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1. Introduction 

Demographic changes are leading to a rapid increase in the number and proportion of 

the elderly [4]. This goes along with an increase of prevalence and incidence of age-

associated illnesses, such as dementia [4-7]. The prevalence of dementia is estimated 

to amount to 1.5 million in Germany, with an annual incidence of over 300,000 new 

cases [8]. Up to three-quarter of the persons with dementia (PWD) were living in their 

own homes (community-dwelling) [9]. Due to an increase in life-expectancy and the 

subsequent rise of the number of persons in higher age groups, it is estimated that the 

number of PWD will almost double every twenty years [8,10]. 

In European countries, dementia is associated with substantial and increasing health 

care costs, which makes dementia one of the most expensive diseases in old age and a 

serious health care priority [11,12]. In 2008, 9.36 billion € (US $ 14.215 billion) were 

spent in Germany solely on dementia in the population aged 65 and older. These cost 

include medical and formal nursing care costs [13]. Focusing on this population, 

dementia caused 8.4% of the overall health care costs [5,13]. Therefore, the ongoing 

demographic change will have a major impact on expenditures for dementia in the 

future [11,13-15]. In Germany, there are a few cost-of-illness (COI) studies focusing 

on the economic burden of dementia diseases determining total societal cost of 

24,437 € ($ 33,220) in patients with mild dementia and up to 62,797 € ($ 85,366) in 

patients with severe dementia [3,16].  

Evidence-based guidelines [17] for treatment of dementia cover a wide variety of 

treatment options, such as pharmacological and non-pharmacological therapy in 

addition to formal and informal care. The prescription of anti-dementia drugs is 

considered the primary treatment for dementia [17]. Adequate pharmacotherapy could 

decelerate cognitive decline [18], reduce the need for nursing care [19,20] and delay 

institutionalization [21], all of which could be associated with savings in health care 

costs [19,21-25]. The annual medication cost of PWD valuated to be up to 1,788 € per 

patient in Germany, but represents only a small proportion of total health care costs in 

dementia [3,16,26-28]. However, previously published analyses are likely outdated 
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because the patents of cost-intensive original anti-dementia drugs expired in 2010. 

Since then, prescription of generics has been possible, and manufacturers estimated 

potential cost reductions of 30% [29]. Furthermore, studies are mostly based on 

secondary data from a payer perspective and do not always capture the real situation of 

medication including medication on prescription (Rx-drugs), over-the-counter 

pharmaceuticals (OTC-drugs) and the real individual intake of these drugs. Hence, 

economic analyses of medication cost and an estimation of potential savings due to the 

current implementation of generic anti-dementia drugs on the basis of primary data are 

currently missing. 

From the perspective of statutory health insurance, direct medical and formal care 

costs range from 6,171 € ($ 8,389) up to 10,375 € ($ 14,104) [3,16] for patients 

formally diagnosed with dementia. However, it is well known that dementia is under-

diagnosed in many populations. Even in high income-countries, fifty to eighty percent 

of PWD do not receive a formal dementia diagnosis [30-32]. Eichler et al. showed that 

only 39% of German community-dwelling patients who were screened positive for 

dementia in primary care had received a formal dementia diagnosis. Thus, solely these 

patients were included in most COI-studies and so far little is known about the 

differences in resource utilization and its costs between patients formally diagnosed 

with dementia and those without a formal diagnosis. Due to the common discussions 

about an earlier diagnosis of dementia diseases, it is important to know the health care 

resource and cost differences associated with a formal dementia diagnosis. 

Besides an adequate diagnosis and pharmaceutical treatment according to evidence-

based guidelines [17], community-dwelling PWD particularly need and utilize 

professional formal care services as well as informal care provided by close relative 

caregivers [12]. Informal care accounted for the largest proportion of care [33,34]. In 

Germany, studies determined annual costs from 3,329 € ($ 4,246) to 7,947 € for 

formal care services and 8,886 € ($ 12,079) to 62,797 € ($ 85,366) for informal care 

[3,35,36]. However, these studies did not include costs caused by productivity losses 

(PL) of employed informal caregivers. Reese et al. [36] reported that productivity 

losses occur in every tenth caregiver resulting in annual indirect cost of 2,076 €. 

However, for a complete economic evaluation of formal and informal care in 
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dementia, it is essential to take the utilization and cost of professional formal and 

informal care as well as caregiver’s productivity losses into consideration. 

Therefore, the aim of this analysis is an in-depth evaluation of (1) medication cost, 

(2) health care cost in dependence on a formal dementia diagnosis and (3) formal and 

informal care cost of PWD, as well as productivity losses of informal caregiver.  

Following this introduction, Chapter 2 outlines the medical background of dementia 

disease and the economical background of COI-studies, joined by the following 

presentation of the state of the art of COI-studies in dementia. For the medical 

background, this chapter will give an overview about the aetiology and epidemiology 

of dementia diseases. Furthermore, currently available diagnostic, medical, 

pharmacological and non-pharmacological treatments, as well as basics of formal and 

informal care will be elaborated. Subsequently, the key-aspects of COI-analysis will 

be pointed out, including the definition and the objectives, considered cost types and 

perspectives. Finally, in this chapter international and national COI-studies in 

dementia will be presented and, as a consequence, research gaps will be identified.  

In Chapter 3, the main objectives of this study will be determined. Chapter 4 goes into 

further detail about the DelpHi-MV trial and the derivation of the analyzed samples. In 

the first instance the study design and setting will be described. For every individual 

analysis the methodological approaches for data collection, sample, cost-calculations, 

dealing with socio-demographic and clinical variables, statistical analysis and drop-out 

analyses will be elaborated.  

In Chapter 5, the results of analyses will be presented. For each analysis, the socio-

demographic and clinical characteristics of the individual analyzed sample, health care 

utilization, health care costs as well as the univariate and multivariate analysis will be 

demonstrated. The discussion of the obtained results will be conducted in Chapter 6. 

Therefore, results of the analyzed sample will be discussed against the background of 

methodological assumptions made and compared with findings of national and 

international studies. Finally, in Chapter 7, there will be an overall conclusion of 

demonstrated analyses.  
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2. Background 

In this section basic information about dementia disease and COI-analysis, as one 

special method used in economic evaluations, will be outlined. Furthermore, 

previously published COI-study which evaluated the health care utilization and its cost 

of PWD will be demonstrated.  

2.1. Dementia disease 

2.1.1. Aetiology 

The term “Dementia” is derived from its Latin origin to mean “without mind” and 

does not describe a specific disease, but a syndrome [1,37]. The tenth revision of the 

International Statistical Classification of Diseases and Related Health Problems (ICD-

10) defined dementia as “[…] a syndrome due to disease of the brain usually of a 

chronic or progressive nature, in which there is disturbance of multiple higher cortical 

functions, including memory, thinking, orientation, comprehensions, calculations, 

learning capacity, language, and judgement” [38,39]. Whereas consciousness is not 

included, the impairment of memory is generally associated with a decline in social 

behaviour, emotional control, or motivation. This syndrome occurs in Alzheimer´s 

Disease, as well as in cerebrovascular disease, and in further conditions primarily or 

secondarily affecting the brain. Furthermore, it is considered that alongside the 

deterioration of cognitive function and the emotional control, there is a considerable 

impairment in basic daily living activities such as washing, eating, dressing and 

personal hygiene. According to the ICD-10 diagnostic criteria, the mentioned 

impairments and symptoms above need to be prevalent for a period of at least six 

month [38,39]. The ICD-10 furthermore outlines criteria to differentiate mild, 

moderate and severe cases of dementia disease in order to distinguish between levels 

of cognitive impairment. A first occurrence of memory and judgement problems and 

an impaired ability to learn new things describes the mild stage of dementia disease. In 

this stage living independently or living alone is still capable, but, complex daily tasks 

cannot be carried out. Persons with moderate dementia need assistance in their daily 
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living activities. With severe dementia new information cannot be retained and even 

close family members may not be recognized [39,40]. 

The Statistical Manual of Mental Disorders (DSM) of the American Psychiatric 

Association (APA) is a further common classification system, which revised its 

criteria for neurocognitive disorders (NCD), as well as for the newly established 

syndromic called major NCDs in the current Fifth Edition of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5). The DSM-5 is the standard reference 

for diagnosing mental disorders and describe that it is difficult to define precise 

thresholds because the disorders constitute a continuum of cognitive and functional 

impairment. However, whereas mild NCD corresponds to the notion of mild cognitive 

impairment (MCI), which has to be conceptually separated from dementia, major 

NCD corresponds to dementia [41]. The comparison between diagnostic criteria of 

mild NCD and major NCD is demonstrated in Table 1. 

 

Table 1: Comparison between the diagnostic criteria of major and mild 

neurocognitive disorders according to the DSM-5 

DSM-5 classification Mild neurocognitive 

disorders 

Major neurocognitive  

disorders 

Cognitive decline Modest Distinct 

Level of independence in 

everyday functioning 

No interference with 

everyday activities 

Assistance required 

Roughly equals DSM-IV 

classification 

MCI Dementia 

DSM-5 = Fifth Edition of the Diagnostic and Statistical Manual of Mental Disorders; 

MCI = Mild cognitive impairment 

Source: Own Presentation, based on the American Psychiatric Association [41] 

(2013). 
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The differences between both classification systems, the ICD-10 and the DSM-5, is 

that the ICD-10 need further criteria for a specific diagnosis, such as the decline in 

emotional control, social behaviour and motivation [41,42].  

The dementia syndrome is related to a number of different pathologies, which could be 

classified according to the distinction between primary and secondary dementias. 

Characterized by a non-reversible organic brain damage, primary dementias comprise 

Deficiencies of vitamins or folic 
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Psychiatric conditions 
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Multiple sclerosis 
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Metabolic disorders 
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● Dementia with Lewy bodies 
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● Frontotemporal dementia (Pick’s 
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● Alzheimer’s disease in down 

syndrome 

Vascular causes: 
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 Infectious causes: 
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● Gerstmann–Sträussler–Scheinker 

syndrome  

● Alzheimer’s and vascular diasese 
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Non-neurodegenerative causes 

Neurodegenerative diseases 
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Dementia syndroms 

Figure 1: Overview of types of dementia 

Source: Doblhammer et al. [1]. 
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approximately 90% of all dementia cases. In contrast, secondary dementias are 

reversible and occur due to head injuries, metabolic disease, alcohol and drug abuse, 

vitamin E deficiency and other causes [1]. Alzheimer´s diseases (50% to 80% of all 

dementia cases) and vascular dementia (20% to 30% of all dementia cases) are the two 

most prevalent types of dementia [42,43]. Figure 1 represents an overview about the 

types of dementia.  

2.1.2. Epidemiology 

Demographic aging is a worldwide process attributable to the successes of improved 

health care over the last decades. Nowadays, the population lives longer and is 

healthier. Thus, the world population has a greater share of older people [44]. The 

Alzheimer´s Diseases International reported that, as of 2013, there has been an 

estimated 44.4 million people with dementia worldwide, which determines an increase 

of prevalence of 22% compared to the prevalence of 36 million PWD in the year 2010. 

Therefore, dementia disease mainly affects this proportion of older people, although 

there is an increasing number of cases that start before the age of 65.  

However, the prevalence will be almost double every twenty years, to an estimated 

75.6 million in 2030, and 135.5 million in 2050. The estimated global prevalence rate 

of dementia in people aged 60 and over is 4.7% in 2010 and varied substantially 

between the world regions [43]. In Western Europe, it is assumed that 6.2% of the 

population aged 60 and over were affected by dementia [45].  

The European Collaboration on Dementia (EuroCoDe) study polled data from several 

European epidemiological studies on dementia prevalence. The gender and age 

specific prevalence, as well as the estimation for the years 2030 and 2050 are 

represented in Figure 2 and Figure 3. These Figures demonstrate the increasing 

prevalence with age [46]. More precisely, in Europe, prevalence rates double every 

five years [2].  
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Figure 3: Estimated number of persons with dementia from 2008 until 2050 

Source: Own Presentation, based on the Federal Statistical Office [46]. 
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Figure 2: Age and sex specific prevalence rates of dementia 

Source: Own figure based on data from Alzheimer Europe [2]. 
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Whereas the lowest prevalence rate was estimated for Africa, the highest was assumed 

in America (6.5%) [45]. Much of the increase of PWD will be attributable to 

developing countries. Currently, around 62% of PWD live in developing countries. 

The Alzheimer´s Diseases International assume, that this proportion will rise to 71% 

in 2050 [44]. 

There are 7.7 million new people affected with dementia each year, implying that there 

is a new person affected by dementia disease somewhere in the world every four 

seconds [44]. While 86% of all cases had pathology related to Alzheimer´s disease, 

only 43% had pure Alzheimer´s disease, 26% had mixed Alzheimer´s disease and 

cerebrovascular pathology, and 10% had Alzheimer´s disease with cortical Lewy 

bodies [47]. 

In Germany, the German Alzheimer´s Association (DAlzG) [8] estimates that there are 

currently 1.5 million PWD living in Germany. It is estimated that the prevalence will 

increase to 3.0 million PWD in the year 2050. The majority, approximately two-thirds, 

of the PWD were diagnosed for Alzheimer´s disease. Due to higher life expectancy, 

70% of the PWD were female [8,42]. Furthermore, the average age of a PWD is above 

80 years [42]. Each year more than 300.000 new dementia cases are expected. 

Therefore, the overall incidence rate is 3.3 per 100 persons increasing similarly to 

prevalence rates with age, which is the major risk factor to develop dementia. 

Estimates demonstrate that the prevalence rate increases exponentially with age and 

doubles, like it is in Europe, every five years in Germany. Whereas 2% of people aged 

65 to 69 suffered from dementia, more than 40% of people aged 90 years and over 

were affected by this disease [8,42].  

Primary dementia is currently incurable and eventually leads to death. Furthermore, 

dementia is associated with a reduced life expectancy [48]. The mortality risk is up to 

three times higher compared to non-demented persons [42,49]. Thus, the two-year 

mortality is estimated to value to 25% to 60% depending on age, gender and 

comorbidity [42]. Brunnström et al. [50] determined that pneumonia is the most 

common cause of death for PWD, followed by ischemic heart disease. Regarding the 

comorbidities, it is assumed that PWD had a reduced capacity to perceive and 

appropriately react on further comorbidities. Furthermore, it is suggested that the 



Background 

 

 

 

 

10 

 

increasing deficits in daily living activities and the increasing risk for falls may cause 

the higher observed mortality [51].  

However, due to the insidious occurrence of dementia symptoms, the estimated length 

of survival after the onset of dementia is difficult to grasp [42]. Depending on the 

methods used, the estimated median survival time vary from 3.3 to 9 years [48,52]. 

Whereas the distribution of length of survival from the onset to death is widely 

scattered and may reach up to 20 years, for vascular dementia the survival time tends 

to be lower compared to Alzheimer´s disease [42,53]. Xie et al. [54] showed in a 

population based cohort study that the medium survival time of PWD at the age of 65 

and older was 4.5 years for the total sample, 4.6 years for women and 4.1 years for 

men.  

As mentioned above, age is the strongest risk factor for developing dementia disease. 

A further non-modifiable risk factor is the family history and the occurrence of 

dementia in earlier generations of the family. Whereas deterministic genes are rare and 

solely prevalent in a some families worldwide, there are some risk genes identified 

that are significantly associated with dementia [42]. Studies estimated that 20% of all 

cases are attributable to the apolipoprotein E epsilon 4 allele [1]. Regarding gender as 

a risk factor, studies were inconclusive. Women may tend to have a higher risk for 

Alzheimer´s disease but an equal or slight lower risk for vascular dementia compared 

to men [42]. Furthermore, it is assumed that there is an association between the 

cognitive activity, which could lead to a higher cognitive reserve, and a decreased risk 

for dementia [1]. Certain health conditions such as type 2 diabetes, depression, 

hypertension and cardiovascular disease are further factors associated with the 

dementia syndrome [1,42,48]. Finally, a widely demonstrated lifestyle risk factor for 

dementia is smoking [1,43]. 

2.1.3. Diagnosis and treatment 

International standards and both German evidence based guidelines, the S3-guideline 

on dementia by the German Society for Psychiatry, Psychotherapy and 

Neuropsychiatry (DGPPN) and the German Society of Neurology (DGN), 

recommends a precise formal diagnosis for an early detection of dementia [17,55]. 
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This is the basis of adequate and appropriate treatment in dementia and furthermore 

counselling for patients and their relatives [17].  

The outpatient physicians play the key role for the initial diagnosis, irrespectively if 

PWD were living community-dwelling, assisted or in nursing homes. More than 80% 

of the elderly and over 90% of the PWD frequently consult a primary care physician 

[56]. The medical outpatient physician treatment consists of medical treatments 

conducted by both the general practitioner and specialists like neurologists and 

psychiatrists. The general practitioner not only represents the first point of contact in 

case of a disease, moreover, the general practitioner is responsible for the entire 

multidisciplinary medical treatment, pharmaceutical treatment, support by other 

outpatient treatments and aids, care arrangements and the support of PWD´s caregiver. 

Therefore, to initiate an individual optimum treatment and care, it is crucial that the 

general practitioner knows the patient over years and has a trusting relationship 

[8,57,58].  

However, it is well known that dementia disease is underdiagnosed in many 

populations. Eichler et al. revealed that solely 39% of community-dwelling PWD 

received a formal diagnosis of dementia by their treating general practitioner [59]. In 

some cases, the general practitioners do not have the indispensable gerontological and 

psychiatric knowledge to confirm a dementia diagnosis. Therefore, most PWD receive 

a formal dementia diagnosis when care is needed [55,57]. However, a step towards a 

formal dementia diagnosis is to evaluate the overall cause of the symptoms. Secondly, 

to exclude other conditions physical examinations and laboratory tests should be 

conducted. The severity of the cognitive decline or the severity of cognitive 

impairment could be assessed by using brief screening tests, such as the Mini-Mental 

State Examination (MMSE) [60] or the DemTect [61]. However, the final diagnosis 

should be confirmed by specialists [62]. Thus, the general practitioner is furthermore 

responsible to arrange a treatment and final confirmation of the formal diagnosis by 

specialists, particularly by neurologists or psychiatrists. However, solely 25% of the 

65 to 74 aged, and 10% of the 75 aged and older patients with psychiatric disease were 

treated by a specialist [63]. Van den Busche et al. [64] reported that the referral rates 

from the general practitioners (GP) to the relevant specialists are lower than 
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recommended in German evidence-based guidelines, because solely 35% of PWD 

consult a specialist. In contrast, within German dementia networks, which were 

specialized and sensitized for dementia diseases, 74% of community-living PWD were 

treated by a neurologist or psychiatrist [65]. 

Next to the crucial outpatient physician treatments conducted by both, the general 

practitioner and the specialist, there is no cure for primary dementias. The prescription 

of anti-dementia drugs, such as acetyl-cholinesterase inhibitors (donepezil, 

galantamine and rivastigmine) or the N-methyl-D-aspartate antagonist memantine is 

currently considered the primary treatment for dementia to delay the progression of 

dementia disease. Whereas the acetyl-cholinesterase inhibitors were licensed and 

recommended for mild to moderate Alzheimer´s disease, memantine is considered for 

PWD with moderate to severe Alzheimer´s diseases [17]. For all other types of 

primary dementia, these pharmaceuticals have no approvals. However, there is strong 

evidence that the mentioned antidementia drugs reduce the PWD´s decline of the 

cognitive impairment as well as the functional impairment in Alzheimer´s disease 

[17,55,66]. Next to these drugs, Ginkgo Biloba is the most favourable nootropic, 

which is frequently prescribed to improve cognitive function and delay the progression 

of dementia diseases [18]. However, due to a missing evidence, the prescription rate of 

Ginkgo Biloba decreased in the last years [67]. The annual prescription rates of acetyl-

cholinesterase inhibitors, memantine and Ginkgo Biloba are demonstrated in the 

following Figure 4.  

Melchinger et al. [68] indicates that solely one third of the PWD received antidementia 

drugs. The German DIAS study (Demenzversorgung im ambulanten Sektor) revealed 

that 18% of community-dwelling PWD received acetyl-cholinesterase hemmer and 

11% memantine [9]. The low prescription rates are due to scepticism by the general 

practitioner towards the limited effectiveness of these drugs, the insufficient treatment 

experience and the concern towards a potential exceedance for prescription 

pharmaceuticals [68]. However, new pharmaceuticals, like Aducanumab, were 

actually in the developing process raises hope that Alzheimer´s disease can be treated 

at its source, meaning that these medications can stop, slow or prevent the underlying 

pathophysiology of Alzheimer’s disease [69]. 
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Figure 4: Total prescription of antidementia drugs since 2002 by means of daily 

defined dosages 

Source: Own Figure, based on Schwabe & Paffrath [67]. 

 

In general, the prescription of antidementia drugs should be issued by a specialist or at 

least in consultation with one, since side effects and interactions may occur. The same 

applies to the treatment of common accompanying symptoms such as depression and 

anxiety with antidepressants [62,70]. Furthermore, in case of hallucinations and 

aggression antipsychotic drugs might be prescribed [70]. Particularly neuroleptic drugs 

were associated with higher mortality and an increasing risk to accelerate cognitive 

decline, which essentially complicated the medication treatment of PWD [9]. Thus, 

out-patient specialists are important to “manage” the medical treatment in dementia 

disease.  

Due to the fact, that there is currently no causal medical treatment of dementia 

available, accompanying non-pharmaceutical interventions and support, such as other 

outpatient services and aids, are crucial to enhance pharmaceutical treatment, to 

stabilize physical abilities, to obtain cognitive competence and finally enable PWD to 

live independently and as long as possible at their own home. Therefore, evidence-

based guidelines recommend a wide variety of non-pharmacological treatments, such 
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as occupational therapy, physiotherapy, speech therapy, music therapy and others 

[17,55,71]. Occupational therapy as well as physiotherapy support patient´s daily 

living activities resulting in a reduced need for care. This could lead to a reduced 

burden on the caregivers [72-75]. From an economic point of view, there is evidence 

that occupational therapy is less costly than pharmaceutical therapy and reduces 

medical and nursing care costs [76]. For music therapy, Romeo et al. [77] revealed that 

this therapy may instantly reduce behavioural symptoms. However, whereas there are 

a variety of other non-pharmacological interventions available performed by a range of 

different professions [70], the evidence is still insufficient for validity therapy, 

stimulated presence therapy, relaxation techniques, reality orientation and 

reminiscence therapy. However, this does not preclude that these approaches are 

ineffective [78].  

The provision of aids is a further non-pharmacological treatment option to support the 

PWD and their caregivers. The aim of these aids is an easier and safer caring situation. 

For community-dwelling PWD, Wübbeler et al. [79] reported that 91% of PWD use 

hygiene aids, 77% mobility aids and 59% medical aids. 

Thus, the optimum medical treatment for PWD comprised an adequate outpatient 

physician treatment including both the GP and specialist to identify and diagnose 

PWD and initiate an evidence-based and optimum treatment, including the 

pharmaceutical and non-pharmaceutical treatment, as well as optimum care and 

support. 

2.1.4. Formal and informal care 

In Germany, 75% of the PWD were living community-dwelling in their own 

households [9]. In progression of dementia disease, many of these older adults were 

cared for in their own homes professionally – formal care – and/ or by a close relative 

– informal care.  

In need for care are patients who need considerable assistance in their activities of 

daily living for at least six month, due to their physical or mental illness or their 

disabilities (§14 Abs.1 SGB XI). For formal care, there is the principle that 
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professional formal home care should have priority towards the professional nursing 

home care (§3SGB XI). In Germany, approximately 2.5 million people were in need 

for care [80]. Based on the latest care statistic of recent years, about two third of 

community-dwelling patients were exclusively cared for by their relatives, whereas 

solely one third utilized professional formal care services partially or fully [46,80,81]. 

Whereas there are no official statistics on the percentage of PWD who live alone, 

women at the age of 70 were live twice as often alone (32% female vs. 16% male), and 

at the age of 80 even more than twice as often alone (56% female vs. 22% male) 

compared to men of the same age [82]. Agüero-Torres et al. [83] revealed that in 50% 

of cases dementia is the cause of formal and informal care. Thus, dementia disease is 

one of the most important cost drivers of formal and informal care costs.  

 Informal care 

Informal care is defined as a heterogeneous service or good provided by one or more 

relatives or persons close to the PWD [84]. The term “heterogeneous” refer to the 

time-dependent beginning of care, the disparities in time-exposures and duration of 

care, as well as to different needs for care by the PWD [85]. According to the §19 

SGB XI caring relatives are defined as non-commercial caregivers who cared for the 

patient in their own domesticity. These caregivers are mostly female and particularly 

spouses, daughters, and daughters in law [86].  

For informal care, there are mainly three dimensions to be distinguished referring to 

the patients deficits in everyday activities and to the need of support for these 

activities: activities of daily living (ADL), instrumental activities of daily living 

(IADL) and Supervision. ADL is a term used to refer to peoples’ self-care activities 

and includes the functional mobility, bathing and showering, dressing, self-feeding, 

personal hygiene and the toilet hygiene. IADL are necessary for an individual to live 

independently in a community. The IADL subsuming activities are housework, 

preparing meals, medication intake, financial management, shopping, cooking and 

others. Furthermore, informal care also includes the supervision and surveillance of 

the patient in terms of prevention of dangerous events, like accidents with fire, traffic, 

hot water, falls, and others, and managing behavioural disturbances, like wandering 

behaviour, screaming and aggressiveness. These are well-known components of daily 
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dementia care [34]. In addition, caring for the PWD informally also includes the 

prevention of non-dangerous events, such as turning over flowerpots, urinating on the 

floor and others, as well as the general supervision in order to prevent potential 

dangerous and non-dangerous future events. However, studies focusing and 

quantifying the extent of supervision are limited, due to the poorly defined transitions 

between support for ADL, IADL and the supervision [34,87-89]. Wimo et al. [34] 

revealed that the average amount of informal care provided by PWD caregivers was 

299 hours a month, about 8.5 times greater than formal care. Figure 5 and 6 

demonstrated the time spent for the different categories of informal care as well as the 

distribution of the categories. The demonstrated decline of time spent for informal care 

in severe dementia could be caused by a relatively small sample of solely four severely 

cognitively impaired PWD. 

 

ADL, Activities of daily living; IADL, Instrumental activities of daily living 

 

Figure 5: Time spent on informal care giving for persons with dementia 

Source: Own Presentation, based on Wimo et al. [34].  
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relatives. Whereas secondary caregivers care for the PWD in addition to primary care-

givers and with a very limited time, the primary caregiver is the largest contributor to 

informal care and manages total care by instructing all secondary caregivers [85]. 

From an economic point of view, informal care is only rational if the benefits, like the 

well-being of the PWD, compensate for the burden of caring. Looking at the physical 

and emotional burden, 83% of caregivers felt caring to be burdensome. Furthermore, 

caregivers of PWD are more stressed than caregivers of non-demented persons. This 

burden can have a negative impact on the caregiver´s health. Therefore, 72% of all 

informal caregivers suffer from one or more illnesses and 9% are addicted to 

psychotropic drugs [90]. Thus, due to a higher risk for physical and mental illness, 

informal caregivers are frequently mentioned as the “invisible second patient” [91].  

 

 

ADL, Activities of daily living; IADL, Instrumental activities of daily living 

 

Figure 6: Distribution of time spent on informal care for persons with dementia 

Source: Own Presentation, based on Wimo et al. [34]. 

 

Employed caregivers may reduce or stop working due to the amount of time spent 

caring informally as well as the associated physical, mental and emotional burden. 

This may be associated with essential productivity losses. It is estimated, that 

productivity losses occurred in 10% of caregivers [36].  
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In fact of a constantly low birth rate, an increasing childlessness and number of 

divorces and a rise of employment rates among women, it might be reasonable to 

assume that there will be a decrease in the potential availability of an informal 

caregiver [16,81,92]. The increase number of children who live far away from their 

parents will furthermore exacerbate the care situation for the future [9]. The Federal 

Statistical Office estimated that the persons in need of care will double by 2050, 

whereas the number of potential informal caregivers will stagnate (see Figure 7). This 

is why formal care services could be gaining even more importance. 

 

Figure 7: Predicted change of the number of potential informal care givers and 

persons in need for care in the years from 2006 to 2050 in Germany 

Source: Own Presentation, based on the Federal Statistical Office [46]. 

 

Formal care 

Formal care is defined as professional care, which is necessary if informal care and 
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Professional home care complements informal care of a PWD and serves the purpose 

to reduce the caregiver’s burden due to the provision of basic home care. Furthermore, 

it is essential to ensure adequate care, especially if informal care or self-care does not 

meet the need of care. Due to the fact that informal care is associated with an essential 

burden for patients’ caregivers, professional homecare can deliver appropriate 

assistance not only to relieve the caregiver burden, but also to improve the quality of 

caring for PWD. Furthermore, for patient’s informal caregiver, professional home care 

could contribute to maintain employment, which is crucial to reduce productivity 

losses [93].  

In case of a temporary illness of the primary caregiver or if the caregiver is on 

vacation, there is the possibility to utilize a short-time care for a certain period. 

Professional home care services or secondary informal caregivers could be a substitute 

[94]. Day- and night-care facilities partially provided in-patient care. In this cases 

PWD were cared for on typical and determined daytimes. This care arrangement refers 

to serving of meals as well as providing social support and basic and therapeutic care. 

However, until now, most of these day- and night-care facilities are beneficial to 

compensate informal care, but are not specialized for PWD [57]. Alternative forms of 

housing, like residential communities for PWD, could be a further possible care 

arrangement. Within these residential communities PWD were tenants of a room who 

share common rooms with other PWD and receive professional care and support. 

These residential communities enable a self-determined life for the PWD as long as 

possible and relieve the burden for caregivers [95].  

All of these formal care services are essential to prevent the deterioration of 

caregiver´s health, to reduce the adverse health outcomes for PWD and to prevent the 

institutionalization, which is indispensable and inevitable if the PWD needs 

continuous nursing care and has significant deficits in maintaining the ADL and IADL 

[96].  
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2.2. Cost-of-illness-analysis 

To measure the economic burden of a disease, such as dementia, cost-of-illness studies 

are widely used. This chapter presents the definition, the general aims, as well as the 

methodological principles of this economic-evaluation method.  

2.2.1. Definition and objectives 

The COI-analysis was the first non-comparative form of economic evaluations used in 

the health field. Its non-comparative characteristic is attributable to an exclusive 

identification and measurement of all the costs of a particular disease and a missing 

comparison with any outcomes [97]. COI-studies could range from the prevalence or 

incidence of a disease to its effect on life expectancy, morbidity along with the 

decrease in health status (quality of life) and financial burden including expenditures 

that result from premature death or disability due to a corresponding disease and their 

sequelae [98]. In COI-analysis, costs were assessed as a whole in terms of health care 

consumption and productivity losses and an estimation of the total monetary burden to 

society, including the direct, indirect, and intangible dimensions [99-101]. These 

studies are descriptive studies that can provide important information to support the 

political process as well as the management function of a various level of health care 

providers [98]. Measuring the total cost of a disease provides several information and 

have several aims, which are the following [97,101-103]: 

 To assess the amount that society spends on a disease, which would 

give information about the amount of scarce resources utilized by 

patients and, by using epidemiological data, may help ranking the 

diseases according to global burden. This could support political 

processes as well as management functions at different levels of 

healthcare organization. 
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 To identify the different components of cost, their size and 

distribution in each sector of society. In Germany, these sectors 

could be, for example, the statutory health insurance (SGB V) and 

the nursing care insurance (SGB XI). This is helpful to define or 

limit cost containment policies in identifying cost with a heavy 

burden on total cost and to control actual implementations of 

previous health policies. 

 

 To demonstrate the monetary amount that would be saved if the 

disease was abolished. To consider different interventions that could 

be conducted in future. 

 

 To explain the variability of costs by using statistical analysis. This 

can be performed to analyze whether there is an association between 

cost variability and patient-related, socio-demographic and clinical 

variables. Knowing the crucial cost driver is very useful when 

planning the provision of health care services and health care 

interventions.  

 

2.2.2. Considered costs types and their methods for valuation 

In COI-studies direct, indirect and intangible cost were traditionally considered. These 

cost types are described in more detail in the following chapters. 

2.2.2.1. Direct cost 

Direct costs consist of health care costs and non-health care costs. Whereas health care 

costs are defined as the medical care expenditures for diagnosis, outpatient physician 

treatment, rehabilitation, inpatient treatments, medical aids, short- and long-term care, 

professional home care and other outpatient treatments, non-health care costs relate to 

non-health care resources like transportations, household expenditures, relocation, 

property losses and informal care [98]. Thus, direct health care costs constitute the 
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monetary consumption of resources used (products and services) from the health care 

sector and direct non-health care costs are resource consumptions outside the health 

care sector caused by an particular illness.  

In general, costing has two elements: measurement of the quantities of resource use 

and the assignment of unit cost or prices [104]. Whereas, direct health care costs were 

assessed by using different unit costs, the calculation of the direct non-medical health 

care costs, especially informal care costs, and indirect health care cost (productivity 

losses) is more difficult.  

To assess the cost of caregivers’ informal care time distinction is made with the 

opportunity cost method and the replacement cost method (or market cost method). 

The opportunity cost method values the opportunity forgone as a result of caregiving. 

For a monetary calculation of these costs specific information about caregivers 

employment, like weekly working hours and type of employment, is needed [16]. The 

assumption is that the informal caregiver rates informal care to have a higher value 

compared to employment [105]. The opportunity cost of employment or leisure time is 

equal to the net wage plus non-wage labour costs [106]. 

The replacement cost approach values the time spent for informal care at a price of a 

close substitute as if informal care is conducted by a professional. For the calculation 

the net wage plus non-wage labour costs of a professional nurse in the field of 

ambulatory or in-patient care could be used. Based on the assumption that informal 

care is equal to professional care of a qualified nurse, the replacement cost method is 

particularly used if data on caregiver’s employment is missing. Therefore, wage rates 

of different professional groups and qualification can be used for the monetary 

valuation [16,92,107,108].  

2.2.2.2. Indirect cost 

Indirect costs are economic productivity losses as a result of a particular illness [104]. 

These costs describe the economic productivity losses due to a loss of potential labour, 

which could occur as a temporarily incapacity to work, a limited capacity, an early 

retirement and death as a result of one particular illness or of a particular diseases of a 
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relative [106,109,110]. Measuring productivity losses are conducted through either 

one of three following fundamental methods: the human capital approach (HCA), the 

willingness-to-pay method (WTP) and the friction cost approach (FCA). 

Within the HCA, the term “human capital” refers to a production factor or input. This 

input can generate additional values by employing it into a production process. 

COI-analyses mainly focus on the definition that human capital can be considered as 

the target of investment through formal and informal education that formulates 

knowledge, skills, competency, and experience personified to an individual [98]. 

However, HCA uses expected future earnings on the assumption that they reflect the 

individual´s potential contribution to the economy if the patient or the caregiver had 

continued to work [97]. Thus, this method is designed to estimate the value of human 

capital as the present value of future earnings as a proxy for future productivity [98]. 

For the calculation, it is estimated that the marginal productivity of work is equal to 

wage. Therefore, for each individual, wages have to be available and adjusted for the 

total working days. Due to difficult adjustment of days, average values were used to 

calculate the average productivity losses. The calculation is as follows: 

𝑃𝐿𝑖 =
∑ 𝑤𝑖
𝑛
𝑖=0

𝑁 ∗ 365
∗ 𝑑𝑖 

with 

PLi Productivity losses for patient i / caregiver i 

wi Compensation for employee i 

N Total number of employees 

di Days of incapacity at work for employee i 

 

Furthermore, Krauth et al. [106] recommend the utilization of working days instead of 

calendar days as a denominator. According to the “Hannoveraner Konsensgruppe” the 

average productivity loss is used for self-employed persons as well [100]. 

 To avoid an overestimation and to depict the real situation of the labour market, 

which is characterized by over-supply of potential employees, the FCM was developed 
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as a second method to measure the productivity losses. This method is estimating the 

value of human capital when a person from the unemployment pool replaces the 

present value of employed future earnings until the impaired or sick employed returns 

or is replaced. Thus, this approach focuses solely on a short term period, in which a 

place of work is vacant due to an illness. This short term period is defined as a 

“friction period” and estimates lower costs than the HCA in the long run [98]. 

However, productivity losses of an economy solely exist when few goods or services 

were produced due to inability to work. Therefore, temporary disabilities should be 

assessed more conservatively due to the fact that work tasks of disabled employees 

could be temporarily undertaken by other employees [111]. Therefore, productivity 

losses within the friction period were calculated by using solely 80% of the average 

costs per employee [106].  

The WTP is the third method to measure indirect costs. This method is used to assess 

the amount that a person is willing to pay for a reduced probability of illness or 

mortality [98,112]. There are several opportunities to determine the willingness-to-pay 

of each individual which is included in the analysis. These include the conduction of 

surveys, the examination of extra wages for highly risky jobs as well as the demand 

for products that could cause a greater level of health or safety [113]. All these 

opportunities are collectively called “conjoint analysis”, in which the contingent 

valuation method is the most commonly used. This method is designed to determine 

an individual’s maximum willingness-to-pay for services or goods that usually have 

no market price [98]. 

Each of the three methods has several advantages and disadvantages. The main 

criticism of the HCA is that certain groups are assigned a higher value than others due 

to a current socio-economic status. This causes a statistical bias that leads to spurious 

estimation results [98,112,114,115]. By contrast, the WTP generally estimates higher 

values of life than the HCA and thus, try to correct these problems [113]. However, 

this approach is often very difficult to implement. Furthermore, due to the fact that the 

HCA is overvaluing indirect costs, because productivity losses are often abolished 

after a new employee is well-trained enough to replace the partially or permanent 

incapacitated person, the FCA attempts to ameliorate this problem. This method solely 
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measures the productivity losses during the friction period. However, the FCA 

requires extensive data for the estimation of productivity losses during the friction 

period. Therefore, this approach is rarely used [116,117]. 

2.2.2.3. Intangible cost 

Intangible costs represent the third cost type, which could belong to direct or indirect 

cost. These costs are defined as the monetary valuation of pain and suffering by 

patients because of a disease, which are generally measured by using the reduction in 

quality of life due to depression, stress, anxiety, disability and other burdensome 

conditions [118].  

However, disabilities as a consequence of a particular illness (direct or indirect) are 

relevant for health economic evaluations. In case of a chronic illness without any cure, 

like it is nowadays with dementia disease, it is crucial to make the improvement of 

patient’s well-being or patient’s relative well-being visible. Thus, intangible costs 

should be considered for patients and their families. It is important to assess the total 

benefit of health services, treatments or other interventions. Therefore, the 

measurement of quality of life has become more common within economic 

evaluations in recent years [118].  

Whereas tangible costs could be assessed relatively easy, intangible costs could not be 

or difficulty monetarily assessed. The willingness to pay method was the first method 

used to measure the intangible values of patients’ circumstantial improvements. 

However, WTP method has increasingly been used in economic analyses in the health 

field. The contingent valuation method (CVM) is a further method used to value the 

intangible costs of one particular disease, which is a stated preference method to the 

willingness to pay method [119].  

Table 2 represents differences between direct and indirect costs as well as between 

tangible and intangible costs. 
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Table 2: Adjustment and tangibility of health care cost 

 Direct cost Indirect cost 

 

Tangible 

 

e.g. cost of medical treatments, 

services and interventions, formal 

care services, aids, further health care 

services 

 

 

e.g. reduction of macroeconomic 

productivity as a sum of individual 

productivity losses due to an 

particular illness 

Intangible 

 

e.g. pain, depression, stress, anxiety, 

disability and other burdensome 

conditions due to a particular disease 

 

e.g. loss of quality of life due to the 

risk of contraction one particular 

disease 

 

 

Source: Own Table adapted from Schöffski et al. [118]. 

2.2.3. Types 

COI-studies can be performed by using several different methods, which differ 

according to the epidemiological data used (prevalence versus incidence approach), 

the methods chosen to estimate the economic costs (top-down versus bottom-up) and 

the time-wise relationship between the initiation of the study and the data collection 

(retrospective versus prospective). 

Prevalence- versus incidence-based approaches 

The prevalence-based studies estimate the direct and indirect costs to society incurred 

during a period of time, the base period, as a result of the prevalence of the particular 

disease [101]. Thus, costs refer to the total number of cases, the resources used and 

productivity losses attributable to all these cases in a determined time, which is usually 

one year [97]. This approach is mainly used for cost control, to identify the major 

components of current expenditures and utilized resources, as well as to identify 

possible targets for the health care system [101].  

The incident-based approach represents the lifetime costs of new cases of a condition 

or group of conditions which have their onset in a given period (base period). It is 

based on the principle that the stream of costs, including both direct and indirect costs 

associated with the particular illness, should be assigned to the year in which the 

stream begins. Thus, these costs are present-valued and allocated to the time in which 
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the diseases first occur [97,101]. Incidence-based approaches provide the basis for 

predictions on savings from programmes that reduce incidence or improve outcomes. 

They are appropriate to determine which treatment, intervention or research strategy 

should be implemented in future [101].  

Major differences between both approaches are that the prevalence-approach results 

are generally larger, especially in diseases with long-term sequelae. For all other 

condition without any sequelae, differences are small between both approaches [97]. 

Differences are generally higher when incidences, annual treatment costs and 

productivity losses decline over time or rise over the course of the disease. Thus, 

whereas a prevalence-based analysis may be useful if the aim is to arouse decision-

makers interest for conditions whose burden has been somehow underestimates and to 

plan costs for containment policies, the incidence-based approach is more likely to be 

useful for considering preventive measures or analysing the management of the illness 

from the onset till recovery or death [97]. 

Top-down versus bottom-up 

Furthermore, the methods chosen to estimate cost should be differentiated. By using 

the bottom-up approach, which is also called micro costing, the resource utilization of 

health care services of one patient is assessed to estimate the average COI. On the one 

hand, direct costs could be estimated and assessed monetarily by using patients real 

utilization or, on the other hand, by monetising a typical treatment-pathway given by 

evidence based guidelines or specialized medical departments [97,118,120]. 

Furthermore, the estimation of costs can divided into two steps; the first step is the 

estimation of health resources; the second step is to estimate the unit cost of used 

health care resources. The costs were finally calculated by multiplying unit cost by 

quantities [97].  

In contrast, the top-down approach, also called the macro costing, uses highly 

aggregated economic data, which were provided by e.g. the federal ministry or the 

statutory health insurances. Thus, the top-down approach uses aggregated data along 

with a population fraction known as epidemiological measures to calculate the 

attributable costs [112,115]. By using this data, total costs of one particular disease or 
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groups of diseases are available for the whole society. To assess the average cost per 

patient, these total cost were divided by the number of all affected patients [120]. 

Thus, this method allocated portions of a known total expenditure to each of several 

broad disease categories. Whereas the incidence approach requires that the analysis is 

conducted by using the bottom-up approach, in general, the prevalence approach is 

performed top-down [97].  

Prospective versus retrospective 

Prevalence- and incidence based approaches, as well as bottom-up and top-down 

analyses, can be performed either prospectively or retrospectively. In retrospective 

COI-analyses, health care resource utilizations have already occurred when the 

analysis is initiated, which means that the process of data collection must refer to data 

already recorded. The advantage of retrospective COI-analyses is that these are less 

expensive and time consuming, because all relevant data were available at the time the 

analysis is conducted. Therefore, a retrospective design is particularly efficient for 

diseases that have a long duration requiring many years to reach the relevant end 

points [97].  

For the prospective approach relevant events have not already occurred at the 

beginning of the study. This means that the data assessment needs to be done by 

following-up the patients over time. Thus, in prospective analyses, analysts can design 

data collection systems they require. The consumption of health resources can be made 

by analysts of the questionnaire. Furthermore, diaries can be provided to patients for 

those cost components that are not recorded. For diseases with a relatively long time 

span, a prospective and incidence-based approach would be considerably expensive 

and time consuming. Thus, in this case, retrospective COI-analyses may be more 

efficient in measuring the burden of a particular illness [97].  
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2.2.4. Perspectives 

Furthermore, it is essential to specify the viewpoint of COI-analyses. In general, 

COI-studies may be carried out from a variety of perspectives; each of them includes 

different costs. Thus, the consideration of different perspectives leads to a widely 

varied range of results. Possible points of views include those of (1) the society, (2) 

the health care system, (3) the business and the (4) patients and their families [121-

123].  

The societal perspective is the most common, because the impact of a particular illness 

is not solely on the individuals or health care system that is directly involved but rather 

on the entire society. This perspective allows a “cost shifting” between sectors and, 

furthermore, account for alternative resources used outside the health care system. 

Therefore, the societal perspective includes all direct medical (health care cost and 

non-health care cost) and indirect costs for all members in a given society. This 

viewpoint is furthermore favoured because it allows a complete analysis of all 

opportunity costs attributable to one particular disease and is recommended for 

possible comparable cost-analyses such as cost-effective-, cost-utility- and cost-

benefit-analysis [98,122].  

The viewpoint of the health care system, which refers to the statutory health and 

nursing insurance in Germany, is the second most common. It provides information 

about the amount paid for all medical treatments and nursing care costs of a particular 

disease. Due to the fact that this perspective demonstrates the financial burden of the 

national health care system, this perspective is crucial for national decision making 

processes [98].  

The business perspective covers productivity loss regarding the absence or withdrawal 

of the employees. Furthermore, this perspective tends to utilize its inside information 

on expenses in estimating the COI by using mainly the friction cost method. However, 

these estimations highly underestimate the disease burden especially when the 

business is designed to pursue its maximized profit [98].  
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A further relevant perspective is the perspective of the patients and their families 

including especially out-of-pocket spending for medical treatments (such as additional 

payments for drugs or in-hospital treatments), care arrangements (such as additional 

payments for day- and night-care, supervised support and social care groups), 

transportations as well as provided informal care. This perspective furthermore covers 

the productivity losses of patients’ caregivers [98]. 

2.2.5. Critics and limitations 

There are, however, several limitations of this non-comparative form of economic 

evaluations [99]. A major limitation is that a highlighting cost components of a 

particular disease does not provide enough information to suggest inefficiency and 

thus, should not take precedence for further scrutiny [99]. Furthermore, transmitted, 

possible cost savings from using COI-calculations are likely to be overestimated, e.g. 

when cost of prevention is much greater [99]. High costs could not be amenable to 

treatment by current medical technologies or medications, like it is with dementia. 

Other diseases with lower costs to society may be fully amended to low cost 

presentations, leading to higher individual health gains. Thus, COI-studies could divert 

decision makers’ attention from other important areas where health gains can be made 

at low cost. Therefore, COI-studies are not always suitable for decision makers and 

sometimes add little to the creation of a health care system compared to the 

comparative forms of economic evaluations, like cost-effectiveness-analyses and cost-

benefit-analyses [97,99]. 

2.3. Cost-of-illness analysis in dementia 

2.3.1. International and national studies 

The total estimated worldwide cost of dementia was US $ 604 billion (488 € billion) in 

2010, of which 70% of the costs occur in Western Europe and North America and 

11% in low and middle income countries (in spite of a prevalence of 54%). These total 

estimated costs include costs attributable to direct costs of medical care, direct costs of 

formal care provided by community care professionals and in residential home 
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settings, as well as direct costs of informal care provided unpaid by PWD 

relatives [13]. 

In Germany, based on a top-down approach, the Federal Statistical Office estimated 

the COI for dementia to amount to 9.36 billion € in 2008, representing 3.7% of total 

direct medical and formal health care expenditures [13]. Whereas the overall health 

care expenditures increased by 16.2% between 2002 and 2008, total cost spent on 

dementia rose by 31.1% for the same period. Thus, dementia is one of the most 

expensive diseases in old age [42].  

Economic analyses of health care costs in dementia have been the focus of various 

COI-studies [3,16,22,26-28,124-126]. From a societal perspective and based on 

patient-level data, Leicht et al. [16] revealed that annual average cost of community-

dwelling and institutionalized PWD in Germany amounted to 30,783 € compared 

to 8,267 € for non-demented persons in 2008. In this analysis the direct medical care 

costs amounted to around 23% (6,977 €). The direct informal and formal care costs 

had a nearly equal large share of costs, 38% to 39% (11,562 € to 11,996 €) 

respectively. In consideration of the direct medical costs, no significant differences 

were found between costs for in-patient and out-patient treatment compared to non-

demented persons. However, revealed average costs for pharmaceuticals and medical 

supplies were significantly higher for PWD compared to patient without dementia. 

Furthermore, formal care costs were ten times higher as compared to the non-

demented control group (11,562 € vs. 1,806 €). Leicht et al. [16] presented that, 

whereas costs for nursing home care and for informal care increased strongly in 

progression with dementia, costs for professional home care remain relatively constant 

with increasing cognitive impairment. Therefore, total costs nearly trebled in 

progression with dementia (15,474 € in mild, 31,551 € in moderate and 41,808 € in 

severe dementia). 

However, it is important to keep in mind that these costs represent a mixed sample of 

community-living PWD and PWD living in nursing homes. Thus, between these living 

situations there are tremendous cost differences. Institutional care requires additional 

annual costs for long-term nursing care [127]. König et al. [128] revealed that nursing 

home residences were significantly associated with higher direct formal care costs 
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(+ 7,983 €) compared to community-dwelling PWD. Regarding the unadjusted 

analyses in this study, medical care costs of PWD living in nursing homes were a third 

(9,580 € vs. 6,001 €) and formal care costs three times higher (21,625 € vs. 7,947 €) as 

compared to community-dwelling PWD. However, due to the finding that living in the 

community was significantly associated with substantial higher cost for informal care 

(+ 20,585 €), total societal cost were higher but unequally distributed in PWD living in 

the community [128].  

Schwarzkopf et al. [3] analyzed the costs of patients with mild and moderate dementia 

in PWD living in a community in Germany. In this analysis, informal care costs cover 

80.2% (38,165 €) of societal cost and increase disproportionally in progression of 

dementia. Medical and formal care costs amounted to 9,396 € (19.8%), including 

2,104 € (4.4%) for professional formal care and 7,292 € for in- and out-patient medical 

treatments, services and support (Figure 8) [3]. 

 

 

Figure 8: Cost components (in Euro) of dementia care from a societal perspective 

Source: Schwarzkopf et al. [3]. 

Informal care;  
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Long-term care;  
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* Results of model-estimation slightly differ and equal 9,627 € 
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Due to increasing prevalence and a lack of prevention and cure of dementia, the 

number of PWD in Germany is predicted to double by 2050 to an amount of 3 million 

[42], implying that total societal cost of dementia will increase rapidly as well [1]. 

2.3.2. Research gaps 

Whereas analyses of total health care costs in dementia have been the focus of various 

COI-studies, demonstrating the economic burden of the society and the statutory 

health and nursing insurance, so far little is known about several cost categories in 

detail.  

Firstly, there are solely a few analyses about medication cost themselves [19,21,23-

25]. The drug treatment of PWD is twice as expensive as the drug treatment of non-

demented patients [124]. Major cost drivers are both psychotropic and anti-dementia 

drugs [26]. Studies suggest that medication cost may decrease or at least remain stable 

during the progression of dementia [16,27,129,130]. Lopez-Bastida et al. [129] 

showed a decrease of the proportion of pharmaceutical cost by 31% from moderate to 

severe dementia. The continuously increasing approval of cost-intensive anti-dementia 

drugs (acetyl-cholinesterase inhibitors for mild to moderate dementia and memantine 

for moderate to severe dementia) contrasts with findings of these studies [17]. 

Decreased medication cost could be caused by a decrease of number of drugs taken, 

which was also demonstrated by Leicht et al. [16] and could indicate a less adequate 

drug treatment of multimorbid PWD. On the other hand, cost-intensive anti-dementia 

drugs may be prescribed less frequently in advanced stages of dementia disease. 

Instead, deficits in activities of daily living and comorbid diseases were associated 

with higher costs in dementia, other studies found no significant effects of severity of 

dementia on health care costs [131-134]. Furthermore, these analyses are likely to be 

outdated because the patents of cost-intensive original anti-dementia drugs expired in 

2010. Subsequently, supplementary protection certificates prevented the 

implementation of lower-priced generic anti-dementia drugs until 2012. Since then, 

the prescription of generics was possible, and manufacturers estimated potential cost 

reductions of 30% [29]. Furthermore, COI-studies focusing on medication cost for 

dementia are mostly based on secondary data from a payer’s perspective and do not 



Background 

 

 

 

 

34 

 

always capture the real situation of medication. These analyses include only 

medication on prescription but do not consider additional over-the-counter 

pharmaceuticals and are based on daily defined dosage and not on the real individual 

intake of drugs. Hence, an economic analysis of medication cost and an estimation of 

potential savings due to the current implementation of generic anti-dementia drugs on 

the basis of primary data are currently missing. 

Secondly, revealed costs of COI-studies varied widely, depending on methodological 

differences, such as differences in perspectives, data sources, cost categories included 

and approaches assumed for cost calculations. However, the most important point is 

that studies are either based on patients formally diagnosed with dementia [3,16] or on 

both cognitively impaired patients with and those without a formal dementia diagnosis 

[135]. However, it is well known that dementia is under-diagnosed in many 

populations. Even in high income-countries, fifty to eighty percent of PWD do not 

receive a formal dementia diagnosis [30-32]. Eichler et al. [59] showed that only 39% 

of German community-dwelling patients who were screened positively for dementia in 

primary care had received a formal dementia diagnosis. In general, this small 

percentage of patients is included in most COI-studies and patients without a dementia 

diagnosis were omitted. Thus, there is a lack of knowledge about the differences in 

resource utilization and its costs between patients formally diagnosed with dementia 

and those without a formal diagnosis of dementia. Furthermore, it is crucial to evaluate 

whether formally diagnosed PWD receive evidence-based and appropriate treatment, 

support and care. Eisele et al. [136] showed increased health care utilization in the 

year before and after the first diagnosis of dementia, which means that health care 

utilization could differ between patients with and those without a dementia diagnosis. 

In addition, due to the increasing prevalence of PWD in European countries, the 

growing health care expenditures for dementia and the common discussions about 

earlier diagnosis of dementia diseases, it is important to know the cost differences 

triggered by a formal dementia diagnosis. Thus, dementia diagnosis should be a focus 

in COI-studies. 

Finally, regarding several COI-studies, it can be summarized that the tremendous costs 

of dementia are mainly caused by the high need for care, especially regarding the 
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informal care that is provided by family members [42]. This is confirmed by Wimo et 

al. [34] who demonstrated that informal care amounted to 299 hours a month, nearly 

10 hours a day, and was about 8.5 times higher than formal care service times (35 

hours a month, 1.2 hours a day). Further studies revealed that approximately between 

31% and 45% of PWD utilize formal care services [34]. Reasons for non-utilization 

could be the ignorance of supportive care services, caregiver’s own opinion that 

professional support is currently not needed or the fact that PWD caregivers overrate 

their own capacity. A further reason could be a poor knowledge about the availability 

of formal care resources and services, little informal support, and the difficulty to plan 

ahead for future care needs or a reduced availability of professional care services, 

especially in rural areas [137].  

Furthermore, COI-studies of informal care cost for dementia did not include cost 

caused by productivity losses of employed informal caregivers. Reese et al. [36] 

reported that productivity losses occur in every tenth caregiver resulting in annual 

indirect cost of 2,076 €. However, for a complete economic evaluation of formal and 

informal care of community-dwelling PWD, it is essential to take the utilization and 

cost of professional formal and unpaid informal care as well as caregiver’s 

productivity losses into a consideration, which is currently missing.  



Aims of analysis 

 

 

 

 

36 

 

3. Aims of analysis 

To bridge the research gaps demonstrated above, the objectives of this study are to 

analyse in depth (1) medication cost, (2) direct health care costs depending on a formal 

diagnosis of dementia, as well as (3) formal and informal care costs of community-

dwelling PWD and indirect cost of informal care due to productivity losses of PWD 

caregivers in primary care in Germany. 

 

(1) For the analysis of medication cost, aims are the following: 

(1a) to determine total medication cost, cost per drug and number of drugs 

taken by patients screened positive for dementia in primary care in 

relation to the severity of cognitive impairment 

(1b)  to examine the cost of anti-dementia drugs and to estimate medication 

cost, under the assumption that the analysed persons currently receive 

available generic anti-dementia drugs, by using a model calculation 

(1c)  to identify socio-demographic and clinical factors associated with 

medication cost, cost per drug and number of drugs taken 

 

(2) For the analysis of health care costs in dependence on a formal dementia 

diagnosis the objectives are as follows: 

(2a)  to determine health care resource utilization of primary care patients 

screened positive for dementia with a formal diagnosis and those 

without a formal diagnosis of dementia 

(2b)  to determine health care costs of primary care patients screened positive 

for dementia with a formal diagnosis and those without a formal 

diagnosis of dementia 

(2c) to analyse the association between having received a formal dementia 

diagnosis and dementia-related health care costs 
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(3) The objectives of the analysis of formal and informal care costs are the 

following:  

(3a)  to determine health care resource utilization of formal and informal 

care for community-dwelling primary care patients who screened 

positive for dementia 

(3b) to evaluate costs of formal and informal care for community-dwelling 

primary care patients who screened positive for dementia 

(3c)  to analyse indirect costs of informal care due to productivity losses of 

employed caregivers 

(3d)  to analyse the associations between costs and socio-demographic and 

clinical variables 

 

These objectives were realized within the DelpHi-MV trial by using different methods 

for the cost-calculation and statistical analyses. These methods are demonstrated in the 

following chapter 4.  
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4. Methods 

4.1. DelpHi-MV trial – Study design and setting 

The present study is a cross-sectional analysis of health care resource utilization and 

health care cost of community-dwelling PWD in primary care. Analyses are based on 

primary data from the ongoing DelpHi-MV trial (Dementia: Life- and person-centered 

help in Mecklenburg-Western Pomerania, Germany), a population-based, cluster-

randomized, controlled intervention trial in the primary care setting (Clinical Trials 

gov. Identifier: NCT01401582).  

Eligible patients (older than 70 years, living at home) were screened in participating 

general practitioner practices for dementia using the DemTect [61], which is one of the 

dementia screening tests most widely used in general practices in Germany [138]. The 

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 

(as approved by the Ethical Committee of the Chamber of Physicians of Mecklenburg-

Western Pomerania, registry number BB 20/11). Each patient’s caregiver was asked to 

participate as well. Eligible participants and their caregivers were assigned to an 

intervention and a control group, respectively, based on their treating GP-practice’s 

randomization into either the control or the intervention group (see Figure 9) [138-

142]. 

A comprehensive baseline assessment and an annual follow-up were conducted 

identically in both groups. Whereas participants of the control group received “care as 

usual”, the intervention group received the “DelpHi-Intervention”, which was 

designed to provide “optimum care” to PWD by integrating multi-professional and 

multimodal strategies to individualize and optimize the treatment of PWD [141]. 

Baseline assessment, intervention and annual follow-ups were carried out by specific 

qualified dementia care managers [138,140,141]. Figure 9 demonstrates the overall 

study design. The data base of this analysis was the baseline assessment of the study, 

which was conducted in both, the intervention group and the control group. Details of 

the study were described elsewhere [138-142]. 
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yr, years; pt, points; GP, general practitioner  

 

Figure 9: Study design of DelpHi-MV and data used for this analysis 

Source: Thyrian et al. [138]. 

 

4.2. Analysis of medication cost 

4.2.1. Sample 

Overall, at the date of this analysis, 2,893 people were screened by 60 GPs and 484 

(17%) PWD were eligible for the study. A total of 290 (60%) agreed to participate, 

and 268 participants had finished the baseline assessment by September 1, 2013. 

Sixty-three PWD were excluded from the analyses because of missing data of relevant 

variables. The primary causes for missing data included dropout due to death (n=18), 

withdrawal of informed consent (n=27), relocation (n=3) and other reasons (n=4). In 

ten patients, the psychometric instruments could not be executed because of the 

patient’s severe dementia. Furthermore, in one patient, medication review was 

missing. Hence, for the present analyses, data of 205 PWD were available. These 

participants provided data on a total 1583 drugs, including Rx- and OTC-drugs.  
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Table 3: Analyses of medication cost – Socio-demographic and clinical characteristic 

of total, analyzed and excluded sample 

†
Differences in means were evaluated by using t-test 

‡
Differences in proportions were evaluated by using Fisher exact test 

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; GDS, Geriatric Depression Scale, sum score 0-15, score ≥6 indicates 

depression; ICD, International Statistical Classification of Diseases and Related Health 

Problems; Obs, Observation 

 

Source: Own Table. 

 

 

 
 

Total sample 

 

n=268 

Sample under 

analysis 

n=205 

Excluded 

sample 

n=63 

 

 

p value 

Age      

  Mean (SD)  79.89 (5.46) 79.58 (5.35) 80.85 (5.75) 0.105
† 

 Range  70 – 96 70 – 96 70 – 94  

 N  268 205 63  

Sex n (%)      

 Female  176 (65.67) 132 (64.39) 44 (69.84) 0.452
‡ 

 N  268 205   

MMSE
1
      

 Mean (SD)  21.50 (5.57) 21.90 (5.38) 15.29 (1.38) 0.001
† 

 Range  5 – 30 5 – 30 9 – 25  

 N  218 205 13  

Severity of cognitive impairment n (%)    

 No hint for  45 (20.64) 45 (21.95) No Obs.  

 Mild  107 (49.08) 104 (50.73) 3 (23.08)  

 Moderate  58 (26.61) 49 (23.90) 9 (69.23)  

 Severe  8 (3.67) 7 (3.42) 1 (7.69)  

 N  218 205 13  

Living situation n (%) 

 Alone  115 (49.78) 106 (51.71) 9 (34.62) 0.144
‡
 

 N  231 205 26  

Diagnoses       

 Mean (SD)  8.87 (5.00) 9.24 (4.76) 7.65 (0.69) 0.606
† 

 Range  0 – 24 0 – 24 0 – 22  

 N  268 205 63  

B-ADL      

 Mean (SD)  3.60 (2.42) 3.56 (2.38) 4.05 (2.95) 0.425
† 

 Range   1.00 – 10.00 1.00 – 9.92 1.08 – 10.00  

 N  222 205   

GDS      

 Mean (SD)  3.41 (2.62) 3.45 (2.62) 2.82 (2.62) 0.338
† 

 Range  0 – 13 0 – 9 0 – 13.93  

 N  222 205   

Hospital stay n (%) 56 (20.90) 48 (23.41) 8 (12.70) 0.077
‡
 

N 268 205 17  
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For our analyses, 360 drugs were excluded due to the impossibility of cost calculation 

(168 only as required drugs, one drug in case of an emergency, 98 stopped or further 

unknown medication, 34 liquid drugs, 49 insulins and 10 topical medication), leaving 

1223 drugs for analysis: 1064 (87%) Rx-drugs and 153 (13%) OTC-drugs. 

The 63 patients that were excluded from this analysis were significantly more 

cognitively impaired (MMSE score: 21.90 vs. 15.29, p=0.001). It could be possible 

that in some more cognitively impaired PWD the baseline assessment could not be 

carried out due to the severity of dementia diseases. Therefore, in these cases 

medication data was missing resulting in the exclusion of these participants. Thus, 

analysis of medication cost focused more on patients with mild cognitive impairment. 

Differences between the analyzed and the excluded patients are represented in the 

Table 3. 

4.2.2. Data collection 

The baseline assessment included a comprehensive standardized home medication 

review to assess in detail the actual medication situation of the PWD. The review 

combined a scan of all medication packages, visitation of places where medication is 

routinely stored in the PWD’s home, a computer-assisted standardized interview and a 

linkage of the assessed medication with a database covering all available drugs in 

Germany (Pharmaceutical Index of the Scientific Institute of the AOK) [141,143]. The 

informal caregiver (if present) assisted the PWD in the interview and was asked to 

validate and complete the information provided. In case of missing data, any available 

proxies, such home nursing services, were contacted.  

The medication review records detailed information about all drugs taken by the 

PWD, including Rx- and OTC-drugs. In addition, the review included more 

differentiated data on drugs, in particular the brand name, pharmaceutical registration 

number, active substance, prescribed package size (N1, N2, N3), individual taken 

dosage, day and time of drug intake and intake option (e.g., regular intake, emergency 

drug, in case of urgent need, no longer needed) [143]. This pharmaceutical information 

was entered into electronic case reporting forms and stored in a study database [144]. 
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4.2.3. Cost calculation 

A bottom-up and prevalence COI-design was applied to assess the average 

pharmaceutical cost per PWD retrospective for a period of one month. Pharmacy sales 

prices were provided by the Pharmaceutical Index of the Scientific Institute of the 

AOK (Arzneimittelindex des Wissenschaftlichen Institutes der Ortskrankenkassen – 

WIdO), which is updated and published monthly [145]. 

By using the pharmaceutical registration number (PZN) [146], the documented drugs 

were directly assigned to the pharmacy sales prices. To evaluate medication cost, a 

daily dose for each drug taken by PWD was calculated.  

To account for drugs taken less than daily (factor=1), the following factors were used 

to assess the daily intake: every other day (factor=0.5), two times a week (factor=2/7), 

once a week (factor=1/7), every two weeks (factor=1/14), once every month 

(factor=1/30) or individual (factor=1/7 * number of intakes per week). Therefore, a 

conversion of price per package to price per tablet was conducted. By multiplying 

price per tablet and daily intake per drug, daily cost per drug was calculated. To 

calculate medication cost per month, the daily cost was multiplied by 30 days. 

Additionally, cost per drug was calculated as an average price of all drugs taken by 

one PWD by dividing monthly medication cost by number of drugs taken. To estimate 

the cost effect of implementing generic drugs, we assigned the most favourable 

equivalent generic anti-dementia drug to each original anti-dementia drug (active 

substances memantine, galantamine, rivastigmine and donepezil). The allocation was 

based on the strength of each medication and its prescribed package size. 

4.2.4. Socio-demographic and clinical variables 

To analyze the associations of monthly medication cost, average cost per drug and 

number of drugs taken with clinical and socio-demographic factors from the baseline 

assessment, age, sex, living situation, cognitive impairment, activities of daily living, 

comorbidity (number of medical diagnoses), depression and number of in-hospital 

stays during the last year were included. Severity of cognitive impairment was 
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assessed by the Mini-Mental State Examination (MMSE) [60], 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 Activities 

of Daily Living Scale (B-ADL) [147] was used to assess deficits in ADL. Medical 

diagnoses were obtained from medical records of the treating GP as ICD-10 codes. In 

this study, data were combined into simple count scores of diagnoses. Numbers of 

diagnoses were counted by using the three-digit general scheme (e.g., F01, F02, F03, 

etc.). Further, the Geriatric Depression Scale (GDS), summarized as a total score 

[148], and the number of in-hospital stays during the last year (dichotomous: yes/ no) 

were used in the models.  

4.2.5. Statistical analysis 

We used descriptive statistics to analyze total medication cost, cost per drug and 

number of drugs taken in PWD with mild, moderate and severe cognitive impairment. 

Differences in costs and number of drugs taken between groups of severity were 

examined using the nonparametric Kruskal-Wallis test. To measure associations of 

ADL, comorbidity and cognitive impairment with monthly medication cost, a multiple 

linear regression model was fitted. Sex, age, living situation (dichotomous: alone vs. 

not alone), in-hospital stay during the last year (dichotomous: yes/ no) and depression 

measured by GDS were included as covariates. To account for dependency of data 

from multiple PWD of the same GP, we included random effects for each GP. Because 

of a highly skewed distribution of monthly medication cost, standard errors and 

confidence intervals for regression coefficients were estimated by bootstrapping 

(2,000 replications) [149]. The same statistical model was fitted with cost per drug as 

outcome. Number of drugs taken was treated as a Poisson-distributed count variable. 

We fitted a Poisson regression model with random effects for each GP to analyze the 

associations of ADL, comorbidity, in-hospital stay and cognitive impairment with the 

number of drugs taken. To control for socio-demographic characteristics, the same 

covariates (age, sex, and living situation) were included. For standard error estimation, 

the observed information matrix was used, which is one of the standard procedures. 

Statistical analyses were performed using the software STATA/IC version 13.0 [150]. 
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4.3. Analysis of health care cost in dependence of a formal dementia diagnosis 

4.3.1. Sample 

Overall, this analysis was conducted upon completion of baseline assessment of the 

DelpHi-MV study. For the baseline assessment of the study, 6,838 people were 

screened by 125 GPs, and 1,166 (17%) patients at 102 GPs were eligible for the study. 

A total of 634 (54%) agreed to participate, and 516 participants at 101 GPs started the 

baseline assessment.  

There were no statistically significant differences between patients assessed at baseline 

(n=516) and those who dropped-out before baseline-assessment (n=118) regarding the 

DemTect-score, age and sex (Table 4). 

Table 4: Comparison of patients assessed at baseline and those who dropped out 

before baseline assessment 

 
Included  

n=516 

Drop-outs 

n=118 p value 

Age (years), mean (SD) 80.0 (5.5) 80.2 (5.8) 0.779
†
 

Sex (female), n (%) 307 (59.5) 66 (55.9) 0.534
‡
 

DemTect score, mean (SD) 5.8 (2.1) 5.5 (2.2) 0.131
†
 

†
Differences in means: Welch’s-t-test 

‡
Differences in proportions: Fisher’s exact test 

DemTect, range in sample 0-8; higher score indicates better cognitive functioning  
 

Source: Own Table. 

There were 99 participants excluded from the analyses because of missing data. The 

primary causes for missing data included dropout due to death (n=19), withdrawal of 

informed consent (n=85), relocation (n=5) and other reasons (n=9). A total of 496 

participants completed the baseline assessment. In thirty-three patients, the 

psychometric instruments used in this analysis could not be utilized because of the 

patient’s severe dementia. Furthermore, in thirty-four patients the utilization review 

was missing. 
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Table 5: Analysis of health care cost depending on dementia diagnosis – Socio-

demographic and clinical characteristic of total, analyzed and excluded sample 

†
Differences in means: T-Tests two-tailed 

‡
Differences in proportions: Fisher’s exact Tests 

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; GDS, Geriatric Depression Scale, sum score 0-15, score ≥6 indicates 

depression 

 

Source: Own Table. 

 

In this analysis, formally diagnosed patients were defined as patients, who had 

received a formal ICD-diagnosis (F00-F03, G30-G31) of dementia by their treating 

GP or specialist (neurologist, psychiatrist) at least one year before carrying out the 

 

Total baseline 

sample 

n=516 

Sample under 

analysis 

n=240 

Excluded 

sample 

n=276 

 

 

p value
 

Age     

  Mean (SD) 80.37 (5.5) 80.22 (5.5) 80.51 (5.5) 0.547
†
 

 Range 70 – 100 70 – 100 70 – 96  

 N 516 240 276  

Sex n (%)     

 Female 373 (58.8) 124 (51.7) 183 (66.3) 0.001
‡ 

 N 634 240 394  

MMSE
1
    

 

 Mean (SD) 22.16 (5.4) 22.39 (5.6) 21.92 (5.5) 0.352
†
 

 Range 3 – 30 5 – 30 3 – 30  

 N 469 240 229  

Severity of cognitive impairment n (%)    

 No hint for 108 (22.7) 57 (23.8) 51 (21.6) 

  
 Mild 239 (50.2) 123 (51.3) 116 (49.1) 

 Moderate 107 (22.5) 54 (22.5) 53 (22.5) 

 Severe 22 (4.6) 6 (2.5) 16 (6.8) 

N 476 240 236  

Living situation n (%)     

 Alone 260 (50.9) 109 (45.4) 151 (55.7) 0.021
‡ 

 N 511 240 271  

Number of ICD-10 Diagnoses    
 

 Mean (SD) 13.07 (7.7) 12.98 (7.3) 13.35 (8.2) 0.595
†
 

 Range 1 – 58 1 – 36 1 – 58  

 N 608 240 275  

B-ADL     

 Mean (SD) 3.70 (2.6) 3.59 (2.5) 3.81 (2.6) 0.332
† 

 Range 1.00 – 10.00 1.00 – 10.00 1.00 – 10.00  

 N 500 240 260  

GDS     

 Mean (SD) 3.17 (2.5) 3.37 (2.6) 2.98 (2.3) 0.082
† 

 Range 0.00 – 14.00 0.00 – 14.00 0.00 – 13.00  

 N 492 240 252  
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utilization review. For a clear differentiation between patients with and those without a 

formal dementia diagnosis, we excluded a further 189 patients who received a formal 

diagnosis for dementia after screening by the GP less than 12 months before carrying 

out the utilization review. Hence, the present analyses are based on the complete data 

of n=240 study participants. 

Based on an analyzed sample of 240 including patients who screened positive for 

dementia, the excluded sample of PWD who completed the baseline assessment 

(n=276) was significantly more female (66.3% vs. 51.7%; p value=0.005) and likely to 

live alone (55.7% vs. 45.4%, p=0.021). Differences between the analyzed and 

excluded sample are represented in the Table 5. 

4.3.2. Data collection 

At baseline assessment, a comprehensive standardized computer-assisted interview 

was conducted to assess the type and frequency of health care resource utilization for 

the last 12 months prior to the interview. The interview contained lists of possible 

common resources and services to minimize recall bias. For more precise information 

and to improve data quality, the participant’s caregiver (if present) assisted in the 

interview and was asked to fill out a questionnaire to validate the patient’s data. In 

case of missing data, other available proxies, such as nursing services, were used. 

The utilization review records detailed information about the participant’s individual 

utilization of medical services, including out-patient physician treatment (GP, 

specialists), in-patient treatment (acute and planned in-hospital treatment and 

rehabilitation), pharmaceutical treatment, medical supplies and other forms of out-

patient services (e.g., physical therapy, occupational therapy, speech therapy, 

psychological intervention), as well as formal care services, including day care and 

professional home care. This analysis focused these medical care services and formal 

care. 
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4.3.3. Cost calculation 

Costs of health care resource utilization were assessed from the perspective of 

statutory health insurance, including the direct costs covered either by health or 

nursing insurance. A bottom-up and prevalence COI-design [99] was applied to assess 

the average health care cost per PWD retrospective for a period of one year.  

Table 6: Analysis of health care cost depending on dementia diagnosis – Methods for 

monetary valuation of health care resources and services 

Cost sector Services Units 
Unit cost and source for 

monetary valuation 

Medical care 
 

   

Out-patient 

physician treatment 
 

GP or specialists  

 

Contact Cost per contact [151] 

In-patient 

treatment 

In-hospital treatment 

and rehabilitation 

Days Average per diem cost for in-

hospital treatment in 

Mecklenburg-Western 

Pomerania and for specialization 

of rehabilitation [146,151-153] 
 

Pharmaceuticals Regularly prescribed 

(Rx-drugs) and Over 

the Counter (OTC) 

drugs  
 

Quantity Pharmaceutical Index of the 

Scientific Institute of the AOK 

[145] 

Medical aids Aids like tub-lift, tub-

seats, walking sticks, 

walkers and others 
 

Quantity Market prices 

Other out-patient 

treatment 

Out-patient therapies, 

like occupational 

therapy, speech 

therapy, physiotherapy 

and others 
 

Contacts Cost per contact [151] and 

reimbursement schedules of 

statutory health insurance [154] 

Formal care 
 

   

Day care Short-term care (e.g. 

partial day- and night- 

care) and long-term 

care 

Days Insurance rates of compulsory 

long-term in relation to patients 

level of care; including cost for 

board and lodging [81] 
 

Professional home 

care 

 

Home care provided 

by professionals 

Quantity Market prices for Mecklenburg 

Western-Pomerania 

GP, general practitioner; AOK, allgemeine Ortskrankenkasse  

 

Source: Own Table. 
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Indirect costs (lost productivity) were not included in this analysis due to participants’ 

age being above 70. Intangible cost was not included as well. Methods of cost 

calculation and applied unit costs are demonstrated in Table 6. 

We analyzed total, medical and formal care costs. For an in-depth cost analysis we 

focused on dementia-specific evidence-based treatment [17]: First, the dementia-

specific medication treatment with anti-dementia drugs and second, the non-

medication treatment for PWD, consisting of outpatient physician treatment (GP, 

neurologist and psychiatrist), other outpatient services (like occupational therapy, 

speech therapy, physiotherapy and others), geriatric rehabilitation and professional 

home care. 

Costs were calculated in euro (€) at 2014 price levels. In the case that a price was not 

available for the year 2014, it was inflated to the year 2014 by means of the individual 

inflation rate of recent years [155]. 

4.3.4. Socio-demographic and clinical variables 

To analyze the associations between the presence of a formal diagnosis of dementia 

and health care resource utilization and its costs, the following socio-demographic and 

clinical covariables were included. Socio-demographic variables were age, sex, living 

situation (dichotomous: alone, not alone), cognitive impairment, comorbidity (number 

of medical ICD-10 diagnoses in the patient’s medical record), activities of daily living 

and depression.  

The severity of cognitive impairment was assessed by the MMSE [60], which is a 

psychometric testing procedure that measures patient’s cognitive impairment. The 

Bayer Activities of Daily Living Scale [147] was used to assess deficits in ADL, and 

the sum score of the Geriatric Depression Scale [148] was used to assess depression. 

Patient’s medical diagnoses were retrieved from the patient’s medical records with the 

permission of the patients and the treating GPs, as per ICD-10 codes: F00, F01, F02, 

F03, G30 and G31. 



Methods 

 

 

 

 

49 

 

4.3.5. Statistical analysis 

We used descriptive statistics to analyze the medical and formal health care utilization 

and costs for patients with and without a formal diagnosis of dementia. Differences in 

means were evaluated using t-tests and differences in proportions were evaluated using 

Fisher´s exact test.  

To analyze associations between dementia diagnosis and health care costs, a multiple 

linear regression model was fitted. To minimize confounding due to socio-

demographic or psychological factors, sex, age, living situation, ADL, comorbidity, 

cognitive impairment and depression were included as covariates. To account for the 

dependency of data from multiple patients of the same GP, the GP entered the model 

as a random effect.  

Because of a highly skewed distribution of health care costs, standard errors and 

confidence intervals for regression coefficients were estimated by bootstrapping 

(2,000 replications) [149]. Statistical analyses were performed using the software 

STATA/IC  version 13.0 [150]. 

4.4. Analysis of formal and informal care cost 

4.4.1. Sample 

Overall, this analysis was conducted upon completion of baseline assessment of the 

DelpHi-MV study. For the baseline assessment 6,838 people were screened by 125 

GPs, of which 1,166 (17%) patients at 105 GPs were eligible for the study. A total of 

634 (54%) participants agreed to participate, and 516 participants at 94 GPs started the 

baseline assessment. 118 participants dropped out before starting the baseline 

assessment due to death (n=19), withdrawal of informed consent (n=85), relocation 

(n=5) and other reasons (n=9).  

As described above, there were no statistically significant differences between patients 

assessed at baseline (n=516) and those who dropped-out before baseline-assessment 

(n=118) regarding the DemTect-score, age and sex (see Table 4). 
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Table 7: Analysis of formal and informal care cost – Socio-demographic and clinical 

characteristic of total, analyzed and excluded sample 

†
Differences in means were evaluated by using t-test 

‡
Differences in proportions were evaluated by using Fisher exact test 

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; GDS, Geriatric Depression Scale, sum score 0-15, score ≥6 indicates 

depression; ICD, International Statistical Classification of Diseases and Related Health 

Problems 

 

Source: Own Table. 

 

 

 

Total baseline 

sample 

n=516 

Sample under 

analysis 

n=262 

Excluded 

sample 

n=254 

 

 

p value 

Age     

  Mean (SD) 80.37 (5.5) 80.69 (5.4) 80.05 (5.7) 0. 192
† 

 Range 70 – 100 70 – 100 70 – 96  

 N 516 262 254  

Sex, n (%)     

 Female 373 (58.8) 148 (56.5) 159 (62.6) 0.326
‡ 

 N 634 262 372  

MMSE     

 Mean (SD) 22.16 (5.4) 21.66 (5.0) 22.79 (5.8) 0. 024
†
 

 Range 3 – 30 6 – 30 3 – 30  

 N 469 262 207  

Severity of cognitive impairment, n (%)    

 No hint for 108 (22.7) 45 (17.2) 63 (29.4)  

 Mild 239 (50.2) 138 (52.7) 101 (47.2)  

 Moderate 107 (22.5) 74 (28.2) 33 (15.4)  

 Severe 22 (4.6) 5 (1.9) 17 (7.9)  

 N 476 262 214  

Living situation, n (%)     

 Alone 260 (50.9) 120 (45.8) 140 (56.2) 0.001
‡
 

 N 511 262 249  

B-ADL     

 Mean (SD) 3.70 (2.6) 4.19 (2.5) 3.17 ( 2.6) 0.001
†
 

 Range 1 – 10 1 – 10 1 – 10  

 N 500 262 238  

Number of ICD-10 Diagnoses    

Mean (SD) 13.07 (7.7) 13.40 (7.4) 12.98 (8.2) 0.540
†
 

Range 1 – 58 3 – 36 1 – 58  

N 608 262 253  

GDS     

 Mean (SD) 3.17 (2.5) 3.34 (2.4) 2.97 (2.6) 0.100
†
 

 Range 0 – 14 0 – 13 0 – 14  

 N 492 262 230  



Methods 

 

 

 

 

51 

 

In 180 cases, the patients’ caregiver did not participate, and in 14 cases, the patients’ 

caregiver was a professional and not a private caregiver (e.g., legal guardian). In 30 

patients, the psychometric instruments could not be applied because of severe 

dementia. Furthermore, in ten patients, data about formal care services were used, and 

in twenty patients, data about informal care time were missing. Hence, the present 

analysis was based on the data of 262 dyads consisting of both study participants and 

their informal caregivers.  

Based on an analyzed sample of dyads including 262 patients with an informal 

caregiver, the excluded sample (n=254) from this analysis was significantly more 

likely to live alone (56.2% vs. 45.8%, p=0.001) and was less physically (B-ADL 

score: 3.33 vs. 4.03, p=0.001) and cognitively (MMSE score: 22.79 vs. 21.66, 

p=0.024) impaired. Differences between the analyzed and excluded sample are 

represented in the Table 7. 

4.4.2. Data collection 

At the baseline assessment, a comprehensive standardized computer-assisted interview 

was conducted to assess the complete frequency of health care resource utilization for 

the last 12 months. To ensure a systematic and complete assessment of health care 

resource utilization, the interview addressed a comprehensive list of common 

resources and services. For more precise information and to improve the validity of the 

data, the dementia care managers questioned the participant’s caregiver (if present). 

The utilization review records detailed information (quantity of stays, days per stay, 

reason for stay) on utilized formal care services, including nursing home care (day 

care, night care, long-term care, short-term care) and professional home care.  

Informal care time was evaluated using the questionnaire Resource Utilization in 

Dementia (RUD) [156], which assesses the time caregivers spend on the provision of 

informal care regarding (1) activities of daily living (ADL) – subsuming body care and 

assistance on the toilet, eating, dressing, and mobilization – and (2) instrumental 

activities of daily living (IADL) – subsuming assistance for telephone use, shopping, 

cooking, washing laundry, cleaning the household, medication intake and others (see 

Supplementary Manual 1). In the present analysis, we focused on time spent on 
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assisting patients with ADL and IADL. Time spent on supervision to prevent 

dangerous situations was excluded from this analysis because time spent could not 

always be assessed reliably by the caregiver, resulting in more than 24 hours a day 

being reported for assistance in ADL, IADL, and supervision. 

The caregivers’ productivity losses were assessed using the RUD as well [29], in 

which employed caregivers were asked to state whether they had reduced their work 

and for how many hours they had reduced their work during the last 30 days. 

Furthermore, the unemployed caregivers were asked whether they quit their work to 

provide informal care. 

4.4.3. Cost calculation 

The costs of formal and informal care were assessed from a societal perspective 

including direct non-medical costs covered either by statutory health insurance or 

nursing care insurance, as well as indirect costs that incurred as a result of the lost 

productivity of patients’ informal caregivers. A bottom-up and prevalence COI-design 

[99] was applied to assess the average health care cost per PWD for a retrospective 

period of one year. 

Formal care costs were calculated using costs per day in relation to the patients’ 

individual level of care (including board and lodging) that was presented by the federal 

statistical office in Germany for utilized nursing home care and by using 

reimbursement schedules and market prices provided by the statutory nursing care 

insurance of Mecklenburg-Western Pomerania for formal home care [81]. Level of 

functional impairment was defined according to the “care level (Pflegestufe)” used by 

the nursing insurances in long-term care. Each person is assigned to either none or a 

specific grade of care. If a care level is assigned, there are four levels ranging from 0-

3, with people in three needing the highest and in zero the lowest level of care. 

Informal care time was assessed monetarily using the replacement cost method and by 

applying an hourly gross wage including non-wage labor costs for employees in the 

domain of nursing home care of 16.87 € (22.86 $) [157]. This gross wage was used for 

the assistance in ADL and IADL.  



Methods 

 

 

 

 

53 

 

The indirect costs were calculated as follows. The productivity losses of the 

caregivers, who finally stopped working or temporarily reduced their working time 

because of unplanned care, were calculated using the human capital approach with an 

hourly gross wage including non-wage labor cost of 20.43 € (27.68 $) [157].  

The costs were calculated in Euros (€) at 2014 price levels. When prices were not 

available for the year 2014, the prices were inflated by the individual inflation rate of 

recent years [155]. 

4.4.4. Sensitivity analysis 

Calculated health care costs are subject to a variety of uncertainties. In particular, the 

informal care cost was calculated based on different assumptions according to a fixed 

daily maximum of informal care time and an exclusion of caregivers’ hours spent for 

supervising the patient as part of informal care. Furthermore, the costs were calculated 

by using a fixed average gross wage for employees in the domain of nursing home 

care. Thus, in the sensitivity analyses, three different alternative scenarios were 

calculated as follows.  

Scenario 1: In view of the possibility that professional nurses may be paid less than 

expected in the base case analysis, informal care costs were valued using the 

replacement approach and a minimum gross wage plus non-wage labor cost for 

unskilled employees of 11.53 € ($ 15.62) in the domain of nursing home care in 

Germany [157].  

Scenario 2: The opportunity cost of the caregivers’ time spent on informal care was 

calculated. Therefore, the caregivers were divided into a) employed and b) 

unemployed or retired caregivers. The opportunity cost of employed caregivers was 

valued using the average gross wage plus non-wage labor cost of all employees in 

Germany (25.75 €, $ 34.89) [36]. The opportunity cost of unemployed or retired 

caregivers was estimated as 11.99 € ($ 16.25) [36], which was the average gross wage 

of unskilled employees in Germany.  

Scenario 3: In this scenario, the number of hours spent on supervision was included, 

but total informal care time was limited to a maximum of 20 hours per day. This was 
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based on the assumption that the caregiver is sleeping a minimum of 4 hours a day 

without any hours spent on informal care. The hours of time spent for ADL, IADL and 

supervision were calculated using the same gross wage plus non-wage labor cost of 

the base case analysis [157]. 

4.4.5. Socio-demographic and clinical variables 

To analyze the associations of direct medical and indirect non-medical costs, the 

following socio-demographic and clinical variables were included: age, sex, living 

situation (dichotomous: alone vs. not alone), cognitive impairment, comorbidity 

(number of medical ICD-10 diagnoses listed in the GP’s medical records for the 

patient) and activities of daily living.  

The severity of cognitive impairment was assessed by the Mini-Mental State 

Examination (MMSE) [60], which is a psychometric testing procedure used to 

categorize participants into one of four groups of cognitive impairment: without (≥ 

27), mild (20 – 26), moderate (10 – 19) and severe (≤ 9). The Bayer Activities of Daily 

Living Scale (B-ADL) was used to assess deficits in daily living activities (ADL) and 

to categorize participants into one of three groups of deficits in ADL: no deficits in 

ADL (1.0 – 2.0), mild deficits in ADL (2.1 – 5.0) and considerable deficits in ADL 

(5.1 – 10.0) [147]. Medical diagnoses were obtained from medical records of the 

treating GP as ICD-10 codes. The number of diagnoses was counted based on the 

three-digit general scheme (e.g., F01, F02, F03, etc.). Furthermore in the analyses, the 

Geriatric Depression Scale (GDS), which was summarized as a total score, was used 

[148]. 

4.4.6. Statistical analysis 

We used descriptive statistics to analyze formal and informal health care utilization 

and costs of patients who screened positive for dementia and to analyze the 

productivity losses of the patients’ caregivers. Differences in means were evaluated 

using t-tests or the Kruskal-Wallis test, and differences in proportions were evaluated 

using Fisher’s exact test.  
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To analyze the associations between costs and socio-demographic and clinical 

variables, a multiple logistic regression model (for formal care cost) and a multiple 

linear regression model (for informal care cost) were fitted. Sex, age, living situation 

(dichotomous: alone vs. not alone), ADL, comorbidities (number of ICD-10 

diagnoses), cognitive impairment and depression were included as covariates. To 

account for the dependency of data in multiple patients of the same GP, we included 

random effects for each GP in the models.  

For formal care costs, a multiple logistic regression model was used because 74% of 

the total sample did not utilize any formal care services, resulting in several PWD with 

zero costs. Therefore, formal care costs were treated as a dichotomous variable (formal 

care cost=0 vs. formal care cost > 0).  

Because of the highly skewed distribution of informal health care costs, the standard 

errors and confidence intervals for regression coefficients were estimated by 

bootstrapping (2,000 replications) [149]. The statistical analyses were performed using 

the software STATA/IC version 13.0 [150].  
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5. Results 

5.1. Medication cost 

5.1.1. Socio-demographic and clinical characteristics 

A sample of n=205 PWD was analyzed. Table 8 presents the sample characteristics.  

Overall, 64% (n= 132) of the study participants were female. At baseline, PWD were 

on average 79.6 (SD 5.35) years old. More than half of the sample (n=106; 51.7%) 

lived alone in their own household. The mean MMSE score was approximately 21.9 

(SD 5.38), and males and females had similar mean scores and score distributions. The 

majority of analyzed PWD (n=104; 50.7%) were mildly cognitively impaired, 

compared to n=49 (23.9%) moderately and n=7 (3.4%) severely cognitive impaired. 

The remaining n=45 (22.0%) were not cognitively impaired according to the MMSE.  

A detailed description of participants’ socio-demographic and clinical variables 

referring to different stages of cognitive impairment is represented in the 

supplementary Table 1-1. The mean B-ADL score was 3.56 (SD 2.38), with a range of 

1 (not at all impaired) and 9.92 (severely impaired). The mean GDS value was 3.46 

(SD 2.63), which was below the limit of depression (score ≥ 6). On average, PWD had 

9.24 (SD 4.76) diagnoses according to ICD-10. Overall, n=48 (23.4%) reported an in-

hospital stay during the last year.  

In total, n=59 (28.8%) PWD received anti-dementia drugs. These participants were 

younger (mean age: 78.45 vs. 80.03), significantly more impaired (mean MMSE-

value: 19.74 vs. 22.75; p value < 0.001) and thus, significantly (p value=0.001) more 

represented in higher stages of cognitive impairment compared to PWD without an 

anti-dementia drug treatment (see Table 8). 
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Table 8: Analysis of medication cost – Socio-demographic and clinical characteristics 

of the total study sample and of participants with (n=59) and without (n=146) anti-

dementia drug treatment 

† 
Differences in means: t-test 

‡ 
Differences in proportions: Fischer´s exact test 

1 
MMSE score reverse-coded 

MMSE, Mini-Mental State Examination; B-ADL, Bayer-Activities of Daily Living Scale; 

GDS, Geriatric Depression Scale; PWD, Persons with Dementia; ADD, Anti-dementia drug 

treatment; SD, standard deviation 

 

Source: Own Table. 

 

 

 

 
 

Total sample 

 

n=205 

PWD with 

ADD 

n=59 

PWD without 

ADD 

n=146 

 

 

p value 

Age      

  Mean (SD)  79.58 (5.35) 78.45 (5.03) 80.03 (5.42) 0.057
† 

 Range  70 – 96 70 – 93 70 – 96  

Sex n (%)      

 Female  132 (64.39) 36 (61.02) 96 (65.75) 0.518
‡ 

 Male  73 (35.61) 23 (38.98) 50 (34.25)  

MMSE
1
      

 Mean (SD)  21.90 (5.38) 19.74 (5.63) 22.75 (5.05) 0.001
† 

 Range  5 – 30 5 – 29 7 – 30  

Severity of cognitive impairment n (%)   

 No hint for  45 (21.95) 7 (11.86) 38 (26.03)  

 Mild  104 (50.73) 25 (42.37) 79 (54.11)  

 Moderate  49 (23.90) 23 (38.98) 26 (17.81)  

 Severe  7 (3.42) 4 (6.78) 3 (2.05)  

Living situation n (%) 

 Alone  106 (51.71) 32 (54.24) 74 (50.69) 0.540
‡
 

 Not alone  99 (48.29) 27 (45.76) 72 (49.31)  

Diagnoses       

 Mean (SD)  9.24 (4.76) 8.97 (5.25) 9.35 (4.56) 0.606
† 

 Range  0 – 24 1 – 24 0 – 22  

B-ADL      

 Mean (SD)  3.56 (2.38) 3.97 (2.38) 3.40 (2.36) 0.117
† 

 Range   1 – 9.92 1 – 9.92 1 – 9.70  

GDS      

 Mean (SD)  3.45 (2.62) 3.41 (2.40) 6.62 (2.86) 0.623
† 

 Range  0 – 13 0 – 9 0 – 13.93  

Hospital stay n (%) 48 (23.41) 12 (20.34) 36 (24.66) 0.254
‡
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5.1.2. Resource utilization and cost 

The unadjusted average medication cost, cost per drug and number of drugs taken by 

community-dwelling PWD in primary care are presented in Table 9. Furthermore, 

Boxplots of these main outcomes relating to PWD severity of cognitive impairment 

are represented in the supplementary Tables 1-2, 1-3 and 1-4.  

 

Table 9: Average medication cost, cost per drug, and number of drugs taken for total 

study sample and people with no (n=45), mild (n=104), moderate (n=49) and severe 

(n=7) cognitive impairment 

†
Differences in means: Kruskal-Wallis test 

1
Medication cost per month in Euro 

SD, standard deviation; cogn, cognitive 

 

Source: Own Table.  

 

Overall, average medication cost amounted to 112.37 € (SD 92.31) per month. Nearly 

half of the sample (n=102; 49.8%) received drug treatment resulting in cost of more 

than 100 € per month. Only n=2 (1%) PWD received no drugs. On average, the 

number of drugs taken was 5.97 (SD 3.15). This resulted in average cost per drug of 

approximately 20.40 € (SD 19.21) for the total sample.  

Looking at the different stages of cognitive impairment, medication cost was 108.19 € 

(SD 87.28) in PWD with mild, 118.09 € (SD 105.1) in PWD with moderate and 

 Cognitive impairment  

 
Total  

sample 
n=205 

No hint for 

 
n=45 

Mild  

 
n=104 

Moderate 

  
n=49 

Severe 

  
n=7  

 
Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) p value

† 

Medication 

cost in €
1  

112.37 

(92.31) 
112.02 
(88.42) 

108.19 
(87.28) 

118.09 
(105.1) 

136.93 
(109.5) 

0.916
 

Cost per drug 

in € 
20.40 

(19.21) 
16.04 

(12.01) 
18.42 

(15.47) 
22.95 

(17.40) 
60.04 

(54.18) 
0.005 

Number of 

drugs  
5.97 

(3.15) 
6.76 

(2.85) 
6.28 

(3.43) 
5.04 

(2.37) 
2.71 

(1.89) 
0.001 
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136.93 € (SD 109.5) in PWD with severe cognitive impairment. Accordingly, 

medication cost in severely cognitively impaired PWD was about one-third higher 

than in mildly cognitively impaired PWD.  

Significant group differences were found for cost per drug (p=0.005) and number of 

drugs taken (p=0.001). These significant differences are represented in Figure 10. 

Mean cost per drug was 18.42 € (SD 15.47) in mildly and 22.95 € (SD 17.40) in 

moderately cognitively impaired PWD. People with severe cognitive impairment 

received drugs that were more than three times as expensive as for people with mild 

cognitive impairment (60.04 € per drug; SD 54.18). The average number of drugs 

taken was 6.28 (SD 3.43) in PWD with mild, 5.04 (SD 2.37) in PWD with moderate 

and only 2.71 (SD 1.89) in PWD with severe cognitive impairment. Thus, number of 

drugs taken more than halved in progression of dementia disease. The medication cost 

of participants (n=45) with no hint for cognitive impairment (MMSE  27) was 

112.02 € (SD 88.42). These participants received on average 6.76 (SD 2.85) drugs. 

Cost per drug in this group was 16.04 € (SD 12.01). 

 

Figure 10: Average cost per drug and number of drugs taken 

Source: Own Presentation. 
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5.1.3. Cost of anti-dementia drugs 

In this analysis, 77 (77%) drugs for the nervous system – Anatomical Therapeutic 

Chemical Classification (ATC) code “N” – ranked among the hundred most 

cost-intensive drugs, and half of these were anti-dementia drugs (ATC code N06D). 

Pharmaceuticals of the ATC group “N” had an average price of 40.30 €. Furthermore, 

whereas these drugs represented solely 18% of total number of drugs, nearly half of 

total cost was attributable to this drug group (see Figure 11 & Figure 12).  

As described before, a total of n=59 (28.8%) PWD received anti-dementia drugs 

(acetyl-cholinesterase inhibitors or N-methyl-D-Aspartate antagonists). Another n=7 

(3.4%) who received herbal anti-dementia drugs such as Ginkgo biloba were not 

categorized into this group. Forty-four (74.6%) of these PWD received original and 

n=15 (25.4%) generic anti-dementia drugs. Regarding different stages of cognitive 

impairment, 24.0% (n=25) of participants with mild, 46.9% (n=23) of participants 

with moderate and 57.1% (n=4) of participants with severe cognitive impairment 

received anti-dementia drugs. The average medication cost of PWD who receive an 

anti-dementia drug was 164.12 € (SD 93.1) with a proportion of 58.7% attributable to 

the anti-dementia drugs. By contrast, the medication cost of PWD who did not receive 

anti-dementia drugs was 91.47 € (SD 92.7). In the total sample, anti-dementia drugs 

represented 4.8% of the total number of drugs but 24.7% of the total costs. Medication 

cost and its share of cost for anti-dementia drugs in relation to stages of cognitive 

impairment are demonstrated in Figure 13.  

Possible cost reductions due to prescription of generic anti-dementia drugs were 

observed for the substances memantine (-54%; 174.19 € vs. 375.00 € for package size 

N3), galantamine (-56%; 165.00 € vs. 380.00 € for package size N3), donepezil (-91%; 

37.52 € vs. 409.00 € for package size N3) and rivastigmine (-29%; 85.98 € vs. 

121.63 € for package size N1). On the basis of a consequent replacement of all 44 

original anti-dementia drugs by generics, monthly average medication cost would 

decrease from 164.12 € (SD 93.1) to 118.69 € (SD 87.5). This would mean a reduction 

of the total medication by 27.7%. Regarding the different stages of cognitive 

impairment in our sample, monthly cost would decrease to 140.45 € (SD 88.5; -19%) 

in mildly, to 106.12 € (SD 87.5; -33%) in moderately and to 70.23 € (SD 87.56; -53%) 
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in severely cognitively impaired PWD. Figure 14 demonstrates real and estimated 

medication cost of PWD who received anti-dementia drugs.  

 

 

Figure 11: Average cost per drug of different groups for classification of drugs taken 

by the analyzed sample 

Source: Own Presentation. 

 

 

Figure 12: Share of drugs for the nervous system (ATC code “N”) on total number of 

drugs taken and total medication cost of analyzed sample 

Source: Own Presentation.
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Figure 13: Medication costs per month and cost for anti-dementia drugs (percentage in parentheses) for participants with (n=59) and without 

(n=146) anti-dementia drug treatment 

Source: Own Presentation. 
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Figure 14: Medication cost per month of persons with dementia (n=59) who received 

a medical treatment with anti-dementia drugs and estimated medication cost that 

would result from consequent replacing the original anti-dementia drugs with generic 

alternatives 

Source: Own Presentation. 

 

5.1.4. Associated factors of costs and number of drugs taken 

Table 10 shows the results of the mixed regression models, which analyzed the 

associations between medication cost, cost per drug and the number of drugs taken and 

socio-demographic and clinical variables. 

Total medication cost of PWD was positively associated with deficits in ADL (b=9.56; 

p=0.006) and number of ICD-10 diagnoses (b=3.06; p= 0.047). Furthermore, there 

was a negative association between medication cost and participants’ age (b= -3.34; 

p=0.013). In this linear mixed regression model, the association between medication 

cost with cognitive impairment was no longer statistically significant (p=0.446). With 

regard to cost per drug, we found a negative association with severity of cognitive 

impairment (b= -6.70; p=0.047) and a positive association with ADL (b=1.91; 

p=0.049).  
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Table 10: Multivariable associations between medication costs, costs per drug and number of taken drugs and socio-demographic and 

clinical variables 

 
Cost per month

1
 Cost per drug

1
 Number of drugs taken

2
 

 b (SE) p value b (SE) p value b (SE) p value 

Sex (Ref. female) -4.87 (10.39) 0.639 -4.25 (2.89) 0.141 0.033 (0.07) 0.656 

Age -3.34 (1.34) 0.013 -0.42 (0.27) 0.116 0.001 (0.01) 0.906 

Living situation (Ref. living alone) -2.07 (11.79) 0.860 -2.06 (3.11) 0.508 0.052 (0.07) 0.457 

Number of ICD-10 diagnosis 3.06 (1.54) 0.047 -0.44 (0.27) 0.103 0.038 (0.01) 0.001 

Severity of dementia (MMSE-value)
3 

1.09 (1.44) 0.446 -0.67 (0.34) 0.047 0.024 (0.01) 0.001 

Activities of daily living (B-ADL) 9.56 (3.48) 0.006 1.91 (0.97) 0.049 0.001 (0.02) 0.916 

Depression (GDS) -8.90 (43.33) 0.837 -6.68 (8.71) 0.443 0.062 (0.19) 0.743 

In-hospital stays
4 

6.54 (16.24) 0.687 -3.92 (2.52) 0.120 0.125 (0.08) 0.100 

Intercept 303.57 (115.56) 0.009 76.15 (23.46) 0.001 0.711 (0.51) 0.164 

R
2 
within 0.120 - 0.161 - -  - 

R
2 
between 0.084 - 0.128 - -  - 

R
2 
overall 0.094 0.001 0.149 0.001 -  0.001 

N 205 - 203 - 205  - 
1 
Linear mixed model with random effects for general practitioner; standard errors were estimated with a nonparametric bootstrapping (2,000 

replications); 
2 
Poisson regression model with random effects for general practitioner; standard errors were estimated by observed information matrix; 

3 
MMSE-value reverse-coded; 

4
 In-hospital stays – days in the 12 months prior to baseline assessment 

b, observed coefficient; SE, standard error; ICD, International Statistical Classification of Diseases and Related Health Problems; MMSE, Mini-

Mental State Examination; B-ADL, Bayer-Activities of Daily Living Scale; GDS, Geriatric Depression Scale 

 

Source: Own Table. 
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Number of drugs taken was also positively associated with both the number of ICD-10 

diagnoses (b= 0.04; p=0.001) and the severity of cognitive impairment (b=0.02; 

p=0.001). Finally, medication cost, cost per drug and number of drugs taken were not 

associated with any of the clinical variables, including depression and in-hospital 

stays, nor with socio-demographic variables, such as sex and living situation. 

In the supplementary, boxplots of monthly medication cost, cost per drug and number 

of drugs taken are demonstrated referring to different age groups, number of ICD-10 

diagnoses and categories of deficits in daily living activities (see supplementary 

Figures 1-5, 1-6, 1-7, 1-8, 1-9). 

5.2. Health care cost in dependence of a formal dementia diagnosis 

5.2.1. Socio-demographic characteristics and clinical variables 

A total of 38.7% of all patients who completely finished the baseline assessment were 

diagnosed with dementia before the screening in the GP practices. After the exclusion 

of all patients who were formally diagnosed after screening, and patients who received 

a formal diagnosis not more than 12 months before the baseline assessment, 49.2% of 

the 240 patients in this analysis had received a formal dementia diagnosis at least 12 

months before the baseline assessment. Table 11 presents characteristics of the 

analyzed sample of 240 participants.  

Overall, 52% (n=124) of the study participants were female. At baseline, PWD were 

on average 80.2 (SD 5.5) years old. Less than half of the sample (n=109; 45.4%) lived 

alone in their own household. The mean MMSE score was approximately 22.4 (SD 

5.6). The majority of analyzed PWD (n=123; 51.3%) were mildly cognitively 

impaired, compared to n=54 (22.5%) moderately and n=6 (2.5%) severely cognitive 

impaired. The remaining n=57 (23.8%) were not cognitively impaired according to the 

MMSE. The mean B-ADL score was 3.59 (SD 2.5), with a range of 1.0 (not at all 

impaired) and 10.0 (severely impaired). The mean GDS value was 3.37 (SD 2.6), 

which was below the limit of depression (score ≥ 6). On average, PWD had 13.0 (SD 

7.3) diagnoses according to ICD-10.  
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Patients formally diagnosed with dementia had significantly more ICD-10 diagnoses 

(mean value 15.1 vs. 11.0; p value=0.001), significantly more deficits in activities of 

daily living (mean value 4.5 vs. 2.7; p value=0.001) and significantly more cognitive 

deficits (20.5 vs. 24.2; p value=0.001) compared to patients without a formal dementia 

diagnosis. These significant differences are represented in the supplementary (see 

supplementary Figures 2-1, 2-2 and 2-3). 

 

Table 11: Socio-demographic and clinical characteristic of formally diagnosed and 

undiagnosed patients 

†
Differences in means: T-Tests two-tailed 

‡
Differences in proportions: Fisher’s exact Tests 

1 
MMSE-value reverse coded 

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; GDS, Geriatric Depression Scale, sum score 0-15, score ≥6 indicates 

depression; SD, standard deviation 

 

Source: Own Table. 

 

Total sample 

 

n=240 

Diagnosed 

patients 

n=118 

Undiagnosed 

patients  

n=122 

 

 

p value
 

Age     

  Mean (SD) 80.22 (5.5) 80.79 (5.5) 79.66 (5.6) 0.126
†
 

 Range 70 – 100 70 – 95 70 – 100  

Sex n (%)     

 Female 124 (51.7) 60 (50.8) 64 (52.5) 0.897
‡ 

MMSE
1
    

 

 Mean (SD) 22.39 (5.6) 20.53 (5.3) 24.19 (4.5) 0.001
†
 

 Range 5 – 30 5 – 28 9 – 30  

Severity of cognitive impairment n (%)    

 No hint for 57 (23.8) 12 (10.2) 45 (36.9) 

  
 Mild 123 (51.3) 63 (53.4) 60 (49.2) 

 Moderate 54 (22.5) 38 (32.2) 16 (13.1) 

 Severe 6 (2.5) 5 (4.2) 1 (0.8) 

Living situation n (%)     

 Alone 109 (45.4) 52 (44.1) 57 (46.7) 0.699
‡ 

Number of ICD-10 diagnoses    
 

 Mean (SD) 12.98 (7.3) 15.05 (8.1) 11.0 (5.6) 0.001
†
 

 Range 1 – 36 3 – 36 1 – 28  

B-ADL     

 Mean (SD) 3.59 (2.5) 4.50 (2.6) 2.71 (2.0) 0.001
† 

 Range 1 – 10.00 1 – 10.00 1 – 9.64  

GDS     

 Mean (SD) 3.37 (2.6) 3.42 (2.7) 3.31 (2.6) 0.739
† 

 Range 0 – 14.00 0 – 13.00 0 – 14.00  
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5.2.2. Resource utilization of medical services and formal care 

The health care resource utilization is shown in Table 12. Outpatient specialists 

(neurologists and psychiatrists) were used significantly (p=0.026) more often by 

diagnosed patients (38.1%), compared to 24.6% for patients without a formal dementia 

diagnosis (see supplementary Figure 2-4). Regarding the treatment by a GP, which 

was used by all patients, patients diagnosed with dementia had fewer GP visits per 

year (6.8 vs. 7.8) than patients without a dementia diagnosis.  

Patients formally diagnosed with dementia received significantly more day care 

(15.3% vs. 5.7%; p=0.020) and anti-dementia drugs (41.9% vs. 23.6%; p=0.001), such 

as memantine or acetyl-cholinesterase inhibitors. These significant differences 

between patients formally diagnosed with dementia and patient without a formal 

dementia diagnosis are demonstrated in the supplementary Figure 2-5 and Figure 2-6.  

For in-patient treatment, more patients with a formal dementia diagnosis had acute 

(21.2% vs. 15.6%; p=0.319) but fewer planned (5.9% vs. 11.5%; p=0.171) in-hospital 

treatments. Reasons for planned in-hospital treatments among patients without a 

formal diagnosis were typically surgical interventions, such as surgeries on hip, knee, 

eye, hands or prostate, in 50.0% (n=7) of cases. By contrast, two (28.5%) of the 

patients formally diagnosed with dementia stated a planned surgery. For patients 

formally diagnosed with dementia, the main reason for acute in-hospital stays was 

falling (24.0%). Only 10.5% of patients without a formal dementia diagnosis were 

treated as inpatients due to a fall. Regarding patients who stayed in-hospital (n=59; 

24.6%), patients formally diagnosed with dementia had a shorter in-hospital stay of 

approximately 12.0 (SD 9.2) days, compared to patients without a formal dementia 

diagnosis with an average stay of 15.0 (SD 13.8) days.  

Concerning the utilization of formal care services, professional home care was used 

more by patients with a formal dementia diagnosis (28.0%; 144 annual visits) 

compared to patients without a formal dementia diagnosis (17.2%; 89.6 annual visits). 
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Table 12: Percentage and amount of resource use of patients, who screened positive 

for dementia (total sample, subsamples with and without formal diagnosis of 

dementia) 

 

Total sample 

 

 

n=240 

Patients with 

diagnosis 

 

n=118 

Patients 

without 

diagnosis 

n=122 

 

 

 

p value
 

Medical Treatments     

Percentage of utilization (n,%)     

Out-patient physician treatment 240 (100.0%) 118 (100.0%) 122 (100.0%) 
 

GP 240 (100.0%) 118 (100.0%) 122 (100.0%)  

Specialists
1 

75 (31.3%) 45 (38.1%) 30 (24.6%) 0.026
†
 

In-patient treatment 62 (25.8%) 31 (26.3%) 31 (25.4%) 0.884
†
 

Acute in-hospital treatment 44 (18.3%) 25 (21.2%) 19 (15.6%) 0.319
†
 

Planned in-hospital treatment 21 (8.8%) 7 (5.9%) 14 (11.5%) 0.171
†
 

Rehabilitation 14 (5.8%) 8 (6.6%) 6 (5.1%) 0.785
†
 

Pharmaceuticals 237 (98.8%) 118 (100.0%) 119 (97.5%) 0.247 

Anti-dementia drugs 70 (29.2) 54 (45.8%) 16 (13.1%) 0.001
†
 

Medical Aids 236 (98.3%) 122 (100.0%) 114 (96.6%) 0.057
†
 

Other out-patient treatment 148 (61.7%) 70 (59.3%) 78 (63.9%) 0.508
†
 

Frequency of utilization (mean, SD)    

Number of GP contacts 7.3 (7.3) 6.8 (5.6) 7.8 (8.7) 0.329
‡ 

Number of specialists
1
 contacts 1.0 (2.1) 1.1 (1.9) 0.8 (2.3) 0.265

‡
 

Number of pharmaceuticals 6.6 (3.1) 6.4 (2.8) 6.8 (3.4) 0.368
‡
 

Days stayed in-hospital per year 3.3 (8.1) 3.1 (7.0) 3.6 (9.2) 0.638
‡
 

Number of medical aids 4.7 (2.7) 4.9 (2.9) 4.5 (2.5) 0.382
‡
 

Number of other out-patient 

treatment visits 
9.7 (15.9) 10.6 (19.4) 8.9 (11.5) 0.424

‡
 

Formal Care     

Percentage of utilization (n,%)     

Day care 25 (10.4%) 18 (15.3%) 7 (5.7%) 0.020
†
 

Professional home care 54 (22.5%) 33 (28.0%) 21 (17.2%) 0.063
†
 

Frequency of utilization (mean, SD)    

Visits of day care per year 10.6 (39.7) 12.8 (39.4) 8.6 (39.9) 0.410
‡
 

Visits of professional home care 

per year 
116.6 (291.8) 144.2 (322.7) 89.6 (256.9) 0.149

‡
 

† 
Differences in means: T-test two-tailed  

‡ 
Differences in proportions: Fischer’s exact test 

1
 Neurologist and psychiatrist 

SD, standard deviation 

 

Source: Own Table. 
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5.2.3. Health care costs 

Total annual health care costs per patient were 7,087 € (SD 7,816). Among diagnosed 

patients, total care costs accounted for 7,346 € (SD 7,360) compared to 6,838 € (SD 

8,255) for patients without a formal dementia diagnosis and thus did not differ 

significantly (p=0.616) between the groups. Health care costs for the total sample, as 

well as for patients with and without a formal dementia diagnosis, are shown in 

Table 13, Figure 15 and in the supplementary Figure 2-7, 2-8, 2-9 and 2-10.  

We found significant cost differences solely for outpatient physician treatment and for 

the costs of anti-dementia drug treatment. Despite a higher utilization of specialists 

(neurologist, psychiatrist), patients diagnosed with dementia had significantly 

(p=0.045) lower costs for total outpatient physician care. This is due to the 

significantly fewer annual contacts (12.3 vs. 15.0; p=0.038) with all other outpatient 

physicians. For pharmaceuticals, the average annual costs for anti-dementia drugs 

were significantly (p=0.001) higher for patients formally diagnosed with dementia 

(379 €; SD 568), as opposed to 141 € (SD 468) in patients without a formal dementia 

diagnosis.  

Furthermore, there were considerable differences in costs for in-patient treatment, 

resulting in three times lower costs for planned treatments (315 € vs. 812 €) among 

patients formally diagnosed with dementia. Thus, medical care costs for diagnosed 

patients (5,123 €; SD 5,289) were lower than for patients without a formal dementia 

diagnosis (5,565 €; SD 7,029).  

Looking at formal care, the annual cost for day care (612 € vs. 372 €; p=0.311) and 

professional home care (1,611 € vs. 901 €; p=0.081) differ considerably but not 

significantly between patients with and without a formal dementia diagnosis.  

For non-medical treatment, there were considerable but non-significant differences 

(p=0.066) between patients with (2,125 €) and without a formal dementia diagnosis 

(1,348 €). 
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Table 13: Health care cost of patients, who screened positive for dementia (total 

sample, subsamples with and without formal diagnosis of dementia) 

†
 Differences in means: t-test 

1
 Neurologist and Psychiatrist 

SD, standard deviation 

 

Source: Own Table. 

 

 
Total sample 

 

 

Patients with 

diagnosis 

 

Patients 

without 

diagnosis 

 

 n=240 n=118 n=122  

 mean (SD) mean (SD) mean (SD) p value
† 

Total cost 7,087 € (7,816) 7,346 € (7,360) 6,838 € (8,255) 0.616 

Medical care 5,347 € (6,226) 5,123 € (5,289) 5,565 € (7,029) 0.583 

Out-patient physician 

treatment 
476 € (380) 426 € (334) 524 € (415) 0.045 

General practitioner 153 € (154) 143 € (118) 163 € (183) 0.329 

Specialists
1 

47 € (108) 53 € (88) 41 € (124) 0.366 

In-patient treatment 2,209 € (5,387) 2,041 € (4,687) 2,371 € (6,001) 0.636 

Acute in-hospital 

treatment 
1,484 € (4,217) 1,580 € (3,797) 1,391 € (4,601) 0.729 

Planned in-hospital 

treatment 
568 € (2,586) 315 € (1,430) 812 € (3,333) 0.137 

Rehabilitation 156 € (734) 146 € (817) 167 € (647) 0.823 

Pharmaceuticals 1,621 € (1,875) 1,560 € (1,389) 1,678 € (2,252) 0.627 

Anti-dementia drugs 258 € (532) 379 € (568) 141 € (468) 0.001 

Medical aids 774 € (926) 803 € (914) 747 € (941) 0.642 

Other out-patient 

treatment 
269 € (484) 292 € (581) 244 € (368) 0.442 

Formal Care 1,740 € (3,787) 2,223 € (4,100) 1,273 € (3,410) 0.053 

Day care 489 € (1,828) 612 € (1,926) 372 € (1,729) 0.311 

Professional home care 1,250 € (3,135) 1,611 € (3,591) 901 € (2,587) 0.081 
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Figure 15: Health care cost depending on a formal dementia diagnosis 

Source: Own Presentation. 

 

5.2.4. Associated factors 

Table 14 shows the results of the mixed regression models, which analyzed the 

association between the presence of a formal diagnosis of dementia and health care 

costs (unadjusted and adjusted for sex, age, living situation, comorbidity, severity of 

dementia, activities of daily living and depression). 

The presence of a formal diagnosis of dementia was significantly negatively associated 

with medical care costs in the in the adjusted linear mixed model (b= -1,454; 

p=0.050). Furthermore, the association between formal dementia diagnosis and costs 

for anti-dementia drug treatment was significant in the unadjusted model (b=262; 

p=0.001) as well as in the adjusted linear mixed model (b=171; p=0.037).  
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Table 14: Associations between dementia diagnosis and health care cost 

 Medical cost [€] Formal care cost [€] 
Cost of anti-dementia drug 

treatment [€] 

Cost of non-medication 

treatment and care [€] 

 b (SE) R
2
  b (SE) R

2
  b (SE) R

2
  b (SE) R

2
  

Dementia diagnosis
‡
 

(Ref. without) 
-442 (820) 

0.001 
929 (494) 

0.016 
265 (76)*** 

0.051*** 
710 (417) 

0.014 

Intercept
‡
 5,565 (632)*** 1,616 (422)*** 144 (50)** 1,522 (282)*** 

Dementia diagnosis
†
 

(Ref. without) 
-1,454 (674)* 

0.124*** 
-331 (598) 

0.168*** 
171 (82)* 

0.099** 
-176 (469) 

0.014 

Intercept
†
 16,305 (6,128)** -3,652 (4,138) 1,327 (561)** -5101.7 (282) 

N 240  240  240  240  

†adjusted linear mixed model for sex, age, living situation, number of ICD-10 diagnosis, severity of dementia (MMSE-value), activities of 

daily living (B-ADL), depression (GDS); Linear mixed models with random effects for general practitioner; standard errors were estimated 

with a nonparametric bootstrapping (2.000 replications) 
‡
unadjusted linear mixed model 

* p value<0.05; ** p value<0.01; *** p value<0.001 

b, observed coefficient; Ref., reference; SE, standard error 

 

Source: Own Table.  
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Neither in the unadjusted model nor in the adjusted linear mixed model was dementia 

diagnosis significantly associated with formal care costs or costs for non-medication 

treatment. Further, in view of the other socio-demographic and clinical co-variables, a 

lower age and more deficits in daily living activities were associated with higher 

medical care costs. Furthermore, deficits in daily living activities were associated with 

higher formal care costs, higher anti-dementia drug treatment costs and higher costs of 

non-medication treatment and care. 

5.3. Formal and informal care cost 

5.3.1. Socio-demographic and clinical characteristics 

A sample of 262 participants was analyzed. Table 15 presents characteristics of the 

analyzed sample.  

Overall, 57% (n=148) of the study participants were female. At baseline, PWD were 

on average 80.7 (SD 5.4) years old. Less than half of the sample (n=120; 45.8%) lived 

alone in their own household. The mean MMSE score was approximately 21.7 (SD 

5.0). The majority of analyzed PWD (n=138; 52.7%) were mildly cognitively 

impaired, compared to 74 (28.2%) moderately and five (1.9%) severely cognitive 

impaired. The remaining 45 (17.2%) were not cognitively impaired according to the 

MMSE. The mean B-ADL score was 4.19 (SD 2.5), with a range of 1.0 (not at all 

impaired) and 10.0 (severely impaired). The mean GDS value was 3.34 (SD 2.4), 

which was below the limit of depression (score ≥ 6). On average, PWD had 13.4 (SD 

7.4) diagnoses according to ICD-10. 

On average, the patients’ informal caregivers were 64.0 years old (SD 13.19; min 27 

years, max 90 years), and 75.2% were female (n=197). The majority of the caregivers 

were spouses/partners (n=120; 45.8%) or children/ children-in-law (n=118; 45.0%). 

Grandchildren (n=6; 2.3%) and siblings (n=4; 1.5%) each represented a minor 

proportion of all informal caregivers. In total, 77 (29.4%) caregivers were employed 

and worked on average 32.44 (SD 14.00) hours a week. 
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Table 15: Socio-demographic and clinical characteristic of total sample 

 

Persons screened positive 

for dementia 

n=262 

Age  

  Mean (SD) 80.69 (5.4) 

 Range 70 – 100 

Sex, n (%)  

 Female 148 (56.5) 

MMSE
1  

 Mean (SD) 21.66 (5.0) 

 Range 6 – 30 

Severity of cognitive impairment, n (%) 

 No hint for 45 (17.2) 

 Mild 138 (52.7) 

 Moderate 74 (28.2) 

 Severe 5 (1.9) 

Living situation, n (%)  

 Not alone 120 (45.8) 

B-ADL  

 Mean (SD) 4.19 (2.5) 

 Range 1 – 10 

Number of ICD-10 Diagnoses  

 Mean (SD) 13.40 (7.4) 

 Range 3 – 36 

GDS  

 Mean (SD) 3.34 (2.4) 

 Range 0 – 13 
1 
MMSE-value reverse coded 

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; GDS, Geriatric Depression Scale, sum score 0-15, score ≥ 6 indicates 

depression; ICD, International Statistical Classification of Diseases and Related Health 

Problems 

 

Source: Own Table. 

 

5.3.2. Resource utilization of formal and informal care 

One-fourth of the total sample (26.3%) received formal care services. Eleven patients 

(8.0%) with mild cognitive impairment, 16 patients (21.6%) with moderate cognitive 

impairment and one patient (20.0%) with severe cognitive impairment utilized nursing 

care services.  

Whereas the patients with mild cognitive impairment stayed approximately 5.8 days 

per annum (p.a.) in partial nursing home residences (e.g., for day or night care), 
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moderate cognitively impaired patients spent on average 23.8 days p.a. in partial 

nursing home residences.  

Concerning professional home care, 17.4% (n=24) of patients with mild cognitive 

impairment, 31.1% (n=23) of patients with moderate cognitive impairment, and 40.0% 

(n=2) of patients with severe cognitive impairment received home care service. The 

mean number of annual formal home care service visits was slightly higher in the 

moderate and severe cognitively impaired patients (mean 119.2 and 114.6 monthly 

visits, respectively) than in patients with mild cognitive impairment (mean 99.0 

monthly visits). Only four (8.9%) patients with no hint for cognitive impairment 

utilized nursing home services, and only eight (17.8%) patients with no hint for 

cognitive impairment used professional home care services. 

The service that was most frequently used was informal care, which was used by 

85.1% of the participants. According to the MMSE, 62.2% (n=28) of the patients with 

no hint for cognitive impairment, 87.7% (n=121) of the patients with mild cognitive 

impairment and 93.7% (n=74) of the patients with moderate to severe cognitive 

impairment were cared for by their relatives. The average monthly time spent on 

informal care was 25.2 hours (SD 41.9) for ADL and 56.2 hours (SD 55.9) for IADL, 

resulting in a total informal care time of 81.4 (SD 84.2) hours a month. This total 

monthly time spent on informal care more than doubled with the progression of 

dementia disease: 55.3 hours for patients with no hint for cognitive impairment to 

111.4 hours for patients with severe cognitive impairment. The total health care 

resource utilization of formal and informal care is shown in Table 16. Furthermore, 

boxplots of professional home care visits and spent hours for informal care (for ADL, 

IADL and in total) by severity of cognitive impairment are represented in the 

supplementary Figures 3-1, 3-2, 3-3 and 3-4. 

5.3.3. Health care costs 

The total annual cost per patient was 1,646 € ($ 2,099) for formal care and 16,473 € ($ 

21,011) for informal care, displaying a ratio of approximately one to ten. The costs of 

formal care services were higher for moderate and severe cognitively impaired 

patients (2,606 € and 1,464 €, respectively) than for patients with mild (1,314 €) or no 
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hint for cognitive impairment (1,100 €). The costs of nursing home care and the costs 

of professional home care more than doubled with the progression of dementia. The 

same pattern was found for informal care. The annual informal care cost was 

estimated at 11,188 € for patients with no hint for cognitive impairment and more than 

doubled to 18,788 € for patients with moderate cognitive impairment and 22,551 € for 

patients with severe cognitive impairment. The formal and informal health care costs 

for the total sample are shown in Table 17 and in the supplementary Figures 3-5 and 

3-6. 

5.3.4. Productivity losses due to informal care 

Although the caregivers were on average 64 years old, a total of 77 (29.4%) were 

employed with an average working time of 32.4 hours a week. The percentage of 

employed caregivers was higher in the patients with no hint for cognitive impairment 

(33.3%) than in the patients with mild (29.7%), moderate (27.0%) or severe (20.0%) 

cognitive impairment. Whereas only 4.1% (n=5) of spouses or partners were 

employed, more than half of the children or children-in-law of the PWD (n=62; 

53.5%) and grandchildren (n=6, 60.0%) worked in addition to providing informal care 

for their relatives. Furthermore, we found significant differences (p=0.001) in the 

amount of informal care between employed and unemployed caregivers. The informal 

care time provided by employees was on average 44.9 (SD 6.0) hours a month, which 

was only half that of the informal care time (96.6 hours a month; SD 6.6) provided by 

caregivers who were no longer working or had previously retired. In addition to the 

average working time, employed caregivers had an average workload of 44 hours a 

week spent on providing informal care. 

In total, 7.3% (n=19) of all caregivers and 14.3% of employed caregivers (n=11) 

reported productivity losses of approximately 4.2 (SD 22.3) hours a month because of 

the provision of informal care to PWD. These productivity losses resulted in annual 

indirect costs of 1,258 € (SD 5,715) per caregiver.  



 

 

 

Table 16: Resource utilization of formal and informal care and occurrence of caregiver’s productivity losses 

 Cognitive impairment 

 Total sample no hint for mild moderate severe 

 n=262 n=45 n=138 n=74 n=5 

 Percentage of resource use, n (%) 

Formal care 69 (26.3%) 9 (20.0%) 29 (21.0%) 29 (39.2%) 2 (40.0%) 

Day care 32 (12.2%) 4 (8.9%) 11 (8.0%) 16 (21.6%) 1 (20.0%) 

Professional home care 57 (21.8%) 8 (17.8%) 24 (17.4%) 23 (31.1%) 2 (40.0%) 

Informal care
 223 (85.1%) 28 (62.2%) 121 (87.7%) 70 (94.6%) 4 (80.0%) 

ADL 134 (51.2%) 19 (42.2%) 68 (49.3%) 43 (58.1%) 4 (80.0%) 

IADL 220 (84.0%) 28 (62.2%) 119 (86.2%) 69 (93.2%) 4 (80.0%) 

Formal care Frequency of resource use, mean ( SD) 

Days in day care residences 11.44 (43.96) 9.09 (38.30) 5.82 (30.40) 23.76 (63.75) 5.6 (12.52) 

Visits of professional home care  99.44 (256.05) 66.62 (208.73) 99.00 (281.79) 119.20 (237.77) 114.6 (166.45) 

Informal care
      

ADL hours per month 25.23 (41.87) 19.31 (30.38) 22.88 (40.10) 31.96 (51.61) 45.00 (39.69) 

IADL hours per month 56.24 (55.94) 35.96 (49.55) 59.79 (55.90) 61.28 (57.29) 66.40 (67.54) 

Total hours per month 81.37 (84.16) 55.27 (74.13) 82.67 (77.52) 92.81 (98.35) 111.40 (89.64) 

 Percentage of cases, n (%) 

Employed caregivers
1 77 (29.4%) 15 (33.3%) 41 (29.7%) 20 (27.0%) 1 (20.0%) 

Employed caregivers with productivity losses
1 11 (14.3%) 1 (6.7%) 8 (19.5%) 2 (10.0%) No Obs. 

Total caregivers with productivity losses
 19 (7.3%) 2 (4.44%) 12 (8.70%) 5 (6.76%) No Obs. 

 Frequency of cases, mean (SD) 

Average working hours per week
1 32.44 (14.00) 34.33 (9.70) 32.83 (14.35) 30.35 (16.41) 30.00 (-) 

Productivity loss in hours per month 4.16 (22.25) 3.30 (20.52) 4.65 (23.20) 4.05 (22.46) No Obs. 
1 
Related to total n=77 employed caregivers 

ADL, activities of daily living; IADL, instrumental activities of daily living; SD, standard deviation; Obs, observations 

 

Source: Own Table
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Table 17: Formal and informal health care cost in community-dwelling patients 

 Cognitive impairment 

 Total sample no hint for mild moderate severe 

 
n=262 

mean (SD) 
n=45 

mean (SD) 
n=138 

mean (SD) 
n=74 

mean (SD) 
n=5 

mean (SD) 

 

Formal care  

 

1,646 € (3,847) 

 

1,100 € (2,730) 

 

1,314 € (3,531) 

 

2,606 € (4,845) 

 

1,464 (2,032) 

Day care 510 € (1,959) 394 € (1,658) 273 € (1,417) 1,055 € (2,803) 19 (42) 

Professional home care 

 

1,136 € (2,917) 

 

706 € (2,094) 

 

1,042 € (3,025) 

 

1,552 € (3,173) 

 

1,446 (2,002) 

 

Informal care
 16,473 € (17,036) 11,188 € (15,007) 16,735 € (15,693) 18,788 € (19,909) 22,551 (18,146) 

ADL 5,107 € (8,475) 3,909 € (6,149) 4,632 € (7,915) 6,469 € (10,447) 9,109 (8,034) 

IADL 

 

11,386 € (11,324) 

 

7,278 € (10,031) 

 

12,102 € (11,318) 

 

12,406 € (11,598 ) 

 

13,442 (13,673) 

 

Productivity losses 

 

1,258 € (5,715) 

 

1,006 € (5,277) 

 

1,397 € (5,953) 

 

1,234 € (5,769) 

 

No Obs. 

 

ADL, activities of daily living 

IADL, instrumental activities of daily living 

SD, standard deviation  

Obs, Observations 

Source: Own Table. 
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By examining different stages of patients’ cognitive impairment, indirect costs of 

productivity losses increased from 1,006 € (SD 5,277) for patients with no hint for 

cognitive impairment to 1,397 € (SD 5,953) for patients with mild cognitive 

impairment and 1,234 € (SD 5,769) for patients with moderate cognitive impairment. 

This increase was accompanied by a simultaneous decrease of caregivers’ average 

working hours with the progression of the patients’ cognitive impairment (from 34.3 

to 30.0 hours per week). For the only employed caregiver of the severe cognitively 

impaired PWD, no productivity loss was assessed. The indirect costs from the 

provision of informal care are demonstrated in Table 16 and 17 as well. 

5.3.5. Associated factors 

Table 18 shows the results of the mixed regression models.  

Formal care costs were significantly positively associated with living alone (b= 1.13; 

p=0.005) and with deficits in ADL (b= 0.37; p=0.001). For this logistic regression 

model, the correctly classified error value was 0.81, and the area under the curve 

(ROC) had a value of 0.79. Furthermore, for informal care costs, we found a 

significant positive association with deficits in ADL (b= 2,528; p=0.001) and a 

significant negative association with the employed status of patients’ informal 

caregivers (b= -6,812; p=0.007). 

5.3.6. Crucial cost driver 

Considering the living situation, PWD who lived alone caused significantly higher 

annual formal costs (2,504 € vs. 920 €) but significantly lower informal care costs 

(13,634 € vs. 18,872 €). Furthermore, annual formal, informal and indirect care costs 

were higher in patients with severe deficits in ADL (3,099 €; 25,841 € and 1,297 €, 

respectively) than in patients with mild deficits in ADL (372 €; 8,268 € and 511 €, 

respectively).  
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Table 18: Associations between socio-demographic and clinical variables and health 

care cost 

 Health care cost 

 Formal care cost Informal care cost 

 b (SE) p value
‡
 b (SE) p value

‡‡
 

Sex patient(Ref. female) -0.04 (0.41) 0.925 -3,045 (2,390) 0.230 

Sex caregiver (Ref. female) -0.38 (0.41) 0.358 731 (2,001) 0.715 

Age patient 0.02 (0.03) 0.377 196 (167) 0.241 

Age caregiver -0.01 (0.02) 0.770 18 (104) 0.856 

Living situation (Ref. not alone) 1.13 (0.41) 0.005 -2,174 (2,389) 0.363 

Employed caregiver (Ref. yes) 0.35 (0.45)  0.445 -6,812 (2,504) 0.007 

Severity of dementia (MMSE)
1 

-0.03 (0.04) 0.442 -138 (222) 0.532 

Activities of daily living (B-ADL) 0.37 (0.08) 0.001 2,528 (443) 0.001 

Depression (GDS) 0.12 (0.07) 0.099 825 (667) 0.216 

Number of ICD-10 diagnoses 0.024 (0.02) 0.296 -11 (155) 0.939 

Intercept -5.34 (3.12) 0.087 2,457 (18,725) 0.896 

R
2 
overall - 0.001 0.288 0.001 

N 262  262  
‡ 
Logistic mixed model with random effects for general practitioner; standard errors were 

estimated robust; correctly classified error value 0.81 and area under ROC curve 0.79 of 

logistic mixed model 
‡‡

Linear mixed model with random effects for general practitioner; standard errors were 

estimated with a nonparametric bootstrapping (2.000 replications) 
1 
MMSE-value reverse coded 

Ref, Reference; b, observed coefficient; SE, standard error; MMSE, Mini-Mental State 

Examination; B-ADL, Bayer-Activities of Daily Living Scale; ICD, International Statistical 

Classification of Diseases and Related Health Problems 

 

Source: Own Table. 

Thus, formal care costs increased eightfold, informal care costs threefold and indirect 

cost doubled with increasing deficits in ADL. For patients with an employed 

caregiver, formal care costs were significantly higher (2,662 €) and informal care costs 

significantly lower (9,082 €) compared to patients with an unemployed caregiver 

(formal care cost: 1,222 €; informal care cost: 19,549 €).  

By examining productivity losses, eight unemployed caregivers who were 67 years 

and younger were already retired because of the burden of informal care, and an 

additional 11 working caregivers reported a temporary reduction of their work. Thus, 

indirect costs were nearly equal for unemployed and employed caregivers (1,280 € vs. 

1,203 €). The differences in cost depending on the crucial cost drivers are represented 

in Table 19 and in the supplementary Figures 3-7, 3-8, 3-9, 3-10, 3-11 and 3-12. 
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Table 19: Formal and informal care cost depending on patients living situation and 

patients deficits in activities of daily living, as well as caregivers employed status 

(n=262) 

 Health care cost 

 Formal care cost Informal care cost Indirect cost 

 mean (SD) mean (SD) mean (SD) 

Living situation    

Alone (n=120) 2,504 € (4,631) 13,634 € (13,905) 1,589 (6,360) 

Not alone (n=142) 920 € (2,852) 18,872 € (19,011) 977 (5,123) 

p-value 0.001
‡
 0.013

‡
 0.389

‡
 

Deficits in ADL
1
    

No deficits (n=66) 372 € (1,727) 8,268 € (10,832) 511 (4,152) 

Mild deficits (n=104) 1,168 € (2,724) 13,394 € (14,136) 1,696 (6,731) 

Severe deficits (n=92) 3,099 € (5,324) 25,841 € (19,340) 1,297 (5,426) 

p-value 0.001
‡‡

 0.001
‡‡

 0.650
‡‡

 

Caregiver    

Unemployed (n=185)
 

1,222 € (3,100) 19,549 € (18,249) 1,280
2
 (6,452) 

Employed (n=77) 2,662 € (5,107) 9,082 € (10,584) 1,203 (3,371) 

p-value 0.006
‡
 0.001

‡
 0.921

‡
 

1
 No deficits in ADL: value 1.0 – 2.0; mild deficit in ADL: value 2.1 – 5.0; severe deficit in 

ADL: value 5.1 – 10 
2
 Indirect cost allocated to an early retirement of the caregiver (age<67) due to full time caring 

the patient  
‡ 
Differences were evaluated by using t-test 

‡‡
 Differences were evaluated by using Kruskal-Wallis-Test 

SD, standard deviation; B-ADL, Bayer-Activities of Daily Living Scale; ADL, activities of 

daily living; IADL, instrumental activities of daily living 

 

Source: Own Table. 

 

5.3.7. Sensitivity analysis 

Table 20 represents the values of informal care costs of the three sensitivity analyses 

based on the three different scenarios that were conducted.  

In scenario 1, because of the minimum wage for a professional nurse in the field of 

nursing home care, informal care costs decreased by 31.7% from 16,473 € to 11,259 € 

for the total sample. In scenario 2, the cost of informal care decreased by 15.7% from 

16,473 € to 13,884 € for the total sample by using the opportunity cost approach and 

different gross wages for employed and unemployed caregivers.  
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Table 20: Sensitivity analyses for informal care cost 

  Cognitive impairment 

 Total sample no hint for mild moderate severe 

 
n=262 

mean (SD) 

n=45 

mean (SD) 

n=138 

mean (SD) 

n=74 

mean (SD) 

n=5 

mean (SD) 

Base case analysis
 16,473 € (17,036) 11,188 € (15,007) 16,735 € (15,693) 18,788 € (19,909) 22,551 € (18,146) 

Scenario 1 11,259 € (11,644) 7,647 € (10,257) 11,438 € (10,726) 12,841 € (13,607) 15,413 € (13,607) 

Percentage 

change 
-31.7% -31.7% -31.7% -31.7% -31.7% 

Scenario 2 13,884 € (13,949) 8,766 € (10,965) 14,615 € (13,952) 15,286 € (15,049) 19,066 € (13,830) 

Percentage 

change 
-15.7% -21.7% -12.7% -18.6% -15.5% 

Scenario 3 25,343 € (31,281) 11,931 € (16,148) 25,882 € (30,225) 31,575 € (37,232) 38,949 € (37,530) 

Percentage 

change 
+53.9% +6.6% +54.7% +68.1% +72.7% 

Scenario 1: Replacement cost approach; minimum gross wage for unskilled employees in the domain of nursing home care (11.53 €) 

Scenario 2: Opportunity cost approach; informal care of employed caregivers was valued using the average gross wage of all employees in Germany 

(25.75 €); informal care of unemployed/ retired caregivers were evaluated using average gross wage of unskilled employees in Germany (11.99 €) 

Scenario 3: Replacement cost approach using the gross wage of the base case; hours spent for supervision were included; informal care time was limited to 

a maximum of 20 hours per day 

SD, standard deviation  

 

Source: Own Table.  
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The informal care costs were 8,766 € for patients with no indication for cognitive 

impairment, 14,615 € for patients with mild cognitive impairment, 15,286 € for 

patients with moderate cognitive impairment and 19,066 € for patients with severe 

cognitive impairment. Thus, the decrease of informal care cost varied between 12.7% 

in patients with mild cognitive impairment to 21.7% for patients with no hint for 

cognitive impairment.  

In scenario 3, the hours spent on informal care were included in the analysis, resulting 

in an average increase of 53.9% in the cost of informal care for the total sample. In 

this scenario, informal care costs were estimated at 11,931 € (+ 6.6%) for patients with 

no hint for cognitive impairment, 25,882 € (+54.7%) for patients with mild cognitive 

impairment, 31,575 € (+68.1%) for patients with moderate cognitive impairment and 

38,949 € (+72.7%) for patients with severe cognitive impairment. 

5.4. Total cost in dementia 

In this analysis total cost in patients screened positive for dementia valuated to 

24,818 € ($ 33,738) including direct medical care cost (5,347 €), direct formal care 

cost (1,740 €), informal care cost (16,473 €) and indirect cost due to caregivers 

productivity losses (1,258 €). These costs were derived from the demonstrated results 

of the analysis of health care cost depending on a formal dementia diagnosis (medical 

and formal care cost) and the analysis of formal and informal care cost (informal care 

cost and productivity losses). These different cost categories were represented in 

Figure 16.  
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Figure 16: Total cost of patients screened positive for dementia 

Source: Own Presentation.  

 

 

 

Figure 17: Proportional distribution of medical, formal, informal and indirect costs 

Source: Own Presentation 
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For informal care, hours spent for support in patients’ instrumental daily living 

activities constituted the greatest part of informal care cost with 69%, compared to 

31% for cost for the support in patient’s daily living activities. For formal care 

services, professional home care contributed the most (71.8%) to formal care cost. 

Regarding medical treatments, in-patient treatments like acute or planned in-hospital 

treatments and rehabilitation, represented 41% and pharmaceuticals 30% of total 

medical care cost. Thus, next to informal care (66%), in-patient treatments (9%), the 

pharmaceuticals (7%), professional home care (5%) and caregiver’s productivity 

losses due to provided informal care represented the largest share (87%) on total cost 

for community-dwelling persons screened positive for dementia. The distribution of 

these different cost components on total cost are demonstrated in Figure 17. 

To summarize the multivariate analyses of the associations between costs and further 

socio-demographic or clinical variables, the impairment in activities of daily living 

was the factor that had the strongest association with health care costs in dementia 

disease. More precisely, patients deficits in their activities of daily living were 

significantly associated with higher total medical care cost, higher medication cost, 

higher costs for non-pharmaceutical treatments (including out-patient treatments by 

general practitioner and specialists, other out-patient treatments and professional home 

care), higher formal care cost and finally, higher informal care cost. Thus, patient’s 

deficits in daily living activities were the most crucial cost driver in dementia diseases.  

Furthermore, we found that the presence of a formal diagnosis of dementia was 

significantly associated with higher medication cost, but lower medical care costs.  

A further important associated factor was the age of the patients. A lower age was 

significantly associated with higher medication cost and higher total medical care cost 

as well. 

Additionally, within the multivariate analyses of formal and informal care cost, we 

found that living alone was significantly associated with higher formal care cost and 

unemployment or retirement of patient’s informal caregiver was significantly 

associated with higher informal care cost.  
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6. Discussion 

6.1. Medication cost 

To the best of our knowledge, this is the first study that demonstrates the overall 

medication cost for PWD, the cost for an anti-dementia drug treatment and current 

price changes due to the implementation of low-priced generics. 

Costs for the total sample in comparison with previous studies 

Total medication cost was higher in PWD with moderate (118.09 €) and severe 

(136.93 €) compared to mild cognitive impairment (108.19 €). Our results are 

consistent with previously published COI-studies [3,16,130]. Schwarzkopf et al. [3] 

estimated, on the basis of secondary data, a monthly medication cost of 127 € in PWD 

with mild and 149 € with moderate dementia. Leicht et al. [16] measured a medication 

cost of 116 € in PWD with mild and 148 € in PWD with moderate dementia on the 

basis of a questionnaire. Minor differences in costs could be attributed to the different 

age of the study populations, the respective methods of cost calculation and allocation 

of people to the categories of dementia severity. Our results are not consistent with 

previous reports of considerably lower medication cost in severe dementia 

[16,27,129,130], which could be due to the high proportion (51.7%) of our patients 

who received high-priced anti-dementia drugs and the high average number of ICD-10 

diagnoses of our severely impaired patients. 

Associations between medication cost and further variables 

Medication cost was associated with activities of daily living, comorbidity and age. 

Our results suggest an increase of medication cost with progression of impairment in 

activities of daily living and an increasing number of diagnoses. These results are 

consistent with results of previously published studies. Across these studies, functional 

impairment was in particular associated with higher cost of care, especially with 

medical cost in dementia [131-134]. Zhu et al. [132] found a significant association 

between comorbidity and medical cost in dementia, but it must be kept in mind that 

medication cost is only a small proportion of total medical cost.  
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In addition, we found a negative association with age, which indicates decreasing 

medication cost with increasing age of PWD. It would be reasonable to expect that 

number of diagnoses, number of prescribed drugs and consequently medication cost 

will increase with age. However, in our sample no correlation between age and 

cognitive impairment or age and number of diagnoses was observed. This could be 

attributable to the small number of participants above age 70. Another reason could be 

our specific sample of PWD, who were living at home predominantly in sparsely 

populated rural regions in Mecklenburg-Western Pomerania. This could lead to 

reduced mobility and restricted access to out-patient medical care, particularly for 

PWD in old age. Furthermore, age-related changes of pharmacokinetics and 

pharmacodynamics could result in a less favourable benefit-risk assessment for 

medication of the general practitioner [158,159] and, consequently, in lower 

medication cost in old age. 

Crucial cost driver for medication cost and potential savings due to the 

implementation of favourable generics 

Within the domain of medication cost, anti-dementia drugs were the crucial cost 

drivers. A prescription for an anti-dementia drug almost doubles medication cost of 

PWD (164.12 € vs. 91.47 €), meaning anti-dementia drugs made up 59% of our 

PWD’s medication cost. These findings are consistent with results of Kiencke et al. 

[26], who determined a medication cost of 147.17 €, with a share of 58% for 

memantine in a sample of anonymized data of patients with Alzheimer´s diseases who 

were insured by a large German statutory health insurance company. Thus, 

prescription of generic anti-dementia drugs could result in a less costly drug treatment 

of PWD (-28%), particularly in PWD with moderate and severe cognitive impairment. 

This estimation is based on the current price reduction of generic versions vs. the 

original anti-dementia drugs, such as memantine (-54%), galantamine (-56%), 

donepezil (-91%) and rivastigmine (-29%) and in line with estimates of the 

manufactures [29].  

On the one hand, these theoretical savings are overestimated because prescription 

choices of anti-dementia drugs will not be solely based on the most economically 

advantageous tender. Instead, it should rather be expected that in the future, drug 
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prescription will be a mixture of both cost-intensive original and economically more 

favourable generic anti-dementia drugs. Demonstrated real and estimated medication 

costs could be interpreted as a plausible range of medication costs of community-

dwelling PWD in future.  

On the other hand, it is possible that prescription of anti-dementia drugs will increase 

due to currently available generics. Therefore, our analysis does not allow a reliable 

prediction of medication cost of PWD who do not currently receive anti-dementia 

drugs. Furthermore, positive effects of medication treatment with anti-dementia drugs, 

such as preservation of cognitive abilities [18], reduced need for care [19,20] or a 

delay of institutionalization [21], could occur more often. These effects could reduce 

formal and informal health care cost of PWD. From a health-economic perspective, 

the replacement of original substances with generic anti-dementia drugs should be 

supported. The development of total medication costs for PWD should be monitored. 

Cost per drugs and number of drugs taken in progression of dementia disease 

People with higher levels of cognitive impairment received a drug regimen with fewer 

but more expensive drugs. Descriptive statistics showed that people with severe 

cognitive impairment received on average only 2.71 (SD 1.89) drugs with an average 

cost per drug of 60.04 € (SD 54.18). In contrast, people with mild cognitive 

impairment received on average 6.28 (SD 3.43) drugs with a cost per drug of 

approximately 18.42 € (SD 15.47). Therefore, in our analysis, increasing cognitive 

impairment was associated with higher cost per drug and fewer drugs taken. Effects of 

cognitive impairment on total formal or informal health care costs could not be 

determined validly in previous studies [131-134]. However, the progression of 

dementia disease is accompanied by gradual deterioration in specific cognitive 

functions, such as ability to speak (aphasia), motoric capabilities (apraxia) and 

awareness (agnosia), and a higher prescription rate of anti-dementia drugs [17]. This 

could be the reason for a drug treatment with only the most essential and the most 

expensive drugs in moderate and, particularly, in severe cognitive impairment.  

Nevertheless, a less comprehensive pharmacotherapy might be inadequate for 

multimorbid PWD with moderate and severe cognitive impairment. The average 
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number of ICD-10 diagnoses (mean=9.24) underlines the considerable multimorbidity 

of PWD in our sample. The significant negative association of cognitive impairment 

with number of drugs taken and cost per drug could implicate an inadequate drug 

treatment of multimorbid PWD. This should be investigated in further studies. 

6.2. Health care costs in dependence on a formal diagnosis of dementia 

To our knowledge, this is the first study using primary data to determine and to 

compare health care resource utilization and its costs in community-dwelling patients 

with a formal diagnosis of dementia and those without a formal diagnosis. According 

to our results, annual costs were 7,346 € for patients formally diagnosed with dementia 

and 6,838 € for patients who screened positive for dementia but without a formal 

diagnosis of dementia. The cost of the total sample was 7,087 €. 

Costs for the total sample in comparison with previous studies 

Leicht et al. [16] estimated total annual medical and formal care costs of 

approximately 18,500 € (excluding costs for informal care) in a cross sectional study 

using primary data of patients formally diagnosed with dementia. In this analysis, 

nearly 32% of patients were living fully assisted or in nursing and retirement home 

residences. Furthermore, Leicht et al. [16] determined a resource utilization of 

professional home care of 46%. Thus, estimated annual costs were twice as high as the 

costs of the total sample in this analysis, due to a higher utilization of formal care and 

a higher proportion of institutionalized patients (approximately 11,500 € solely for 

nursing and professional home care). Schwarzkopf et al. [3] evaluated costs of 

community-dwelling patients formally diagnosed with dementia based on secondary 

data. These patients were mildly or moderately cognitively impaired according to the 

MMSE and also had a higher use of day care (up to 82.2%) and of professional home 

care (up to 54.0%), resulting in total annual medical and formal health care costs of 

approximately 9,000 € in mild and 10,500 € in moderate dementia. The lower health 

care costs determined in our analysis are likely due to a less cognitively impaired 

sample, which also includes patients (51%) who are mildly cognitively impaired 

according to the MMSE.  
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Differences in health care utilization and health care cost depending on dementia 

diagnosis 

Our findings indicate significant differences in the utilization and costs for anti-

dementia drug treatment. Hence, significantly more patients formally diagnosed with 

dementia received anti-dementia drugs (46% vs. 13%) resulting in costs nearly twice 

as high (379 € vs. 141 €) for this treatment. Higher prescription rates of anti-dementia 

drugs and the resulting higher costs are not surprising because evidence-based 

guidelines [17] recommend anti-dementia drugs as the primary treatment for dementia. 

These guidelines require a formal dementia diagnosis as a prerequisite for the 

prescription of an anti-dementia drug treatment.  

However, the proportion of patients who receive anti-dementia drugs, even though 

they are not formally diagnosed with dementia, is surprising and cannot be clearly 

explained. It could be possible that these patients received a formal diagnosis by 

different treating specialists. However, total costs for pharmaceuticals did not differ 

significantly between patients with and without a formal dementia diagnosis (1,560 € 

vs. 1,678 €). As described above, an increasing cognitive impairment could be 

negatively associated with the total number of drugs taken. In this analysis, patients 

formally diagnosed with dementia are significantly more cognitively impaired (mean 

MMSE value 20.5 vs. 24.1). Thus, in spite of obtaining a cost-intensive anti-dementia 

drug treatment, these patients receive fewer drugs (6.4 vs. 6.8), resulting in lower costs 

for all other drugs. 

In this analysis, significantly more patients formally diagnosed with dementia visited a 

specialist, such as a neurologist or psychiatrist (38% vs. 25%), resulting in higher cost. 

This percentage of treated patients formally diagnosed with dementia is comparable to 

the findings of Eisele et al. [136], who found that the utilization of neuropsychiatric 

treatment is 35% of PWD within a case-control study based on the claim data. Another 

study showed that within the first quarter of the incidence year of dementia, a formal 

dementia diagnosis was coded by the GP in 71% of cases, by a specialist in 14% of 

cases and by both in 6% of cases [160]. Furthermore, specific anti-dementia drug 

treatment is increasingly managed by specialists, rather than by GPs [161]. This could 
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partly explain the higher utilization and costs for outpatient specialists for patients 

formally diagnosed with dementia.  

In spite of a higher utilization of outpatient specialists, like neurologists or 

psychiatrists, formally diagnosed patients received fewer outpatient physician 

treatments (12.3 vs. 15.0; p=0.038), resulting in lower cost compared to undiagnosed 

patients. In this analysis, diagnosed patients had more comorbidities, which could 

implicate a higher need of differentiated outpatient physician treatments. However, 

less treatment by outpatient physicians in the progression of dementia diseases is out 

of line with published studies, which frequently state constant or higher outpatient 

physician treatments for more cognitively impaired PWD [3,16]. It is questionable 

whether a formal diagnosis for dementia leads to inadequate outpatient treatment or if 

the outpatient treatment is managed more effectively with particular cautions to reduce 

the patient’s burden after receiving a formal diagnosis of dementia. This finding 

should be clarified in further analysis. 

In hospital, patients formally diagnosed with dementia are less frequently treated (6% 

vs. 12%) in planned cases but more frequently treated in acute cases (21% vs. 16%). 

For planned in-hospital treatment, this results in costs that are far lower than those for 

patients without a formal dementia diagnosis (315 € vs. 812 €). Furthermore, 

diagnosed patients were treated in hospital with a lower average length of stay (9.9 

days vs. 13.5 days). Leicht et al. [16] demonstrated that the resource utilization of 

patients formally diagnosed with dementia for an inpatient treatment is 29%, which is 

consistent with our demonstrated findings. The reason for a higher utilization of acute 

in-hospital treatments for patients with a formal dementia diagnosis could be 

particularly due to the fact that these patients were significantly more physically 

impaired (mean B-ADL value: 4.5 vs. 2.7) and more comorbid (mean ICD-10 

diagnoses: 15.1 vs.11.0) compared to patients formally undiagnosed with dementia. 

Impairments in ADL could implicate a higher risk for falls and other accidents. This 

was also demonstrated in our results (24% vs. 10.5%, respectively). For planned in-

hospital stays, our results showed a high rate of planned surgeries for patients without 

a formal diagnosis of dementia (50% vs. 29%). It is puzzling that in our sample, 

people with a formal diagnosis of dementia underwent less planned surgery than 
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expected. However, it is possible that a subgroup of patients received a formal 

diagnosis in hospital and was less frequently admitted to the hospital in the following 

periods, particularly for planned in-hospital cases. These findings, both the lack of 

planned surgeries and the shorter in-hospital stay for patients formally diagnosed with 

dementia, should be clarified in further analyses. 

For formal care costs, the higher utilization and frequencies (visits to day care 

residences, visits per year of professional home care service) led to care costs twice as 

high as for patients formally diagnosed with dementia. This is particularly due to 

higher cognitive impairment and more deficits in daily living activities of these 

patients.  

Associations between costs and dementia diagnosis 

The presence of a formal diagnosis of dementia was significantly negatively 

associated with medical care cost. Therefore, our results suggest that medical cost is 

lower for patients formally diagnosed with dementia. In this analysis, this is mainly 

attributable to demonstrated lower cost for planned in-hospital treatments, 

pharmaceuticals (next to the anti-dementia drugs) and outpatient physician treatment. 

Furthermore, we found an association between dementia diagnosis and cost for an 

anti-dementia drug treatment (unadjusted p=0.001; adjusted p=0.001). Adequate 

pharmacotherapy is important because it can slow down cognitive decline, preserve 

cognitive abilities, reduce the need for nursing care [19] and delay institutionalization 

[21], all of which could be associated with savings in formal and informal health care 

costs. 

However, a formal dementia diagnosis is currently not sufficient to ensure subsequent 

adequate non-medication treatment for community-dwelling PWD, including the 

prescription of other evidence-based outpatient treatments, such as occupational 

therapy, physical activities, psychosocial interventions, and rehabilitation, which have 

been shown to improve patients’ cognition and deficits in ADL [162]. Beside the 

association between dementia diagnosis and costs, deficits solely in daily living 

activities resulted in higher medical, formal and non-medical care costs, as well as in 
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higher costs for anti-dementia drug treatment. This finding is in line with published 

studies [16]. 

Importance of the dementia diagnosis 

Our results indicate that there are no significant differences in total health care costs 

between patients with and without a formal dementia diagnosis. However, patients 

without a formal dementia diagnosis, who were unnoticed in most COI-studies, incur 

significantly higher total medical costs. These findings are currently not taken into 

account in most COI-studies, in spite of the well-known fact that dementia is 

underdiagnosed in primary care. However, total health care cost did not differ 

significantly between patients formally diagnosed with dementia and patients without 

a formal dementia diagnosis. Due to the fact that an early dementia diagnosis and a 

subsequently early intervention are current key policy priorities in recently formulated 

dementia strategies for high income countries, it can be assumed that a bigger share of 

PWD will be receive a formal dementia diagnosis in the near future [31]. For example, 

in England solely half of PWD are properly diagnosed. Thus, the national Government 

has pledged to increase this diagnosis rate to two third by an introduction of a payment 

of £55 per diagnosis given. Thus, due to the current focus on an earlier dementia 

diagnosis, the international strategies to prevent undiagnosing dementia and the fact 

revealed in this analysis (no significant cost differences between formally diagnosed 

and undiagnosed PWD) worldwide health care cost of dementia disease will much 

more increase than it is estimated.  

Furthermore, the presence of a formal diagnosis of dementia is beneficial to receiving 

cost-intensive dementia-specific medication treatment and treatment by neurologists 

or psychiatrists. However, currently, a dementia diagnosis seems not to be beneficial 

for adequate planned in-hospital treatment or outpatient physician specialist treatment, 

in addition to treatment by the GP or neurologists. Moreover, a dementia diagnosis 

does not seem beneficial to ensure a subsequent adequate non-medication treatment 

for community-dwelling PWD, including the prescription of evidence-based outpatient 

treatments to improve patients’ cognition and deficits in ADL. Thus, currently, the 

much-discussed diagnosis of dementia at an early stage of the disease might not be 

sufficiently beneficial if it does not go hand in hand with further dementia-specific 
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non-medication treatment. To ensure the optimum treatment and care for PWD, care 

management programs such as DelpHi-MV [138,141] offer one possible solution to 

overcome insufficient treatment and care to delay the institutionalization in patients 

diagnosed with dementia. Our analysis disclosed a need for such management 

programs for adequate treatment for PWD and from an economic point of view, to 

realize long-term cost savings. Thus, it is important to manage the demographic 

change and the associated increase in prevalence of dementia cases. 

6.3. Formal and informal care costs 

To the best of our knowledge, this is the first study that analyzes primary data of 

community-dwelling primary care patients who screened positive for dementia 

regarding the resource utilization and direct medical costs of formal and informal care 

in addition to the indirect non-medical costs because of productivity losses of the 

patients’ caregivers. Overall, the study results indicate that the annual costs are 

1,646 € ($ 2,099) for formal care and 16,473 € ($ 21,011) for informal care, resulting 

in a ratio of approximately one to ten for community-dwelling PWD. This is the result 

of considerable differences in the utilization of formal and informal care. We found 

that 85.1% of PWD utilized informal care, but only every fourth PWD (26.3%) 

utilized professional formal care services. In total, caregivers spent 81.4 hours per 

month caring for a PWD. Our findings further demonstrate that whereas deficits in 

daily living activities are associated with higher formal and informal care costs, living 

alone is associated with higher formal care costs, and the employment of a caregiver is 

associated with lower informal care costs. Furthermore, indirect costs were estimated 

at 1,258 € and occur for approximately every seventh (14.3%) caregiver who was 

employed. Thus, working caregivers carry a double burden that consists of working an 

average of 32.4 hours a week and caring for a PWD an average of 44.9 hours a month, 

resulting in average productivity losses of 4.16 hours per month. 
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Utilization and cost of formal care in comparison with previous studies 

In our sample, we determined that formal care services, particularly nursing care 

arrangements such as day and night care, were less utilized compared to previous 

reports. However, the utilization increased in patients with mild to moderate dementia. 

For formal care services, professional home care appears to be the main resource 

available and usable to maintain an adequate care situation in addition to the 

substantial proportion of informal care provided by relatives of PWD. The 

demonstrated results of resource use (25%) and annual costs of formal care services 

(1,545 €) were incomparable with the results reported by Leicht et al. [16]. Based on 

primary data, these authors found a resource use of 46.0% and a formal care cost of 

11,562 €. However, the sample analyzed by Leicht et al. [16] consisted of older, more 

cognitively impaired PWD with a higher proportion of institutionalized PWD (41.5%). 

Schwarzkopf et al. [3] analyzed the insurance claim data of 383 community-dwelling 

PWD and found that 50.4 to 82.2% of the patients were using nursing care services 

and 32.7 to 45.2% were using professional home care, resulting in annual costs of 

1,482 € to 3,329 € for these services. The ratio between the utilization of nursing and 

professional home care shows that the patients in our sample utilized considerably less 

nursing and less professional home care. A major reason for these differences could be 

the use of insurance claim data in the other studies and hence the inclusion of patients 

with a formal diagnosis of dementia. This could be the reason for the higher degree of 

cognitive impairment (mean MMSE value 18.7 vs. 21.9 in our sample) that was 

observed by Leicht et al. [16]. Furthermore, our sample lives in a structurally weak 

and rural area. The decreasing mobility of community-dwelling older and cognitively 

impaired patients could cause a reduced availability of nursing care arrangements and 

professional care services and support. A further reason could be poor knowledge 

about the availability of formal care resources. Ducharme et al. [137] revealed that the 

majority of caregivers receive little informal support, have poor knowledge of 

available formal services, and have difficulty planning ahead for the relative's future 

care needs. This could be a further reason for the reduced utilization of formal care 

services. 
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Variables associated with formal care cost  

The demonstrated association between the higher utilization of formal care services 

and increasing deficits in patient’s activities in daily living is in line with previous 

findings [16,36,131]. In addition, our results revealed that living alone was 

significantly associated with higher formal care costs (b=1.16; p=0.003). PWD who 

lived alone in their own household had three times higher formal health care costs 

(living alone 2,455 € vs. not alone 822 €), which is in line with results of Bergmann et 

al. [163] who reported that 75% of PWD living alone received formal care services 

compared to 37 – 53% of those living with close relatives. Therefore, living alone 

appears to be a major cost driver, which is mainly attributable to the absence of an 

informal caregiver who has less time for assistance in ADL and IADL. This result 

demonstrates that the living situation of patients is an important determinant that 

should be considered. Furthermore, from a health insurance point of view, formal care 

services are an important cost category because unlike informal care services, they 

must be paid for. 

Utilization and cost of informal care in comparison with previous studies 

In the present analysis, informal care was utilized by 85.1% of patients and up to 

93.4% of moderate to severe cognitively impaired patients. On average, the informal 

caregiver provided 81.4 hours a month of informal care to the PWD, resulting in mean 

annual costs of 16,473 €. Leicht et al. [16] found lower informal care hours and costs 

(52.9 hours a month; 11,996 € p.a.). However, this might be because their sample 

contained community-dwelling and institutionalized PWD. Institutionalized PWD 

receive almost solely formal care in nursing home residences and rarely require further 

informal care.  

Schwarzkopf et al. [3] demonstrated an average informal care time of 126 hours a 

month and associated care costs of 24,408 €. These differences might be attributable to 

methodological aspects, such as the use of higher gross wage plus non-wage labor 

costs for the cost calculation and a more cognitively impaired sample. In the present 

analysis, deficits in ADL were significantly associated (b=4,229 €; p=0.001) with 

higher informal care costs, which is in line with published studies [131].  
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Furthermore, in this analysis, the employment of the informal caregiver was associated 

with reduced informal care costs. Employed caregivers were restricted in their 

potential to provide informal care time because of their jobs. Therefore, it appears 

reasonable that the employment of the patients’ caregiver is accompanied by less time 

for the provision of informal care because of time restrictions.  

Thus, the care arrangement and the associated formal and informal care costs depend 

on the caregiver’s available time, the living situation (separate or together) of patients 

and their caregivers and on the patient’s deficits in ADL. 

Sensitivity of informal care cost 

As illustrated by the sensitivity analyses, methodological differences, such as the 

inclusion or exclusion of hours spent supervising the patient, or different approaches 

used and unit cost for the valuation cost, have a major effect on the variability of 

informal care costs.  

The valuation of informal care costs at a minimum wage of a professional in the 

domain of nursing home care and by using the opportunity cost approach for 

unemployed and employed caregivers decreased informal care costs in dementia 

patients (31.7 and 15.7%, respectively), resulting in total ratios of one to seven and 

one to ten compared to formal care costs, respectively. Conversely, the inclusion of 

hours spent supervising the PWD increased informal care costs by 54% and results in 

a ratio of approximately one to fifteen compared to formal care costs. Thus, the 

methodological principles of the valuation of informal care costs could have a 

tremendous effect on the total health care cost, which implies that the methods for 

calculating informal care costs should be carefully selected and displayed in a 

transparent manner in any COI-analyses in dementia diseases.  

Caregiver’s productivity losses due to provided informal care  

For productivity losses, 7.3% of all caregivers had to restrict or completely cease their 

work, resulting in annual indirect costs of 1,258 €. Reese et al. [36] ] revealed indirect 

costs of 2,076 € per month. In this study, productivity losses occurred in nearly one-

tenth (9.9%; n=27) of the 272 community-dwelling PWD.  
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Although the frequencies of productivity losses were approximately equal, there are 

considerable differences in cost. Reese et al. [36] evaluated indirect costs from a 

societal perspective by using the human capital approach and a daily productivity loss 

of 180 €, which refers to full employment and a 40-hour working week. In this 

analysis, we used the caregivers’ actual real working hours (mean=32.4 hours per 

week), resulting in average daily productivity losses of 132.55 €. Therefore, the 

demonstrated indirect costs because of productivity losses were lower but more 

reliable. Furthermore, our results demonstrate that productivity losses occur for 

approximately every seventh employed caregiver and decrease with a patient’s 

progression of cognitive decline. This could be because of a simultaneous decrease of 

the employed caregivers’ average working hours (32.5 to 30.0 hours). However, 

productivity losses were minor compared to formal or informal care costs. Thus, 

whereas informal care determines major health care costs from a societal point of 

view, working informal caregivers have an economic and time burden resulting in a 

burdensome workload of an average of 77.3 hours a week in addition to further 

productivity losses because of this workload. 

6.4. Total care cost of primary care patients with dementia 

To summarize the three analyses, results showed that the average total cost of 

community-dwelling primary care patients screened positive for dementia valuated to 

24,818 € per year.  

Our results indicate further that total cost of dementia disease for community-dwelling 

PWD are, for the most part, cost for care, especially for informal care (66%) provided 

by close relatives who spent up to 94 hours a month caring for moderate to severe 

cognitively impaired patients. Furthermore, our results demonstrate that informal care 

lead to additional productivity losses due to the fact that caregivers reduced their 

working time or completely quit their working due to the provided informal care. 

However, our results showed that dementia is associated with additional cost for 

medical care (mainly due to high cost for in-patient treatments, like in-hospital 

treatments and rehabilitation) and cost for pharmaceuticals. However, total medical 

care cost accounted for a relatively small proportion (22%) of total cost in dementia. 
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Thus, the greatest proportion as well as the increase in total cost with the progression 

of dementia results from the PWD’s increasing deficits in daily living activities and 

the increasing need for informal care.  

In addition, the utilization of formal care arrangements and thus, formal and informal 

care costs depended on caregiver’s available spare time, the living situation of patients 

and their caregivers. Whereas living alone was significantly associated with higher 

formal care cost, an employment of PWD caregiver was significantly associated with 

less informal care cost. Therefore, for community-dwelling PWD and their close 

relative caregiver, the living conditions seem to have a major impact on total health 

care cost in dementia disease and the distribution of these costs. 

Total health care cost in comparison with previous studies 

Our results fit well with the estimated cost of Leon et al. [164] who reported for 150 

patient recruited from four managed care sites in the USA costs of approximately 

5,600 € in mild and 20,100 € in moderate dementia in 1999 values. In their study 

informal care covers around 63% of total cost.  

Leicht et al. [16] estimated total annual health care cost of 30,783 € in a study of 

community-dwelling and institutionalized living PWD, unadjusted for any socio-

demographic and clinic covariable. Total cost included cost for medical care (6,972 €) 

with a share of 22% and cost for formal (11,562 €) and informal care (11,996 €) with 

nearly equal proportions (38% and 40%) on total health care cost. However, this study 

included a subsample of institutionalized PWD who received less informal but more 

formal care. The same applies to Jönsson et al. [165] who determined annual total cost 

in dementia of 41,300 €. 

In the only previously published COI-study that was based on community-dwelling 

PWD in Germany, Schwarzkopf et al. [3] estimated total cost of 47,561 € annually. 

These costs are twice as high as estimated total cost in this analysis. In the study of 

Schwarzkopf et al., total cost are, to a large extend, costs for informal care (38,165 €), 

which represents 80% of total health care cost. Results of this analysis, however, 

considerably exceed those of Schwarzkopf et al, whose study was based on insurance 

claim data and solely include PWD who were mildly or moderately impaired and 
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formally diagnosed for dementia. Thus, patients formally undiagnosed with dementia 

were omitted in this study. Results of the present analysis were based on both, patients 

screened positive for dementia who were formally diagnosed or undiagnosed for 

dementia. Therefore, our sample included also approximately 17% to 23% patients 

who were screened positive for dementia but did not have a hint for cognitive 

impairment according to the MMSE. Thus, this sample under analysis is less 

cognitively impaired (MMSE value 21.7) compared to the analyzed sample of 

Schwarzkopf et al. (MMSE value 18.7; Difference -3.0). This might be the main 

reason for the demonstrated less medical, formal and informal care cost. Furthermore, 

Schwarzkopf et al. used for the estimation of informal care cost a higher gross wage 

including non-wage labor cost of 16.64 € for IADL and 28.30 € for ADL and did not 

include caregivers caused productivity losses. Whereas the higher gross wage could be 

a further reason for the demonstrated higher informal care cost, both, the gross wage 

and the exclusion of indirect cost cause the higher proportion of informal care on total 

health care cost. 

Differences in total health care cost and their causes 

The different results in COI-studies in dementia point out that the estimated cost in 

dementia are considerably high, but the estimation depends considerably on the 

methods used to measure the costs. For example, this could be differences in gross 

wages used to assess the informal care cost, sociodemographic and clinical differences 

of analyzed samples, like differences concerning the living situation (community-

dwelling vs. living in nursing home residences) and the severity of dementia diseases, 

as well as differences in the decades and countries where COI-studies were conducted.  

The comparability of cost estimates is questionable if cost data are transferable and 

how valid presented results of this analysis are. However, considering the 

methodological differences, especially the living situation of the PWD and their 

severity of dementia disease, the differences in costs across the studies might be 

justifiable. Therefore, it could be expected that health care utilization and costs 

determined in the present analysis might be generalizable to a mild cognitively 

impaired and community-dwelling sample of PWD of a comparable health care 
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system where different health care services are available at comparable cost at similar 

price levels. 

6.5.  Limitations 

This analysis is based on the primary data of patients who screened positive for 

dementia. Therefore, data was collected directly from the source, implying that the 

given information from cognitively impaired patients could be restrictive in terms of 

completeness and accuracy for the comparison of primary data. To improve validity, 

other available proxies, such as nursing services and the patient’s caregiver, were also 

used. However, given information may be subject to recall bias and the demonstrated 

utilization and costs of formal care services could be under- or overestimated. 

Furthermore, we inquired the information for a period of one year. The recall bias due 

to the time period of one year could lead furthermore to an under or overestimation of 

the utilization and costs of formal care services. 

Furthermore, patients were screened in GP practices for dementia. We cannot validate 

whether patients who screened positive for dementia were really suffering from 

dementia disease. Therefore, it is possible that screening results are false positive. The 

MMSE-value of analyzed patients was relatively high, indicating that the participants 

of the DelpHi-MV study were rather mildly impaired and patients with severe 

cognitive impairment might be underestimated. In this analysis up to 24% of the 

sample had no hint for and up to 53% of the sample was mildly cognitive impaired 

according to the MMSE. However, previous studies revealed that the MMSE is less 

sensitive for detecting milder forms of cognitive impairment (43% to 46%) than the 

DemTect (80% to 100%) [166-168]. Thus the rate of false-positive screenings may be 

lower than 24%. Determined cost may be underestimated due to the percentage of 

false-positive screened and cognitively not impaired participants.  

Furthermore, in this analysis more than half of the participants were not formally 

diagnosed with dementia. On the one hand, participants may have received a formal 

dementia diagnosis from their treating GP that could not be validated and were not 

informatively forwarded to the treating GP. Furthermore, it is unclear whether the 
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received formal dementia diagnosis was provided as evidence-based by the treating 

GP, according to guidelines [17]. Finally, it is possible that participants who were 

declared as undiagnosed with dementia in this analysis had obtained a formal 

dementia diagnosis from their treating specialist. These diagnoses were not registered 

in this study. Thus, rate of patients who were formally not diagnosed with dementia 

may be overestimated.  

We used the Resource Utilization in Dementia (RUD) questionnaire to assess 

caregivers spent time for informal care. In this analysis we excluded time spent on 

supervision of the PWD due to a very difficult differentiation of caring activities for 

ADL, IADL and the supervision, resulting in some reports of caregivers´ of more than 

24 hours a day. Thus, time solely spent on supervision could not always be reliably 

assessed. In this cases reported time spent for informal care are impossible in physical 

time, but may reflect the felt burden of the caregivers. Under the assumption of an 

average sleeping time of 6 hours per day, we restricted the maximum informal care 

time to be 18 hours per day. However, it cannot be ruled out that for example a reverse 

day and night rhythm requires a full day care by the informal caregiver and the 

assumed sleep duration of 6 hours might not always represent the reality of PWD and 

their caregivers’ living situation. Both, the restriction and the exclusion of the 

supervision, as well as non-observation of caregivers’ possible driving time to the 

PWD underestimate the informal care costs. Finally, it is necessary to determine the 

informal care time resulting due to dementia. However, for caregivers it is difficult to 

differentiate the activities dedicated to dementia from activities which were dedicated 

to the patients’ general physical and age-related conditions, or from activities that 

were had to be done. This could result in an overestimation of the informal care time 

and costs. However, to handle these different varieties of uncertainties sensitivity 

analyses including three different scenarios were conducted. This allows estimation 

about the range the informal care cost varies. 

Furthermore, in some cases, the caregivers reduced their work to care for the PWD 

informally. In these cases, an overlapping of productivity losses and informal care is 

possible, resulting in the double-counting of costs. However, it cannot be ruled out 

that the reduction of caregivers’ working hours were additive to the time spent on 
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informal care and do not decrease the informal care time spent. However, because of 

an overlapping of productivity losses and informal care time and thus a double 

counting of these costs is possible, it can be assumed that informal care costs are 

overestimated. 

Nevertheless, analyses were conducted within a GP-based trial representing almost the 

routine care and the real treatment and care situation in community-dwelling PWD 

and including more than 200 primary care cases were in each analysis. Furthermore, 

we assess and include several important socio-demographic and clinical co-variables 

in the analyses for a better description of demonstrated results and to improve the 

validity of these results. Thus the representativeness of our data seems acceptable.  
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7. Conclusion 

Summary and conclusions 

The aim of this analysis was to evaluate the health care resource utilization as well as 

the health care costs of community-dwelling PWD in primary care. The different 

analyses demonstrated several issues in the utilization and cost of pharmaceuticals, 

medical treatments and formal care in dependence of a formal diagnosis of dementia 

as well as of formal and informal care of community-dwelling PWD and their 

caregivers. 

Regarding the medication cost, an increasing cognitive impairment was associated 

with higher cost per drug and fewer drugs taken. It seems questionable if people with 

higher levels of cognitive impairment and higher age receive an adequate drug 

regimen with fewer but more expensive drugs due to a higher prescription of anti-

dementia drugs but less other drugs in progression of dementia diseases. The present 

findings could implicate a less comprehensive or inadequate drug treatment of 

multimorbid PWD with moderate and severe cognitive impairment. This could cause 

higher total health care cost due to an earlier and higher need of care, more frequent 

in-hospital treatments and an earlier institutionalization. The prescription of generic 

anti-dementia drugs could result in a less costly drug treatment of PWD. Cost savings 

of up to 28% are possible. Therefore, total health care cost that has to be paid by the 

statutory health or nursing insurance could decrease up to 5% due to the prescription 

of lower priced generic drugs. However, it cannot be ruled out that the overall 

medication cost will increase in future, particularly if more effective and probably 

more expensive pharmaceutical will be implemented and approved. These 

pharmaceuticals could have positive medical effects, such as the preservation of 

cognitive abilities, a reduced need for care or a delay of institutionalization, which 

could substantially reduce health care cost in dementia. 

The analysis of formal and informal care demonstrated considerable differences in the 

utilization of formal and informal care. Solely every fifth PWD utilized formal care 

services. Thus, the caring situation is shouldered by unprofessional caregivers, which 

could result in tremendous burdens of these caregivers. Professional services could 



Conclusion 

 

 

 

105 

 

 

serve as an entry point to integrate the PWD and their caregivers into additional health 

care services and support according to evidence-based guidelines. The comprehensive 

integration of patients into routine health care system could lead to long-term savings 

in total health care cost of dementia. Our findings further demonstrated that deficits in 

daily living activities were a major cost driver for both, formal and informal care. 

Living alone and the employment of the caregiver were crucial cost drivers for formal 

care. In an economic point of view, it is essential to know that the future care situation 

of PWD and the health care cost will be affected by several parameters. Due to an 

ageing society, low birth-rates, declining fertility rates, an increasing number of 

persons living in a single-household and an increasing employment of women, it can 

be assumed that the number of potentially available caregivers will considerably 

decrease in the next decades by a simultaneous increase in the prevalence of dementia. 

In this case, a significant part of cost will shift from the non-cash informal care sector 

to the formal care sector, which is directly paid by the nursing insurance (SGB XI). 

Thus, this transfer will have a heavily strain on several national health care systems 

and will require important solutions to reverse that trend. 

In this analysis, the presence of a formal dementia diagnosis was significantly 

associated with a higher utilization of an anti-dementia drug treatment and a medical 

treatment conducted by a specialist, like a neurologist or psychiatrist. These findings 

are in line with the recommendations of evidence-based German guidelines. In 

addition, formally diagnosed patients underwent less frequently planned surgeries. On 

the one hand this finding could mean that necessary surgeries were possibly omitted. 

On the other hand it could be that rather unnecessary surgeries (such as knee or hip 

replacements) were not conducted because hospitalization of PWD is associated with 

deterioration in health outcomes. Currently, the early diagnosis of dementia is a key 

policy priority in recently formulated dementia strategies of different countries. Thus, 

it can be assumed that a greater share of PWD will receive a formal dementia 

diagnosis in the near future. In the case that formally undiagnosed patients will more 

often receive a formal dementia diagnosis, the allocation of health care cost will shift 

from other conditions to dementia disease. In this case, a higher share of the total 

health care cost will be related to dementia as it is actually estimated. Findings further 
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demonstrated that a formal dementia diagnosis is currently not sufficient to ensure a 

subsequent adequate non-medication treatment for community-dwelling PWD, 

including the prescription of other evidence-based outpatient treatments such as 

occupational therapy, physical activities, psychosocial interventions, and 

rehabilitation. These treatments have been shown to improve patients’ cognition and 

deficits in ADL and could further delay the need for care or the institutionalization. 

This could be associated with substantial savings in health care cost. However, if the 

currently much-discussed diagnosis of dementia at an early stage of the disease is not 

going hand in hand with further dementia-specific non-medication treatments, an 

optimum treatment for community-dwelling PWD cannot be ensured and savings in 

total health care cost cannot be achieved. 

Innovative concepts to improve treatment and care in dementia 

A possible inadequate drug treatment of multimorbid PWD with higher levels of 

cognitive impairment, a very low utilization of professional formal care service at the 

expense of unprofessional caregivers and the currently missing subsequent adequate 

non-medication treatment for community-dwelling PWD should be urgently 

improved.  

The increasing health care cost could be relieved if effective pharmaceuticals or 

effective care and case management programs, that would slow down the progression 

of dementia disease and enable the PWD to live in their own homes, will be developed 

and approved. However, currently there aren’t pharmaceuticals to cure dementia 

disease and furthermore, the routine care is not sufficient to ensure a complete 

evidence-based adequate medical treatment and care for PWD. Thus, innovative 

concepts are indispensable. Care management programs, such as DelpHi-MV, could 

be a possible solution to overcome the insufficient treatment and care in dementia by 

optimising the access to and the provision of medical treatments, care and support for 

PWD and their caregivers.  

The DelpHi-Intervention is comprehensive, multidimensional and multimodal, and 

individually tailored to the specific needs and resources of each PWD resulting in an 

improvement of the individual utilization of evidence-based pharmacological and non-
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pharmacological treatments. To optimize the pharmacological treatment, a medication 

management is implemented as part of the DelpHi-Intervention. It is conducted in 

cooperation between the dementia care manager, a pharmacists and the treating GP 

and consists of a medication assessment at the patients home, pharmaceutical 

evaluation and recommendations to the treating GP. For the optimization of the non-

pharmacological treatment, the dementia care managers aim to integrate the PWD and 

their caregivers into regionally available health and nursing care offers. This 

integration of the PWD and the close relative into the routine health care system could 

initially lead to higher cost due to an increase in the utilization of health care services, 

but could improve PWD deficits in ADL and IADL and eventually lead to a lower 

hospitalization and to a delayed institutionalization. Findings demonstrate that cost of 

care contributes the most to total health care cost in dementia and deficits in daily 

living activities is the most crucial cost driver and most associated factor with higher 

cost. Therefore, it is crucial to improve or preserve PWD physical activity to realize 

savings in health care cost. Thus, from an economic point of view, DelpHi-MV could 

realize essential long-term cost savings in dementia, reducing the pressure of cost for 

national health care systems. 

Suggestion for future work 

In general, additional research seems to be required to evaluate the reliability and 

validity of self-reported primary data, such as the utilization of health care services. In 

consideration of the cognitive decline that is associated with the progression of 

dementia, there are population specific methodological challenges like an increase in 

the frequency of incomplete data or a higher recall bias. It should be determined until 

which threshold PWD and the caregivers are able to provide valid self-reported 

information on their utilization of health care services. Analyses focussing on the 

differences between the estimated utilization of health care resources used between the 

self-rating of the PWD, the proxy-rating of PWD caregiver and the real utilization 

covered by health insurance claim data are crucial, but currently missing. 

Most importantly, the evaluation of the cost-effectiveness of innovative concepts like 

the DelpHi-Intervention is needed. Further analyses should focus on the impact of the 

provision of optimum and evidence-based treatment, care and support on relevant 
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outcomes such as hospitalization or institutionalization, and on the course of the 

associated health care cost. From an economic point of view, it is crucial to evaluate 

the net-cost-benefit of these innovative concepts and their potential impact on the 

entire health care system. Furthermore, patient outcomes like quality of life, mortality, 

quality adjusted life years and the caregiver burden are crucial to assess the cost-

effectiveness of these interventions. Therefore, it is important that interventions in 

dementia do not only consider the potential relief of health care cost for the society. It 

is also important to consider patient- or caregiver-related outcomes to ensure optimal 

living conditions of PWD and their caregivers. 

Finally, interventions have to be implemented in and adapted on routine care. The 

evaluation of the cost-effectiveness and the net-cost-benefit of such interventions in 

routine care are crucial, because routine care has different requirements and properties 

compared to the conditions of research trials. Adjustments are necessary to ensure the 

optimum effectiveness of these interventions in routine care. However, there is a lack 

of translating research evidence into practice and further translational research is 

needed.   
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Supplementary Table 1-1: Socio-demographic and clinical characteristics of the total study sample and divided in groups of severity of 

cognitive impairment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
† 
Differences in means: t-test 

‡ 
Differences in proportions: Fischer´s exact test  

B-ADL, Bayer-Activities of Daily Living Scale; GDS, Geriatric Depression Scale; cogn., cognitive 

Source: Own Table. 

  Cognitive impairment  

 
 

Total sample 

 

 

n=205 

No hint of cogn. 

impairment 

 

n=45 

Mild cogn. 

impairment 

 

n=104 

Moderate cogn. 

impairment 

 

n=49 

Severe cogn. 

impairment 

 

n=7 

 

 

 

p value 

Age        

  Mean (SD)  79.58 (5.35) 79.51 (5.35) 79.97 (5.32) 79.02 (5.68) 78.14 (3.53) 0.662
†
 

 Range  70 – 96 71 – 93 71 – 95 70 – 96 72 – 82  

Sex n (%)        

 Female  132 (64.39) 27 (60.0) 69 (66.35) 32 (65.31) 4 (57.14) 0.846
‡
 

 Male  73 (35.61) 18 (40.0) 35 (33.65) 17 (34.69) 3 (42.86)  

Living situation n (%)      

 Alone  106 (51.71) 26 (57.78) 50 (48.08) 26 (53.06) 4 (57.14) 0.730
‡
 

Diagnoses         

 Mean (SD)  9.24 (4.76) 8.49 (4.81) 9.79 (5.03) 8.63 (3.71) 10.14 (6.52) 0.315
†
 

 Range  0 – 24 0 – 21 0 – 24 2 – 18 1 – 22  

B-ADL        

 Mean (SD)  3.56 (2.38) 2.21 (1.72) 3.35 (2.04) 4.89 (2.51) 5.98 (3.611) 0.001
†
 

 Range   1 – 9.92 1 – 9 1 – 9.28 1 – 9.71 1 – 9.92  

GDS        

 Mean (SD)  3.45 (2.62) 2.85 (2.39) 3.61 (2.43) 4.23 (3.48) 2.64 (2.36) 0.079
†
 

 Range  0 – 13 0 – 9 0 – 11 0 – 13.93 0 – 7  
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Supplementary Figure 1-1: Boxplots of cognitive impairment according to the 

MMSE of PWD who received anti-dementia drugs (n=59) and PWD without an anti-

dementia drug treatment (n=146) 

 

 

 
 

PWD, Persons with dementia 

ADD, Anti-dementia drug treatment 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

 

Source: Own Presentation. 
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Supplementary Figure 1-2: Boxplots of medication cost in Euro per month by 

severity of cognitive impairment according to the MMSE 

 

 

 

 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

Source: Own Presentation. 
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Supplementary Figure 1-3: Boxplots of cost per drug taken by severity of cognitive 

impairment according to the MMSE 

 

 

 

 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

Source: Own Presentation. 
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Supplementary Figure 1-4: Boxplots of total number of drugs taken by severity of 

cognitive impairment according to MMSE 

 

 

 

 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

Source: Own Presentation. 
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Supplementary Figure 1-5: Boxplots of monthly medication cost by different age 

groups 

 

 

 

 

Source: Own Presentation. 
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Supplementary Figure 1-6: Boxplots of medication cost per month by number of 

ICD-10 diagnoses 

 

 

 

 

ICD, International Statistical Classification of Diseases and Related Health Problems 

Source: Own Presentation. 
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Supplementary Figure 1-7: Boxplots of monthly medication cost by deficits in daily 

living activities according to the B-ADL 

 

 

 

 

B-ADL, Bayer Activities of Daily Living (no deficits in ADL: value 1.0 – 2.0; mild 

deficit in ADL: value 2.1 – 5.0; severe deficit in ADL: value 5.1 – 10) 

Source: Own Presentation.  
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Supplementary Figure 1-8: Boxplots of cost per drug taken by deficits in daily living 

activities according to the B-ADL 

 

 

 

 

B-ADL, Bayer Activities of Daily Living (no deficits in ADL: value 1.0 – 2.0; mild 

deficit in ADL: value 2.1 – 5.0; severe deficit in ADL: value 5.1 – 10) 

Source: Own Presentation.  
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Supplementary Figure 1-9: Boxplots of cost per drug taken by number of ICD-10 

diagnoses 

 

 

 

ICD, International Statistical Classification of Diseases and Related Health Problems 

Source: Own Presentation. 
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Supplementary Figure 2-1: Boxplots of cognitive impairment according to the 

MMSE of PWD who were formally diagnosed for dementia (n=118) and PWD 

without a formal dementia diagnosis (n=122) 

 

 

 

 

 

PWD, Persons with Dementia 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

Source: Own Presentation.  
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Supplementary Figure 2-2: Boxplots of number of ICD-10 diagnoses of PWD who 

were formally diagnosed for dementia (n=118) and PWD without a formal dementia 

diagnosis (n=122) 

 

 

 

 

 

PWD, Persons with Dementia 

ICD, International Statistical Classification of Diseases and Related Health Problems 

Source: Own Presentation. 
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Supplementary Figure 2-3: Boxplots of deficits in activities of daily living according 

the B-ADL of PWD who were formally diagnosed for dementia (n=118) and PWD 

without a formal dementia diagnosis (n=122) 

 

 

 

 

 

PWD, Persons with Dementia 

B-ADL, Bayer Activities of Daily Living (lower score indicate better performance) 

Source: Own Presentation.  
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Supplementary Figure 2-4: Utilization rate of out-patient specialists (neurologists or 

psychiatrists) of PWD who were formally diagnosed for dementia (n=118) and PWD 

without a formal dementia diagnosis (n=122) 

 

 

 

 

PWD, Persons with Dementia 

 

Source: Own Presentation.  
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Supplementary Figure 2-5: Utilization rate of anti-dementia drugs of PWD who 

were formally diagnosed for dementia (n=118) and PWD without a formal dementia 

diagnosis (n=122) 

 

 

 

 

PWD, Persons with Dementia 

 

Source: Own Presentation.  
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Supplementary Figure 2-6: Utilization rate of nursing care (day- and night care, 

short- and long-term care) of PWD who were formally diagnosed for dementia 

(n=118) and PWD without a formal dementia diagnosis (n=122) 

 

 

 

 

Source: Own Presentation.  
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Supplementary Figure 2-7: Boxplots of annual medical care cost of PWD who were 

formally diagnosed for dementia (n=118) and PWD without a formal dementia 

diagnosis (n=122) 

 

 

 

 

PWD, Persons with Dementia 

 

Source: Own Presentation.  
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Supplementary Figure 2-8: Boxplots of costs for out-patient physician treatments of 

PWD who were formally diagnosed for dementia (n=118) and PWD without a formal 

dementia diagnosis (n=122) 

 

 

 

 

PWD, Persons with Dementia 

 

Source: Own Presentation.  
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Supplementary Figure 2-9: Total care cost (including medical and formal care cost) 

of PWD who were formally diagnosed for dementia (n=118) and PWD without a 

formal dementia diagnosis (n=122) 

 

 

 

 

PWD, Persons with Dementia 

 

Source: Own Presentation.  



Supplementary 

  

 

 

 

129 

 

 

Supplementary Figure 2-10: Boxplots of cost for non-medication treatments and care 

of PWD who were formally diagnosed for dementia (n=118) and PWD without a 

formal dementia diagnosis (n=122) 

 

 

 

 

PWD, Persons with Dementia 

 

Source: Own Presentation.  
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Supplementary Figure 2-11: Occurrence of formal care cost and its deviation from 

normality  

 

 

 

 

Source: Own Presentation.  
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Supplementary Figure 3-1: Boxplots of professional home care visits by severity of 

cognitive impairment according to the MMSE 

 

 

 

 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

Source: Own Presentation. 
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Supplementary Figure 3-2: Boxplots of informal care time for ADL in hours per 

month by severity of cognitive impairment according to the MMSE 

 

 

 

 

ADL, Activities of daily living 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

 

Source: Own Presentation. 
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Supplementary Figure 3-3: Boxplots of informal care time for IADL in hours per 

month by severity of cognitive impairment according to the MMSE 

 

 

 

 

IADL, Instrumental activities of daily living 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

 

Source: Own Presentation. 
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Supplementary Figure 3-4: Boxplots of total informal care time (including time 

spent for ADL and IADL) in hours per month by severity of cognitive impairment 

according to the MMSE 

 

 

 

 

ADL, Activities of daily living 

IADL, Instrumental activities of daily living 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

 

Source: Own Presentation. 
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Supplementary Figure 3-5: Boxplots of annual formal care cost by severity of 

cognitive impairment according to the MMSE 

 

 

 

 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

 

Source: Own Presentation. 
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Supplementary Figure 3-6: Boxplots of annual informal care cost by severity of 

cognitive impairment according to the MMSE 

 

 

 

 

MMSE, Mini-Mental State Examination (cognitive impairment values: no hint 

for ≥ 27, mild 20–26, moderate 10–19, severe ≤ 9) 

 

Source: Own Presentation.  
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Supplementary Figure 3-7: Boxplots of annual formal care cost by participants 

living situation (living alone, living not alone) 

 

 

 

 

Source: Own Presentation. 
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Supplementary Figure 3-8: Boxplots of annual informal care cost by participants 

living situation (living alone, living not alone) 

 

 

 

 

Source: Own Presentation.  
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Supplementary Figure 3-9: Boxplots of annual informal care cost by caregivers´ 

employment status 

 

 

 

 

Source: Own Presentation.  
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Supplementary Figure 3-10: Boxplots of annual formal care cost by caregivers´ 

employment status 

 

 

 

 

 

Source: Own Presentation.  



Supplementary 

  

 

 

 

141 

 

 

Supplementary Figure 3-11: Boxplots of annual formal care cost by PWD deficits in 

daily living activities according to the B-ADL 

 

 

 

 

PWD, Persons with Dementia 

B-ADL, Bayer Activities of Daily Living 

 

Source: Own Presentation. 
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Supplementary Figure 3-12: Boxplots of annual informal care cost by PWD deficits 

in daily living activities according to the B-ADL 

 

 

 

 

PWD, Persons with Dementia 

B-ADL, Bayer Activities of Daily Living 

 

Source: Own Presentation. 
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Supplementary Manual 1: Resource Utilization in Dementia – German revised 

version RUD 3.0 2004-02-10 

 

 

 

 

FRAGEBOGEN ZUR RESSOURCENNUTZUNG BEI DEMENZ (RUD) 

Prüfbogen (CRF) 

 

 

 

Revised as RUD 3.0 2004-02-10 

(RUD 2 refers to RUD Lite) 

 

 

 

Source: Wimo A, Wetterholm AL, Mastey V, Winblad B. Evaluation of the resource 

utilization and caregiver time in Anti-dementia drug trials - a quantitative battery. in: 

Wimo A, Karlsson G, Jönsson B, Winblad B (eds) . The Health Economics of 

dementia, 1998. Wiley´s, London, UK. 
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FRAGEBOGEN ZUR RESSOURCENNNUTZUNG BEI DEMENZ (RUD) 

FRAGEBOGEN ZU STUDIENBEGINN 

 

A1. PFLEGEPERSON 

A1.1 Angaben zur Hauptpflegeperson 

 

1. Geburtsdatum: ___ / ___ / ___ 

         TT/ MM/ JJ 

 

2. Alter: ______ Jahre 

 

3. Geschlecht: 

1. männlich   

2. weiblich   

 

4. Beziehung zu dem Patienten/der Patientin: 

1. Ehemann   

2. Ehefrau   

3. Tochter/Sohn  

4. Freund/Freundin  

5. Sonstige  _____  

 (Personal ist nicht erlaubt) 

 

5. Familienstand:  

1. verheiratet/nichteheliche Lebensgemeinschaft  

2. ledig       

3. geschieden/getrennt lebend     

4. verwitwet _____________________________  

 

 

6. Zahl der Kinder, die zurzeit bei Ihnen leben: 

 

_______ Kind(er) 

 

 

7. Leben Sie mit dem Patienten/der Patientin zusammen? 

1. Ja   

2. Nein   
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A1.2 Zeitaufwand der Pflegeperson 

 

 

 

1a). Wie viel Zeit haben Sie in den letzten 30 Tagen an einem normalen Tag damit 

verbracht, dem Patienten/der Patientin bei der Verrichtung von Tätigkeiten, wie Gang 

zur Toilette, Essen, Anziehen, Körperpflege, Gehen und Baden/Duschen zu helfen? 

 

    Stunden pro Tag 
 

1b).An wie vielen Tagen in den letzten 30 Tagen haben Sie dem Patienten/der Patientin 

bei diesen Tätigkeiten geholfen? 

_________Tage 

 

 

2a). Wie viel Zeit haben Sie in den letzten 30 Tagen an einem normalen Tag damit 

verbracht, dem Patienten/der Patientin bei der Verrichtung von Tätigkeiten, wie 

Einkaufen, Zubereitung von Mahlzeiten, Hausarbeit, Wäsche waschen, Benutzung von 

Verkehrsmitteln, Einnahme von Medikamenten und Erledigung von finanziellen 

Angelegenheiten zu helfen? 

 

   Stunden pro Tag 
    

2b). An wie vielen Tagen in den letzten 30 Tagen haben Sie dem Patienten/der Patientin 

bei diesen Tätigkeiten geholfen?  

_________Tage 

 

 

3a). Wie viel Zeit haben Sie in den letzten 30 Tagen an einem normalen Tag (an dem Sie 

den Patienten/die Patientin betreut haben) damit verbracht, den Patienten/die Patientin zu 

beaufsichtigen (d.h. Gefahrensituationen zu vermeiden)? 

 

   Stunden pro Tag 
 

3b). An wie vielen Tagen in den letzten 30 Tagen haben Sie den Patienten/die Patientin 

beaufsichtigt?  

_________Tage 
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A1.3 Berufliche Situation der Pflegeperson 

 

1. Sind Sie zurzeit erwerbstätig? 

1. Ja   Falls ja, beantworten Sie bitte die Fragen 3 bis 5 

2. Nein   Falls nein, beantworten Sie bitte nur Frage 2 

 

2. Warum haben Sie Ihre Erwerbstätigkeit aufgegeben/eingeschränkt? 

1. War noch nie erwerbstätig     

2. Rentenalter erreicht      

3. Vorruhestand      

(nicht aus gesundheitlichen Gründen) 

4. Entlassung       

5. Eigene gesundheitliche Probleme    

6. Um den Patienten/die Patientin zu pflegen   

7. Sonstige Gründe       

 

3. Wie viele Stunden arbeiten Sie insgesamt pro Woche? 

 

  Stunden/Woche 
 

3.a) Erhalten Sie für einen Teil dieser Stunden Geldleistungen für die Pflege 

des Patienten/der Patientin? 

1. Ja   

2. Nein   

 

3.b) Falls ja, für wie viele Stunden pro Woche? 

 

  Stunden/Woche 
 

4. Konnten Sie in den letzten 30 Tagen aufgrund Ihrer Pflegetätigkeit nicht so 

viele Stunden pro Woche arbeiten wie üblich? 

1. Ja   

2. Nein   
 

4. a) Falls ja, wie viele Stunden weniger haben Sie gearbeitet? 
 

  Stunden/Woche 

 

5. Bitte geben Sie an, wie oft die Pflegetätigkeit in den letzten 30 Tagen Ihre 

Arbeit folgendermaßen beeinträchtigt hat: 

1. Ich war einen ganzen Arbeitstag abwesend. 
 

  Mal 

 

 

 

2. Ich war einen Teil eines Arbeitstags abwesend. 
 

  Mal 



Statutory declaration 

  

 

 

 

147 

 

 

Statutory declaration 

 

 

I, Bernhard Michalowsky, born on 10
th

 June 1987, declare that I have authored this 

dissertation entitled “Cost of care of community-dwelling primary care patients 

screened positive for dementia in Germany – Results of the DelpHi-MV trial”, 

independently, that I have not used other than the declared sources or resources and 
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