months 

of intervention, the intervention group was compared with the cluster-randomised control group 

who received usual care. 

Patients were at the age of 70 years or older, community-dwelling, had been positively screened 

for dementia using the DemTect procedure (DemTect<9) in participating GP practices, and 

provided written informed consent for participation in the study. In case a patient was unable 

to give written informed consent, the form was signed on his or her behalf by his or her legal 
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representative (as approved by the Ethical Committee of the Chamber of Physicians of 

Mecklenburg–Western Pomerania, registry number BB 20/11).  

The DelpHi-trial revealed that the DCM program increases the prescription rate of anti-

dementia drugs, significantly alleviates the neuropsychiatric symptoms, and reduces caregiver 

burden [37, 51]. Overall, PwD who received the DCM had higher HRQoL scores and incurred 

lower healthcare costs compared to controls [50, 51, 53]. Effectiveness, efficiency and health 

economic analysis of the DCM of the DelpHi-trial have been published elsewhere [37, 50, 54]. 

Study population 

Overall, n = 6,838 people were screened by 128 GPs and n = 1.167 (17%) PwD were eligible 

for the study. Out of this n=634 (54%) gave an informed consent to participate in this study and 

n=516 started the baseline assessment (intervention: 348 PwD; controls: 168 PwD). There were 

no significant differences considering age, sex, and the DemTect score among patients starting 

the baseline assessment (n=516) and those who dropped out before starting the baseline 

assessment (n=118) [55]. A detailed description of this sample is given elsewhere [56]. 

The first analysis (economic analysis of healthcare utilization of cost depending on PwD 

comorbidity) was based on cross-sectional data of the DelpHi-trial. 118 PwD were excluded 

because of missing data of relevant variables. The primary causes for missing data included 

were dropout due to death (n=19), withdrawal of informed consent (n=85), relocation (n=5), 

and other reasons (n=9). In 154 patients, the dementia diagnosis (ICD-10) could not be finally 

confirmed after completing the baseline assessment. These were also excluded from this 

analysis. Finally, the first analysis was based on cross-sectional data of 362 PwD. The study 

flow chart is represented in Figure 1 and shown in the attached publication in the appendix 

(Supplementary Figure 1). The drop out analysis, revealing that especially PwD with a higher 

DemTect Score, patients with a lower care level and thus with a lower need for care as well as 

patients with a lower Charlson comorbidity index (CCI) dropped out, is represented in the 

attached publication in the appendix (Supplementary Table 1 and 2) [57].  



- 6 - 
 

 

Figure 1: Study flowchart 

 

The second analysis was based on 24 months longitudinal data of the DelpHi-trial. 85 

participants withdrew their informed consent after completing the baseline assessment, n=73 

passed away, and n=6 postponed the first and second follow-ups, resulting in a sample of 408 

and 352 participants who accomplished the first and second study follow-up. Thus, the second 

analysis was conducted on a sample of 444 participants who received either the DCM or usual 

care and completed the baseline and at least one of the follow-up assessments or died before 

the first follow up assessment (deceased patients were included in this analysis) [58, 59].  

Data assessment  

In the DelpHi-MV trial, data was collected by questionnaires at baseline, and at scheduled 

follow-up visits after 12 months and 24 months [37]. Medical diagnoses for dementia (ICD-10 

codes) and comorbidities, including the exact date of the initial diagnosis, if any, were retrieved 

from the patients’ medical records with the permission of the treating GPs. Baseline assessment, 

intervention, and annual follow-ups were carried out by specifically qualified nurses, so-called 

dementia care managers [39, 51]. 

Supplementary Figure 1: Study flowchart 

Patients screened for dementia (>70 years, 

community dwelling) 

N=6.838 patients at n= 125 GP practices 

Informed consent 

N=634 patients at n=95 GP practices 

Participants of the study 

N=362 patients 

Low comorbidity 

N=57 patients 

Excluded 

- before baseline assessment 

Drop-out: n= 118 patients 

High comorbidity 

N=134 patients 

Very high comorbidity 

n=171 patients 

Start Baseline Assessment 

N=516 patients  

Excluded 

- no ICD 10 dementia diagnosis 

Drop out: n= 154 patients 

 

Eligible patients (DemTect<9) 

N=1. 167 patients at n= 105 GP practices 
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Sociodemographic and clinical factors 

Sociodemographic data included age, gender, and living situation (living alone vs. not alone). 

The following clinical variables were assessed as well: severity of cognitive impairment, 

number of medications, deficits in activities of daily living (ADL), and depression. The severity 

of cognitive impairment was assessed by the Mini-Mental Status Test (MMST) [60], a 

psychometric testing procedure to categorize PwD according to the severity of their cognitive 

impairment, into the following categories: no indication (MMST score >26), mild (MMST 

score 20-26), and moderate to severe (MMSE Score 0–19) cognitive deficits [61, 62]. The 

MMSE is less sensitive for detecting milder forms of cognitive impairment (43%) compared to 

the DemTect procedure (80% to 100%) that was used for the screening in GP practices and the 

subsequent inclusion of patients in the trial [63, 64]. Therefore, it is possible that some patients, 

who were screened positive for dementia with the DemTect, are not cognitively impaired 

according to the MMSE (score 27 to 30). The Bayer Activities of Daily Living Scale (B-ADL) 

[65] was used to assess deficits in ADL. Depression was assessed using the GDS (sum score 0-

15, score ≥ 6 indicates depression) [66]. 

Comorbidity of patients living with dementia 

Comorbidity was identified by each patient’s medical ICD-10 diagnoses listed in the GP´s 

medical records. In addition, the charlson comorbidity index (CCI) was used to provide a 

comorbidity summary score. The CCI is the most commonly used comorbidity score to measure 

the burden of disease in health care data and is based on medical diagnoses including the 

International Classification of Disease, 10th Revision (ICD-10) codes [67]. A weighted sum 

score of the CCI can be derived and relates to the absence and presence of different comorbid 

conditions [68]. All patients in our sample received a formal dementia diagnosis, and we 

considered sixteen diseases of the CCI for our analysis of the economic burden of comorbidity 

in dementia. Comorbidity was categorized in low (CCI-score=1, one comorbidity in addition 

to dementia), high (CCI-score=2-3, two or three comorbidities in addition to dementia) and 

very high comorbidity (CCI-score>3, more than three comorbidities in addition to dementia). 

The description of ICD-10 diagnoses included in each comorbidity level and the calculation of 

the CCI is represented in the attached article Nr. 1 (Supplementary Table 3) [57]. 

Health care utilization and health care costs  

The health care resource utilization was retrospectively collected through comprehensive, 

standardized, computer-assisted interviews at 12 and 24 months after baseline. PwD, 
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caregivers, and care services staff, if available, were interviewed face to face. The utilization 

review comprises a list of widespread healthcare resources and services (e.g. physician visits, 

in-hospital treatments, medications, medical aids and therapies and ambulatory care) and 

collected detailed information about the frequencies of the utilization of different medical and 

formal care services.  

The health care costs for each patient were calculated using the assessed healthcare resource 

utilization and published unit costs [69]. Healthcare costs were calculated from a public payer´s 

perspective, including all resources used that are completely attributable to the use of a 

healthcare intervention or illness (direct costs).  

Health-related quality of life and Quality-adjusted Life Years 

HRQoL was measured at baseline, follow-up one, and follow-up two using the SF-12, a generic, 

multidimensional instrument that measures the physical dimension of HRQoL [70]. Health 

utilities were derived from the SF-12 using the method of Brazier & Roberts and used to 

calculate QALYs for each patient separately [71]. The responses to the SF-12 were converted 

to health utilities using the scoring algorithm for the SF-6D, a preference-based single index 

measure for HRQoL anchored at 0 for death, and 1 for full health [71]. A linear decrease of 

HRQoL between baseline, 12 months, and 24 months was assumed, which is consistent with 

the clinical course of dementia diseases. In case of death, the utility value was assumed to equal 

zero. Individual QALYs were calculated by using the AUC technique (area under the curve) 

and discounted at 5% per year [69, 72-74]. 

Incremental cost-effectiveness and individual Net Monetary Benefit 

Next to the calculation of the individual cost and QALYs, the individual net monetary benefit 

(NMB) was calculated as a further outcome of the second analysis to identify individual PwD 

who benefits most from a collaborative DCM. Principally, the subgroup cost-effectiveness 

analysis was based on the calculation of the incremental cost-effectiveness ratio (ICER). The 

ICER embraces the ratio of the differences in total mean costs 𝑐̅  and total mean effects �̅� 

(QALYs) between the intervention (i.e. PwD who received the DCM) and control group (i.e. 

PwD who received care as usual) (see formula 1) [75].  

(1)                                                 𝐼𝐶𝐸𝑅 =
𝑐̅ 𝐼𝐺− 𝑐�̅�𝐺

�̅�𝐼𝐺− �̅�𝐶𝐺
=  

Δ𝑐̅

Δ�̅�
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Thus, this ratio representing the incremental cost per QALY gained by the DCM program 

compared with the usual care [75]. The cost-effectiveness ratio was used to calculate the NMB 

for each patient by assigning a monetary value to the achieved incremental benefit of the 

intervention group compared to the control group. The NMB is calculated as follows:  

(2)                                               𝑁𝑀𝐵̅̅ ̅̅ ̅̅ ̅ = (∆𝑒 ̅ × 𝜆) −  ∆𝑐 ̅  

𝑁𝑀𝐵̅̅ ̅̅ ̅̅ ̅: net monetary benefit 

λ: willingness-to-pay for one QALY 

∆𝑒 ̅: incremental mean effects/ benefit 

∆𝑐 ̅: incremental mean costs 

An intervention is considered to be cost-effective if NMB is >0 [76-78]. Thus, a positive NMB 

represents that the intervention has more additional value than extra costs and means, that the 

intervention is cost-effective at a given willingness-to-pay (WTP) threshold (λ) [79].  

For the analysis, we used the patient-specific net monetary benefit according to the 

recommendation of Ridder et al. [80] to assess the cost-effectiveness of the DCM at the 

individual patient level. Under this framework, each subject’s NMB was defined by using the 

observed data on the effects and cost for the respective PwD [78-80].  

Handling of missing data 

Missing values were handled by using Multiple Imputation by Chained Equations (MICE). 

MICE was specified for each variable and adjusted for age, gender, living situation, and 

comorbidity [59, 81, 82]. The imputations were conducted by adding 50 additional data sets for 

each missing variable [53, 83]. 

Statistical analysis of comorbidity and cost in dementia  

For the first analysis of the economic impact of comorbidity on health care utilization and costs 

in community-dwelling PwD, we used descriptive statistics for sample characteristic and the 

prevalence of each comorbidity. Kruskal-Wallis tests were performed to assess the statistical 

significance of the difference between the low, high and very high comorbidity subgroup. To 

analyze the associations between comorbidity and health care cost, we used multiple linear 

regression models with random effects for each GP. For cost for physician treatments, 



- 10 - 
 

hospitalization, medication, medical aids, therapies and formal care, separate linear regression 

models were conducted. Either the number of diseases according to CCI or the three levels of 

comorbidity were used as a predictor of interest separately in the models. We furthermore 

adjusted each model for gender, age, living situation, ADL and depression as covariates. 

Because of a highly skewed distribution of health care costs standard errors (SE) and confidence 

intervals (CI) for regression coefficients were estimated by non-parametric bootstrapping with 

2,000 replications [84]. Furthermore, we conducted a sensitivity analysis to test the robustness 

of the results obtained by the multivariate linear regression, using a Generalized Linear Model 

(GLM).  

Statistical analysis of subgroup cost-effectiveness analysis  

The second analysis aimed to identify relevant subgroups who benefit most from a DCM from 

a patient and economic perspective. Therefore, we used the patient-specific NMB to assess the 

individual cost-effectiveness of the DCM at the individual patient level. 

The individual NMB approach requires a selection of a cost-effectiveness ceiling ratio. A 

threshold of 40,000€ per individual QALY was selected for our main analysis [78]. In addition, 

we calculated the individual NMB with 80,000€ and 160,000€ per individual QALY.  

To identify relevant subgroups that benefit most from the DCM the following subgroup-

categories were used: younger (<80 years) and older PwD (80 years and older), male and female 

PwD, PwD living alone vs. those living not alone, PwD with low (CCI< 2), high (CCI < 3) and 

very high comorbidity (CCI > 3) as well as PwD with no indications (MMSE ≥ 27), mild 

(MMSE 20–26) and moderate to severe (MMSE 0–19) cognitive impairment and PwDs with 

no (BADL 1.0–2.0), mild (BADL 2.1–5.0) and high deficits (5.1–10.0)  in daily living activities 

[85].  

Cost-effectiveness analyses were conducted for each subgroup by stratifying the sample 

according to their socio-demographic and clinical characteristics. Within each separated 

subgroup the ICER was calculated using the incremental cost per QALY gained by the DCM 

program compared with usual care [75]. To handle sampling uncertainty in the ICER, we used 

non-parametric bootstrapping (1,000 resamples, stratified for cluster and group distribution) 

[86]. The probability of the DCM being cost-effective was calculated using the NMB and 

different WTP margins (0€ per QALY gained to 160,000€ per QALY gained) [87, 88]. 

Finally, Cost-Effectiveness Acceptability Curves (CEAC) were presented for each subgroup.  
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We assessed the impact of the DCM on i) individual total costs, ii) QALY and iii) PwD 

individual NMB by using multivariate linear regression models with random effects for the 

GPs. A vector of subject characteristics and interaction terms between the subject 

characteristics (subgroup) and the intervention indicator (intervention vs. control) were 

included in the linear regression models as a predictor of interest, aiming to explore if the cost-

effectiveness varies over different patient subgroups. Therefore, the following interaction terms 

were used: Study group (intervention) with age (reference: older), sex (reference: female), 

living situation (reference: living alone), deficits in daily living activities using the B-ADL 

(reference: no deficits), cognitive deficits using the MMSE (reference: no indication of 

cognitive deficits), comorbidity using the CCI (reference: low comorbidity). The interaction 

terms with the intervention group were used to control for homogeneous effects across the 

single patient groups and to assign the average cost, QALYs and NMB for different patient 

groups [79]. All models were furthermore adjusted for study group, gender, age, living 

situation, MMST score, B-ADL, GDS, and CCI. We performed all statistical analyses by using 

the software STATA/IC 13.0 [89]. 

Results  

Comorbidity and cost in dementia 

Socio-demographic and clinical characteristics 

The first analysis of comorbidity and associated health care resources utilization and cost is 

based on a sample of 362 PwD with a confirmed diagnosis of dementia. Patients were on 

average 81 (SD = 5.5) years old, mostly female (61.6%) and on average mildly cognitively and 

functionally impaired. Comorbidity was highly prevalent in the study population. 47% of PwD 

had a very high, 37% a high and 16% a low comorbidity in addition to dementia. The subgroup 

with more than three comorbidities in addition to dementia (e.g. with very high comorbidity) 

was more likely to be male (49%, n=84) compared to the subgroup having only one comorbidity 

in addition to dementia (low comorbidity) (23%; n= 13; p=0.001). The most prevalent co-

existing comorbidities were diabetes mellitus (42%), peripheral vascular disease (28%), 

cerebrovascular disease (25%), and congestive heart failure (20%). The most expensive 

comorbidities in addition to dementia were moderate or severe liver disease (mean cost: 

32,551€), metastatic solid tumors (11,646€), rheumatic diseases (11,348€), and renal diseases 
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(10,612€). The costs of all comorbidities (according to the CCI) in addition to dementia are 

displayed in Table 1. 

 

Table 1: Comorbidities according to the CCI and mean costs per comorbidity in addition to 

dementia (Source: manuscript Nr. 1, page 640 [57]) 

 

 

 

 

 

 

1 Comorbidities based on the Charlson comorbidity index (CCI); 2 including lymphoma and leukemia, 

except malignant neoplasm of skin, 3 There were no PwD with AIDS/HIV in our sample. Therefore, no 

costs could be determined. 

 

The descriptive statistics of the characteristics of the total sample, as well as of the subgroups 

with a low, high and very high comorbidity and the prevalence of the 17 identified diseases of 

the CCI is described in more detail in article 1 (manuscript Nr. 1, page 639 f.) [57]. 

Comorbidity1 

Mean costs per comorbidity in 

addition to dementia   

mean (SD) in € 

Moderate or severe liver disease 32,551 (0.0) 

Metastatic solid tumor 11,646 (6,900) 

Rheumatic disease 11,348 (10,158) 

Renal disease 10,612 (8,850) 

Congestive heart failure 10,310 (8,521) 

Chronic pulmonary disease 9,958 (10,089) 

Hemiplegia or paraplegia 9,588 (9,223) 

Any malignancy2 9,528 (8,960) 

Mild liver disease 8,923 (10,765) 

Diabetes with chronic complication 8,771 (7,836) 

Peripheral vascular disease 8,387 (9,095) 

Cerebrovascular disease 8,136 (8,547) 

Diabetes without chronic complication 7,877 (7,368) 

Peptic ulcer disease 7,712 (9,047) 

Acute myocardial infarction 6,106 (4,212) 

AIDS/HIV3 -  
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Health care utilization and Health care costs in PwD with comorbidities 

The utilization of medical treatments was significantly higher in patients with a very high 

comorbidity compared to patients with a low comorbidity. However, PwD with high 

comorbidity were shorter hospitalized compared to PwD with a low or very high comorbidity. 

Also, the very high comorbid sample utilized more formal care than the low comorbid-sample. 

In contrast, the high comorbidity group utilized less formal care than the low and very high 

comorbid-sample. All group differences were statistically significant, except the health cure 

days, day/night care and ambulatory care [57].   

The annual medical care costs were higher in the very high comorbidity group compared to the 

low comorbidity group. However, total costs for medical treatment were on average highest in 

the very high comorbidity group (6,601€) but lowest in the high comorbidity group (4,167€). 

However, the costs for medical treatment were not much higher in the low comorbidity group 

(4,431€). The results demonstrated that the in-hospital costs curve was u-shaped. The other cost 

categories of the medical treatment costs (i.e. costs for physician visits, medication and medical 

aids) increase with rising level of comorbidity.  

In contrast, the costs for formal care were on average higher in the very high comorbidity group 

(2,879€) compared to the high comorbidity group (2,283€) but lower in comparison to the low 

comorbidity group (3,105€). Thus, the low comorbidity group showed the highest costs for 

formal care owing to u-shaped costs for ambulatory care and decreasing costs for day & night 

care with an increasing level of comorbidity.  

Overall, total costs from a payer’s perspective, subsuming the medical and formal care costs, 

were 7,536€ (SD: 10,718€) for the low comorbidity sample (n=57), 6,450€ (SD: 7,703) for the 

high comorbidity sample (n=132) and 9,480€ (SD: 8,666€) for the very high comorbid sample 

(n=171). We observed u-shaped health care costs in PwD with increasing level of comorbidity, 

especially due to the u-shaped costs for formal care which are not related to comorbidity. Thus, 

mean total health care costs were highest in patients with a very high comorbidity compared to 

those with a high or low comorbidity in addition to dementia. However, total health care costs 

were lower in PwD with a high comorbidity as in patients with a low comorbidity. All cost 

differences were statistically significant, except the costs for formal care [57]. A detailed 

description of the health care resources used for each level of comorbidity is represented in 

Table 2. 
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Table 2: Health care resource utilization and costs by level of comorbidity (n=362) (Source: 

manuscript Nr. 1, page 641) [57] 

 

Associations between health care costs and comorbidity in PwD  

The multivariate analysis revealed that each further comorbidity captured by the CCI 

significantly increases total health care costs on average by 528 € (SE= 214, CI95=109-947€, 

p=0.014). Whereas there was no significant association between comorbidity and formal care 

costs, multivariate models observed a significant association with medical care cost. Each 

further comorbidity that is captured by the CCI was associated with higher medical care costs 

of 455€ (SE=174, CI95=114-795, p=0.009). Looking at the comorbidity categories, a very high 

comorbidity was associated with 818€ (SE= 168, CI95=489-1147, p<0.001) higher medication 

 Level of comorbidity  

 
Low 

comorbidity 

(n=57) 

High 

comorbidity 

(n=134) 

Very high 

comorbidity 

(n=171) 

p-value 

Health care resource use mean (SD) mean (SD) mean (SD) ** 

 Medical treatments     

  Physician, visits  10.8 (10.2) 11.7 (8.8) 12.7 (7.8) 0.022 

 In-hospital, days  3.7 (10.0) 2.4 (7.9) 5.1 (9.7) 0.003 

 Medication, number 4.2 (2.3) 5.8 (2.8) 7.5 (3.1) 0.001 

 Medical aids, number 3.6 (2.6) 4.6 (2.8) 5.4 (2.7) 0.001 

 Rehabilitation, days 0.4 (2.8) 0.0 (0.0) 1.0 (5.8) 0.032 

 Health cure, days 0.0 (0.0) 0.3 (2.2) 0.3 (2.5) 0.481 

 Therapies, visits 5.4 (13.1) 4.7 (16.5) 4.9 (13.7) 0.015 

 Formal care     

 Day/ night care, days  8.6 (26.6) 7.8 (38.2) 13.4 (46.8) 0.070 

 Ambulatory care, visits 128.8 (277.3) 99.7 (262.4) 167.1 (336.5) 0.061 

Costs in Euros, mean (SD)*     

 Medical treatments 4,431 (7,113) 4,167 (5,531) 6,601 (6,724) 0.001 

 Physicians 339 (455) 374 (374) 388 (243) 0.012 

 In-hospital 2,318 (6,308) 1,550 (4,867) 3,303 (6,227) 0.002 

 Medication 998 (1,037) 1,415 (1,365) 1,860 (1,462) 0.001 

 Medical aids 663 (837) 733 (873) 948 (999) 0.001 

 Therapies 111 (268) 95 (338) 101 (280) 0.015 

 Formal care 3,105 (5,280) 2,283 (4,874) 2,879 (5,231) 0.041 

 Day/ night care 1,191 (2,605) 1,179 (3,337) 1,124 (2,929) 0.098 

 Ambulatory care 1,914 (4,474) 1,104 (2,894) 1,755 (3,501) 0.066 

TOTAL COST (Payer 

perspective) 
7,536 (10,718) 6,450 (7,703) 9,480 (8,666) 0.001 

* Time period of costs: 12-month retrospective; demonstrated costs are annual mean costs per patient 

or patient group 

** statistical significance of the difference between the low, high and very high comorbidity sample; 

Kruskal-Wallis was performed 
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costs and with 336€ (SE=161, CI95=20-652, p=0.037) higher cost for medical aids, each 

compared with patients with a low comorbidity.  

However, no significant associations between higher comorbidity and costs for physician 

consultations, in-hospital costs, and therapy costs as well as for formal care cost were found 

[57]. In the sensitivity analysis using GLM confirmed the significant association between PwD 

comorbidity and costs (the sensitivity analysis is described more detailed in the article). 

Subgroup cost-effectiveness analysis  

Sample, sociodemographic and clinical data 

The subgroup cost-effectiveness analysis (second analysis) was based on 444 participants who 

received either the DCM or usual care and completed the baseline and at least one of the follow-

up assessments or died. Patients were on average 80 years old, mostly female (60%), half of 

them were living alone (51%) and were on average mildly cognitively (mean MMST: 22) and 

functionally impaired (mean B-ADL: 4). Overall, 39% of the total sample had a very high 

comorbidity (41% in the intervention group and 33% in the control group) compared to 47% in 

our first analysis. In 20% of the intervention group and 30% of the control group the level of 

comorbidity was low, whereas in 41% of the intervention group and 33% of the control group 

the comorbidity was very high [53]. The sociodemographic and clinical characteristics of the 

study population of the second analysis were shown in the attached article Nr. 2 (manuscript 

page 454) [53, 57, 90]. 

Cost-effectiveness of DCM in PwD with comorbidities 

Comorbidity was again highly prevalent in the sample and total costs significantly increased by 

528 € (SE=214, CI95=109-947, p=0,014) with each further comorbidity. As demonstrated in 

other studies patients with comorbidity are very often underserved by poorly integrated care 

systems [91, 92]. Therefore, collaborative care models like DCM represent a solution to 

improve management and coordination of treatment and care in PwD with comorbidities and 

may reduce long-term costs. The following results demonstrate that the DCM intervention was 

most cost-effective in PwD with a high or very high comorbidity.   

Incremental cost and QALYs of PwD with comorbidities 

Overall and irrespectively of the sociodemographic and clinical characteristics, PwDs receiving 

DCM tended to incur 569€ (SE=2,491, CI95= -5466 – 4328, p= 0.590) lower cost and gained 
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on average 0.05 (SE=0.045, CI95= -0.04 - 0.14, p=0.130) more QALYs compared to care as 

usual over the 24 months’ time period [53].  

Looking at the level of comorbidity, PwD with a high comorbidity caused lower incremental 

costs of -7,416€ and higher QALYs of +0.07 compared to the entire sample, representing that 

DCM was more likely to be cost-effective in PwD with a high comorbidity. However, in PwD 

with a low or a very high comorbidity the ICER indicated higher incremental cost (+2,885€ and 

+3,497€, respectively) and lower or non-significant incremental QALYs (-0.073 and +0.131‡, 

respectively) for the DCM intervention as compared with care as usual, indicating a lower cost-

effectiveness. We observed u-shaped cost-effectiveness ratios for the comorbidity subgroups as 

well. One reason might be the high costs for formal care in the low and very high comorbidity 

group. The cost-effectiveness plane below displays the cost-effectiveness ratios for the 

subgroup of PwD with low, high and very high comorbidity (Figure 2). 

  

Figure 2: Cost-effectiveness plane for subgroups of comorbidity 
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Incremental cost and QALYs considering other sociodemographic and clinical factors 

Looking at the further subgroups, for older PwD (incr. cost: -3,716€; incr. QALYs: +0.04), 

female PwD (incr. costs -4,307€; incr. QALYs: +0.04), and PwD living alone (incr. cost: -

3,642€; incr. QALY: +0.03), the ICER for these subgroups indicated lower incremental cost 

and higher incremental QALYs for the DCM intervention as compared with care as usual and 

thus, a higher cost-effectiveness. Furthermore, the intervention was less costly (-2,678€ and -

3,472€, respectively) and more effective (+0.05 and +0.16 QALY) for PwD with mild and high 

deficits in daily living activities (B-ADL). For the subgroup of PwD with mild and moderate to 

severe cognitive deficits (only a few PwD in our sample were severely cognitively impaired 

according to the MMSE) the incremental costs valued -648€ (mild) and -5,574€ (moderate to 

severe), respectively, and QALYs were +0.11 (mild) and +0.10 (moderate to severe), 

respectively, highlighted that DCM was more cost-effective than usual care. A description of 

the incremental cost and incremental QALYs of all selected subgroups is presented in Table 3. 

Table 3: Description of incremental cost, effects and ICER (Source: Article Nr. 2, page 455) 

  n (%) 
Incremental Cost, 

mean (SD) 

Incremental 

QALY, mean (SD) 
ICER 

Overall, total sample 444 (100%) -569€ (2,491) +0.049 (0.045) DCM dominates 

Comorbidity (Charlson comorbidity index) 

low 102 (23.0%) +2,885€ (4,738) -0.073 (0.080) Usual Care dominates 

high 171 (38.5%) -7,416€ (4,740) +0.071 (0.075) DCM dominates 

very high 171 (38.5%) +3,497€ (3,410) +0.131 (0.071)
‡
 26,694€/QALY 

Age         

young (<80 years) 200 (45.0%) +2,425€ (3,162) +0.069 (0.067) 35,145€/QALY 

old (>80 years) 244 (55.0%) -3,716€ (3,701) +0.039 (0.057) DCM dominates 

Sex         

male 177 (39.9%) +4,911€ (3,266) +0.069 (0.076) 71,173€/QALY 

female 267 (60.1%) -4,307€ (3,488) +0.036 (0.052) DCM dominates 

Living situation         

living alone 224 (50.5%) -3,642€ (3,938) +0.034 (0.063) DCM dominates 

living not alone 220 (49.5%) +1,799€ (3,020) +0.067 (0.060) 26,851€/QALY 

Deficits in Daily Living Activities (B-ADL)     

no  158 (35.6%) +668€ (3,184) +0.032 (0.057) 20,414€/QALY 

mild 162 (36.5%) -2,678€ (4,977) +0.053 (0.070) DCM dominates 

high 124 (27.9%) -3,472€ (3,882) +0.159 (0.091)
‡
 DCM dominates 

Cognitive Deficits (MMSE)       

no indication 99 (22.3%) +5,485€ (3,055)
‡
 -0.147 (0.083)

‡
 Usual Care dominates 

mild 227 (51.1%) -648€ (3,955) +0.109 (0.059)
‡
 DCM dominates 

moderate to severe 118 (26.6%) -5,574€ (4,495) +0.102 (0.093) DCM dominates 
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MMSE, Mini-Mental State Examination, Range 0-30, a higher score indicates better cognitive function; B-ADL, Bayer-

Activities of Daily Living Scale, range 0-10, a lower score indicates better performance; SD, standard deviation; CI, 

confidence interval; ‡ p<0.01; DCM dominates: Incremental QALY and costs indicating that the dementia care 

management was more likely to be less costly and more effective according to QALY. For female and alone living patients 

with mild deficits in daily living, mild cognitive deficits and high comorbidity the incremental costs decreased but more 

QALY were gained. Therefore, DCM still dominates the usual care from a cost-effectiveness perspective. 

 

Cost-effectiveness acceptability curves for the selected subgroups 

Overall, at the WTP threshold of 0€ per QALY gained the probability of the DCM being cost-

effectiveness was 54% for the entire sample. The probability increased to 86% and 93% at a 

WTP of 40,000€ and 80,000€ per QALY gained, respectively.  

The probability of cost-effectiveness of the DCM was higher in PwD with high comorbidity at 

WTP thresholds of 40,000€ per QALY (96%) and lower in PwD with low (26%) or very high 

comorbidity (70%) compared to the overall sample. The CEAC for the comorbidity subgroups 

is represented in Figure 3.  As seen in figure 3, the acceptability curve is above 0.95 for all WTP 

values above € 40,000 per QALY for people with high comorbidity, highlighted that the DCM 

is very likely to be cost-effective in PwD with high comorbidity, but unlikely in PwD with a 

low or very high comorbidity. As seen in our first analysis and Table 2 as well, PwD with a low 

and very high comorbidity received more formal care and were more often admitted to hospitals 

than PwD with a high comorbidity. 

 

Figure 3: Cost-effectiveness acceptability curves, DCM intervention overall and subgroups of 

comorbidity 
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Table 4 represents the probabilities of cost-effectiveness over different WTP thresholds for all 

other selected subgroups. 

Table 4: Probability of cost-effectiveness over different willingness to pay thresholds and 

patient subgroups 

 

Probability of Cost-Effectiveness at different                                   

Willingness to pay threshold (λ) 

 0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 

Age          

young 0.393 0.440 0.478 0.503 0.532 0.549 0.558 0.566 0.570 

old 0.645 0.770 0.871 0.918 0.942 0.953 0.957 0.961 0.962 

Sex          

male 0.021 0.060 0.158 0.251 0.326 0.391 0.440 0.475 0.503 

female 0.863 0.935 0.959 0.973 0.979 0.981 0.981 0.975 0.975 

Living situation          

living alone 0.819 0.928 0.962 0.983 0.988 0.991 0.991 0.991 0.990 

living not alone 0.134 0.203 0.263 0.327 0.308 0.411 0.440 0.465 0.479 

Deficits in Daily Living Activities (B-ADL) 

no  0.241 0.184 0.161 0.15 0.151 0.153 0.164 0.166 0.175 

mild 0.513 0.595 0.687 0.752 0.794 0.825 0.845 0.861 0.869 

high 0.625 0.919 0.966 0.977 0.984 0.986 0.988 0.989 0.99 

Cognitive Deficits (MMSE) 

no indication 0.180 0.064 0.027 0.021 0.020 0.019 0.023 0.022 0.022 

mild 0.464 0.631 0.763 0.845 0.869 0.893 0.904 0.906 0.914 

moderate to severe 0.927 0.985 0.996 0.996 0.996 0.996 0.996 0.997 0.996 

For PwDs older than 80 years, the probability of the DCM being cost-effective was much higher 

compared to the younger PwD (<80 years) at the WTP of 40,000€ per QALY gained (87% vs. 

48%, respectively). In addition, the probability that the intervention is cost-effective was very 

high in females compared to males at the WTP of 40.000€ per QALY gained (96% vs. 16%, 

respectively). Furthermore, the probability of cost-effectiveness was much higher in PwD living 

alone at the WTP threshold of 40,000€ per QALY (96% vs. 26%, respectively) compared to 

PwD not living alone. Comparing PwD without deficits in ADL, the probability of cost-

effectiveness was higher in PwD with high deficits in ADL at a WTP threshold per QALY of 

40,000€ (97% vs. 16%, respectively). Concerning the severity of cognitive impairment, the 

probability of cost-effectiveness was higher in PwD with moderate to severe cognitive deficits 

at a WTP threshold of 40,000€ per QALY (100% vs. 3%, respectively) compared to PwD with 

no indication of cognitive deficits.  
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In summary, the probabilities of cost-effectiveness revealed that between the identified 

subgroups based on one single property, patients with a high comorbidity (96%) and moderate 

cognitive deficits (99%), female PwD (96%) and PwD living alone (96%) indicated the highest 

probability that the DCM intervention is cost-effective at the WTP of 40,000€ per QALY 

gained [90].  

Association between interaction terms and individual net monetary benefit  

Concerning the individual NMB with λ=40,000€, the multivariate analyses confirmed a 

significant interaction effect between female PwD (b=+11,733; SE=3,721) and PwD living 

alone (b=+8,417, SE=3,676) receiving the DCM. Those subgroups had a higher individual 

NMB, demonstrating that the DCM was more likely cost-effective in these subgroups. In 

addition, PwD with mild cognitive (b=+13,456, SE=4,657) and moderate cognitive deficits 

(b=+12,621, SE=5,279) who received the DCM had significantly higher individual NBM over 

the 24 months’ time horizon compared to mild and moderate cognitively impaired PwDs 

receiving care as usual. The subgroup of PwD who had mild or high deficits in the ADL and 

received the DCM showed a positive, however non-significant association. For PwD with high 

comorbidity a positive and statistically significant interaction effect (b=+13,007; SE=4,607) 

and for PwD with very high comorbidity, a positive but non-significant interaction effect 

(b=+2,338; SE=13,134) was found using the individual NMB at λ=40,000€. Thus, the analysis 

of the associations between different interaction terms and individual NMB with λ=40,000€, 

80,000€, and 160,000€ confirmed the results based on linear modelling [90].  

Discussion  

Comorbidity and costs in dementia 

Comorbidity in addition to dementia was highly prevalent. All PwD had at least one additional 

chronic condition. The distribution between a low, medium and high level of comorbidity 

displayed that three times more PwD had a high comorbidity compared to a low comorbidity. 

Our findings emphasize that comorbidity was associated with a substantial increase in health 

care resource use and consequently, healthcare costs from a public payer perspective in 

dementia, especially higher medical care costs due to higher utilization of medications and 

medical aids. Total costs of PwD with a high comorbidity were 14% and 47% lower as 

compared to PwD with a low or high comorbidity level, respectively, causing the observed u-
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shaped curve of total costs. The U-shape relation with increasing comorbidity level is 

predominantly based on the high use of formal care in these comorbidity subgroups. The 

utilization and costs of formal care are not related to comorbidity. Thus, health care costs do 

not increase linearly as comorbidity increases. When several conditions in addition to one main 

disease, like dementia, are prevalent, it would be reasonable that the health care costs rise due 

to an increasing need for more treatment and care as well as an impeded management of several 

co-existing diseases (for example, if a PwD also has diabetes and has to inject insulin several 

times every day additionally to dementia treatment). However, health care costs cannot be 

calculated as the sum of the costs of separate diseases depending on the nature of the 

interactions among co-existing diseases [93, 94]. Thus, health care costs could either be greater 

or less than the sum of the costs of individual illnesses [95]. 

A few analyses evaluated the association between comorbidity and health resource utilization 

or health care costs for a dementia population. Fillit et al. [96] analyzed the relationship between 

comorbid conditions and health care utilization and costs for patients with AD and estimated 

total annual costs of 8,370 EUR. In our analysis, total costs from a payer’s perspective valued 

from 7,536€ (SD: 10,718€) for the low comorbidity sample to 9,480€ (SD: 8,666€) for the very 

high comorbidity sample. Thus, the calculated costs in the study of Fillet et al. are very similar 

to our findings. However, the health care utilization was more frequent and costs higher with 

each additional level of comorbidity in this study. This is in contrast to our observed u-shaped 

relation between health care utilization and costs. Hill et al. described the relationship between 

comorbid conditions and costs for patients with Alzheimer`s disease (AD) and related 

dementias in a Medicare managed care organization and measured total costs for PwD of 9,217 

EUR [97], which is congruent to the calculated costs of our very high comorbidity subgroup. 

In contrast, Bähler et al. estimated total health care costs of 7,141 EUR on average in an elderly 

community-dwelling population with comorbidity, which is comparable to the estimated total 

health care costs of our low comorbidity sample [27]. As in our study, health care resource use 

was for most categories (e.g. physician visits, medications, and medical aids) more frequent 

with each additional level of comorbidity. The co-occurrence of multiple diseases in an 

individual has been linked to poor outcomes including increased physician visits, longer length 

of in-hospital stays, and higher number of medications and medical aids as well as increasing 

needs for formal and informal care.  

Reasons for the high health resource utilization and costs of PwD having a moderate or high 

comorbidity could be the high demand for health services and medical treatments due to 
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dementia as well as the challenges in the management of dementia and additional coexisting 

diseases. Obstacles in patient compliance, greater difficulties in treatment as well as barriers in 

organizing post-discharge care are important issues in dementia [96, 98]. Unique challenges 

occur in identifying and managing comorbidities of dementia patients [99]. Special efforts 

should be made to deal with existing comorbidities in patients with dementia. Improvements in 

the detection and treatment of comorbid diseases should improve outcomes for PwD [100]. 

Therefore, innovative approaches like collaborative DCM are needed to improve management 

of treatment and care in PwD and could result in reduced long term costs. 

In the study of Leon et al. 1998 lower monthly cost was observed in a sample of Alzheimer’s 

patients with 1 or 2 additional conditions (1,367€) compared to PwDs with none (1,465€) or 3 

and more comorbidities (1,677€) [101]. Our analysis revealed a similar result. The lower health 

care utilization and total cost for the subgroup with high comorbidity compared to the subgroup 

with low comorbidity of the intervention group was one of the most surprising results in our 

analysis. We observed u-shaped health care costs in PwD with an increasing level of 

comorbidity as well. The results demonstrated that PwD appear to use in some cases fewer 

health care resources to treat comorbidity. This could maybe explain why in our high 

comorbidity subgroup the utilization of health care resources and health care costs are lower as 

in the low and very high comorbid subgroup. Our data shows a lower utilization of in-hospital 

days, rehabilitation days, and therapy visits in PwD with a high comorbidity compared to 

patients with low comorbidity and lower costs in these medical treatments.  

Brillemann et al. (2013) revealed that there could be some cost-limiting comorbidities because 

treatment for the several conditions overlaps or because of inadequate care. In contrast, there 

can be comorbidities that increase costs compared with treating each condition separately [102]. 

In this study, some conditions were found to be both cost-increasing and some cost-limiting 

when co-occurring with other conditions except dementia, which was determined as a cost-

limiting comorbidity. This finding is contrary to the evidence suggesting that PwD cause 

substantial higher cost as compared to non-demented controls of the same age [103-105]. 

However, the combination of different diseases in addition to dementia could increase or 

decrease cost, as demonstrated in the analysis of Brillmann. Besides, there is some evidence 

supporting that for PwD other conditions are under-reported or that the dementia diseases 

remains undiagnosed for a long time in the course of the diseases [106]. Underdiagnosis may 

also point to a lack of appropriate management of comorbidities [102, 107]. Thus, it could be 

assumed that in our high comorbidity sample the additional comorbidities in dementia are 
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combinations of cost-limiting comorbidities like diabetes, COPD, hypertension and chronic 

kidney disease [102]. This possibly indicates that treatment and care for PwD with these 

comorbidities are not as extensive as for those without dementia. In addition, it could be 

expected that in our low and very high comorbidity sample the additional comorbidities in 

dementia are combinations of cost-increasing comorbidities like depression and other mental 

diseases. However, the CCI does not consider psychological diseases. Depression was very 

common in our sample and identified in 15.4% of the PwDs but not considered in the CCI as a 

comorbid disease [56]. Further research is needed to evaluate if a consideration of mental illness 

would cause a more linear correlation between increasing cost and a higher comorbidity. 

Subgroup cost-effectiveness analysis 

Our second analysis of the cost-effectiveness of a collaborative DCM showed similar results 

when the different comorbidity groups were considered. PwD with a high comorbidity benefit 

more from a DCM as PwD having a low or very high comorbidity, represented by lower 

incremental costs and a higher probability of cost-effectiveness. Our multivariate analyses 

confirmed this significant association between the high comorbidity group of PwD and a higher 

NMBs. Thus, the longitudinal analysis, as well as the cross-sectional analysis, revealed 

comparable patterns, a “u-shape” of the individual cost-effectiveness for collaborative 

intervention and total healthcare costs over the comorbidity categories. It could be supposed 

that according to the lower total cost in PwD with a high comorbidity, the cost-effectiveness of 

the DCM is higher in the high comorbid sample as in the sample with low or very high 

comorbidities. It could be assumed that the higher the utilization of healthcare services, the 

higher would be the possibility to achieve cost-effectiveness of an intervention intending to 

optimize treatment and care by increasing the utilization of evidence- and high value-based 

treatment and care that could improve health and economic outcomes later on as well as would 

reducing the utilization of unnecessary and non-value based treatment and care that could end 

up in adverse patient- and economic-related outcomes. Contrary to this expectation, our 

findings suggest that solely for PwD with a high comorbidity but lower healthcare costs a high 

cost-effectiveness of the collaborative care program was achieved. For PwD with a low or very 

high comorbidity, the DCM is less cost-effective due to lower QALYs and higher costs. It can 

be assumed that the observed u-shape relation is caused by the high utilization and costs of 

formal care in theses comorbidity subgroups. PwD in the low and very high comorbidity 

subgroup utilize already at baseline a lot of formal care, so that the DCM may not have been so 
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effective and could not achieve as much as in patients with a low utilization of formal care (i.e. 

PwD with a high comorbidity).  

Other studies indicated that individual comorbidities can be assigned to specific multimorbidity 

patterns and that the patterns influence and overlap with each other [22]. The combination of 

several comorbidities in addition to dementia could result in overuse, underuse, or misuse of 

health care services. Through the complexity and existing gaps between several sectors in the 

health care system, an individualized, comprehensive and coordinated care and treatment of all 

existing comorbidities did often not perform well in routine care. Our result that for PwD with 

a high comorbidity the DCM is more cost-effective than for PwD with a low or very high 

comorbidity indicated that a PwD with two or three comorbidities in addition to dementia has 

more unmet needs due to inappropriate and inadequate treatment in routine care. The DCM is 

a collaborative, integrated and comprehensive approach and therefore could detect and meet 

more needs across different diseases. 

In addition to the presence of comorbidity in dementia, our work revealed that the age of the 

PwD, the degree of deficits in ADL, and the living situation of the patients (living alone) were 

significantly associated with higher health care costs in PwD. As shown in other studies, the 

age of the PwD is a key driver of health care costs and a higher comorbidity is associated with 

increasing age. [31] Furthermore, we found that more males than females with dementia have 

a high comorbidity burden. Differences in the diagnosis and treatment of comorbidity and 

health care service utilization in men and women might be some reasons. In the literature, there 

is some evidence that male PwD have a higher relative risk of comorbidity than women, 

compared with subjects without dementia, which is in accordance with our results [22, 108].  

Additional findings 

Our second analysis provides information about further patient subgroups, next to these PwD 

having a high comorbidity, that benefit more from a DCM. We found that female PwD who 

received the intervention shows significantly lower costs than do males due to significantly 

lower costs for in-hospital treatment and nursing home care. In addition, female people have 

higher net benefits than male patients. The positive net benefit for females implies that the value 

of the incremental benefit exceeded the incremental costs. The reasons could be the same as for 

alone living patients. Because female patients have more often no relatives or caregivers able 

to provide informal care needed to maintain living at home as long as possible. These PwD can 

benefit most from collaborative care management due to their higher number of unmet needs 
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that could be addressed in the DCM-intervention. In particular, arranging day and night care 

services as well as ambulatory care services could prevent unnecessary hospitalizations and 

delay the institutionalization, which both help saving healthcare costs.  

Also, the DCM was more cost-effective in patients living alone, especially due to fewer 

physician visits and thereby significantly lower healthcare utilization and costs for treatment 

and care. Those patients benefit more from DCM because patients living alone have more 

unmet needs that a relative caregiver cannot take care of. Therefore, such patients receive more 

frequently professional care, reviewing the medication and assisting the PwD with taking the 

medication for example. However, further research is needed to clarify where professional care 

is more beneficial for patients than informal care.  

Although, the previous cost-effectiveness analyses of DCM revealed that PwD living alone and 

receiving the DCM-intervention were less likely to be institutionalized, which incurs 

considerably lower nursing care costs [53]. The number of days stayed in the hospital was 

higher in the control group, especially for those living alone. Our results revealed that 

supporting PwD living alone could lead to reduced hospitalization. Therefore, patients living 

alone show higher net benefits due to higher positive effects when treating their individual 

unmet needs as part of the DCM-intervention.  

Practical implications 

Because dementia is not curable so far, improving treatment and care for both the dementia and 

al comorbidities according to evidence-based guidelines represents currently the best solution 

to satisfy PwD’s and caregivers’ needs. In addition, most PwD suffer from several additional 

comorbidities that are often un- or undertreated due to the prioritization in dementia treatment. 

In routine care, all necessary and required services and treatments for optimal guideline related 

treatment and care of dementia and comorbidities are available. However, the health-care 

system has become too complex so that PwD and their caregivers lack access to recommended 

guideline-based diagnosis, treatment, and care [109]. Therefore, there is a need for optimizing 

treatment and care of those being affected by dementia that interferes with caring for co-existing 

comorbidities. Collaborative, comprehensive, and managed care models for PwD like the DCM 

meet all these challenges and provide the affected patients with optimum support and evidence-

based and guideline-based treatment by detecting all unmet needs and satisfy the open needs 

immediately in close cooperation between the service provider involved in treatment and care. 

However, the DCM is not equally beneficial for all PwDs. Regarding the level of comorbidity, 
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Pwd with a high comorbidity (two or three comorbidities in addition to dementia) could benefit 

most from the DCM intervention. Thus, these PwDs, as well as the health care system, could 

benefit considerably from DCM [53, 90]. Regarding the practical implications, our results 

recommend that at least for female and alone living PwDs, for PwD with a high comorbidity 

level and for PwD with mild and moderate cognitive deficits the DCM should be implemented 

into routine care immediately. For these subgroups of PwD the highest beneficial effects and 

substantial savings in costs could be achieved. In practice, the health insurances could screen 

their data and detect these PwD’s and could offer the DCM to suitable insured patients. In 

addition, the physicians received additional reimbursement and billing options for these 

subgroups of patients. With these opportunities patients that benefit most from DCM could get 

adequate access to these collaborative dementia care model in ambulatory care.  

In times of scarce resources, rising expenses for health care and increasing prevalence in 

dementia and other comorbidities, DCM could be one strategy to remedy this situation and 

could bring lasting relief for the health care system, for the healthcare payers as well for the 

health care providers. Especially GPs and specialists will not be capable to handle the increasing 

number of comorbid PwD adequately. Therefore, DCM programs could be a possible solution. 

PwDs with two or three additional comorbidities should be primarily addressed by a DCM. To 

provide adequate support for PwD with a high comorbidity, the present DCM could be extended 

or supplemented by programs for handling the most common and most cost-intensive 

comorbidities, for example, diabetes and vascular diseases (most common in combination with 

dementia) as well as cancer diseases, rheumatic disease or liver disease (most expensive in 

combination with dementia). Due to the typical cognitive decline in dementia disease, the 

patients often do not perceive the symptoms of their comorbidities or have difficulties to 

communicate them. Therefore, the needs of PwDs with comorbidities differ from PwD without 

comorbidities. Focusing on these comorbid subgroups can offer additional guidance on 

innovative and collaborative care models like the DCM and could improve the effectiveness of 

treatment, care, and service provision so that the needs of PwD are better met.  

Limitations  

The following limitations of the study have to be taken into consideration.  

First, the DelpHi-trial was conducted in Mecklenburg Western Pomerania, a mostly rural area 

in north-eastern Germany. Access to the health care system could be weaker as compared to 

urban or suburban areas. Hence, the study area to some extent limits the generalizability of the 
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presented results. Second, we collected the healthcare resource use data via comprehensive 

standardized computer-assisted interviews and analyzed the information about utilization and 

costs retrospectively for one year. Therefore, there might be a recall-bias, that could lead to an 

underestimation of the utilization [110]. Thirdly, the results of our first analysis are based on 

cross-sectional baseline data. The majority of our sample was only mildly cognitively impaired 

PwD, which limits the generalizability of the presented results to more severely affected PwD.  

In addition, we used the CCI to assess comorbidities in dementia. One particular shortage of 

the CCI is its negligence of psychiatric comorbidities, which are very common in PwDs. 

Nevertheless, the CCI is a validated and most commonly used index to measure comorbidity. 

Furthermore, the univariate analysis of costs showed lower costs for the high comorbidity group 

than for the low comorbidity group. One reason is that the patients of the low comorbidity group 

are limited to one comorbidity in addition to dementia. These additional conditions and 

combinations of comorbidities could be very different between the patients. This could lead to 

a bias in the results. Moreover, the number of patients between the intervention and control 

group was not equally balanced. Due to the impossibility to blind the intervention, patients in 

the control group withdrew their informed consents more frequently. However, there were no 

significant group differences regarding sociodemographic and clinical data at baseline.  

Lastly, the net-benefit regression results depend on the maximum WTP per unit of effect. 

Caution should be exercised when normative statements are based on these values. We calculate 

a series of NMB values by using a huge range of cost-effectiveness ceiling ratios. The cost-

effectiveness acceptability curve offers a convenient presentation of cost-effectiveness results 

for a range of threshold values of additional health benefits. However, the net-benefit 

framework has the same limitations as traditional cost-effectiveness analysis.  
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Summary  

 

Due to demographic changes, medical and nursing care in Germany faces new challenges. 

Combined with the aging of the population, an increase in age-associated diseases, including 

dementia, is to be expected. In addition to the increase in the number of persons with certain 

age-specific diseases, the aging of the German population also results in an increase in the 

number of persons with multiple diseases. The coexistence of dementia and comorbidity in 

people with dementia creates complex challenges for ambulatory and clinical care. The 

existence of comorbidity also leads to significantly higher medical costs.  

Implementing new collaborative care programs and redistributing the responsibilities among 

outpatient care providers in the ambulatory care of patients may be one approach to ensure and 

improve the life and care situation of people with dementia. Collaborative Dementia Care 

Management, with the concept of support of general practitioners by specific qualified nurses 

demonstrated an adequate and effective approach for the compensation of supply deficits of 

PwD in the primary care sector. The aim of the dissertation is the health economic analysis of 

comorbidities in dementia and the evaluated Dementia Care Management of the DelpHi-MV 

study as an innovative approach for care and treatment of comorbidities in people with 

dementia. It is assumed that the cost of care for PwD varies depending on comorbidity and 

socio-demographic and clinical characteristics. Therefore, the health care costs of people with 

dementia are calculated and the association between these care costs and comorbidity and socio-

demographic and clinical factors of PwD was analyzed. In addition, we aimed to detect 

important subgroups (e.g. PwD with low, high or very high comorbidity) who benefit most 

from the DCM intervention and for whom a significant effect on costs, Quality-adjusted Life 

Years (QALY) and on the individual cost-effectiveness could be achieved, considering different 

sociodemographic and clinical characteristics like comorbidity.  

In the sample of PwD comorbidity was highly prevalent. 47% of PwD had a very high, 37% a 

high and only 16% a low comorbidity in addition to dementia. The most prevalent co-existing 

comorbidity were diabetes mellitus (42%), peripheral vascular disease (28%) and 

cerebrovascular disease (25%). Total costs significantly increased by 528 € (SE=214, CI 

95%=109-947, p=0.014) with each further comorbidity, especially due to significantly higher 

cost for medication and medical aids. Compared with a low comorbidity, a very high 

comorbidity was significantly associated with 818 € (SE=168, CI 95%= 489-1147, p<0.001) 

higher medication costs and 336 € (SE=161, CI 95%=20-652, p=0.037) higher cost for medical 

aids. There was no significant association between a higher comorbidity and cost for formal 
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care services. The probability of DCM being cost-effective at a willingness-to-pay of 

40,000€/QALY was higher especially in PwD having a high comorbidity (96% vs. 26% for 

patients with a low comorbidity), in females (96% vs. 16% for males), in those living alone 

(96% vs. 26% for those living not alone) and in those being moderately to severely cognitively 

(100% vs. 3% for patients without cognitive impairment) and functionally impaired (97% vs. 

16% for patients without functional impairment).  

Comorbidity in PwD represents a substantial financial burden on healthcare payer’s and is a 

challenge for patients, healthcare providers and the health system. Innovative approaches are 

needed to achieve a patient-oriented management of treatment and care in comorbid PwD to 

reduce long-term costs. Collaborative dementia care management is one approach to solve these 

problems in dementia care. Thereby, patients characteristics significantly affect the cost-

effectiveness of collaborative care. Female patients, patients living alone, and those with a high 

comorbidity as well as those being moderately cognitively and functionally impaired benefit 

most from DCM. For those subgroups of patients, healthcare payers could gain the highest cost 

savings and the highest effects on QALYs when the DCM approach will be implemented.  
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Abstract.
Background: People with dementia (PwD) suffer from coexisting medical conditions, creating complex clinical challenges
and increasing the risk of poor outcomes, which could be associated with high healthcare cost.
Objective: To describe the prevalence of comorbidity in PwD and to analyze the association between comorbidity in dementia
diseases and healthcare costs from a payer’s perspective.
Methods: This cross-sectional analysis was based on n = 362 PwD of the DelpHi-MV trial (Dementia: Life-and person-
centered help in Mecklenburg-Western Pomerania). Comorbidity was assessed using the Charlson comorbidity index (CCI)
and was categorized into low, high, and very high comorbidity. Healthcare resource utilization and unit costs were used
to calculate costs. Multivariable regression models were applied to analyze the association between comorbidity and
costs.
Results: Comorbidity was highly prevalent in the sample. 47% of PwD had a very high, 37% a high, and 16% a low comorbidity
in addition to dementia. The most prevalent co-existing comorbidity were diabetes mellitus (42%), peripheral vascular
disease (28%) and cerebrovascular disease (25%). Total costs significantly increased by 528D (SE = 214, CI95 = 109–947,
p = 0.014) with each further comorbidity, especially due to higher cost for medication and medical aids. Compared with a low
comorbidity, a very high comorbidity was significantly associated with 818D (SE = 168, CI95 = 489–1147, p < 0.001) higher
medication costs and 336D (SE = 161, CI95 = 20–652, p = 0.037) higher cost for medical aids. There were no significant
association between a higher comorbidity and cost for formal care services.
Conclusions: Comorbidity in PwD represents a substantial financial burden on healthcare payers and is a challenge for
patients, healthcare providers, and the health systems. Innovative approaches are needed to achieve a patient-oriented
management of treatment and care in comorbid PwD to reduce long-term costs.
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INTRODUCTION

Both medical and nursing health care, as well as the
living conditions in older age that could be character-
ized by informal care given by family members, faces
major challenges due to demographic changes. The
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declining birth rate and the increasing life expectancy
cause an aging of our society and an increase of age-
associated illnesses, such as dementia [1, 2]. The
prevalence of dementia is high. Between six and nine
percent of the population over 65 years are currently
suffering from dementia. According to a present esti-
mate, there are about 50 million people living with
dementia diseases worldwide [3, 4]. This number
is expected to double every 20 years, reaching 132
million people with dementia (PwD) in 2050 [5]. In
addition, dementia diseases are associated with a high
utilization of health care resources and thus, health
care costs were estimated to be 1 trillion US$ in 2018
worldwide [6, 7]. The increasing number of PwD
and the associated high health care expenditures ren-
ders dementia diseases currently a health care priority
[8–12].

Furthermore, the aging of the population causes
an increase in the number of people having multiple
diseases [13, 14]. Multimorbidity (the simultaneous
existence of several diseases) or comorbidity (one
or more other diseases in addition to the underly-
ing disease) are very common, especially in elderly
[15–17]. Comorbid patients are at a higher risk for
dementia and other cognitive disorders [18]. The
real prevalence of coexisting conditions is difficult
to estimate due to the differences in conceptualiza-
tion and age-related clustering. The numbers vary
widely between the different studies, ranging from
3% to 62% [16, 19]. The over-60 s are estimated to
have a prevalence ranging from 55% to 98% [18, 20].
Mondor et al. revealed that 89% of PwD had two
or more coexisting diseases in addition to dementia
[21]. The most common comorbidities in dementia
are high blood pressure, osteoarthritis, hypercholes-
terolemia, diabetes mellitus, coronary artery disease,
and depression [21–24].

The existence of different additional conditions
in PwD creates complex challenges for health care
providers, PwD, and their informal caregivers. Cer-
tain diseases, such as stroke and diabetes, may lead
to faster cognitive decline [25, 26]. Dementia-related
impairments often hinder a patient’s ability to rec-
ognize concomitant diseases, comply with treatment
regimens, or pass on the signs and symptoms of com-
plications to health care providers. These limitations
can lead to adverse results of treatment and care
of PwD [14]. Furthermore, studies revealed that an
increasing comorbidity in PwD was associated with
a higher frequency of hospitalization [20, 23, 27–30].
Even though in the majority of studies comorbidity

was shown to be a strong predictor for higher health
care utilization rates and health care costs, especially
in the elderly population, data are still scarce and
inconsistent in terms of the impact of predisposing
and influencing factors [31]. Knowledge of how coex-
isting comorbid conditions may affect the costs of
dementia is rare. Notably, there is little known about
the association between comorbidity and health care
resource use as well as resulting health care cost in
PwD [21, 23, 31, 32].

Aim of the Study

The objectives of this cross-sectional analysis
were to determine the prevalence of comorbidity
in community-dwelling PwD and to examine the
association between comorbidity and health care
costs.

MATERIALS AND METHODS

Study Design and Setting

This analysis was based on cross-sectional data
of the DelpHi-MV trial (Dementia: life- and person-
centered help in Mecklenburg-Western Pomerania),
a pragmatic, general practitioner (GP)-based, cluster-
randomized controlled prospective intervention trial
[33, 34]. In this trial, Dementia Care Management
was operationalized as a complex intervention aim-
ing to provide optimal treatment and care for PwD
and support to caregivers, provided by dementia-
specific qualified nurses in close cooperation with
the treating GP [33, 35, 36]. Initially, n = 125 GP
practices participated, checked patients’ eligibility
criteria for the trial (≥70 years, living at home), and
screened for dementia using the DemTect, a widely
used screening procedure [37, 38]. Patients who met
the inclusion criteria (DemTect < 9) were informed
by their GPs about the study, invited to participate,
and asked to provide written informed consent. When
patients were unable to provide written informed con-
sent, their legal representative was asked to sign the
consent form on their behalf. The study was approved
by the local ethics committees and informed con-
sent was obtained from caregivers and from patients
(when possible) prior to inclusion. The design of
the trial is described in detail in the study protocol
[33].
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Study Population

Overall, n = 6,838 people were screened by n = 125
GPs, yielding n = 1.167 (17%) PWD who were eligi-
ble for the study. Out of these, n = 634 (54%) gave
an informed consent to participate in the DelpHi
study. 118 PwD dropped out before starting the base-
line assessment due to death (n = 19), withdrawal
of informed consent (n = 85), relocation (n = 5), and
other reasons (n = 9). In 154 patients, the dementia
diagnosis (ICD-10: F00, F01, F02, F03, G30) could
not be finally confirmed after the screening and before
completing the baseline assessment. Hence, for the
present analyses, data of n = 362 PwD with a con-
firmed diagnosis of dementia were used. The study
flowchart is displayed in Supplementary Figure 1.
To assess clinical and sociodemographic differences
between the analyzed and excluded subsamples, a
drop-out-analysis was conducted. The analysis shows
that especially PwD with a higher DemTect Score
dropped out probably due to lower cognitive impair-
ments and absence of a final dementia diagnosis. In
addition, many patients with a lower care level and
thus with a lower need for care dropped out, as well
as patients with a lower Charlson comorbidity index
(CCI). The drop-out analyses are represented in the
Supplementary Tables 1 and 2.

Sociodemographic and Clinical Factors

Sociodemographic variables (age, gender, living
situation) and the following clinical variables were
assessed: severity of cognitive impairment, number
of medications, deficits in activities of daily living
(ADL) and depression. Severity of cognitive impair-
ment was assessed by the Mini-Mental Status Test
(MMST) [39], a psychometric testing procedure to
categorize participants into one of four groups of
cognitive impairment: without (≥27), mild (20–26),
moderate (10–19), and severe (≤9). The Bayer Activ-
ities of Daily Living Scale (B-ADL) [40] was used
to assess deficits in ADL. Depression was assessed
using the Geriatric Depression Scale (sum score
0–15, score ≥ 6 indicates depression) [41].

Diagnoses and Comorbidity

Medical diagnoses including the International
Classification of Disease, 10th Revision (ICD-10)
codes and the exact date of the initially received diag-
nosis, were retrieved from the patients’ GP medical

records. Comorbidity was identified by each patient’s
number of medical ICD-10 diagnoses listed in the
GP’s medical records. To provide a comorbidity sum-
mary score, an updated measure of the CCI by Quan
was used, which is based on the ICD-10 System
[42]. This measurement tool developed by Charlson
et al. [43] is the most commonly used comorbidity
score to measure the burden of disease or case-mix
in health care data. The validated CCI considered in
comparison to other comorbidity indexes the DRG-
rules and distinguishes between the main and the
secondary diagnosis. Through the absence and pres-
ence of different comorbid conditions, a weighted
sum score could be derived. A higher score indi-
cates a higher comorbidity. The weighted scores of
the CCI relate to the existence of certain comorbidi-
ties as well as their severity levels in the evaluation.
The following 17 different diseases were consid-
ered in the index: myocardial infarction, congestive
heart failure, peripheral vascular disease, cerebrovas-
cular disease, dementia, chronic pulmonary disease,
rheumatic disease, peptic ulcer disease, mild liver dis-
ease, diabetes without chronic complication, diabetes
with chronic complication, hemiplegia or paraplegia,
renal disease, any malignancy, including lymphoma
and leukemia, except malignant neoplasm of skin,
moderate or severe liver disease, metastatic solid
tumor, and AIDS/HIV [43]. Because all patients in
our sample received a formal dementia diagnosis,
we considered sixteen diseases for our analysis of
comorbidity burden in addition to dementia.

The CCI use different weights for each of the 17
diseases (for details see Supplementary Table 3). A
weighted sum score was calculated according to the
recommendation of Quan [42]. Comorbidity was then
categorized as follows: low (score = 1, one comorbid-
ity in addition to dementia), high (score = 2–3, two
or three comorbidities in addition to dementia) and
very high comorbidity (score > 3, more than three
comorbidities in addition to dementia). The calcu-
lation of the CCI as well as a description of ICD-10
Diagnoses included in each level of comorbidity is
represented in Supplementary Formula 1 and Sup-
plementary Table 3.

Health Care Utilization and Health Care Costs

The utilization of health care resources was
retrospectively collected through comprehensive,
standardized, computer-assisted interviews, assess-
ing the utilization of healthcare services during the
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Table 1
Methods and used unit costs for monetary valuation of medical and formal health care resources and services (based on Michalowsky et al.

2018 [54])

Cost categories Services Units Unit costs† Unit cost & source for monetary
valuation

Medical care
Out-patient physician

treatment
GP or specialists Contact 20.95D –81.56D ,

depending on
specialization

Cost per contact [45]

In-patient treatment In-hospital treatment and
rehabilitation

Days 593.04D and
121.85D ,
respectively

Average per diem cost for
in-hospital treatment in
Mecklenburg-Western
Pomerania & for specialization
of rehabilitation [45]

Medication Prescribed drugs (Rx-drugs) in
chronic use

Quantity Market prices,
253.58D ‡

Pharmaceutical Index of the
Scientific Institute of the AOK
[55]

Medical aids Aids like tub-lift, tub-seats,
walking sticks, walkers and
others

Quantity Market prices,
168.92D ‡

Market prices

Other out-patient
treatment

Occupational therapy, speech
therapy, physiotherapy and
others

Contacts 20.46D Cost per contact &
reimbursement schedules of
statutory health insurance [56]

Formal care
Ambulatory care Home care provided by

professionals
Quantity/

Contacts
Market prices,

11.48D ‡
Market prices for Mecklenburg

Western-Pomerania
Day care Partial in-patient day- and night

time nursing care and
short-term care

Days 43.31D , 50.74D and
57.94D , depending
on care level∗

Insurance rates of compulsory
long-term in relation to
patients level of care; including
cost for board and lodging [57]

Nursing home care Long-term care
(institutionalization)

Days 61.17D , 76.36D and
92.39D , depending
on care level∗

Insurance rates of compulsory
long-term in relation to
patients level of care; including
cost for board and lodging [57]

GP, general practitioner; AOK, German public health insurance company; ADL, activities of daily living; IADL, instrumental activities of
daily living; ∗care level one: mild functional impairment, care level two: moderate functional impairment, care level three: severe functional
impairment; ‡when drugs, aids or services were unknown or market prices not available; †inflation included.

last 12 months. PwD, caregivers, and care services
staff were interviewed face to face. For more precise
information and to improve the validity of the data,
the interviewer asked, if present, the participant’s
caregiver and staff of health care services as well. The
records for health care utilization collected detailed
information about the frequencies of the utilization of
different medical (physician visits, medication, aids,
in-hospital treatments, therapies) and formal care ser-
vices (day and night care, ambulatory care, nursing
home care). Details about the assessed medical and
formal care services are displayed in Table 4.

Average costs per patient were calculated using
the assessed healthcare resource utilization and pub-
lished unit costs. Unit costs that were not available
for the year 2018 were inflated by means of the recent
years to 2018 values [44, 45]. The average inflation
rate per year was for 2016 0.5%, for 2017 1.8%,
and for 2018 1.9%. The used unit costs and meth-

ods for the monetary valuation of medical and formal
health care resources and services are summarized in
Table 1. Healthcare costs were calculated from a pub-
lic payer’s perspective, including all resources used
that are completely attributable to the use of a health-
care intervention or illness (direct costs). These direct
costs can be split into direct medical (physician vis-
its, in-hospital treatments, medical aids, therapies)
and non medical cost (day and night care, ambu-
latory care and nursing care). All these costs also
include personnel and labor costs, administration, and
other materials needed for specific treatments or care.
In contrast, the payer perspective does not include
indirect costs, for example patients’ out-of-pocket
spending or the costs of productivity losses due to ill-
ness. Total health care costs were defined as the sum
of the medical care costs and costs of care. Informal
care time of relative caregivers were not taken into
account for this analysis.
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Statistical Analysis

We used descriptive statistics to describe the sam-
ple characteristics and the prevalence of comorbidity.
In order to be able to assess the statistical sig-
nificance of group differences, Kruskal-Wallis test
was performed. To analyze the associations between
comorbidity and health care costs, we used mul-
tiple linear regression models with random effects
for each GP (i.e., random-effects GLS regression).
Cost for physician treatments, hospitalization, med-
ication, medical aids, therapies, and formal care
services as well as aggregated total costs were used
as dependent variables in each model. The num-
ber of diseases according to CCI as well as the
three levels of comorbidity were used as a pre-
dictor of interest in the models. We further used
gender, age, living situation (dichotomous: living
alone versus not alone), activities of daily living, and
depression as covariates. Because of a highly skewed
distribution of health care costs, standard errors
and confidence intervals for regression coefficients
were estimated by non-parametric bootstrapping with
2,000 replications. In addition, we conducted a sen-
sitivity analysis to test the robustness of the results
obtained by the multivariate linear regression, using
a Generalized Linear Model (GLM) with a gamma
distribution and log link. The results of the GLM
are reported in Supplementary Table 5. Furthermore,
a second sensitivity analysis using different cate-
gories for the severity of the comorbidity (linear
mixed model with random effects) was performed.
For this sensitivity analysis, a reclassification of the
CCI with the following four comorbidity groups

instead of three was used: 1) no comorbidities in
addition to dementia (score = 1), 2) two comorbidi-
ties (score > = 2), 3) three or four comorbidities
(score = 3–4) and 4) more than four comorbidities
(score > 4) in addition to dementia. The results are
reported in Supplementary Table 6. Statistical anal-
yses were performed using the software STATA/IC
Version 13.0 [46].

RESULTS

Sociodemographic and Clinical Characteristics

Patients were on average 81 (SD = 5.5) years old,
mostly female (61.6%) and mildly cognitively and
functionally impaired. The subgroup with a very high
comorbidity was more likely to be male (49%, n = 84)
compared to the subgroup with a low comorbidity
(23%; n = 13; p = 0.001).

Of the n = 362 PwD, 37% (n = 134) showed a high
and 47% (n = 171) a very high comorbidity according
to the CCI.

Overall, the most prevalent comorbidities in addi-
tion to dementia were diabetes without chronic
complication (42%), peripheral vascular disease
(28%) and cerebrovascular disease (25%). The
descriptive statistics of the characteristics of the total
sample, as well as of the subgroups with a low, high,
and very high comorbidity are shown in Table 2. The
prevalences of the 17 identified diseases of the CCI
as well as the costs per comorbidity in addition to
dementia are displayed in Table 3.

Table 2
Relation of sociodemographic and clinical characteristics of the total sample with level of comorbidity (n = 362)

Variable Level of comorbidity
Low comorbidity (n = 57) High comorbidity (n = 134) Very high comorbidity (n = 171)

Age
Mean (SD) 81 (5.4) 81 (5.8) 80 (5.2)

Sex, n (%)
Female 44 (77.2) 92 (68.7) 87 (50.9)

Number of medications
Mean (SD) 5.3 (3.8) 6.7 (3.2) 8.3 (3.4)

MMSE
Mean (SD) 21.8 (4.4) 21.7 (5.7) 21.4 (4.9)

Living situation, n (%)
Alone 33 (57.9) 69 (51.5) 82 (47.9)

B-ADL
Mean (SD) 4.2 (2.6) 3.8 (2.5) 4.2 (2.7)

1After screening (before screening rate was around 29%); MMSE, Mini-Mental State Examination, Range 0–30, higher
score indicates better cognitive function; B-ADL, Bayer-Activities of Daily Living Scale, range 0–10, lower score indicates
better performance; ICD, International Statistical Classification of Diseases and Related Health Problems, SD, standard
deviation.
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Table 3
Prevalence of comorbidities (n = 362) and costs per comorbidity in addition to dementia

Comorbidity1 Number Percent (%) Costs per comorbidity
in dementia – mean

(SD) in D
Dementia 362 100.0 –
Diabetes without chronic complication 153 42.3 7,877 (7,368)
Peripheral vascular disease 102 28.2 8,387 (9,095)
Cerebrovascular disease 92 25.4 8,136 (8,547)
Congestive heart failure 74 20.4 10,310 (8,521)
Chronic pulmonary disease 68 18.8 9,958 (10,089)
Renal disease 67 18.5 10,612 (8,850)
Diabetes with chronic complication 62 17.1 8,771 (7,836)
Any malignancy2 55 15.2 9,528 (8,960)
Mild liver disease 28 7.7 8,923 (10,765)
Acute myocardial infarction 15 4.1 6,106 (4,212)
Hemiplegia or paraplegia 15 4.1 9,588 (9,223)
Peptic ulcer disease 14 3.9 7,712 (9,047)
Rheumatic disease 12 3.3 11,348 (10,158)
Metastatic solid tumor 5 1.4 11,646 (6,900)
Moderate or severe liver disease 1 0.3 32,551 (0.0)
AIDS/HIV 0 0.0 0.0 (0.0)
117 comorbidities based on the Charlson comorbidity index (CCI); 2including lymphoma and
leukemia, except malignant neoplasm of skin.

Health Care Utilization

Overall, the utilization of health care services was
significantly higher in patients with a very high
comorbidity compared to patients with a low comor-
bidity. PwD with a very high comorbidity were more
frequently treated by physicians (mean visits 13 ver-
sus 11), were longer hospitalized (mean days stayed
5 versus 4 days), and took a higher number of med-
ications (8 versus 4) compared to PwD with low
comorbidity. In addition, the very high multimor-
bid sample utilized more formal care than the low
multimorbid-sample (ambulatory care visits 167 ver-
sus 129; days of day/night care 13 versus 9). A
detailed description of health care resource used for
each level of comorbidity is represented in Table 4.
All group differences were statistically significant,
except the health cure days, day/night care and ambu-
latory care.

Health Care Costs

The mean costs for physician consultation (339D
versus 388D ), the in-hospital costs (2,318D ver-
sus 3.303D ), the costs of medications (998D versus
1.860D ) as well as the costs for medical aids (663D
versus 948D ) were higher in the sample with a
very high comorbidity compared to the sample with
low comorbidity. In contrast, the costs of therapy
visits (e.g., occupational, physical, and speech ther-
apy) were lower in the very high comorbidity group

(101D ) in comparison to the low comorbidity group
(111D ). In total, the annual medical care costs were
higher in the very high comorbidity group (6,601D )
compared to the low comorbidity group (4,431D ).
The costs for formal care were on average higher in
the very high comorbidity group (2,879D ) compared
to the high comorbidity group (2,283D ) but lower in
comparison to the low comorbidity group (3,105D ).
Overall, mean total health care costs were highest
in patients with a very high comorbidity compared
to those with a low comorbidity (9,480D for very
high comorbidity, 6,450D for high comorbidity, and
7,536D for low comorbidity). All cost differences
were statistically significant, except the day/night
care as well as the ambulatory care (both formal care).
Table 4 illustrates the total health care costs according
to the level of comorbidity.

Associations Between Health Care Costs, CCI,
and Level of Comorbidity

Total costs from a payer’s perspective signifi-
cantly increased by 528D (SE = 214, CI95 = 109–947,
p = 0.014) with each further diagnosis captured by the
CCI. We observed a significant trend between comor-
bidity and medical care cost: A one-unit increase in
the CCI was significantly associated with higher med-
ical care costs of 455D (SE = 174, CI95 = 114–795,
p = 0.009). Compared with patients with a low comor-
bidity, a very high comorbidity was associated
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Table 4
Health care resource utilization and costs by level of comorbidity (n = 362)

Level of comorbidity
Low comorbidity High comorbidity Very high comorbidity p∗∗

(n = 57) (n = 134) (n = 171)

Health care resource use, mean (SD), median
Medical treatments
Physician, visits 10.8 (10.2), 10 11.7 (8.8), 10 12.7 (7.8), 12 0.022
In-hospital, days 3.7 (10.0), 0 2.4 (7.9), 0 5.1 (9.7), 0 0.003
Medication, number 4.2 (2.3), 4 5.8 (2.8), 6 7.5 (3.1), 7 0.001
Medical aids, number 3.6 (2.6), 3 4.6 (2.8), 4 5.4 (2.7), 5 0.001
Rehabilitation, days 0.4 (2.8), 0 0.0 (0.0), 0 1.0 (5.8), 0 0.032
Health cure, days 0.0 (0.0), 0 0.3 (2.2), 0 0.3 (2.5), 0 0.481
Therapies, visits 5.4 (13.1), 0 4.7 (16.5), 0 4.9 (13.7), 0 0.015
Formal care
Day/ night care, days 8.6 (26.6), 0 7.8 (38.2), 0 13.4 (46.8), 0 0.070
Ambulatory care, visits 128.8 (277.3), 0 99.7 (262.4), 0 167.1 (336.5), 0 0.061

Costs in Euros, mean (SD)∗
Medical treatments 4,431 (7,113), 1,975 4,167 (5,531), 2,573 6,601 (6,724), 3,829 0.001
Physicians 339 (455), 252 374 (374), 304 388 (243), 369 0.012
In-hospital 2,318 (6,308), 0 1,550 (4,867), 0 3,303 (6,227), 0 0.002
Medication 998 (1,037), 755 1,415 (1,365), 1,142 1,860 (1,462), 1522 0.001
Medical aids 663 (837), 491 733 (873), 491 948 (999), 722 0.001
Therapies 111 (268), 0 95 (338), 0 101 (280), 0 0.015
Formal care 3,105 (5,280), 563 2,283 (4,874), 0 2,879 (5,231), 260 0.041
Day/ night care 1,191 (2,605), 304 1,179 (3,337), 0 1,124 (2,929), 0 0.098
Ambulatory care 1,914 (4,474), 0 1,104 (2,894), 0 1,755 (3,501), 0 0.066

TOTAL COST (Payer perspective) 7,536 (10,718), 2,786 6,450 (7,703), 3,446 9,480 (8,666), 6,412 0.001
∗Time period of costs: 12-month retrospective; demonstrated costs are annual mean costs per patient or patient group. ∗∗statistical significance
of the difference between the low, high and very high comorbidity sample; Kruskal-Wallis were performed.

with 818D (SE = 168, CI95 = 489–1147, p < 0.001)
higher medication costs and with 336D (SE = 161,
CI95 = 20–652, p = 0.037) higher cost for medical
aids. In contrast, there were no significant associ-
ations between a higher comorbidity and costs for
physician consultations, in-hospital costs and therapy
costs as well as for formal care cost. Tables 5 and 6
illustrate the association between the costs, the CCI,
and the level of comorbidity. The GLM regression
model with gamma distribution and log link con-
firmed a significant association between comorbidity
and costs (Supplementary Table 5).

In contrast, the reclassified CCI with four severity
groups (Supplementary Table 6) revealed no signif-
icant association between the total costs and each
further diagnosis. However, the association between
comorbidity and medication costs as well as with
costs for medical aids were still significant.

DISCUSSION

We found a high burden of co-existing comor-
bid conditions in community-dwelling people with
dementia. PwD had at least one additional chronic
condition in addition to dementia. The distribution

between a low, high, and very high comorbidity dis-
played that 84% of the PwD had at least a high
comorbidity and three times more PwD had a very
high comorbidity compared to a low comorbidity.
Diabetes and vascular diseases represented the most
common comorbidities in PwD. The prevalence of
comorbidity observed in our sample is consistent with
previously published studies [21, 23–26, 29, 30, 47].

Our findings emphasize that comorbidity is asso-
ciated with a substantial increase of health care
resource use and thus, costs in dementia. Utilization
of more medications and medical aids character-
ized the community-dwelling PwD with very high
comorbidity compared to PwD with low comorbidity.
Therefore, PwD with a very high comorbidity caused
higher total health care cost from a payer’s perspec-
tive. In detail, predominantly the medical care costs
(as one part of the total health care costs) are signifi-
cantly associated with higher comorbidity rather than
the costs of care.

There are only a few analyses evaluating the asso-
ciation between comorbidity and health resource
utilization or health care costs in dementia. How-
ever, results of such analyses are comparable to the
demonstrated results of this study. Hill et al. [30]
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Table 5
Multivariable association between Charlson comorbidity index (CCI) and different cost categories (n = 362)

Physicians1 In-hospital cost1 Medication1 Medical aids1 Out-patient therapies1

b (SE) [CI95%] b (SE) [CI95%] b (SE) [CI95%] b (SE) [CI95%] b (SE) [CI95%]

Charlson comorbidity index2 4.88 (7.63) 266.48 (153.85) 118.65 (32.03) 64.30 (31.41) 3.34 (10.01)
[–10.07–19.83]‡ [–35.06–568.01]‡ [55.88–181.42]∗∗∗ [2.73–125.86]∗ [–16.28–22.96]‡

Level of comorbidity (Ref.
low comorbidity)3

High comorbidity 51.81 (39.11) –670.66 (930.69) 460.32 (127.70) 98.03 (130.83) –8.37 (39.81)
[–24.85–128.47]‡ [–2494.77–1153.45]‡ [210.04–710.61]∗∗∗ [–158.39–354.44]‡ [–86.40–69.67]‡

Very high comorbidity 47.30 (49.23) 781.22 (977.00) 817.97 (167.98) 336.20 (161.21) –14.80 (44.02)
[–49.18–143.78]‡ [–1133.68–2696.11]‡ [488.74–1147.20]∗∗∗ [20.22–652.17]∗ [–101.10–71.48]‡

1Linear mixed model with random effects for general practitioner; standard errors were estimated with a nonparametric bootstrapping
(2,000 replications); b, observed coefficient; SE, standard errors; model adjusted for age, gender, living situation (alone versus not alone),
Geriatric Depression Scale score, Bayer activities of daily living score. 2Cost physicians, visits: R2 within = 0.024; R2 between = 0.136; R2

overall = 0.044; p = 0.000; Costs in-hospital, days: R2 within = 0.071; R2 between = 0.021; R2 overall = 0.051; p = 0.000; Costs medications,
number: R2 within = 0.120; R2 between = 0.089; R2 overall = 0.121; p = 0.000; Cost medical aids: R2 within = 0.104; R2 between = 0.145;
R2 overall = 0.132; p = 0.000; Costs out-patient therapies, visits: R2 within = 0.113; R2 between = 0.002; R2 overall = 0.072; p = 0.080. 3Cost
physicians, visits: R2 within = 0.027; R2 between = 0.139; R2 overall = 0.044; p = 0.000; Costs in-hospital, days: R2 within = 0.065; R2

between = 0.044; R2 overall = 0.053; p = 0.001; Costs medications, number: R2 within = 0.122; R2 between = 0.152; R2 overall = 0.124;
p = 0.000; Costs medical aids: R2 within = 0.093; R2 between = 0.168; R2 overall = 0.127; p = 0.000; Costs out-patient therapies, visits: R2

within = 0.115; R2 between = 0.001; R2 overall = 0.071; p = 0.112. ∗∗∗0.001, ∗∗0.01, ∗0.05, ‡0.10.

Table 6
Multivariable association between Charlson comorbidity index (CCI) and total health care costs (n = 362)

Costs for medical treatments1 Costs for formal care services1 Total costs1

b (SE) [CI95%] b (SE) [CI95%] b (SE) [CI95%]

Charlson comorbidity index2 454.47 (173.66) 73.47 (109.76) 527.93 (213.74)
[114.10–794.83]∗∗ [–141.66–288.59]‡ [109.01–946.85]∗

Level of comorbidity (Ref. low
comorbidity)3

High comorbidity –89.28 (994.51) –530.34 (659.90) –619.61 (1263.55)
[–2038.48–1859.93]‡ [–1823.70–763.03]‡ [–3096.12–1856.89]‡

Very high comorbidity 1942.97 (1099.05) –105.20 (697.58) 1837.77 (1378.17)
[–211.13–4097.07]‡ [–1472.42–1262.02]‡ [–863.40–4538.94]‡

1Linear mixed model with random effects for general practitioner; standard errors were estimated with a nonparametric bootstrapping (2,000
replications); b, observed coefficient; SE, standard errors; model adjusted for age, gender, living situation, Geriatric Depression Scale score,
Bayer activities of daily living score. 2Costs for medical treatment: R2 within = 0.117; R2 between = 0.059; R2 overall = 0.091; p = 0.000;
Costs for formal care services, visits: R2 within = 0.256; R2 between = 0.304; R2 overall = 0.257; p = 0.000; Total costs: R2 within = 0.194;
R2 between = 0.168; R2 overall = 0.172; p = 0.000. 3Costs for medical treatment: R2 within = 0.109; R2 between = 0.073; R2 overall = 0.088;
p = 0.000; Costs for formal care services, visits: R2 within = 0.256; R2 between = 0.320; R2 overall = 0.258; p = 0.000; Total costs: R2

within = 0.187; R2 between = 0.201; R2 overall = 0.169; p = 0.000. ∗∗∗0.001, ∗∗0.01, ∗0.05, ‡0.10.

described the relationship between comorbid condi-
tions and costs for patients with Alzheimer’s disease
(AD) and related dementias in a Medicare man-
aged care organization and measured total costs for
PwD of 9,217D (10,723$; exchange rate 7/18/2018).
Bähler et al. [32] estimated total health care costs
of 7,141D (8,301CHF; exchange rate 7/18/2018) on
average in an elderly community-dwelling popula-
tion with comorbidity. In addition, Fillit et al. [29]
analyzed the relationship between comorbid condi-
tions and health care utilization and costs for patients
with AD and estimated total annual costs of 8,370D
(9,737$; exchange rate 7/18/2018). As in the current

study, the health care utilization and costs were more
frequent with each additional level of comorbid-
ity. The co-occurrence of multiple diseases in an
individual has been linked to poor outcomes includ-
ing increased frequency of physician visits, longer
length of in-hospital stays, and higher number of
medications and medical aids as well as increasing
needs for formal and informal care. The calculated
costs in previous studies are similar to our findings
[29, 30, 32].

The comorbidity (alone and independently from
the main diagnosis) could be the main reason for the
high health care utilization and costs. The increased
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number of medications in PwD with very high comor-
bidity indicates that this health care resource use
is associated with the variety of diseases and thus
the comorbidity is not attributable to the dementia.
In contrast, the high use of medical aids could be
a result of dementia diseases. Progressive dementia
goes along with increasing physical deficits. This may
increase the need for medical aids in PwD.

Fillet et al. [29] showed that after controlling
for comorbid conditions total annual costs were
3,268D (3,8051$; exchange rate 7/18/2018) higher
for patients with AD than for patients without AD. In
addition, for the most prevalent comorbidities for AD
patients, adjusted costs and utilization were higher
for AD patients compared with None-AD-patients
with the same condition. In a study by Schwarzkopf
et al. [58] annual expenditures were approximately
12,300D for patients with dementia and 4,000D
for non-demented control subjects. Thus, patients
with dementia were approximately three times more
expensive than non-demented control subjects [48].
In our study, mean total health care costs in PwD with
a very high comorbidity were about 9,480D .

In addition to the presence of dementia disease as
well as the comorbidity, this analysis revealed that the
deficits in ADL, the age of the PwD and the living
situation of the patients (living alone) was signifi-
cantly associated with higher health care costs (see
Supplementary Table 4). As shown in other studies,
comorbidity increases with the age of the PwD and
is a key driver of health care costs [24]. Furthermore,
we found that more males than females with demen-
tia have a very high comorbidity burden. Van den
Bussche et al. [16] and Bauer et al. [48] reported
that, compared with subjects without dementia, men
with dementia have a higher relative risk of comor-
bidity than women with dementia. There might be
differences in the diagnosis of comorbidity and health
care service utilization in men and women. Overall,
PwD living alone tended to be older and more often
female [11]. We also hypothesize that male patients
with dementia probably still live with a wife who
is watchful about regular physician’s visits and that
older women are more likely to live alone without
anyone caring for their health care needs. If this would
be the truth, older women living with dementia are
more likely to be underserved.

Other reasons for the high health resource uti-
lization and costs of PwD having a high or very
high comorbidity could be the challenges in the
management of dementia and additional and coexist-
ing diseases. Hurdles in patient compliance, greater

difficulties in treatment adherence, a predisposi-
tion for infections as well as barriers in organizing
post-discharge care are important issues [29, 49].
In addition, unique challenges occur in identifying
and managing multimorbidities for dementia patients
[50], for example, in communicating medical com-
plaints because of deficits in the ability to speak.
Special efforts should be made to deal with existing
comorbidities in patients with dementia. Improve-
ments in the detection and treatment of comorbid
diseases should improve outcomes for people with
dementia [51]. Studies have shown that patients with
comorbidity are commonly underserved by poorly
integrated care systems [52, 53]. Current evidence
suggests that people with dementia did not have the
same access to treatment and monitoring for condi-
tions as those with similar comorbidities but without
dementia [14]. Therefore, innovative approaches are
needed to implement a better management of treat-
ment and care in dementia diseases. This could reduce
long-term costs. The fact that most of the elderly pop-
ulation suffer from multiple diseases should urgently
be addressed by health care professionals as well
as policymakers because the clinical needs differ
from patients with only one disease. In terms of the
expenses for health care systems, future health care
costs cannot be calculated as the sum of the costs of
single diseases [31]. Therefore, further research and
studies on health care expenditures through demen-
tia and various types of dementia (frontotemporal
dementia, Parkinson’s disease, etc.) and comorbidity
are needed.

Limitation

Some limitations of the study have to be taken into
consideration. Firstly, our findings are based on cross-
sectional baseline data. The distribution of dementia
severity within our sample is likely to change over
a large number of follow-up visits after intervention.
In baseline assessment, many patients only suffered
from mild dementia. Future studies should analyze
such changes. Secondly, the generalizability of the
results might be limited due to the region under anal-
ysis. The access to the health care system could
be different between rural and urban areas. Hence,
the study area may have important implications on
the health care utilization, for example with respect
to ambulatory care use or to physician visits. The
DelpHi-MV trial was conducted to test the efficacy
of Dementia Care Management as an intervention. It
was not specifically intended to test the association
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between severity of comorbidity and health care
costs. This renders the sample with respect to our
post-hoc analysis of comorbidity and costs rather
a convenience sample. Thirdly, the original CCI
was developed to assess the 1-year mortality risk in
patients with comorbidities. The prediction of sur-
vival or mortality over an ensuring year was not
included in our analysis because this was not our
research question. Fourth, the univariate analysis of
costs shows lower costs for the high comorbidity
group than for the low comorbidity group. One reason
is that the patients of the low comorbidity group are
limited to one comorbidity in addition to dementia.
These additional conditions could be very different
between the patients. This could lead to a bias in
the results and thus, the “u-shape” of cost over the
comorbidity categories. The sensitivity analysis con-
firmed the non-linear distribution of costs between
the groups, but not as severe as in the initial analysis.

At last, we collected the healthcare resource
use data via comprehensive standardized computer-
assisted interviews and analyzed the information
about formal costs and utilization retrospectively for
a period of one year. There might be a recall-bias,
that could lead to an under- or overestimation of
the utilization. A prospective study or the use of
secondary data or health insurance data could have
avoided the recall bias but would have the disad-
vantage that the data are often not so comprehensive
and can solely take into account formally diagnosed
patients. As shown in other studies, only twenty to
fifty percent of PwD receive a formal dementia diag-
nosis [12]. To reduce the recall bias in our study, the
interviewer also asked the participant’s caregiver and
staff of health care services to validate the data. The
in-person interviews were the most reasonable and
appropriate method to collect the data in the given
setting and within these sample, because all study par-
ticipants were elderly, community-dwelling patients
with dementia and their caregivers.
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Abstract.
Background: Dementia care management (DCM) aims to provide optimal treatment for people with dementia (PwD).
Treatment and care needs are dependent on patients’ sociodemographic and clinical characteristics and thus, economic
outcomes could depend on such characteristics.
Objective: To detect important subgroups that benefit most from DCM and for which a significant effect on cost, QALY, and
the individual cost-effectiveness could be achieved.
Methods: The analysis was based on 444 participants of the DelpHi-trial. For each subgroup, the probability of DCM being
cost-effective was calculated and visualized using cost-effectiveness acceptability curves. The impact of DCM on individual
costs and QALYs was assessed by using multivariate regression models with interaction terms.
Results: The probability of DCM being cost-effective at a willingness-to-pay of 40,000D /QALY was higher in females
(96% versus 16% for males), in those living alone (96% versus 26% for those living not alone), in those being moderately
to severely cognitively (100% versus 3% for patients without cognitive impairment) and functionally impaired (97% versus
16% for patients without functional impairment), and in PwD having a high comorbidity (96% versus 26% for patients
with a low comorbidity). Multivariate analyses revealed that females (b = –10,873; SE = 4,775, p = 0.023) who received the
intervention had significantly lower healthcare cost. DCM significantly improved QALY for PwD with mild and moderate
cognitive (b = +0.232, SE = 0.105) and functional deficits (b = +0.200, SE = 0.095).
Conclusion: Patients characteristics significantly affect the cost-effectiveness. Females, patients living alone, patients with
a high comorbidity, and those being moderately cognitively and functionally impaired benefit most from DCM. For those
subgroups, healthcare payers could gain the highest cost savings and the highest effects on QALYs when DCM will be
implemented.
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∗Correspondence to: Anika Rädke, German Center for Neu-
rodegenerative Diseases (DZNE), Ellernholzstraße, 1-2, 17489,

Greifswald, Germany. Tel.: +49 3834 86 75 07; E-mail:
anika.raedke@dzne.de.

ISSN 1387-2877/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved

mailto:anika.raedke@dzne.de
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INTRODUCTION

At present, about 1.7 million people are esti-
mated to live with dementia in Germany [1, 2]. Even
though some latest evidence suggests a decline in
age-specific incidences [3], prevalence of dementia is
expected to double every 20 years due to an increase
in life expectancy and a growing number of older
people [4]. Dementia diseases represent one of the
economically most important disease groups of older
age [5, 6]. Without a cure, the focus of therapy and
health care shifts to providing the best possible care.

According to variations in individual unmet needs
and priorities of people with dementia (PwD), it is
necessary to initiate and coordinate individualized
patient-centered treatment and care that aimed to
improve patients and caregivers outcomes and reduce
health care cost for public payers [7]. This high-
lights the urgent need to incorporate the patient,
(informal) caregiver, and other service providers in
advanced care planning. Treatment and care needs
are dependent on patients’ sociodemographic and
clinical characteristics and thus, economic outcomes
could depend on such characteristics. To address all
these demands, interdisciplinary and individualized
treatment and care are crucial.

Collaborative care programs have proven their
potential to achieve this. Care and case management
interventions are based on evidence-based guide-
lines and recommendations, are usually delivered in
the community, aim to detect existing unmet needs,
and enhance the coordination of treatment and care
within the primary health care system [8]. There
is some evidence that collaborative care and case
management approaches are beneficial by improving
person-centered outcomes in PwD. The systematic
review of Reilly et al. [8] demonstrated that case
management programs could reduce hospitalizations
and the length of hospital stays, may postpone insti-
tutionalization, alleviate behavior disturbance and
depression, and improve social support for patients
and caregivers. In Germany, there is scientific evi-
dence for the efficacy and safety of a collaborative
care program as well. In a general practitioner
(GP)-based cluster-randomized controlled trial with
n = 634 patients, it was demonstrated that people who
benefited from Dementia Care Management (DCM)
showed better dementia-specific treatment, higher
prescription rate of anti-dementia drugs, less neu-
ropsychiatric symptoms, and higher Health-related
quality of life (HRQoL). Furthermore, caregivers bur-
dened was reduced [9, 10].

Only a few studies evaluated the cost-effectiveness
of such programs, revealing inconclusive evidence
[8, 11–15]. This has been acknowledged by the
World Alzheimer Report 2016, highlighting the
need for economic evaluations. Even though the
Cochrane review [8] pointed out that case manage-
ment increases the use of community services, it is
more cautious about the economic impact by stat-
ing that overall healthcare costs “may be” reduced in
the first year. Other published studies on case man-
agement and support programs in PwD reported a
reduction in quality-adjusted life years (QALY), but
still a non-significant reduction in cost, which would
be an inadequate scenario [16, 17].

Michalowsky et al. [7] determined the incremental
cost-effectiveness ratio (ICER) of the collaborative
dementia care management versus usual care in Ger-
many and confirmed a significant gain in QALYs by
modestly reducing health care cost over a 24 months’
time horizon. However, savings in costs were rather
uncertain.

The lack of significance may be due to lack of
power for a cost effect as costs are highly skewed.
It may also be due to an application of the program
to individuals less likely to achieve improved health
outcomes, reduced costs, or both. However, there is
a lack of cost-effectiveness studies acknowledging
the heterogeneous group of patients (for example,
in sociodemographic or clinical parameters). Trial-
based cost-effectiveness analyses typically adopt
a cohort-based approach and compare the cost
and effects of the intervention versus the control
group using the entire trial sample. The individ-
ual effect of an intervention on the patient may
be associated with certain individual sociodemo-
graphic and clinical characteristics of the patient, and
its cost-effectiveness could therefore vary between
subgroups. An individual cost-effectiveness analy-
sis under consideration of different covariates could
detect important subgroups where the effectiveness of
such an intervention is higher from a health economic
point of view.

Therefore, this study aimed to identify impor-
tant sociodemographic and clinical characteristics of
PwD receiving DCM that are associated with higher
cost-effectiveness of the intervention.

MATERIALS AND METHODS

Study design

This analysis was based on longitudinal 24-months
data of the DelpHi-MV trial, a pragmatic, GP-based,
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cluster-randomized controlled prospective interven-
tion trial, evaluating a collaborative DCM [9, 10].
The DCM of the DelpHi-MV study was developed
to support PwD and their caregivers in primary care
[9, 18]. The DCM was operationalized as a com-
plex intervention aiming to provide optimal treatment
and care for PwD and support to caregivers in close
cooperation with the treating GP. It was provided by
dementia-specific qualified nurses and supported by a
computerized Intervention Management System [19,
20].

In total, 136 GP practices participated in this trial.
Based on simple randomization without stratification
or matching (1:1), these practices were randomized to
the intervention (DCM) or to the control group (usual
care). GP practices checked patients’ eligibility for
the trial (≥70 years, living at home) and screened for
dementia using the DemTect procedure [21]. PwD
of a GP whose practice was randomized to the inter-
vention group received the DCM; PwD of control
group GPs received care as usual. The study proto-
col and documents for written informed consent were
approved by the Ethical Committee of the Chamber of
Physicians of Mecklenburg-Western Pomerania (reg-
istry number BB 20/11). The design of the trial is
described in the study protocol [9, 10].

Sample

Initially, 6,838 people were screened at 128 GP
practices, and n = 1,167 (17%) PWD were found
eligible for the study. 634 PwD gave an informed
consent to participate in this study and n = 516 started
the baseline assessment (intervention: 348 PwD; con-
trols: 168 PwD). A detailed description of this sample
is given elsewhere [22]. After completing the base-
line assessment, n = 85 participants withdrew their
informed consent, n = 73 passed away, and n = 6 post-
poned the first and second follow-ups, resulting in
a sample of 408 and 352 participants who accom-
plished the first and second follow-up. This analysis
was conducted on a sample of 444 participants who
received either the DCM or usual care and completed
the baseline and at least one of the two follow-up
assessments or died (dead patients were included in
this analysis) [23, 24]. The study flow chart and the
drop-out analyses are described in more detail else-
where [7, 25].

Intervention

The intervention was developed according to cur-
rent guidelines [26–29], targeted at the individual

participant level, delivered at participants’ homes
by nurses with dementia-specific qualification, and
focused on the management of interprofessional
treatment and care, medication management and
caregiver support and education. A specifically qual-
ified nurse, the so-called Dementia Care Manager,
collected data on medical, nursing, and social char-
acteristics of each PwD and his or her caregiver [19].
The care managers subsequently identified patients’
and caregivers’ unmet needs. These needs were dis-
cussed, consented, and carried out in cooperation
with the treating GP. The duration of the intervention
was six months. The intervention is described in more
detail by Eichler et al. [18]. Costs for implement-
ing the DCM are presented by Michalowsky et al.
[7]. Effectiveness, efficiency, and health economics
of the DCM concept were published elsewhere
[25, 30, 31].

Data assessment

Comprehensive data assessments were conducted
at baseline, and after 12 and 24 months of follow-
up. Baseline assessment, intervention, and annual
follow-ups were carried out by dementia care man-
agers.

HRQoL was measured using the 12-Item Short-
Form Health Survey (SF-12), a generic, multidi-
mensional instrument that measures the physical
dimension of HRQoL with respect to the perception
of general health, physical functioning, bodily pain,
and role limitations due to the physical health state, as
well as mental dimensions including social function-
ing, mental health, and vitality and role limitations
due to emotional state [32].

Healthcare resource utilization was assessed ret-
rospectively through face-to-face interviews. Within
the standardized interviews with the PwD and their
caregivers (as well as, if possible, with the profes-
sional care staff), a list of widespread healthcare
resources and services were used. The utilization
review assesses medical care services uses, such as
physician visits, in-hospital treatments, medications,
medical aids and therapies, ambulatory care, day care,
and nursing home care.

Sociodemographic data included age, gender, and
living situation (alone versus not alone). In addition,
the following clinical variables were assessed: cog-
nitive impairment (Mini-Mental State Examination,
MMSE) [33], comorbidity (Charlson Comorbidity
Index, CCI) using ICD-10 diagnoses listed in the
patients GP files [34], depression (Geriatric Depres-
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sion Scale, GDS) [35], and deficits in daily living
activities (Bayer Activities of Daily Living Scale,
B-ADL) [36].

Missing values were handled by Multiple Impu-
tation by Chained Equations (MICE). Multiple
imputation models were specified for each variable
and adjusted for age, gender, living situation, and
comorbidity [24, 37, 38]. Imputations were con-
ducted on the item level, adding 50 additional data
sets for each missing variable [7, 39].

Calculation of QALYs and costs

Health utilities were derived from the SF-12 using
the method of Brazier & Roberts and used to cal-
culate QALYs for each patient separately [40]. The
responses to the SF-12 were converted to health util-
ities using the SF-6D algorithm. A linear change of
HRQoL between baseline, 12 months, and 24 months
was assumed, which is consistent with the nature of
dementia diseases, represented by growing cognitive
and functional deficits, in turn, increasingly affect-
ing HRQoL. In addition, a linear relationship for the
change of HRQoL has been found to be the most
commonly used approach in the trial-based CEA
literature and has been applied in other recent eco-
nomic evaluations targeting PwDs [41–44]. In case
of death (the exact date was recorded), the utility
value was assumed to equal zero. Finally, individ-
ual QALYs were calculated by using the area under
the curve technique and discounted at 5% per year
[41, 42].

Published unit costs were used to calculate the
average costs per patient. All costs were discounted
at 5% per year and were calculated from a public
payer’s perspective in 2018 Euros over the two-year
follow-up trial period [45, 46].

Definition of subgroups

Previous analyses revealed that, for example,
patients living situation, comorbidity, or functional
impairment were associated with higher costs or
lower quality of life [7, 47, 48]. Therefore, specific
patient subgroups of this analysis were derived from
the following sociodemographic and clinical vari-
ables: sociodemographic characteristics considered
were age (<80 years versus 80 years and older), sex
(male versus female), and living arrangements (living
alone versus not living alone); clinical characteristics
considered were degree of comorbidity based on CCI
(low (<2), high (2-3), and very high (>3)) [34], sever-

ity of cognitive impairment based on MMSE Score
(none (>26), mild (20–26), and moderate to severe
(0–19)) [29, 33], and deficits in daily living activi-
ties based on the B-ADL (no deficit (1.0–2.0), mild
deficits (2.1–5.0), and high deficits (5.1–10.0) [36]).

Subgroup cost-effectiveness analysis

For each subgroup cost-effectiveness analysis, the
complete sample has been split to generate con-
sistent and homogeneous subgroups according to
the mentioned sociodemographic and clinical vari-
ables listed above. Within each split sample, a full
cost-effectiveness analysis was conducted, assess-
ing the cost-effectiveness of the DCM compared to
the control group as follows: The incremental cost-
effectiveness ratio (ICER) was calculated using the
incremental cost per QALY gained by the DCM pro-
gram compared with usual care [49]. Due to the
dependency of patients to clusters (GP practices),
incremental costs and QALYs were estimated using
linear regression models with random effects for the
GP [41, 50, 51]. Because of a highly skewed distribu-
tion of cost, standard errors and confidence intervals
were estimated by bootstrapping (2,000 replications)
[52]. To handle sampling uncertainty in the ICER, we
used non-parametric bootstrapping, creating 1,000
resamples [53]. The probability of the DCM being
cost-effective was calculated using these resam-
ples and different willingness-to-pay (WTP) margins
and displayed using cost-effectiveness acceptabil-
ity curves [54, 55]. The methods used for this
analysis were consistent with those of published
methodological guidelines for undertaking eco-
nomic evaluations [56]. All statistical analyses were
performed using the software STATA/IC Version
13.0 [57].

Sensitivity analysis: Implementing interaction
terms to analyze the association between the
individual cost-effectiveness and patient’s
characteristics

We assessed the impact of the DCM on individual
total costs, QALY, and individual cost-effectiveness
by using multivariate linear regression models with
random effects as well. Total healthcare cost, QALYs,
and the individual net monetary benefit (NMB),
as a measure for the cost-effectiveness, was used
as dependent variables. The individual NMB was
assessed according to the recommendation of Rid-
der et al. [58–60]: each subject’s NMBi was defined
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as follows, using the observed data on the effects (ei)
and cost (ci) for a PwD (i):

NMBi = ei · λ − ci (1)

The individual NMB approach requires a selec-
tion of a willingness-to-pay margin (λ). Due to the
subjective nature of which ceiling ratio was used,
we selected a threshold of 40,000D , 80,000D , and
160,000D per individual QALY (see Supplementary
Table 1) [59].

To explore if the cost-effectiveness varies by sub-
groups, we used the following binary operators to
specify factorial interactions between the subject
characteristics and the intervention indicator as vari-
ables of interest: Study group (intervention) with age
(reference:>80 years), sex (reference: female), living
situation (reference: living alone), deficits in daily
living activities (B-ADL) (reference: no deficits),
cognitive deficits (MMSE) (reference: no indica-
tion for cognitive deficits), and comorbidity (CCI
category) (reference: low comorbidity). Dummy vari-
ables were used as factor-variable operators for the
categorical sociodemographic and clinical character-
istics. The interaction terms with the intervention
group were used to control for homogeneous effects
across the single patient groups and to assign the
mean cost, QALYs and individual NMB for different
patient groups [61]. The interaction terms were addi-
tionally included as model variable. Each model was
additionally adjusted for sociodemographic and clini-
cal variables that were not included in the interaction
term. Because of the highly skewed distribution of
healthcare costs, standard errors and confidence inter-
vals were again estimated by bootstrapping (2,000
replications) [62]. A description of the used STATA
code, as well as visualization or the residuals of the
linear regression models, are presented in Supple-
mentary Document 1.

RESULTS

Characteristics of the study population

Patients were on average 80 years old, mostly
female (60%), on average mildly cognitively (mean
MMSE 22) and functionally impaired (mean B-
ADL 4), and half of them were living alone (51%).
39% of the patients had a very high comorbid-
ity (more than three comorbidities in addition to
dementia). Table 1 describes the characteristics of the
study population divided into intervention and control

group. There were no significant differences in socio-
demographic and clinical characteristics between
intervention and controls. Subgroup sizes were as
well balanced in the intervention and the control
group.

Incremental cost, QALYs, and ICERs overall and
for subgroups

Overall, PwDs receiving the DCM tended to incur
lower cost of 569D (95% CI: –5,466D – 4,328D ) and
gained on average 0.05 (95% CI: –0.04 – 0.14) more
QALYs compared to care as usual over the 24 months’
time horizon. Therefore, DCM dominated the usual
care.

For subgroups, features associated with the most
promising ICERs were female and alone living, mild
deficits in daily living, moderate to severe cognitive
deficits, and a high comorbidity.

For females (–4,307 D and +0.04 QALY), and
PwD living alone (–3,642 D and +0.03 QALY) as
well as for PwD with mild functional (–2,678 D and
+0.05 QALY) or moderate to severe cognitive deficits
(–5,574 D and 0.10 QALY) and for PwD having a high
comorbidity (–7,416 D and +0.07 QALY), the incre-
mental cost was lower and the incremental QALYs
was higher as compared to the entire sample, indi-
cating a stronger dominance of the intervention. A
description of the incremental cost and QALYs of the
subgroups is presented in Table 2 and Supplementary
Figure 1.

Probability of cost-effectiveness

The probability of cost-effectiveness for the
total sample valued 88% at a WTP threshold of
40,000D per QALY gained. For old PwD (≥80 years)
the probability of the DCM being cost-effective (i.e.,
had a higher NMB relative to control) was much
higher compared to the young PwD (<80 years) at
the WTP of 0D and 40,000D per QALY gained (65%
versus 39% and 87% versus 48%, respectively). It
can be observed that the probability that the inter-
vention is cost-effective was very high in females
compared to males at the WTP of 0D and 40,000D per
QALY gained (86% versus 2% and 96% versus 16%,
respectively). In addition, compared to PwD not liv-
ing alone, the probability of cost-effectiveness was
much higher in PwD living alone at WTP thresholds
of 0D per QALY and 40,000D (82% versus 13% and
96% versus 26%, respectively).
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Table 1
Subject characteristics by treatment group (n = 444)

Intervention Control p
(n = 315) (n = 129)

Age, n (%)
young (<80 y) 177 (56.2) 67 (51.9) 0.572
old (≥80 y) 138 (43.8) 62 (48.1)

Sex, n (%)
Female 190 (60.3) 77 (59.7) 0.503
Male 125 (39.7) 52 (40.3)

Living situation, n (%)
Living alone 163 (51.8) 61 (47.3) 0.453
Living not alone 152 (48.3) 68 (52.7)

Deficits in Daily Living Activities (B-ADL), n (%)
no 107 (34.0) 51 (39.5) 0.112
mild 110 (35.0) 48 (37.2)
high 92 (29.2) 29 (22.5)

Cognitive Deficits (MMSE), n (%)
no indication* 71 (22.5) 28 (21.7) 0.576
mild 159 (50.5) 68 (52.7)
moderate to severe 85 (27.0) 33 (25.6)

Comorbidity (Charlson Index), n (%)
low 64 (20.3) 38 (29.4) 0.113
high 123 (39.0) 48 (37.2)
very high 128 (40.6) 43 (33.3)

MMSE, Mini-Mental State Examination, Range 0–30, higher score indicates better cognitive
function; B-ADL, Bayer-Activities of Daily Living Scale, range 0–10, lower score indicates bet-
ter performance. *The MMSE is less sensitive for detecting milder forms of cognitive impairment
(43%) compared to the DemTect procedure (80% to 100%) that was used for the screening in
GP practices and the subsequent inclusion of patients in the trial [75, 76]. Therefore, it is pos-
sible that some patients, who were screened positive for dementia, are not cognitively impaired
according to the MMSE (score 27 to 30). However, the number of false positive cases should
be lower as demonstrated by the MMSE.

The probability of cost-effectiveness was higher
in PwD with high deficits in ADL at a WTP thresh-
old per QALY of 0D (63% versus 24%, respectively)
and 40,000D (97% versus 16%, respectively). Fur-
thermore, compared to PwD with no cognitive deficits
(according to MMSE after screening), the probabil-
ity of cost-effectiveness was higher in PwD with
moderate cognitive deficits at a WTP threshold per
QALY of 0D (93% versus 18%, respectively) and
40,000D (100% versus 3%, respectively). Compared
to PwD with low comorbidity, the probability of cost-
effectiveness of the DCM was higher in PwD with
high comorbidity at WTP thresholds per QALY of
0D (75% versus 37%, respectively) and 40,000D (96%
versus 26%, respectively). The probabilities of cost-
effectiveness for the total sample as well as for each
subgroup are presented in Fig. 1.

Sensitivity analysis: Associations between
different interaction terms and individual
cost-effectiveness

The multivariate linear regression analyses
revealed that female PwD (b = –10,873, SE = 4,775)

who received the DCM caused significantly lower
total healthcare cost over the 24 months’ time horizon
compared to females receiving care as usual. Female
PwD who received the DCM caused slightly higher
cost for day and night care, medication, and medical
aid, but significantly lower cost for in-hospital
treatments (5,579D versus 9,468D ) due to fewer days
stayed in a hospital (9 days versus 16 days) as well
as lower cost for nursing home care (2,230D versus
4,697D ) due to a delayed institutionalization (12.4
months versus 4.4 months) over a 24 months’ time
frame compared to female PwD receiving usual care.
Furthermore, mildly (b = +0.226, SE = 0.093) or
moderately cognitively impaired PwD (b = +0.232,
SE = 0.105) and highly functionally impaired PwD
(b = +0.200, SE = 0.095) showed a significant
association with higher QALYs compared to those
subgroups receiving usual care. Table 3 represents
the association between different interaction terms
(study group intervention # sociodemographic or
clinical subgroup) and cost and effects of the DCM
intervention compared to care as usual.

The interaction between receiving the interven-
tion and female sex (b = +11,733, SE = 3,721), living
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Table 2
Description of incremental cost, effect and ICER of total sample and different identified subgroups

n (%) Incremental cost Incremental QALY ICER
Mean (SD; CI95%) Mean (SD; CI95%)

Overall, total sample 444 (100%) –569D (2,491; –5,466–4,328) +0.049 (0.045; –0.040–0.135) DCM dominates (–11,612D /QALY)
Age

young (<80 y) 200 (45.0%) +2,425D (3,162; –3,811–8,662) +0.069 (0.067; –0.063–0.200) 35,145D /QALY
old (>80 y) 244 (55.0%) –3,716D (3,701; –11,008–3,574) +0.039 (0.057; –0.074–0.152) DCM dominates (–95,282D /QALY)

Sex
male 177 (39.9%) +4,911D (3,266; –1,536–11,359) +0.069 (0.076; –0.081–0.218) 71,173D /QALY
female 267 (60.1%) –4,307D (3,488; –11,175–2,560) +0.036 (0.052; –0.067–0.140) DCM dominates (–119,639D /QALY)

Living situation
living alone 224 (50.5%) –3,642D (3,938; –11,405–4,120) +0.034 (0.063;–0.091–0.159) DCM dominates (–107,118D /QALY)
living not alone 220 (49.5%) +1,799D (3,020; –4,153 –7,752) +0.067 (0.060; –0.052–0.186) 26,851D /QALY

Deficits in Daily Living Activities (B-ADL)
no 158 (35.6%) +668D (3,184; –5,622–6,958) +0.032 (0.057; –0.082–0.147) 20,414D /QALY
mild 162 (36.5%) –2,678D (4,977; –12,506–7,155) +0.053 (0.070; –0.085–0.192) DCM dominates (–50,528D /QALY)
high 124 (27.9%) –3,472D (3,882; –11,158–4,213) +0.159 (0.091; –0.023–0.341)‡ DCM dominates (–21,836D /QALY)

Cognitive Deficits (MMSE)
no indication 99 (22.3%) +5,485D (3,055; –577–11,547)‡ –0.147 (0.083; –0.313–0.019)‡ Usual Care dominates (–37,313D /QALY)
mild 227 (51.1%) –648D (3,955; –8,442–7,145) +0.109 (0.059; –0.008–0.226)‡ DCM dominates (–5,945D /QALY)
moderate to severe 118 (26.6%) –5,574D (4,495; –14,479–3,329) +0.102 (0.093; –0.082–0.286) DCM dominates (–54,647D /QALY)

Comorbidity (CCI)
low 102 (23.0%) +2,885D (4,738; –6,515–12,285) –0.073 (0.080; –0.234–0.087) Usual Care dominates (–39,520D /QALY)
high 171 (38.5%) –7,416D (4,740; –16,774–1,941) +0.071 (0.075; –0.077–0.220) DCM dominates (–104,451D /QALY)
very high 171 (38.5%) +3,497D (3,410; –3,236–10,230) +0.131 (0.071; –0.009–0.272)‡ 26,694D /QALY

MMSE, Mini-Mental State Examination, Range 0–30, higher score indicates better cognitive function; B-ADL, Bayer-Activities of Daily Living Scale, range 0–10, lower score indicates better
performance; SD, standard deviation; CI, confidence interval; ‡p < 0.01.

Explanation:

Table 2 summarize the differences in costs and QALYs at 24 months. Compared with usual care, the dementia care management was associated with higher QALY and lower cost for the total
sample after 24 months. Incremental QALY and costs indicating that the dementia care management was more likely to be less costly and more effective according to QALY. For female and alone
living patients with mild deficits in daily living, mild cognitive deficits and high comorbidity the incremental costs decreased but more QALY were gained. Therefore, the dementia care management
still dominates the usual care from a cost-effectiveness perspective.
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Fig. 1. Cost-effectiveness acceptability curves, DCM intervention overall and subgroups.

alone (b = +8,417, SE = 3,676), mild or moderate to
severe cognitive deficits (b = +13,456, SE = 4,657;
b = +12,621, SE = 5,579), as well as a high comor-
bidity (b = +13,007, SE = 4,607) were associated with

a higher individual NMB at a willingness-to-pay
threshold of 40,000D /QALY, demonstrating that the
DCM was more cost-effective for these subgroups.
Associations remain stable at the ceiling ratios
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Table 3

Association between different interaction terms (study group intervention # sociodemographic or clinical subgroup)
and cost and effects

N = 444 COSTs QALYs
Explanatory variables COSTs QALYs

b (SE) CI95% b (SE) CI95%

Intervention
#old (<80 y) –7,394 (4,724) [–16,653–1,865] 0.040 (0.734) [–0.103–0.184]

Intercept 12,611 (8,004) [–3,076–28,299] 0.469 (0.196)* [0.085–0.852]
#female –10,873 (4,775)* [–20,231–1,514] 0.048 (0.075) [–0.100–0.196]

Intercept –14,848 (17,026) [–48,218–18,522] 1.078 (0.299)*** [0.492–1.663]
#living alone –8,153 (4,704) [–17,372–1,066] 0.059 (0.073) [–0.085–0.203]

Intercept –15,688 (17,004) [–49,015–17,638] 1.020 (0.300)*** [0.432–1.608]
#mild deficits MMST1 –2,718 (5,971) [–14,421–8,985] 0.226 (0.093)** [0.044–0.407]
#moderate deficits MMST1 –11,015 (6,768) [–24,281–2,250] 0.232 (0.105)* [0.025–0.438]

Intercept –25,526 (16,643) [–58,147–7,094] 1.203 (0.282)*** [0.650–1.757]
#mild deficits B-ADL2 –4,122 (5,438) [–14,780–6,535] 0.086 (0.085) [–0.080–0.251]
#high deficits B-ADL2 6,160 (6,100) [–18,115–5,795] 0.200 (0.095)* [0.014–0.386]

Intercept –11,786 (17,163) [–45,425–21,853] 0.945 (0.302)** [0.353–1.537]
#high comorbidity3 –9,026 (5,981) [–20,749–2,698] 0.147 (0.095) [–0.039–0.332]
#very high comorbidity3 1,500 (6,097) [–10,451–13,450] 0.125 (0.103) [–0.077–0.327]

Intercept –10,552 (17,054) [–43,978–22,873] 1.033 (0.298)*** [0.448–1.617]

∗∗∗0.001, ∗∗0.01, ∗0.05; 1comparison with control group patients having no indication for cognitive impairment;
2comparison with control group patients having no deficits in daily living activities; 3 comparison with control group
patients having a low comorbidity.

80,000D and 160,000D but coefficients rise linear with
increasing ceiling ratios.

The sensitivity analysis of the association between
the interaction terms and the individual NMB for the
ceiling ratio of 40,000D , 80,000D , and 160,000D (λ)
is displayed in Supplementary Table 1.

DISCUSSION

In this study, we describe the cost-effectiveness
of DCM for different subgroups, providing valuable
information to answer our question “Who benefits
most from DCM?” from a patient and payer perspec-
tive. While DCM was associated with higher QALY
and lower cost for the total sample after 24 months
on average, the results were not statistically com-
pelling. In part this may be due to inadequate power
as costs in general and in this case tend to be highly
variable. However, it may be also due to the applica-
tion of the DCM in a diverse population, with some
subjects more or less likely to respond to the interven-
tion with improved outcomes and reduced costs. In
our subgroup analyses, we suggested that DCM was
especially promising for specific subgroups, specifi-
cally for women, people living alone, and people with
higher comorbidity and higher cognitive and func-
tional deficits. Particularly notable is that our findings

were confirmed within linear regression models using
interaction terms and the individual NMB of each
PwD.

The DCM was more cost-effective in female
PwD due to significantly lower costs for in-hospital
treatment and nursing home care over a 24 months’
time frame. In addition, the DCM was more cost-
effective in patients living alone, especially due to
fewer physician visits and thereby significantly lower
healthcare utilization and costs for treatment and care.
PwD with mild and moderate to severe cognitive
deficits, high functional deficits, and high comorbid-
ity gained significantly more QALYs than patients
without cognitive and functional deficits and low
comorbidity.

The result that patients living alone benefit more
from DCM is intuitive since patients not living alone
received often more support and care from their rela-
tives. Their needs are usually detected through the
caregiver, who often lives in the same household.
Because patients living alone have more often no
relatives or caregivers able to provide informal care
needed to maintain as long as possible at home. These
PwDs can benefit most from a collaborative care
management due to their higher number of unmet
needs that could be addressed. In particular, arrang-
ing day and night care services as well as ambulatory
care services could prevent unnecessary hospital-
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ization and delay the institutionalization. Therefore,
patients living alone showed lower incremental cost
and higher incremental effects when their individual
unmet needs were adequately addressed, as part of
the DCM.

We found that female PwD who received the DCM
caused lower cost and had higher QALY than male
patients. The relatively higher net benefit for female
within the sensitivity analysis implies that the value
of the incremental benefit exceeded the incremen-
tal costs. The reasons could be the same as for
patients living alone: Because female patients at a
high age probably might have more often fewer rel-
atives or carers, were living alone, and had high
number of unmet needs. Thus, females can benefit
more from collaborative care management programs.
In addition, female patients receiving the collabora-
tive care management had significantly lower cost for
in-hospital treatments due to fewer days stayed in a
hospital as well as lower cost for nursing home care
due to delayed institutionalization.

In addition, PwD with a high comorbidity expe-
rience lower incremental costs and more QALYs
through the intervention as PwD with low or very high
comorbidity. Thus, for PwD with high comorbidity
the dementia care management still dominates the
usual care from a cost-effectiveness perspective. In
our previous analysis, we identified a non-linear dis-
tribution of costs between the comorbidity subgroups
and detects the lowest total costs in PwD with a
high comorbidity [47]. Our present cost-effectiveness
analysis demonstrates the same tendency. The prob-
ability of cost-effectiveness of the DCM was higher
in PwD with a high comorbidity compared to PwD
with a low or very high comorbidity. It could be
supposed that comorbidities in PwD are under-
reported, which may also point to an inappropriate
management of the comorbidities and that inten-
sive treatment of some comorbidities in dementia
patients is inappropriate. This possibly indicates that
treatment and care for PwD with high comorbid-
ity is not as extensive as for those without complex
needs. Thus, PwD with high comorbidity might have
more unmet needs and can benefit more from a
DCM through addressing these unmet needs ade-
quately.

The sensitivity analysis with the NMB approach
is consistent with the results of the multivariate
approach; however, the NMB approach involves
both cost and effectiveness estimates, and it would
be incorrect to infer that the net-monetary bene-
fits are significant simply because the corresponding

coefficients from the cost and effect equations
were individually significant [63]. However, the
subgroups of female PwD, PwD with mild or
moderate to severe cognitive deficits as well as
PwD with high deficits in activities of daily liv-
ing revealed as well significant NMB values. It
could be assumed, that these subgroups showed
higher and significant individual NMB due to lower
significant incremental cost or higher significant
incremental effects in the multivariate model. In
addition, the NMB approach demonstrated more sig-
nificant results in some selected subgroups than the
multivariate approach. The association between dif-
ferent interaction terms and individual net monetary
benefit with ceiling ratios of 40,000D , 80,000D ,
and 160,000D indicated additionally significant NMB
values for patients living alone and for PwD with
a high comorbidity. However, the NMB method
revealed no substantive changes in the results of the
multivariate approach and confirmed the results of
the cost-effectiveness acceptability curves.

Several studies evaluated the cost-effectiveness of
DCM [64–70]. For dementia care or case manage-
ment programs, only a few studies provide details
on the cost-effectiveness compared to care as usual.
For example, one study from the Netherlands evalu-
ated the cost-effectiveness of two different types of
case management compared to usual care. The results
showed that less QALY were gained compared to
usual care [71]. Another study of care-coordination of
dementia patients showed a non-significant decrease
of QALY as well [17]. These results are not equivalent
to our findings. The patients in these trials were sig-
nificantly more cognitively impaired. Consequently,
the DCM was initiated later in the progression of
dementia diseases. This could be an explanation for
the finding of lower cost-effectiveness of previously
published studies.

Another study assessed the cost-effectiveness of
community-based occupational therapy compared
with usual care in older patients with dementia. The
results revealed that the intervention is cost-effective
compared to care as usual [72]. The results are
comparable to our findings. Furthermore, one
analysis evaluated the cost-effectiveness with the
NMB framework for preventive home visits in older
people. The study evaluated the cost-effectiveness of
preventive home visits. Costs and QALY were higher
in the intervention group, but differences were not
significant. For preventive home visits at a WTP per
QALY of 50,000 EUR, there is a 15% probability
that the intervention would be deemed cost-effective
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[73]. However, the results of these analyses are not
readily comparable to the demonstrated results of our
study as well due to the different sample characteris-
tics and considerable differences in the intervention.
In addition, most of the previous studies did not
focus on important subgroups and did not analyze
the individual cost-effectiveness. To our knowl-
edge, there is presently no other study that detects
subgroups of PwD who could benefit most from a
DCM.

Because dementia is not curable today, there is
a need for optimum treatment and care for those
being affected by dementia. The increasing number
of PwD is a major challenge for the health care sys-
tem and society due to the increasing utilization of
health care resources and the associated high health-
care expenditures [5, 6]. That is the reason why it is
important to provide optimal support and evidence-
based treatment for the affected patients to improve
their living and care situation and to enable PwD to
stay in their own home as long as possible. Innovative
collaborative care models for PwD have met sev-
eral of these challenges, and have been successful in
the provision of optimal support and evidence-based
treatment.

Our results provide detailed information on the
costs and effects for specific patient groups that could
benefit most from a dementia care management. They
can, thus, support the implementation into routine
care.

Due to demographic and societal transition, the
number of PwD living alone increased. As a result
of the aging population, there is an increasing num-
ber of especially female PWD who do not have any
relative, friend, or neighbor close by who can take
care of them. Eichler et al. (2016) revealed the high
proportion of PwD living alone in Germany and
demonstrated that PwD living alone were signifi-
cantly more often female and older and have more
unmet needs, less access to health care, untreated
medical conditions, and earlier nursing home tran-
sition [74]. For those PwD, the DCM is a potential
solution to achieve optimal coordination and manage-
ment of treatment and care. Our result revealed that
for the growing subgroup of females and alone-living
PwD, a collaborative care management could be very
beneficial by improving certain outcomes. Identify-
ing subgroups for whom DCM is an especially good
value could be of vital importance for decision mak-
ers in the health care system in order to improve
the allocation of resources in face of the increasing
economic burden due to dementia diseases.

Limitations

Several limitations of the study have to be taken
into consideration. Firstly, the DelpHi-trial was con-
ducted in Mecklenburg Western Pomerania, a mostly
rural area in Germany. The generalizability of the
results might be limited due to the region under anal-
ysis. However, due to the population-based design
with GPs in a leading role, our results will likely
extend to other regions, at least to those with similar
characteristics.

Second, the number of patients between the
intervention and control group was not adequately
balanced. Due to the impossibility to blind the inter-
vention, patients in the control group withdrew the
informed consent more frequently. In addition, there
are differences between the group sizes of selected
subgroups. To reduce uncertainty in the estimation
procedure, we used non-parametric bootstrapping
with 2,000 replications and stratified for cluster and
group distribution. Nevertheless, the different group
sizes in some subgroups could have affected the
results.

As shown in our previous cost-effectiveness analy-
sis of the DelpHi-MV trial, drop out was significantly
associated with being in the control group and very
likely before starting the baseline assessment (n = 118
of 634, representing 19% of the total sample). GPs
were not informed about their randomization status
but become aware of their status during the course
of the study due to the nature of the intervention.
This could have led to a decreased motivation for
the recruitment in the control group and thus to the
higher drop out in controls before starting the base-
line assessment. In addition, a lower comorbidity and
a higher functional impairment of the PwD as well as
a nonparticipation of the caregiver were significantly
associated with a drop out. (Drop-out analyses pre-
sented in the trial flowchart were published elsewhere
[7].) However, as pointed out in the result section,
there were no significant group differences regarding
sociodemographic and clinical data at baseline.

Third, we collected the healthcare resource use
data via comprehensive standardized computer-
assisted personal interviews and analyzed the
self-reported information about utilization retrospec-
tively for a period of one year. There might be a
recall-bias that could lead to an under- or overestima-
tion of the utilization. However, more comprehensive
primary data from health insurances were not avail-
able and a national health institute does not exist in
Germany. To minimize gaps in the self-report, the
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study assistants were trained to ask for proxy esti-
mates as well wherever a caregiver was available.

Lastly, the net-benefit regression results depend
on the maximum WTP per unit of effect. In gen-
eral, there is a great difficulty in obtaining the WTP
information. Caution should be exercised when nor-
mative statements are based on those values. Due
to the controversy about which ceiling ratio to use,
we calculate a series of NMB values by using a
huge range of cost-effectiveness ceiling ratios. The
cost-effectiveness acceptability curve offers a conve-
nient presentation of cost-effectiveness results for a
range of threshold values of additional health bene-
fits. However, the net-benefit framework has the same
limitations as traditional cost-effectiveness analyses.

Conclusion

This analysis indicates that the cost-effectiveness
of DCM significantly differs in consideration of sev-
eral subgroups. Collaborative care may be especially
valuable for specific subgroups allowing tailoring
such programs to PwD most likely to achieve signif-
icant cost savings and gains in QALYs. Specifically,
we showed that women, PwD who were living alone,
and PwD with a high comorbidity could benefit most
from a DCM. For these subgroups, the DCM shows
the highest individual cost-effectiveness compared to
the usual care. Furthermore, PwD that were moder-
ate to severely cognitively or functionally impaired
achieved a higher gain in QALYs due to the DCM.
Implementation of DCM into routine care could be
most beneficial for these patients.
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