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It’s times like these you learn to live again 
It’s times like these you give and give again 
It’s times like these you learn to love again 
It’s times like these time and time again 
 
(“Times like these”, Foo Fighters (2003)) 
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CHAPTER 1   

General introduction, aims and outline of the thesis 
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INTRODUCTION 

Dementia is a progressive neurodegenerative disease and comprises different types of which 

Alzheimer’s dementia is the most common (2). Dementia is furthermore characterized by a 

heterogeneous disease course (3). Due to the increasing problems with performing everyday 

activities (4) it ultimately will lead to complete dependency (5).  

In the Netherlands, the prevalence is estimated between 254.000 and 270.000 in 2016 (6) 

and most people with dementia are living in the community (7). 

 

DEMENTIA AND CARE USE 

Informal care  

Informal care makes up a substantial proportion of total care and costs attributed to dementia 

(8-10). Mostly, this informal care is fulfilled by the spouse, family or friends (11, 12). In the 

early stages of dementia little support is needed (13) and often starts with some help in more 

complex Instrumental Activities of Daily Living (IADL; e.g. personal finances, help with 

household activities), gradually increasing to more personal help with activities of daily living 

(ADL; 10), such as help with self-care. While providing informal care could also have a positive 

impact on the patient-caregiver relationship due to, for instance, enjoying their moment 

together (14, 15), it also can have negative health and wellbeing consequences (16, 17) as the 

caregiving time increases with dementia severity (18). At some point, informal care may 

become too complex (5) and burdensome, and from then, formal care and support is 

inevitable to prolong living at home (7).  

 

Formal care: does a need equals care use?  

Formal care delivered to community dwelling people living with dementia can substitute or 

complement informal care (16), and has the potential to delay institutionalization (19), known 

as one of the highest cost drivers in dementia (20, 21). Care needs in older people, and 

especially people with dementia, may evolve over time. Needs assessment, by e.g. an 

instrument like the Camberwell Assessment of Need for the Elderly (22), is therefore critical 

for ensuring access to care and provision of support (23). A perceived need for care however 

does not automatically equals access and use of care (24) and up till now, it is not known what 

the consequences are in terms of quality of life and care costs of an untimely access to care.  
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In general, several factors can influence access to, and use of care.  

These comprise determinants such as knowledge of available care, lack of perceived need and 

awareness (25), attitude towards formal care and also coping styles (26). Some needs seem 

more easy to address than others, such as providing information versus changing the attitude 

towards care. According to Andersen’s Behavioral Model of Service use (27), factors can be 

further divided in predisposing (e.g. age and gender), enabling (e.g. financial) and need 

variables, which eventually explain whether there is equity in access to care. Within people 

with mild to moderate dementia need factors like unmet and met needs and disease severity, 

enabling factors like hours of 

informal care and living alone 

and predisposing factors such as 

age and region of residing (e.g. 

living in Northern Europe) were 

associated with formal care 

[Kerpershoek, submitted].  

 

 

DEMENTIA AND HEALTH RELATED QUALITY OF LIFE  

Maintaining or improving quality of life (QoL) in people with dementia and caregivers has 

been a major topic of research over the years (28). One specific type of QoL is health related 

QoL (or HRQoL), which has become increasingly important in dementia research (29, 30), and 

combines both psychological and physical health. HRQoL in people with dementia tends to 

deteriorate as the symptoms of neurodegeneration (cognition, function and behavior) 

progress over time (31). Its relation with cognition, however, shows conflicting results (32-

34). Furthermore, measuring HRQoL is not straightforward as factors like lack of insight in 

ones symptoms has an impact on the evaluation of HRQoL (35). Therefore, in more moderate 

to severe stages of dementia, HRQoL is often rated by a proxy (e.g. spouse). Differences in 

rating perspective may inherently exist (29, 31).  
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Instruments to measure HRQoL 

HRQoL can be measured using a generic non-specific disease instrument such as the EuroQol-

5D (36) or a disease specific instrument like the DEMQOL (37). Whereas disease specific 

instruments are specifically designed for the population of interest, non-specific instruments 

can be used in wider populations and have the advantage that comparison between different 

populations or health conditions is possible. The EQ-5D furthermore has the ability to be 

transformed into utility scores. These utility scores range between 0 and 1, where a ‘1’ 

indicates perfect health. 

These utilities can 

further be used to 

compare effectiveness 

of interventions 

between and within 

different populations by 

means of for example 

Quality Adjusted Life 

Years (QALY’s).  

 

AIMS AND OUTLINE OF THIS THESIS 

With no cure to alter the course of dementia, it is essential to focus on support, care and ways 

to maintain or improve the quality of life of the person living with dementia and their informal 

caregiver. This thesis presents several studies performed throughout the cognitive continuum 

with the ultimate aim to explore potentials for improving care and HRQoL. The following 

research questions will be addressed. 

 

Can specific need profiles reported by caregivers of people with dementia be identified and 

what are the characteristics that are associated with these? 

In chapter 2 a latent class analysis is applied to several need items which were assessed in 

caregivers of people with dementia with the aim to identify need profiles. Caregivers 

participated in the Actifcare study, a cohort study conducted in eight European countries (38). 
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After identification of need profiles, several (socio)demographic and clinical characteristics 

are examined in its relation with these profiles.  

 

What is the impact of untimely access to care in terms of HRQoL utilities and care costs in 

people with dementia and their caregivers?  

In chapter 3, the impact of untimely access to care over a one-year time period, in terms of 

HRQoL utilities and care costs is examined using data from the Actifcare study. A multilevel 

model is constructed using a selection of need items in its relation to HRQoL utilities and care 

costs.  

 

What combinations of service use do exist in people with dementia and early cognitive 

disorders and what factors are associated with these combinations? 

Chapter 4 describes combinations of service use types in people with MCI and dementia. A 

latent class analysis is applied to identify subgroups of service users at baseline. After 

identification of latent classes, demographic and clinical characteristics are examined as 

potential determinants associated with these subgroups.  

 

What care transitions do people with Mild Cognitive Impairment compared to dementia and 

Subjective Cognitive Decline undergo within 2 years after diagnosis and what factors are 

associated with these transitions?  

In Chapter 5 we examine care transitions and patterns of care in people with subjective 

cognitive decline, MCI and mild dementia to gain insight in a potential of care that could be 

planned within two years. The focus of this study is on informal- and formal care delivered at 

home, day care and institutionalization.  

 

What is the association between cognition and care costs and HRQoL in people at risk of 

cognitive decline? 

Chapter 6 studies the relation between cognition and care costs and HRQoL utilities in people 

at risk of cognitive decline not having dementia. Data of the Finnish Geriatric Intervention 

Study to Prevent Cognitive Impairment and Disability (FINGER; (39)) was used. Change score 

analysis is applied to examine whether a change in cognition is associated with a change in 

care costs and HRQoL utilities by adjusting for ADL and depressive symptoms.  
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ABSTRACT  

OBJECTIVES This exploratory study aimed at investigating profiles of care needs in people 

with mild to moderate dementia and examined variables associated with these profiles.  

METHODS The baseline data of 447 dyads of people with dementia and their caregivers from 

the Actifcare study were included for analysis. A latent class analysis was applied to identify 

profiles of needs, measured with the Camberwell Assessment of Need for the Elderly (CANE) 

as rated by the caregiver. We examined (socio)demographic (e.g. relative stress scale; RSS) 

and clinical characteristics (e.g. neuropsychiatric inventory) associated with these profiles.   

RESULTS Four distinct profiles were identified. These comprised a “no need” profile (41% of 

the sample), a “met psychological needs” profile (25%), a “met social needs” profile (19%), 

and an “unmet social needs” profile (15%). A larger impact of caregiving on the caregiver’s 

life as indicated by a higher RSS score was associated with the “unmet social needs” profile.  

CONCLUSION AND IMPLICATIONS In this large European sample, there was a subgroup of 

persons with dementia with high “unmet social needs” exists whose caregivers 

simultaneously perceived high stress in their caregiving tasks. Identification of these profiles 

may help decisively to provide appropriate support for these people. 

 

Keywords: care needs, CANE, profiles, latent class analysis, dementia  



 - 19 -  
 

INTRODUCTION  

Dementia leads to increasing dependency in daily life activities and results in an increasing 

need for support and care. In the early stages relatively little support may be needed 1. This 

is often provided by the spouse or family as informal caregivers 2, 3. As dementia  progresses, 

the capacity for providing informal care may be exceeded and formal care may be required 

to ensure that care needs are met 1, 4. Unmet care needs can lead to an increased caregiver 

burden 5, decreased quality of life of the person with dementia and caregiver 6-9 and increased 

risk for nursing home placement 10. Detailed needs assessment can help understand the 

degree of support and help needed and subsequently ensure access to and provision of 

support 5 and possibly need-focused interventions 11. Previous research 6-8 in people with mild 

to moderate dementia and their caregiver showed that unmet needs for memory, daytime 

activities, company and psychological distress were most frequently reported. Reasons for 

unmet needs could include unawareness of available services and refusal by the person with 

dementia 8 or a lack of appropriate services, among others.  

Until now, studies mostly looked at individual need items or incorporated a sum score of met 

and/or unmet needs. No study has examined whether clusters of needs exist, which could be 

useful to identify subgroups with a high likelihood for a specific combination of unmet needs 

9, and to examine which factors identify persons at-risk for a specific unmet needs profile. 

This information could be relevant for developing or identifying interventions that are tailored 

to address prevalent need profiles.  

The aim of this exploratory study was to explore specific need profiles in people with 

dementia exists, and which demographic and clinical factors to be associated with these need 

profiles.  

 

METHODS 

DESIGN AND PARTICIPANTS 

This is a cross-sectional study that uses baseline data from the Actifcare study 12, which aimed 

at examining access to formal care in people with dementia and their caregiver, and 

developing best practice recommendations. In the Actifcare study, 451 people with mild to 

moderate dementia and their informal caregiver from 8 European countries (United Kingdom 

n=76, Ireland n=43, Sweden n=50, Norway n=60, Portugal n=66, Italy n=53, Germany n=52 
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and the Netherlands n=51) were followed for one year. Both the person with dementia and 

their caregiver provided informed consent. Participants were eligible if they were not using 

regular assistance from formal health and care services for personal care related to dementia 

(e.g. paid help with washing/bathing), but were expected to start using formal care within 

one year, and had a Clinical Dementia Rating (CDR) of 1 or 2 (indicating mild or moderate 

dementia) and/or a Mini-Mental State Examination (MMSE) ≤24 12. 

 

ASSESSMENTS 

Participants completed questionnaires on sociodemographic information and a range of 

clinical measures12 between November 2014 and July 2015 (baseline). The measures 

examined in this study are outlined below.  

Needs were measured with the Camberwell Assessment of Need for the Elderly (CANE 13 in 

an interview-based setting with the researcher. The CANE incorporates a range of 

environmental, physical, psychological and social need areas 14 and consists of 24 need items 

(e.g. ‘self-care’ or ‘daytime activities’) related to the person with dementia and two additional 

items for the caregiver needs (‘information’ and ‘psychological distress’). Needs can be scored 

as ‘no need’, ‘met need’ or as ‘unmet’, according to different perspectives (e.g. the 

perspective of the person with dementia, the informal caregiver, and the researcher, as in 

Actifcare). Although all perspectives must be valued in needs assessment, the informal 

caregiver perspective is intrinsically important given the direct knowledge of the situation 

(e.g. associated needs), the potential for circular influences between the person with 

dementia and their caregiver, and a consensus in this field which is to alleviate informal 

caregiver burden whenever trying to improve the provision of care 15.  

The social network of the caregiver was assessed through the Lubben Social Network Scale 

(LSNS), ranging between 0-30 16. The impact of caregiving on the caregivers life was measured 

with the Relative Stress Scale (RSS), ranging between 0-60 17, and depressive symptoms of the 

caregiver were measured with the depression subscale of the Hospital Anxiety and 

Depression Scale (HADS), ranging between 0-21 18. Informal care provision was measured by 

the Resource Utilization in Dementia (RUD) instrument including the amount of informal care 

for Instrumental Activities of Daily Living (IADL; such as support with household activities) and 

Basic Activities of daily Living (BADL; e.g. help with self-care) for the last 30 days.  
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Clinical characteristics of the person with dementia included cognition, measured with the 

MMSE, ranging between 0 – 30 19;  activities of daily living, measured with the IADL (ranging 

between 0 - 8) and Physical Self Maintenance Scale (PSMS; 20), ranging between 0–6; and 

neuropsychiatric symptoms measured with the Neuropsychiatric Inventory Questionnaire 

(NPI-Q; 21), ranging between 0-36. The presence and amount of comorbidities were measured 

with the Charlson Comorbidity Index 22. Finally, region of residence (north (Sweden and 

Norway), middle (United Kingdom, Ireland, Germany and the Netherlands) and southern 

Europe (Italy and Portugal)) was included as a dummy variable to adjust for possible regional 

variations.  

 

STATISTICAL ANALYSIS 

First, all 26 items of the CANE were assessed and included using a decision rule of having 

≥10% of unmet need responses per item at baseline. This was done to prevent infrequent 

response patterns 23. Missing data on these need items (indicator variables) were handled in 

Mplus by maximum likelihood estimation using all information available. In case of a full 

missing observation, case wise exclusion was applied.  

Missing data on covariates was multiple imputed in Stata version 13 (StataCorp, TX) using 

chained equations. Predictive mean matching was used for continuous variables and logistic 

regression for dichotomous variables. Following this, diagnostics (e.g. histograms) were run 

to examine plausibility of the imputation model. Thereafter, for each imputed variable a mean 

was created based on all imputed datasets and this mean was used in Mplus. In total, 15 

datasets were created. 

 

Latent class analysis 

Latent Class Analysis (LCA) is a method used to group people in so called latent classes 23, 

based on responses given. LCA assumes that there is an underlying unobserved categorical 

variable that separates the group into subgroups, or classes. Individuals that belong to a class 

have a particular combination of responses 24, in our case responses of need or unmet need.  

First, different models were fit in Mplus version 8 (Muthén & Muthén, 2017), starting with a 

one-class model and increasing the number of classes until the number of participants in one 

of the classes was smaller than 10%. Each k-class model, indicating number of classes, was 

examined on following criteria: 1) loglikelihood value, where larger values indicate better fit, 



 - 22 -  

2) the sample size adjusted Bayesian Information Criterion (BIC), where smaller values 

indicate better fit and 3) entropy score, where higher values indicate more certainty and 

classification of individuals. The 4) Vuong Lo Mendell Rubins test and 5) bootstrapped 

likelihood ratio test were applied to examine k-1 model versus k-class model, using a value of 

<0.05 indicating rejection of k-1 class model 25. For each k-class model, increasing random 

start values were applied, avoiding occurrence of local optima, or e.g. local solutions as 

described in the approach of Asparouhov, Muthén 25. LCA is a data driven approach and 

therefore the last step comprised 6) checking face validity of final class model. This was done 

by visualizing the conditional probabilities, or probability of an individual in a given class 

endorsing a given item (e.g. a % probability of perceiving an unmet need) 26. These 

probabilities were defined as high in case 70-100%, moderate in case 40-69% and low in case 

<40% 27. 

 

Regression analysis 

After the identification of the number of classes, regression analysis was performed by adding 

the covariates as auxiliary variables to the LCA model using the R3STEP command (28, 29; 

‘R3STEP’). Due to the many covariates and explorative nature, the following procedure was 

performed. First, correlation analysis was performed on continuous covariates (independent 

variables), excluding them in case of moderate (≥0.5 or ≤-0.5) to high correlation with another 

covariate. Second, univariable analysis was performed, excluding covariates in case of p≥0.10. 

The remaining covariates were included in a forward selection procedure, starting with the 

region (dummy) variable and adding variables one-by-one to the model. First, demographic 

variables of the person with dementia (gender, age, education and living alone or not) were 

included, followed by clinical variables (MMSE, NPI, comorbidities, IADL and PSMS) and last 

by variables related to the caregiver and social network (gender, age, education, spousal 

relation or not, HADS depression, LSNS-6, providing informal care IADL and BADL (RUD) and 

the RSS score). Each step involved adding the variable, running the model and evaluating the 

significance of the included variable. In case of p ≥0.05, the variable was excluded during this 

stage until the final stage (model). 
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RESULTS 

In total, 451 participants took part in the Actifcare study at baseline. Of these 451, three 

participants had no data available for the selected CANE items, and one had too many clinical 

variables missing.  These were case wise excluded, leaving 447 participants for analysis. 

Demographic and clinical variables showed missing percentages less than 8% (see Handels, 

Skoldunger, Bieber, et al. 30 for a description) and most participants were only missing one 

variable (12%).  

 

Table 1: Characteristics of the person with dementia and informal caregiver at baseline (n=447) 

Characteristic Mean (SD), range or n(%) 

Person with dementia  

Age 77.8 (7.9), 47 – 98 

Gender, male n (%) 203 (45%) 

Years of education 9.8 (4.5), 0 - 25 

Living alone, n (%) 88 (20%) 

PSMS (0 – 6)  3.7 (1.9), 0 - 6 

IADL (0 – 8) 3.5 (2), 0 - 8 

MMSE total (0 – 30) 19 (5), 3 -30 

NPI-Q total (0 – 36) 7.7 (5.5), 0 - 30 

Comorbidities, total 2.8 (1.8), 0 - 16 

LSNS total (0 – 30) 16.6 (5.5), 2 - 30 

CDR  

0.5 9 (2%) 

1 342 (77%) 

2 87 (19%) 

3 9 (2%) 

Informal caregiver  

Age 66.4 (13.3), 25 - 92 

Gender, male n (%) 149 (33%) 

Years of education  11.9 (4.4), 0 - 24 

Relationship, spousal, n (%) 268 (60%) 

RSS total (0 – 60) 21.2 (10.9), 0 – 49 

HADS depression total (0 – 21) 4.8 (3.7), 0 - 17 

PSMS, Physical Self Maintenance Scale; IADL, Instrumental activities of daily living; MMSE, Mini-Mental 

State Examination; NPI, Neuropsychiatric Inventory; LSNS, Lubben Social Network Scale; RSS, Relative 

Stress Scale; HADS, Hospital Anxiety and Depression Scale 
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The following CANE items matched the selection criterion and were selected for the LCA: 

daytime activities, memory, hearing/eyesight/communication, psychological distress, 

company, money/benefits, caregiver need for information and caregiver psychological 

distress. The item ‘memory’ was eventually excluded due to the high amount of ‘met need’ 

(84%) responses, and very low ‘no need’ responses (2%), resulting in too little variation.  

 

LCA 

Models with 1 to 5 classes were fit. The 4-class model was considered superior based on 

model fit criteria (adjusted BIC and (bootstrapped) likelihood ratio test; Supplementary data 

S1 and S2)). Entropy score was 0.749, indicating acceptable classification certainty, superior 

to models with 1 to 3 classes. Based on most likely class membership, meaning individuals are 

assigned to classes based on the largest posterior probabilities 31 (only for descriptive 

purposes; not used in further analysis), profiles were 41% (n=182), 25% (n=113), 15% (n=67) 

and 19% (n=85), for profile 1 to profile 4 respectively. Figure 1 shows these four profiles. 

Profiles were labeled according to their characteristics i.e. probabilities endorsing each item.  

Members of profile 1 (“no need” profile) had a low probability of having a met or unmet need 

on each item.  

Members of profile 2 (“met psychological needs” profile ) had a moderate probability of 

having a met need for ‘psychological distress’ and ‘psychological distress of caregiver’. All 

items showed low probabilities for having unmet needs.  

Members of profile 3 (“unmet social need” profile) had a high probability of having an unmet 

need for ‘daytime activities’ and ‘company’ and a moderate probability of having an unmet 

need for ‘caregiver need for information’ and ‘caregiver psychological distress’.  

Members of profile 4 (“met social needs” profile) had a high probability of having a met need 

for ‘daytime activities’ and ‘company’ and a moderate probability of having a met need for 

‘hearing/communication and eyesight’.  

 

Predictors of class membership 

The “unmet social need” profile was chosen as the reference profile (Table 2), and compared 

with the “met social needs”, “met psychological needs” and “no need” profile. The HADS 

depression score, PSMS score and years of education of the caregiver were not included due 
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to moderate to high correlation with other covariates (RSS, IADL, informal care BADL, and 

education of the person with dementia). Age of the person with dementia and gender of the 

caregiver were not significant (>0.1) in univariable analysis and were also not included. 

Results of the final model, adjusted for region (dummy variable), are depicted in Table 2. 

A lower RSS score was related to a higher likelihood of belonging to the “no need” profile as 

compared to the “unmet social need” profile. Providing more hours of informal care (IADL) 

and a lower RSS score were related with a higher likelihood of belonging to the “met social 

needs” profile as compared to the “unmet social need” profile. In addition, region (north, 

middle or south) was associated with class membership.  People from the southern region 

were more likely to be in the “no need” profile (1.60; p 0.029) or in the “met psychological 

needs” profile (1.68; p 0.028), and less likely to be in the “met social need” profile (-18.55; p 

<0.001). People from the northern region were only less likely to be in the “met psychological 

needs” profile (-1.82; 0.028).   

 

Table 2 Final model† of regression analysis (‘R3STEP’) 

 No need profile vs 

Unmet social need 

profile 3 

Estimate (sig) 

Met psychological 

need profile vs Unmet 

social need profile 3  

Estimate (sig) 

Met social need 

profile vs Unmet social 

need profile 

Estimate (sig)   

(Socio) demographic  

Education of person 

with dementia, years 

-0.10 (0.052) -0.091 (0.136) 0.085 (0.323) 

Providing informal 

care IADL, hours 

0.01 (0.059) 0.007 (0.058) 0.012 (0.001)** 

RSS, total score -0.11 (<0.001)** 0.011 (0.707) -0.063 (0.015)* 

Clinical 

MMSE, total score 0.07 (0.095) -0.045 (0.409) 0.029 (0.523) 

IADL, total score 0.11 (0.368) -0.005 (0.976) -0.251 (0.112) 

*<0.05; **<0.01; † results are only displayed for profile 1 vs 3, 2 vs 3 and 4 vs 3; Profile 1, “No need”; Profile 

2, “Met psychological needs”; Profile 3, “Unmet social needs”; Profile 4, “Met social needs”.   

 

 
 
 
 
 
 



 - 26 -  

Post-hoc analysis 

The HADS-depression subscale score was eventually not included as this correlated highly 

with the RSS (0.67; <0.001). As depressive symptoms are an important issue 32 a post-hoc 

analysis was performed including the HADS-depression subscale instead of the RSS, and using 

the “unmet social need” profile as reference profile. A lower HADS-depression score was 

significantly associated with the “no need” profile (-0.183; p 0.004). Furthermore, both “met 

need” profiles also did show to have a higher HADS-depression score (0.267; p 0.001 and 

0.156; p 0.032) compared to the “no need” profile. The HADS-depression score did not 

significantly differ between the “met need” profiles and the “unmet social need” profile.  

 

DISCUSSION 

Four distinct need profiles were identified that differed regarding levels (no/met/unmet) and 

combinations of needs. The “no need” profile was largest (41%; based on most likely class), 

which is in line with the Actifcare study population that comprised people with mild to 

moderate dementia who did not use formal care at baseline. 

 

The “unmet social need” profile had a combination of highly prevalent unmet needs (15%), 

and was associated with a higher caregiver burden, reflected by a higher RSS score, and  

showed moderate to high probabilities for a combination of unmet needs. In a previous 

article, we showed that a higher number of unmet needs was related to a lower health related 

quality of life 9. This highlights the importance of preventing or addressing these unmet needs 

in a timely manner.  

One of the most prominent factors associated with belonging to the “unmet social need” 

profile, compared to the “no need” and “met social need” profile, proved to be a higher RSS 

score. Unmet needs on social and psychological domains may lead to a higher RSS score 

reflecting stress linked to lack of activities and isolation, burden and mood problems. 

Otherwise it could be that a higher RSS score (due to other factors like neuropsychiatric 

symptoms) leads to more perceived and reported unmet needs 33. In a post-hoc analysis 

including the HADS-depression subscale, results did show that people in the “no need” profile 

did have a lower score (i.e. less depressive symptoms), which is plausible. However, no 

significant difference was found between the “unmet social need” profile and both “met 

need” profiles. In fact, both  “met need” profiles showed a significantly higher HADS-
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depression score when compared to the “no need” profile, but did not significantly differ from 

each other. This suggests that both needs being met or unmet are linked to stress and mood 

problems in informal caregivers.   

Although the impact of caring was perceived as higher in the “unmet social need” profile, 

hours of informal care were lower compared to the “met social needs” profile. Sutcliffe, 

Giebel, Bleijlevens, et al. 34 for example showed that increasing hours of informal care were 

associated with increasing levels of caregiver burden. However, causality is hard to determine 

based on the cross-sectional nature of this analysis. It is likely that due to more informal care 

hours being provided, a need is more likely to be met. Moreover, other factors could 

contribute to a better perceived RSS score, such as a social network and others who help with 

e.g. caregiving tasks. However, social situation (measured through the LSNS-6) was not 

associated with any of the profiles, although this could have been expected. This could be due 

to the scale measuring frequency and size of network (family and friends) rather than the 

quality of the relationship 16, 35.  

 

Caregiving can impact the caregiver and could lead to an experience of caregiver strain and 

potential physical and mental health problems, known to be risk factors for 

institutionalization of the person with dementia 36. Several psychosocial interventions exist 

11, 37 that could possibly address the specific profiles of combination of needs as found in our 

study. Furthermore, as our results did show, there was a moderate probability for having an 

unmet need for information. According to a recent scoping review, provision of tailored 

information is considered a main area of support for informal caregivers of people with 

dementia 15, and psychoeducational support could further reduce caregiver stress 38. More 

research is therefore needed to investigate the clinical impact of these findings e.g., whether 

different interventions (such as day care) are needed for specific group profiles such as those 

found in our study. Related to this is the need to explore these profiles longitudinally (e.g. by 

latent transition analysis) and to examine how and if these profiles evolve.  

 

Strengths of this study include the large international country dataset that accounted for 

many different factors related to symptoms and (informal) care. Furthermore, the statistical 

approach used can be considered a particular strength. Such approaches have the benefit of 

gaining a better understanding of subgroups. Limitations include the study sample being a 
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convenience sample, which limits generalization to the wider population. Secondly, the use 

of region (north, middle and southern Europe) as a dummy variable may be considered 

suboptimal as this does not reflect the country specific care system. Third, need items can be 

experienced differently between caregivers and therefore do not specifically incorporate 

weights of importance, resulting in profiles were each need is interpreted as equally 

important. One consideration, and related to the previous limitation, to keep in mind relates 

to the use of caregiver reported needs. For example previous results from the Actifcare study 

showed differences in caregiver versus person with dementia self-rated needs 6.  

 

CONCLUSION AND IMPLICATIONS 

Within a multinational sample and considering the informal caregivers’ perspectives, four 

distinct need profiles were identified in people with mild to moderate dementia. Among these 

profiles, the “unmet social needs” profile showed to be a subgroup that was related to 

caregivers perceiving higher amounts of stress in caregiving tasks. Future studies should 

examine whether and how, need profiles evolve over time. Findings further highlight the 

importance of identification and provision of appropriate support, possibly by addressing 

these specific combinations of unmet needs. Addressing unmet needs could lower the impact 

of caring, help continued care at home for longer, and could potentially prevent a decrease 

in quality of life due to these unmet needs in both the person with dementia and the informal 

caregiver.   
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 “No need”          “Met psychological needs” 

   
 
 “Unmet social needs”         “Met social needs”  

   
       
Figure 1 Conditional probabilities including cut-off lines indicating low/moderate/high probability 
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SUPPLEMENTARY MATERIAL 

S1 Fit statistics for Latent Class Model of needs 

 1 2 3 4 5 

N free parameters 7 29 44 59 74 

LL -1428.750 -2767.512 -2726.213 -2.698.319 -2681.602 

Adj. BIC 5828.735 5619.964 5581.301 5569.446 5579.947 

LRTest - <0.001 0.0017 0.0057 0.7166 

BLRTest - <0.001 <0.001 <0.001 0.15 

Entropy - 0.669 0.715 0.749 0.768 

LL, Log Likelihood; LR Test, Likelihood Ratio Test; BLR Test, Bootstrapped Likelihood Ratio Test 
 

 

 

 

S2 Scree plot of adjusted BIC values between k-class models  
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S3 Selection of CANE need items  

CANE item Included Reason (if not included) 

Accommodation No <10% unmet need 

Looking after the home No <10% unmet need 

Food No <10% unmet need 

Self-care No <10% unmet need 

Caring for someone else No <10% unmet need 

Daytime activities Yes >10% unmet need 

Memory No >10% unmet need; 83% met need and 3% no 

need. Too less variability. 

Eyesight/hearing/communication Yes >10% unmet need 

Mobility/falls No <10% unmet need 

Continence No <10% unmet need 

Physical health No <10% unmet need 

Drugs No <10% unmet need 

Psychotic symptoms No <10% unmet need 

Psychological distress Yes >10% unmet need 

Information No <10% unmet need 

Deliberate self-harm No <10% unmet need 

Inadvertent self-harm No <10% unmet need 

Abuse/neglect No <10% unmet need 

Behavior No <10% unmet need 

Alcohol No <10% unmet need 

Company Yes >10% unmet need 

Intimate relationships No <10% unmet need 

Money/budgeting Yes >10% unmet need 

Benefits No <10% unmet need 

Caregiver need for information Yes >10% unmet need 

Caregiver psychological distress Yes  >10% unmet need 
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ABSTRACT 

BACKGROUND: Access to formal care is not always timely and a better understanding on the 

impact of untimely access is needed. 

OBJECTIVE: To examine, from a societal perspective, the impact of untimely access to formal 

care in terms of total costs and quality of life over one year in community dwelling people 

with dementia.  

METHODS: Within the Actifcare study, needs, resource use and quality of life were observed 

for one year in a cohort of 451 community dwelling people with dementia in 8 European 

countries. Untimely access to care was operationalized as having at least one unmet need for 

care identified by the Camberwell Assessment of Need for the Elderly (CANE) instrument. Two 

regression models were built for both total costs and quality of life measured by the EQ-5D-

5L, one using sum of unmet needs and one using a predefined selection of need items.  

RESULTS: Unmet needs were not associated with higher total costs but they were associated 

with a lower quality of life of people with dementia. Of all CANE items, only an unmet need 

for “company” was significantly related to lower total costs.  

CONCLUSION: Total costs did not seem to differ between participants with unmet and met 

needs. Only few associations between specific unmet needs and costs and quality of life were 

found. Furthermore, quality of life of people with dementia decreases when multiple unmet 

needs are experienced, indicating that assessing and meeting needs is important to improve 

quality of life.  

 

KEY WORDS access to care, untimely, unmet needs, dementia, costs, quality of life 
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INTRODUCTION  

Dementia has a large impact on societies and the total worldwide costs were estimated $818 

billion [1]. With increasing dependency alongside the progressive disorder, the need for 

unpaid informal care by family members increases [2], starting from some help in day-to-day 

activities to around-the-clock care and supervision. Formal care services are often needed to 

complement the informal caregiver in order to reduce caregiver stress and burden [2, 3] and 

maintain or improve the wellbeing of the person with dementia and support the informal 

caregiver. Several barriers for access to and utilization of formal care exist [2, 4-7] and 

potentially could result in a situation in which a need for formal care is unmet.  

Several studies have shown negative associations between higher levels of needs and quality 

of life in people with dementia [8-10]. Experiencing unmet needs in day-to-day activities may 

also increase the risk of institutionalization as the decreasing functioning of the person with 

dementia poses challenges with meeting and managing increasing needs such as eating and 

toileting [11].  

Not all care is unavoidable. Rudolph, et al. [12] found that experiencing falls is an important 

risk factor for avoidable hospitalization, which could have been prevented by e.g. home safety 

improvements. Together with literature on the association between unmet needs and quality 

of life, this suggests that untimely access to formal care could be associated with both lower 

quality of life and higher consequential costs.  This care, which could be formal or informal, 

could have been prevented or reduced if the care to meet such needs was introduced in a 

timely manner.  

From a health-economics perspective, it is of interest to examine the impact of unmet needs 

in terms of care costs and generic health-related quality of life (HRQoL). This could indicate 

the potential for interventions targeting the prevention or reduction of unmet needs and help 

policy makers to distribute available resources most effectively.  

A better understanding of the relationship between HRQoL, care costs and untimely access 

could indicate the importance of timeliness of care.  This could guide the development of 

interventions for improving HRQoL of community dwelling people with dementia and 

managing care costs. This study therefore aims to explore the impact of untimely access.  



 

 - 38 -  

METHODS 

The ACcess to TImely Formal care study (Actifcare) includes a one year longitudinal cohort 

study following persons with dementia, and their informal caregivers, from eight European 

countries, with measures taken at baseline, six and twelve months. A detailed description can 

be found elsewhere [13].  

  

PARTICIPANTS 

In total, 451 community dwelling people with a diagnosis of mild to moderate dementia and 

their informal caregivers participated at baseline. Participants were eligible if they were not 

using regular assistance concerning personal (formal) care related to their dementia (e.g. help 

with washing), but were expected to start using formal care within one year and did have a 

Clinical Dementia Rating (CDR) of 1 or 2 (indicating mild or moderate dementia) or MMSE  

≤24. All other eligibility criteria are described in detail elsewhere [13]. In each country ethical 

approval was obtained separately, and written informed consent was obtained for both the 

person with dementia and the caregiver.  

For the current study, participants were eligible for analyses if at least one follow-up 

measurement was available. In the instance that one of the two follow up measurements was 

completely missing, this measurement was excluded from analyses. A follow-up 

measurement was considered completely missing if the assessment of care use and HRQoL 

could not be performed.  

 

MEASURES 

The needs of the persons with dementia were derived from the Camberwell Assessment of 

Need for the Elderly (CANE) instrument [14]. This measure consists of 24 items relating to the 

person with dementia, and two relating to the informal caregiver. Each item was scored as 

either having no need, a met need or an unmet need. Rater (interviewer) scorings were used, 

which take into account both the informal caregiver and the person with dementia 

perspective, together with any other available information. The concept of untimely access 

to care was operationalized using the CANE instrument. Having an unmet need was 

considered untimely access to care and having a met need as timely access to care. Needs 

might be met by input from an informal caregiver, or from a formal care service or from both. 
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Informal caregiver-need related items were not used in the current analyses since the focus 

was on the needs relating to the person with dementia. 

Generic HRQoL of the person with dementia was measured using the proxy-rated EQ-5D-5L 

[15], which measures HRQoL in five domains including mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression. Every domain is scored on a five-level scale ranging 

from no problems to being unable or having extreme problems. These scores were 

transformed into utilities using UK index values [16, 17].  

 

MEASURMENT OF RESOURCE USE AND SOURCE OF UNIT COSTS  

Costs were measured from a societal perspective. The Resource Utilization in Dementia (RUD) 

instrument [18] was used to collect data on type and frequency of resource use from both 

the person with dementia and the informal caregiver. Participants were asked to fill out 

resource use for the past 30 days at baseline and for the past six months (since the last visit) 

at six and twelve months, except for informal care, which asked about the last 30 days at each 

measurement point.   

To calculate the resource use related costs, quantities of resource use were multiplied with 

unit prices. By necessity in this study, the recall period differed between the items. All 

resource use quantities were rescaled to the same period and subsequently transformed to 

a 1-year period to enable analyses on total costs across all observations.  

Country specific unit prices (Supplementary Table 1) were obtained from various 

international and national sources and all prices were transformed to Euros and to 2015 

values using annual exchange rates and Harmonized Indices of Consumer Prices from 

http://ec.europa.eu/eurostat. Unit prices were averaged and applied to all countries 

(Supplementary Table 1). Informal care was valued according to the opportunity cost, of 

which the hourly cost was reflected by the average wage derived from 

http://ec.europa.eu/eurostat. To reflect the mix of retired and non-retired informal 

caregivers, 35% of the country specific average wage was used [19]. 

For the current study a total cost variable was constructed, comprising both the person with 

dementia- related care costs and the informal caregiver- related care costs as identified by 

the RUD instrument. 

 

 

http://ec.europa.eu/eurostat
http://ec.europa.eu/eurostat
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ANALYSES 

Analyses were performed in the statistical software package Stata version 13 (StataCorp, TX). 

Baseline demographic characteristics, baseline HRQoL and needs over time were described 

using descriptive statistics.  

The impact of untimely access to care on care costs and HRQoL were examined in two steps. 

First, total rescaled annual costs and HRQoL were predicted using the sum score counting the 

number of unmet needs among all 24 needs in a regression analysis. Second, the associations 

between costs and the 24 CANE items, and HRQoL and the 24 CANE items were assessed in 

two separate multivariate regression analyses using an automated backward procedure. 

CANE items were dummy coded (‘no need’ or ‘unmet need’, the reference category was ‘met 

need’) and selected if: 1) the prevalence of unmet needs was ≥5% at baseline and 2) dummy 

pair showed to be significant in univariate regression analyses based on F-tests for multiple 

imputed datasets to test the joint effect of each dummy pair using a cut-off p<0.05. Each 

univariate significant CANE item dummy pair was incorporated and removed if not significant 

(p≥0.05; based on same test as in univariate analyses) in a backward procedure, starting with 

the least significant. In all regression analyses (univariate and multivariate), country and 

participant were used as random intercepts.  

The distribution of total annual costs on imputed data was skewed (skewness factor was 

5.01). They were log transformed to obtain a distribution with a skewness factor of zero by 

using ln (costs + 2186). Outliers on total annual costs were defined as 4 times the median 

absolute deviation and were omitted from analyses and descriptive statistics.  

For the calculation of costs, frequencies of resource use volumes were imputed across the 

entire dataset by multiple imputation using the Stata 13 chained equations and predictive 

mean matching command to construct an imputation model with age and gender of both the 

person with dementia and informal caregiver, MMSE, IADLS, PSMS and NPI, CANE, quality of 

life as well as RUD items as predictor variables. Ten imputed datasets were generated [20].    

 

SENSITIVITY ANALYSIS 

Different scenarios were tested examining robustness of results. First, the analyses on both 

total costs and HRQoL were rerun including any omitted outliers and performed by means of 

the same backwards procedure as the main analyses. Second, instead of EQ-5D-5L utilities, 

ICECAP-O [21] utilities were used, which focus on wellbeing instead of health, and consists of 
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five attributes: attachment, security, role, enjoyment and control. Scores were transformed 

into utilities ranging from 0 (no capability) to 1 (full capability) using the UK tariff [21]. 

Franklin, et al. [22] showed that the ICECAP-O provides complementary information next to 

the EQ-5D (3L), as not all domains of health (mobility and pain/discomfort) did show a 

significant relationship with capabilities of ICECAP-O. To assess the overlap between ICECAP-

O and EQ-5D-5L the correlation between their utility scores was estimated.  Third, instead of 

including country as the random intercept, the region (Northern, Western and Southern 

Europe) was used as fixed effect in regression analyses. Finally, a multivariate regression 

model was fitted to the change in costs and to the change in HRQoL between baseline and 12 

months’ follow-up, leaving 6 months’ follow-up out. Independent variables comprised 

dummy coded clustered transitions based on having no need, unmet or met need at 12 

months follow-up. For this fixed model the baseline level of need was not taken into account 

as the emphasis was on the level of need at 12 months.  

 

RESULTS 

Of all 451 participants, 52 (12%) participants were excluded because they were defined as a 

complete loss to follow-up, leaving the data from 399 participants for the current analysis. Of 

these 399 participants, 10 participants had complete missing data at 6 months and 42 

participants had complete missing data at 12 months, partly due to death (n=17). These 

measurements were excluded from analyses. Data for participants with parts of 

questionnaires missing were imputed through multiple imputation. Nine additional 

participants were excluded because they had an outlier in total costs, leaving 390 participants 

for the primary analyses.  

Table 1 shows the baseline characteristics of the people with dementia and the informal 

caregivers. The mean age of the people with dementia was 77 years, of whom 53% were 

female. Mean age of the informal caregivers was 67 years, of whom 67% were female. Of 

these 390 participants, 41 were not living in their own home at 6 months and at 12 months 

follow up, 49 participants were not living at their own home (i.e. intermediate forms of 

accommodation, dementia-specific residential accommodation, long-term institutional care 

or other).  
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Table 1: Characteristics of the person with dementia and informal caregiver at baseline (n=390) 

Characteristic Mean (SD), range or n(%) % missing 

Person with dementia   

Age 77.4 (7.8), 47 – 95 0% 

Gender, male n (%) 182 (47) 0% 

Years of education 10 (4.6), 0 – 25 <1% 

PSMS (0 – 6)  3.7 (1.8), 0 - 6 <1% 

IADL (0 – 8) 3.5 (2), 0 – 8 <1% 

MMSE total (0 – 30) 19 (5), 3 – 30 7% 

NPI-Q total (0 – 30) 7.5 (5.6), 0 – 30 <1% 

EQ-5D-5L, person with dementia proxy scored utility*  0.72 (0.20), -0.074 – 1 <1% 

ICECAP-O, proxy scored utility* 0.70 (0.16), 0.15 – 0.98 3% 

Number of unmet needs (rater) 1.7 (2) 0 - 11 2% 

Informal caregiver   

Age 66.5 (13.3), 28 – 92 0% 

Gender, male n (%) 130 (33) 0% 

Years of education  12 (4.4), 0 - 24 <1% 

Relationship, n (%)  0% 

   Spouse 241 (62)  

   Partner 13 (3)  

   Son/daughter 114 (29)  

   Other (e.g. friend) 22 (6)  

CarerQoL, utility 0.76 (0.17), 0.106 – 1.002 4% 

Lives together with person with dementia n (%)   284 (73) <1% 

PSMS, Physical Self Maintenance Scale; IADL, Instrumental activities of daily living; MMSE, Mini-Mental 
State Examination; NPI, Neuropsychiatric Inventory; * using UK tariff 

 

Descriptive statistics of the person with dementia EQ-5D-5L, as rated by the informal 

caregiver, at baseline are shown in Figure 1. Between 3.6% and 10.5% showed severe 

problems and between 0.3% and 4.6% showed extreme problems. 

 
Figure 1. Baseline percentages of proxy reported patient quality of life for each dimension (EQ-5D-

5L; n=390).  
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Percentages of needs and transitions over time are displayed in Figures 2a and 2b.  

The largest proportion of rater reported needs that remained unmet were found for “daytime 

activities” and “company”.  

 

 
Figure 2a. Percentage of need status on all CANE items between baseline, 6 months and 12 months 

follow up for those participants in whom no change of needs was observed. Missing transitions are 

not displayed. 

 

  
Figure 2b. Percentage of need status transitions on all CANE items between baseline, 6 months and 

12 months follow up for those participants in whom a change of needs was observed.  Missing 

transitions are not displayed. 
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UNMET NEED PREDICTORS OF COSTS 

Total annual costs were not significantly related to the sum of unmet needs (step 1). The 

following CANE items were significant in the univariate analysis using costs as outcome and 

were selected for the costs model (Supplementary Table 2) in the second step of the analysis: 

looking after the home, daytime activities, mobility/falls, information, accidental self-harm, 

company and benefits. The final model (step 2) showed that costs were significantly different 

for “company” only (Table 2; Supplementary Table 3), where having an unmet need was 

associated with lower costs (€-2,709, p=0.012) compared to having a met need. Results (not 

displayed) showed that having no need for all items, except “information”, led to lower costs 

compared to having a met need.  

 

Table 2. Multivariate results of final model using costs as outcome (n=390)1 

CANE item Unmet vs met 

need*  

   

  Coefficient2 Standard 

error 

Back 

transformed 

coefficient3 

(€) 

p 

Looking after the home -0.027 0.080 -564 0.737 

Daytime activities -0.026 0.052 -547 0.618 

Mobility/falls 0.003 0.074 70 0.965 

Information -0.113 0.075 -2,288 0.128 

Company -0.136 0.054 -2,709 0.012 

Benefits -0.033 0.079 -694 0.675 

In bold: significance <0.05; *No need vs met need not displayed in table; constant is 9.968 
1Table only displaying dummy pairs shown to significantly improve the model. 
2 this is the estimated (rounded) coefficient of the model fitted to the log transformed costs outcome. 
3 the coefficient was back-transformed using the following formula:  

(exp(constant + 1 ∗ CANEdummy2 + 0 ∗ CANEdummy3) − a)

− (exp(𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 0 ∗ 𝐶𝐴𝑁𝐸𝑑𝑢𝑚𝑚𝑦2 + 0 ∗ 𝐶𝐴𝑁𝐸𝑑𝑢𝑚𝑚𝑦3) − a) 

Constant = beta coefficient of the constant of the regression model 
CANEdummy2 = beta coefficient for the dummy reflecting the presence of an unmet need 
CANEdummy3 = beta coefficient for the dummy reflecting the presence of no need 
a = 2186, which reflects the correction factor 
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UNMET NEED PREDICTORS OF HRQoL 

The sum of unmet needs (step 1) was significantly associated with HRQoL (p<0.001), reflecting 

a lower HRQoL (-0.017) for each additional unmet need (also see Supplementary Figure 1). 

The following CANE items were significant in the univariate analysis using HRQoL as outcome: 

looking after the home, daytime activities, mobility/falls, psychotic symptoms, psychological 

distress, accidental self-harm, company and benefits. The final model showed that having an 

unmet need on “mobility/falls” was significantly related to a lower HRQoL (-0.054, p=0.006) 

compared with having a met need (Table 3; Supplementary Table 4). Having no need was 

significantly related to a higher HRQoL compared to having a met need on all the items in final 

model.  

 

Table 3. Multivariate results of final model using quality of life as outcome (n=390) 1 

CANE item Unmet vs met need*    

 Coefficient Standard error p 

Looking after the home -0.005 0.022 0.831 

Daytime activities -0.003 0.012 0.812 

Mobility/falls -0.054 0.020 0.006 

Psychotic symptoms -0.019 0.024 0.428 

Psychological distress -0.015 0.018 0.405 

Benefits 0.030 0.021 0.162 

In bold: significance <0.05; *No need vs met need not displayed in table; 1Table only displaying dummy 
pairs shown to significantly improve the model. 

 

 

SENSITIVITY ANALYSIS 

Sensitivity analysis allows us to see how sensitive our results are to the assumptions of our 

models [23]. Inclusion of the nine participants with outliers (costs ranging between €121,238 

and €269,845) on total costs showed the same results for HRQoL, meaning the same CANE 

items remained significant after the backward procedure. Using costs as outcome showed 

some deviation i.e. “Company” was no longer significant. There was a significant positive 

correlation between ICECAP-O and EQ-5D-5L utilities at baseline,  r=0.47; n=377; p <0.001, 

indicating weak to medium correlation. When using ICECAP-O scores instead of EQ-5D-5L 

scores, “psychological distress” instead of “mobility/falls” was significant (Supplementary 

Table 5). Including region as a fixed factor did not change the results. Finally, the fixed effects 
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model using costs and HRQoL change scores between baseline and 12 months follow-up 

showed no significant results for either of the two outcomes.  

 

POST HOC ANALYSIS 

A post hoc analysis (Supplementary Table 6.1 and 6.2) was carried out to examine whether 

consequential care could be identified when splitting total care costs into informal care- and 

formal costs (non-transformed), using the same backwards procedure on selection of CANE 

items. Results showed no significant cost differences when informal care costs and formal 

care costs were used as the outcome of interest.  

 

DISCUSSION  

We explored predictors of cost and health-related quality of life amongst people living with 

dementia. Only a weak association was found between unmet needs and 1-year total care 

costs resulting in lower costs. HRQoL was lower for those with an unmet need on the CANE 

item “mobility/falls” and also decreased with an increasing number of unmet needs.  

It was expected that untimely access to care would lead to higher costs compared to timely 

access, especially in terms of costs related to informal care. Neither primary- nor sensitivity 

and post-hoc analyses confirmed this expectation. CANE item “Company” was significantly 

related with lower care costs when experiencing an unmet need. However, after sensitivity 

analysis, this association did not hold and therefore was considered not robust.  

These results could suggest that having a met need indicates most likely that the need is being 

met by formal care, causing immediate higher costs that are not counterbalanced by the 

savings due to preventing consequential care. Another explanation might be that 

consequential care costs occur over a longer time period. For example, if the most common 

response to an unmet need for company is day care, then in the short-term, whilst the need 

is unmet, there will be a cost-saving related to not providing day care. On the longer term 

however, it is possible that lack of company and social contact could turn into isolation and 

self-neglect. Although we adjusted for participant, country and region in our models it is 

possible that differences between countries and regional differences within countries 

regarding care use influences how unmet needs are addressed and could influence the 

association between unmet needs and care costs. 
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An unmet need does not necessarily indicate a situation in which no formal care at all is 

provided. A need could have been met by informal, rather than formal care. The fact that 

total costs did not significantly differ between unmet and met needs could indicate that 

formal care was provided, but that the level of care was considered insufficient or not 

appropriate to meet the need. In other words, access to care could be realized already [24]. 

van der Roest, et al. [25] also showed that, although formal care was delivered, needs were 

still reported as unmet.  

Patrick and Peach [26] made a further distinction between under-met needs (needs that are 

partially satisfied) and unmet needs (needs that are not satisfied at all). In the current study 

such a distinction was not made, although this kind of distinction could lead to possible cost 

differences. Additionally, in some CANE areas several unmet needs could exist (e.g. physical 

health). However, the instrument records only one, making a specific distinction not possible.   

As expected, our results showed a negative association between the amount of unmet needs 

and HRQoL, which is supported by previous studies [8-10]. In current study we mainly focused 

on health related outcomes, since these are considered to be important outcomes in health-

economic studies and evaluations. However, it is possible that this resulted in an 

underestimation of other QoL domains. Therefore, the ICECAP-O was used as complementary 

instrument. As our correlation analysis showed, ICECAP-O and EQ-5D-5L were weak to 

moderately correlated, confirming the potential of complementing each other. This was also 

stated by Franklin, et al. [22], found in a validation study by Makai, et al. [27] and 

recommended to use both alongside each other when performing evaluations of 

interventions in older people [28]. When looking at the specific CANE items, “mobility/falls” 

was significantly associated with a lower QoL measured by the EQ-5D and “psychological 

distress” was significantly associated with a lower QoL measured by the ICECAP-O. This is 

possibly related to the specific scale’s sensitivity to the needs domain as mobility is an item 

in the EQ-5D, and psychological distress might be closer to the concept of capabilities 

measured by the ICECAP-O. Nevertheless, needs on the social domain would have been 

expected to be associated with HRQoL as this was found to be an important domain for older 

people [29]. Since HRQoL (EQ-5D-5L) is scored by the informal caregiver, we included 

caregiver characteristics to final model to examine whether this would influence the results. 

The results (Supplementary Table 7) showed that adjusting for age, gender, living together 

and care related QoL, did not alter the results regarding significance and direction of effects. 
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Although not within our scope of the current study, the analysis showed that other (informal 

caregiver related) factors were also associated with HRQoL of the person with dementia as 

scored by the informal caregiver. 

Livingston, et al. [30] stressed the need of individualizing dementia care by tailoring care to 

individual and cultural needs. Our results furthermore imply that HRQoL is increasingly 

affected when unmet needs accumulate, showing the importance of also taking into account 

the number of unmet needs when considering an individual’s situation.  

 

Our study was subject to some limitations. First, the one year follow-up can be considered 

too short to pick up the longer-term impact of unmet needs. Second, although the sample 

was meant to be typical, generalization of the results may be limited because the cohort 

consisted of a convenience sample. Third, reasons for not considering formal support might 

be similar to reasons for not participating in a scientific study that evaluates access to formal 

care, introducing a possible selection bias towards persons who are in a stable situation 

regarding their needs and received care. Fourth, as supported by Figures 2a and 2b, the 

proportion of transitions in needs was lower than expected, possibly resulting in too small a 

variation to potentially show an association with HRQoL and costs.  

A further important consideration when interpreting these results was that we did not correct 

for multiple testing as the secondary analyses with ICECAP-O as an outcome was purely for 

explorative purposes.  

 

RECOMMENDATIONS FOR RESEARCH, PRACTICE AND POLICY 

Identifying, managing and preventing unmet needs of people with dementia living at home is 

important as our research has indicated this as a potential pathway to improve HRQoL. The 

long-term impact of untimely access to care remain unknown, which will be part of an 

extension of the Actifcare cohort for 5 years. The results showed that the number of unmet 

needs has an impact on HRQoL. As individual and cultural differences in needs exist, it would 

be of interest to examine whether need profiles exist i.e. whether clusters of people could be 

identified on the basis of their combinations of needs and whether such clusters are 

associated with differing HRQoL.  
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Supplementary Table 1 Unit prices transformed to Euro 2015 
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 North North West West West West South South 

 

Living accommodation 
 

  
   

  
  

own home day 0 0 0 0 0 0 0 0 0 
Intermediate forms day 22 140 58 79 134 111 27 40 76 
Dementia specific residential day 252 180 116 157 168 111 53 37 141 
Long-term institutional care day 249 180 116 157 168 111 53 90 141 
Other day 0 0 0 0 0 0 0 0 0   

  
   

  
  

Admission to hospital 
 

  
   

  
  

Geriatric night 1462 518 255 841 477 388 427 b 576 
Psychiatric night 1462 518 523 352 477 388 427 191 549 
Internal medicine night 1462 518 343 841 477 388 427 884 587 
Surgery night 1462 518 861 841 406 388 427 884 643 
Neurology night 1462 518 496 841 396 388 427 1361 596 
General ward night 1462 518 496 841 477 388 427 884 606 
Other night 1462 518 496 841 477 388 427 884 606   

  
   

  
  

Emergency room visit 235 324 54 275 260 83 79 84 174   
  

   
  

  

Care professional 
 

  
   

  
  

General practitioner visit 38 124 19 52 33 48 25 34 47 
Geriatrician visit 139 425 65 162 91 47 78 b 134 
Neurologist visit 139 425 65 162 99 47 78 65 135 
Psychiatrist visit 139 425 19 162 91 63 78 65 130 
Physiotherapist visit 75 101 28 29 33 25 21 16 41 
Occupational therapist visit 75 101 28 29 33 28 21 16 41 
Social worker visit 92 101 35 29 65 36 21 16 49 
Psychologist visit 156 101 60 29 64 54 21 16 63 
Other visit 139 425 65 162 91 47 78 65 134   

  
   

  
  

Services 
 

  
   

  
  

District nurse or equivalent  hour 74 47 13 33 73 32 44 33 44 
Home aid/orderly hour 60 47 5 19 50 28 20 17 31 
Food delivery visit 9 24 11 7 5 7 5 4 9 
Day Care hour 17 14 21 17 11 15 16 13 15 
Transportation  visit 32 31 4 18 4 29 1 1 15 
Other hour 60 47 5 19 50 28 20 7 31   

  
   

  
  

Informal care 
 

  
   

  
  

Informal care instrumental 
ADL 

hour 11 6 6 8 7 7 5 3 7 

Informal care personal ADL hour 11 6 6 8 7 7 5 3 7 
Informal care supervision hour 0 0 0 0 0 0 0 0 0   

  
   

  
  

Productivity losses 
 

  
   

  
  

Mean wage hour 30 18 18 23 19 19 16 8 19 
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Abbreviations: ADL, activities of daily living 
Living accommodation ‘other’ mainly contained holiday at relatives’ home or hotel; Services ‘other’ mainly 
contained housekeeper or low level home care help.  
Unit prices were obtained from various international and national sources. All prices were converted to 
Euros and to 2015 values using annual exchange rates and Harmonised Indices of Consumer Prices from 
http://ec.europa.eu/eurostat.  
a Updated prices for Portugal were available in various Administrative rules, however, due to issues with 
transforming prices to the items of the RUD questionnaire in various cases prices reported by Luengo-
Fernandez, Leal, Gray[31] have been used as well as assumptions based on authors’ opinions.  
b Type of care not yet applicable/available in this country at time of fieldwork.  
 
 
 
Supplementary Table 2 Selection of CANE items (n=390) 

 ≥5% unmet 

need at 

baseline 

Univariate 

regression < 0.05 

Inclusion multivariate 

regression 

 Costs QoL Costs QoL 

1 Accommodation No n/a n/a   

2 Looking after the home Yes Yes Yes Yes Yes 

3 Food No n/a n/a   

4 Self-care No n/a n/a   

5 Caring for someone else No n/a n/a   

6 Daytime activities Yes Yes Yes  Yes Yes 

7 Memory Yes No No   

8 Eyesight/hearing/communication Yes No No   

9 Mobility/falls  Yes Yes Yes Yes Yes 

10 Continence No n/a n/a   

11 Physical health No n/a n/a   

12 Drugs No n/a n/a   

13 Psychotic symptoms Yes No Yes  Yes 

14 Psychological distress Yes No Yes  Yes 

15 Information Yes Yes No Yes  

16 Deliberate self-harm No n/a n/a   

17 Accidental self-harm Yes Yes Yes Yes Yes 

18 Abuse/neglect No n/a n/a   

19 Behavior No n/a n/a   

20 Alcohol No n/a n/a   

21 Company Yes Yes Yes Yes Yes 

22 Intimate relationships No n/a n/a   

23 Money/budgeting No n/a n/a   

24 Benefits Yes  Yes Yes Yes Yes 

http://ec.europa.eu/eurostat
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Supplementary Figure 1 Boxplots of EQ-5D-5L proxy scored utility of person with dementia by number 
of unmet needs (non-imputed data)  
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Supplementary Table 3 backwards procedure using costs as outcome 

 CANE item Dummy pair Dummy 2: Unmet vs met need Dummy 3: No need vs met need 

  p, F-test* Coefficient Standard 

error 

p** Coefficient Standard 

error 

p** 

Starting model*** Looking after the home <0.001 -0.035 0.079 0.658 -0.311 0.064 <0.001 

 Daytime activities <0.001 -0.027 0.052 0.599 -0.213 0.052 <0.001 

 Mobility/falls <0.001 -0.002 0.075 0.982 -0.183 0.044 <0.001 

 Information <0.001 -0.108 0.074 0.147 0.188 0.049 <0.001 

 Accidental Self-harm 0.053 -0.079 0.089 0.375 -0.109 0.046 <0.05 

 Company 0.030 -0.126 0.054 <0.05 -0.108 0.050 <0.05 

 Benefits 0.022 -0.032 0.079 0.683 -0.147 0.058 <0.05 

Final model Looking after the home <0.001 -0.027 0.080 0.737 -0.321 0.064 <0.001 

 Daytime activities <0.001 -0.026 0.052 0.618 -0.214 0.052 <0.001 

 Mobility/falls <0.001 0.003 0.075 0.965 -0.194 0.044 <0.001 

 Information <0.001 -0.113 0.075 0.128 0.182 0.049 <0.001 

 Company 0.018 -0.136 0.054 <0.05 -0.114 0.050 <0.05 

 Benefits 0.022 -0.033 0.079 0.675 -0.146 0.058 <0.05 

* p-value of each dummy pair; **p-value of each dummy (2 and 3); ***See Supplementary Table 2  
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Supplementary Table 4 p-values of backwards procedure using EQ-5D-5L utilities as outcome 

 Starting model*, p 

value F-test** 

Backward step 1, p 

value F-test** 

Final model, p value 

F-test** 

Looking after the home <0.05 <0.05 <0.05 

Daytime activities <0.001 <0.001 <0.001 

Mobility/falls <0.001 <0.001 <0.001 

Psychotic symptoms <0.01 <0.01 <0.01 

Psychological distress <0.001 <0.001 <0.001 

Accidental Self-harm 0.837 n/a n/a 

Company 0.325 0.314 n/a 

Benefits <0.05 <0.05 <0.05 

*Starting model includes selected items (see Supplementary Table 2); **p-value of each dummy pair 
 

 

 

 

Supplementary Table 5 Sensitivity analyses (n=390) with ICECAP-O utilities as outcome using final 

model (step 2) 

 Unmet need vs met need   

 Coefficient Standard error p 

Looking after the home -0.006 0.018 0.727 

Daytime activities -0.002 0.011 0.845 

Mobility/falls -0.007 0.017 0.688 

Psychotic symptoms -0.028 0.022 0.195 

Psychological distress -0.039 0.016 0.018 

Benefits -0.004 0.020 0.850 

In bold: significance <0.05; reference dummy met need 
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Supplementary Table 6.1 Post hoc results of backward multilevel model using non-transformed 

informal care costs (support with personal and instrumental activities of daily living, and 

supervision) as outcome (n=390)1 

 

 Unmet need vs met need   

 Coefficient (€) Standard error p 

Looking after the home -556 794 0.484 

Mobility/falls 1,140 748 0.128 

Information -1,410 809 0.084 

Benefits -594  785 0.449 
1Table only displaying dummy pairs shown to significantly improve the model. 
 

 

 

 

 

Supplementary Table 6.2 Post hoc results of backward multilevel model using non-transformed 

formal care costs* as outcome (n=390)1 

 Unmet need vs met need   

 Coefficient (€) Standard error p 

Daytime activities -2,449 1,284 0.057 

Mobility/falls -2,402 1.424 0.239 

Information -2,787 2,064 0.177 

*including accommodation costs, hospital costs (both caregiver and person with dementia emergency 
visits costs (both caregiver and person with dementia), costs of professional visits (both caregiver and 
person with dementia), costs for home- and social services (including day care). 1Table only displaying 
dummy pairs shown to significantly improve the model. 
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Supplementary Table 7 results of post-hoc analysis adjusting for informal caregivers characteristics 

using EQ-5D-5L as outcome  

Informal caregiver characteristics / CANE item    

 Coefficient Standard error p 

Gender, male 0.005 0.015 0.737 

Age -0.002 0.001 0.007 

Living together, yes 0.072 0.016 <0.001 

CarerQoL, utility 0.145 0.037 <0.001 

Looking after the home, unmet vs met 0.005 0.021 0.815 

Daytime activities, unmet vs met -0.001 0.012 0.959 

Mobility/falls, unmet vs met -0.042 0.020 0.035 

Psychotic symptoms, unmet vs met -0.016 0.024 0.493 

Psychological distress, unmet vs met -0.007 0.018 0.674 

Benefits, unmet vs met 0.033 0.021 0.115 

In bold: significance <0.05; *No need vs met need not displayed in table 
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Supplementary Table 8 baseline and 12 months mean total costs per CANE item on original (non-

imputed) data after outlier exclusion 

 Baseline  12 months  

CANE item Met need mean 

total costs (€) 

Unmet need 

mean total 

costs (€) 

Met need 

mean total 

costs (€) 

Unmet need 

mean total 

costs (€) 

Accommodation 23,851 (n=23) 19,165 (n=14) 31,780 (n=40) 27,547 (n=12) 

Looking after the home 18,063 (n=278) 15,730 (n=19) 22,966 (n=263) 20,213 (n=21) 

Food 17,913 (n=293) 13,837 (n=9) 22,596 (n=278) 27,042 (n=14) 

Self-care 18,645 (n=189) 22,806 (n=11) 25,397 (n=206) 23,885 (n=16) 

Caring for someone else 11,912 (n=18) 12,900 (n=4) 22,540 (n=11) 19,683 (n=6) 

Daytime activities 17,170 (n=122) 19,597 

(n=109) 

25,539 (n=162) 19,506 (n=83) 

Memory 16,787 (n=312) 14,279 (n=42) 22,616 (n=255) 16,810 (n=38) 

Eyesight/hearing/communication 17,748 (n=115) 26,018 (n=34) 21,978 (n=101) 21,000 (n=35) 

Mobility/falls  20,983 (n=141) 20,065 (n=24) 25,813 (n=147) 22,014 (n=21) 

Continence 23,256 (n=73) 19,777 (n=13) 29,245 (n=86) 31,130 (n=19) 

Physical health 16,596 (n=252) 18,700 (n=15) 22,819 (n=22) 22,687 (n=15) 

Drugs 16,963 (n=220) 15,775 (n=18) 22,734 (n=214) 21,778 (n=18) 

Psychotic symptoms 17, 805 (n=46) 15,663 (n=19) 23,511 (n=42) 25,606 (n=15) 

Psychological distress 15,390 (n=91) 16,071 (n=44) 24,458 (n=85) 17,088 (n=30) 

Information 17,670 (n=67) 12,019 (n=46) 19,131 (n=27) 14,313 (n=17) 

Deliberate self-harm 16,998 (n=5) 12,416 (n=4) 14,581 (n=4) n/a (n=0) 

Accidental self-harm 18,304 (n=106) 14,957 (n=21) 23,617 (n=107) 17,904 (n=8) 

Abuse/neglect 25,455 (n=15) 13,835 (n=1) 7,967 (n=3) n/a (n=0) 

Behavior 20,573 (n=18) 29,276 (n=7) 30,008 (n=28) 19,817 (n=11) 

Alcohol 13,272 (n=15) 19,515 (n=6) 13,588 (n=11) 15,955 (n=1) 

Company 19,207 (n=80) 18,274 

(n=102) 

25,605 (n=114) 19,384 (n=62) 

Intimate relationships 17,789 (n=22) 16,722 (n=15) 29,962 (n=10) 17,836 (n=4) 

Money/budgeting 16,935 (n=305) 23,881 (n=6) 22,196 (n=286) 33,216 (n=2) 

Benefits 23,284 (n=2) 14,590 (n=35) 23,609 (n=41) 22,468 (n=26) 
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ABSTRACT  

OBJECTIVES: Understanding which persons most likely use particular combinations of service 

types is important as this could lead to a better understanding of care pathways. This study 

aimed to identify combinations of service use within a sample of community dwelling people 

with Mild Cognitive Impairment (MCI) and dementia and identify factors related to these 

service use combinations. 

METHODS: A Latent Class Analysis performed at baseline on a merged dataset (n=530) was 

used to classify care recipients based on following service use types: general practitioner 

visits, physiotherapist visits, hospital outpatient specialist visits, emergency room visits, 

hospital inpatient visits with stay over, day care visits, use of domestic homecare, use of 

personal homecare and informal care on (instrumental) activities of daily living. Multinomial 

logistic regression was performed to identify factors associated with service use combinations 

using clinical characteristics of the care recipient and demographical characteristics of the 

care recipient and caregiver. 

RESULTS: Three service use classes were identified; a formal homecare class (10% of 

participants), an informal care class (46% of participants), and a low user class (44% of 

participants). Factors increasing the likelihood of being in the formal homecare class 

compared to the low service use class included a diagnosis of MCI or dementia, ADL 

impairment, older age of the care recipient and care recipient not living together with the 

caregiver.  

CONCLUSIONS: Besides a diagnosis of MCI or dementia, other factors ADL impairment, age 

and living situation were associated with service use. We recommend using these factors 

alongside the diagnostic label for care indication.  

 

Key words: early diagnosis, service use, dementia, mild cognitive impairment, latent class 

analysis 
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INTRODUCTION 

Alzheimer’s disease (AD) and associated dementia disorders have a great impact on people 

with dementia and their families. With a worldwide prevalence of 36 million [1] and related 

cost of $604 billion [2], dementia places a substantial burden on societies. Due to the 

progressive nature of the disease, people with dementia often require increasing amounts of 

support on their cognitive abilities and activities of daily living at home and often eventually 

in an institution [3, 4]. Early diagnosis of dementia is considered important for access to 

treatment, support, and future care and life planning for persons with dementia and their 

caregivers [1, 5].  

It is unclear what types of services are being used after a formal early diagnosis has been 

made. Understanding how clinical and demographic characteristics influence the use of care 

services is important to plan timely access to these types of care. Furthermore, since many 

different care providers are involved in the diagnostic process and care provision, insight in 

factors related to service use types could lead to better coordination of care between 

providers and informal caregivers.   

Several studies examined service use of people with dementia and their caregivers. Overall, a 

diagnosis of dementia has been found to be a major determinant of service use [6] with 

increasing service use in more severe disease stages [6-8]. People with dementia use 

healthcare services (e.g. specialist visits) more often than community services (e.g. day care) 

[9-11]. Factors associated with higher levels of service use have been found to be impaired 

activities of daily living (ADL) [6, 7, 12], neuropsychiatric symptoms [4], co-morbidities [8], not 

having a spousal caregiver [8, 13], caregiver and person with dementia not living together [13, 

14], knowledge of available services [15-17], caregiver’s positive attitude towards service use 

[18], higher caregiver burden [17], higher number of skilled nursing facilities [19], availability 

of public and private transportation [13], higher educational level [8, 13], higher age, and not 

being married [6]. Factors for non-utilization of services have found to be severity of cognition 

and a negative attitude of the person with dementia towards service use [17]. Furthermore, 

Beeber et al., [19] showed that people with dementia and their caregivers tend to use a 

combination of different types (e.g. using home health and home aide) rather than a single 

service type.  
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Studies on service use of people with Mild Cognitive Impairment (MCI), often preceding 

dementia [20] are scarce. Although MCI according to the criteria is not severe enough to 

interfere with activities of daily living [21], people with MCI showed to have higher medical 

costs and receive more informal care compared to people without MCI [22]. This finding 

suggests that informal care already starts before a person develops dementia.  

Current evidence mainly focuses on associations with single types of service use. Only Beeber 

et al., [19] focused on combinations of service types, although limited to community services. 

More research is needed to identify combinations of service types when incorporating a 

broader range of service types. 

A better understanding of combinations and associated factors is important for timely access 

and coordination of care for people with MCI and dementia. This cross sectional study 

therefore aims to identify subgroups of community dwelling patients with MCI and dementia 

who share similar combinations of service use at their initial visit to a memory clinic using 

latent class analysis, and examine which clinical and demographic factors are related to these 

subgroups.  

 

 

METHOD 

DESIGN 

A cross-sectional secondary data analysis was carried out on a merged dataset with data of 

four Dutch longitudinal studies with overlapping protocols: 1) the LEARN study [23], 2) the 

Clinical Course of Cognition and Comorbidity (4C) MCI study [24], 3) the 4C Dementia study 

[24] (data from Maastricht location only), and 4) the Dutch Flutemetamol study [25]. In all 

studies, patients were referred to the memory clinic of one of four academic hospitals 

(Maastricht, Leiden, Nijmegen or Amsterdam) for evaluation of their cognitive complaints. 

They received an extensive clinical examination and the informal caregiver was asked to fill 

out a booklet with questions about service use, informal care, working situation and quality 

of life of themselves and the person with the memory disorder.  
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STUDY POPULATION 

Inclusion criteria of the 4C, LEARN and the Dutch Flutemetamol study consisted of 1) a Clinical 

Dementia Rating score (CDR) of 0-2; 2) a Mini Mental State Examination (MMSE) score of ≥10; 

and 3) the availability of having a reliable proxy, further referred to as the informal caregiver.  

Exclusion criteria were: other neurological diseases (i.e. normal pressure hydrocephalus, 

Parkinson’s disease, Huntington’s disease, cognitive problems due to alcohol use, a cerebral 

vascular accident or transient ischemic attack less than two years ago, brain tumor, epilepsy, 

encephalitis); a psychiatric history less than 12 months ago (i.e. major depression according 

to the DSM-IV); and lastly when participants were suspected of not being able to have at least 

one follow-up.  

In total, 1033 people participated in the four studies of whom 304 in LEARN, 315 in 4C-MCI, 

329 in 4C-Dementia and 211 in the Dutch Flutemetamol study (of whom some people 

participated in more than one study n=126). Of all 1033 participants, 178 participated solely 

in 4C-Dementia in Amsterdam or Nijmegen of whom service use data was not obtained. 

Participants were excluded because of a diagnosis of subjective memory complaints (n=199), 

being institutionalized (n=55), having all clinical data or the syndrome diagnosis missing (n=2), 

or having all service use data missing (n=104). The final sample eligible for analyses comprised 

530 community dwelling people with MCI or dementia, further referred to as care recipients.  

 

MEASURES 

Demographic characteristics of the care recipients included gender, age, and years of formal 

education. Demographic characteristics of the informal caregivers included gender, age, years 

of formal education, living situation and working situation. Clinical measures of the care 

recipients included a diagnosis of MCI or dementia (due to Alzheimer’s Disease or other 

cause), cognitive functioning measured by the Mini-Mental State Examination (MMSE), with 

lower scores representing more severe cognitive problems [26], behavioral problems 

measured by the Neuropsychiatric Inventory (NPI), with higher scores indicating increased 

severity [27]; and functional abilities of activities of daily living (ADL) measured by the 

Disability Assessment for Dementia (DAD), with lower scores indicating increased disabilities 

on performing ADL [28].  
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Measures of service use were derived through a comprised questionnaire filled out by the 

informal caregiver [23]. This questionnaire consisted of the Resource Utilization in Dementia 

Lite (RUD-Lite) [29] and additional questions, which measured service use on GP visits, 

physiotherapy visits, psychologist visits, community mental health team visits, emergency 

room visits, hours of personal or nursing homecare, hours of domestic homecare, days of day 

care at nursing home, care home or community center, being admitted to a nursing home or 

care home, hospital outpatient specialist visits (any-type e.g. geriatrician, urologist), hospital 

inpatient visits with stay overnight, hospital inpatient visits without stay overnight, hours of 

informal care of activities in daily living (ADL; e.g. dressing), and hours of informal care of 

instrumental activities of daily living (IADL; e.g. cooking). In the questionnaire it was asked if 

and how often the care recipient, or the informal caregiver due to the problems of the patient, 

used these services within a recall period of three months. A copy of the booklet can be 

provided upon request.  

The following service use variables were included for further analyses: GP visits, 

physiotherapy visits, emergency room visits, personal homecare, domestic homecare, day 

care visit, hospital outpatient specialist visits, hospital inpatient visits with overnight stay and 

informal care ADL and informal care IADL. Psychologist visits, community mental health team 

visits and hospital inpatient visits without stay-over were excluded because data were only 

obtained in a subsample.  

 

STATISTICAL ANALYSES 

Latent Class Analysis (LCA) was conducted to identify combinations of service use types. LCA 

is used to detect the smallest number of latent classes by grouping individual care recipients 

into categories based on similarities in service use types. This was done by starting with a one-

class model and stepwise increasing the number of classes. The estimation of the number of 

classes was based on information criteria, likelihood ratio tests using the three step approach 

[30], entropy score and researcher’s interpretation. The Bayesian Information Criterion [31] 

considers the model with the lowest value to be the superior model. The Lo-Mendell-Rubin 

test [32] examined if the estimated model fitted significantly better than the model with one 

class less [33] using a p-value of 0.05. Entropy scores, ranging from 0 to 1, were used as an 

indicator of classification certainty using a cut-off score of >0.80. All class models were 

eventually reanalyzed using a parametric bootstrapped likelihood ratio test [34]. This test is 
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considered more robust than the Lo-Mendell-Rubin test [35] and should be significant at a p-

value level of 0.05.  Above all, interpretation of the meaningfulness of the latent class model 

was conclusive. The LCA was performed using Mplus version 7.3 [36].   

Of the 530 participants 63.4% had complete service use data, 33.4% had 1 to 3 missing 

variables and 3.2% had more than 3 missing variables on service use. For the LCA, missing 

values on service use data were handled by the latent class analyses in Mplus 7.3 through the 

default option.  

Conditional probabilities, or probabilities of using specific services given class membership, 

were plotted alongside their class proportion. Conditional probabilities were classified as low 

(0-40%), moderate (41-69%) and high, 70-100% [37].   

 

Next, it was tested if class membership was associated with demographic and clinical 

characteristics. This was done by a multinomial logistic regression model on the saved 

individual most likely class membership in SPSS version 22 [38]. Because of the explorative 

nature of the study, first univariate analyses were performed to select independent variables. 

Significant variables (p<0.10) with less than 25% missing values were used in the multivariable 

analyses. Furthermore, co-linearity between independent variables was assessed. The 

multinomial logistic regression was performed in a block wise fashion, starting with the 

syndrome and etiology diagnosis, then including the clinical characteristics MMSE, NPI and 

DAD score, and the final block contained the informal caregivers’ demographics age, gender, 

years of education, living situation and working situation. Model improvement was examined 

based on the significance (p<0.05) of the chi-square change   

Missing values on clinical and demographic characteristics were imputed through a multiple 

imputation procedure. In total 10 imputations were performed.  
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RESULTS 

Baseline characteristics are displayed in table 1. Most patients had a diagnosis of dementia 

(63%), of which 65% had dementia due to Alzheimer’s disease. The mean age of the care 

recipients was 70 years in the MCI group and 70 years in the dementia group. More than half 

of them were male (61% for MCI and 53% for dementia). The informal caregivers of the 

persons with MCI and dementia had a mean age of 62 years (MCI) and 62 years (dementia), 

of whom less than half were male (35% for MCI and 36% for dementia). T-tests and chi-square 

tests showed significant differences on the clinical variables MMSE, DAD and NPI score 

between people with MCI and dementia (see table 1). 

 

Table 1. Demographic and clinical characteristics of patients with MCI and dementia and their 

informal caregivers at first visit to memory clinic using non-imputed data. 

Demographics  MCI (n=198, 37%) 

Mean (SD) Range 

Dementia (n=332, 

63%) 

Mean (SD) Range 

Missing Significance* 

Patient     

Age, years 69.7 (8.8) 50-89 69.5 (10) 41-91 0% 0.763 

Gender, male (%) 61% 53% 0% 0.080 

Years of education 10.9 (3.6) 6-17 11.0 (3.7) 6-17 0% 0.729 

MMSE 26.3 (2.6) 18-30 23.0 (3.4) 13-30 1% 0.000 

DAD 86.6 (13.8) 38-100 75.2 (23.7) 0-100 13% 0.000 

NPI, total score 14.0 (14.5) 0-76 19.2 (17.9) 0-88 37% 0.004 

 

Informal caregiver 

    

Age, years 62 (11.7) 17-86 61.7 (10.8) 22-90 3% 0.763 

Gender, male (%) 35% 36% 1% 0.894 

Years of education 11.4 (3.1) 6-17 11.7 (3.2) 6-17 4% 0.279 

Lives together with patient 

(%) 

76% 72% 2% 0.351 

Having a paid job (%) 36% 43% 2% 0.105 
* Independent t-test for continuous data and Pearson’s chi square test for proportions; MMSE, Mini Mental 
State Examination; DAD, disability assessment dementia; NPI, neuropsychiatric inventory 

 

Table 2 summarizes the usage of services. Three cases showed extreme values of 168 hours 

per week for informal care ADL and IADL and were therefore transformed to 112 hours per 

week. During the recall period of three months, more than half of the participants visited their 

GP (77% MCI, median visits =2; 73% dementia, median visits = 2) and visited outpatient 
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specialist services (79% MCI, median visits = 2; 73% dementia, median visits = 3). Other 

services were used less frequent, except for the informal care IADL. More than half of the 

people with dementia used informal care IADL (63%), with a median of 7 hours per week.  

 

Table 2. Service use of patients with MCI and dementia and service use of their informal caregivers 

due to the problems of the care recipient, at first visit to memory clinic over a recalled period of 2 

weeks to 3 months.  

* Hours per week instead of visits past 3 months 

 

LATENT CLASS ANALYSIS   

The results of the model selection criteria (table 3) indicated that the three-class model was 

superior to the other models. The three-class model showed the lowest Bayesian Information 

Criterion value, a significant Lo-Mendell-Rubin’s test (p<0.05) and Bootstrapped Likelihood 

Ratio test (p<0.05), and had a high entropy score (0.892). Furthermore, the three classes 

resulted in meaningful interpretation by showing qualitative and quantitative difference in 

type and frequency of service use among classes (figure 1). GP visits and outpatient visits 

showed a high probability in all three classes. Probably most of these visits entailed a referral 

to the memory clinic. Class one contained 10% of the participants (n=54). Members of class 

one had a high probability of visiting the GP, outpatient visits, receiving informal care for IADL 

Service use visits past 

3 months 

MCI 

(n=198) 

 Dementia 

(n=332) 

  

 N (%) Users  Median 

(Range) 

Missing 

 

N (%) Users Median 

(Range) 

Missing 

GP  153 (77) 2 (1-20) 1% 243 (73) 2 (1-30) 3% 

Physiotherapist  50 (25) 6 (1-48) 4% 72 (22) 6 (1-26) 2% 

Hospital outpatient 157 (79) 2 (1-15) 1% 241 (73) 3 (1-19) 2% 

Inpatient stay over 9 (5) 2 (1-9) 3% 12 (4) 3 (1-21) 3% 

Emergency room 15 (8) 1 (1-4) 4% 25 (8) 1 (1-3) 5% 

Day care  1 (1) 7 (-) 2% 12 (4) 15.5 (0.66-

48)  

3% 

Domestic homecare* 23 (12) 3.1 (0.33-

11.25) 

1% 59 (18) 3.4 (1-9.38) 2% 

Personal homecare* 18 (9) 6 (0.37-14) 2% 27 (8) 5.75 (1-

19.38) 

2% 

Informal care ADL* 43 (22) 7 (0.03-

112) 

7% 122 (37) 7 (0.03-

112) 

2% 

Informal care IADL* 78 (39) 7 (0.10-

112) 

8% 209 (63) 7 (0.07-

112) 

1% 
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and using domestic homecare, a moderate probability of using personal homecare, and 

receiving informal care for ADL, but a low probability of visiting physiotherapist, inpatient 

visits, emergency room visits and day care visits. Class one was therefore labeled as the 

‘formal homecare’ class. Class two contained 46% of participants (n=242). Members of class 

two had a high probability of visiting the GP, outpatient visits and receiving informal care for 

IADL, a moderate probability of receiving informal care for ADL, but a low probability for using 

the other service use types. Class two was labeled as the ‘informal care’ class. Class three 

contained 44% of participants (n=234) and showed a high probability of visiting the GP and 

outpatient specialists, and a low probability of using the other service use types. Despite the 

high probability of visiting the GP and outpatient specialists, class three was labeled as the 

‘low-user’ class.  

 

Table 3. Fit statistics for different latent class models 

 1 class 2 class 3 class 4 class 5 class 6 class 

Log 

Likelihood 

-2189.865 -2026.110 -1988.720 -1973.734 -1961.322 -1950.937 

BIC 4442.459 4183.950 4178.172 4217.202 4261.380 4309.610 

Entropy n/a 0.754 0.892 0.905 0.890 0.842 

LMR n/a 0.0000 0.0039 0.0257 0.5562 0.4642 

BLR n/a 0.0000 0.0000 0.0128 0.1333 0.4286 

BIC, Bayesian Information Criterion; LMR, Lo-Mendell-Rubin’s test; BLR, Bootstrapped likelihood ratio test; 
n/a, not applicable. 

 

 

 
Figure 1. Conditional probabilities (y-axis) and class proportions (x-axis)   
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MULTINOMIAL LOGISTIC REGRESSION  

The method of using the most likely class as outcome in further analyses was appropriate to 

use since entropy score was high [39]. Univariate analyses showed no significant results for 

the predictor variables age of the informal caregiver, gender of the informal caregiver, gender 

of the care recipient, informal caregiver’s years of education and working situation of the 

informal caregiver. NPI was missing in 37% of the cases and therefore excluded for this 

analyses. Complete case analysis (n=317) was performed including NPI. Results showed that 

NPI was not significant (p=0.154). 

 

Table 4 shows the results of the multinomial logistic regression in terms of pooled odds ratios 

(OR). Every block showed a significant improvement compared to the previous block.  

Results of the final block showed that a higher age of the care recipient (OR 1.11; CI 1.06-1.16) 

increased the likelihood of being in the formal homecare class compared to the low user class, 

whereas a higher score on the DAD (OR 0.94; CI 0.92-0.96) and living together (OR 0.18; CI 

0.08-0.44) decreased this probability. The likelihood of being in the informal care class 

compared to the low user class is decreased by a higher score on the DAD (OR 0.97; 0.95-

0.98) and increased by having a diagnosis of AD vs. MCI (OR 1.84; CI 1.13-2.99) or dementia 

due to other causes vs. MCI (OR 2.16; CI 1.22-3.83). 

Although the entropy score was high, we additionally performed multinomial logistic 

regression weighted by the individuals’ maximum class membership probability to account 

for uncertainty in class allocation. Findings showed no deviating results between the most 

likely class method and the weighted method.  

 

Table 4. Pooled Odds Ratios from Multinomial Logistic Regression predicting class membership 

 Overall 

group 

differences 

Group comparisons 

 

 

p-value Formal homecare 

class vs. Low user 

class 

Informal care class 

vs. Low user class 

Formal homecare 

vs. Informal care 

class 

     

Gender, Male † >.05 0.93 (0.41-2.07) 0.94 (0.62-1.43) 0.98 (0.46-2.11) 

Age † <.01 1.11**(1.06-1.16) 1.01 (0.98-1.03) 1.10** (1.05-1.15) 
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Years of     

education † 

>.05 0.91 (0.81-1.02) 0.95 (0.90-1.01) 0.96 (0.85-1.07) 

Diagnosis 

    AD vs. MCI  

    Other NDD vs. 

MCI 

<.01 

 

 

 

0.48 (0.18-1.29) 

1.31 (0.47-3.61) 

 

1.84*(1.13-2.99) 

2.16** (1.22-3.83) 

 

0.26** (0.10-0.68) 

0.61 (0.23-1.57) 

MMSE >.05 0.96 (0.85-1.09) 0.97 (0.91-1.04) 0.99 (0.86-1.11) 

DAD <.01 0.94** (0.92-0.96) 0.97** (0.95-0.98) 0.97** (0.95-0.99) 

Living situation ‡ <.01 0.18** (0.08-0.44) 0.73 (0.43-1.22) 0.25** (0.11-0.56) 

Odds ratios are presented with 95% Confidence Interval (CI); † of care recipient; ‡ living together; 
*p<0.05, **p<0.01 

 

DISCUSSION 

This study identified three classes of service use in a memory clinic population with a diagnosis 

of MCI and dementia. Classes mainly differentiated between the service types formal 

homecare (domestic and personal homecare), and informal care (ADL and IADL) and were 

therefore labeled as the ‘formal homecare class’, ‘informal care class’ and the ‘low user class’. 

The largest class was the informal care class (46% of participants), and the smallest class the 

formal homecare class (10% of participants). Care recipient and informal caregiver not living 

together, older age of the care recipient, and a more impaired score on the DAD scale were 

strongly related to the formal homecare class. A diagnosis of dementia and impaired DAD 

score were strongly related to the informal care class.  

 

We did not find any significant results in the univariate analyses for informal caregivers age, 

gender and years of education on service use combinations, which is comparable to findings 

of Robinson et al., [7]. Gender of the care recipient was also not significant in the univariate 

analyses, although other studies found that gender is related to service use [6, 40].  We 

excluded NPI scores as a predictor in the main analyses. Other research indicated that 

behavioral changes are an important factor associated with social-, health-, and informal care 

costs [4]. However, NPI scores showed no significant result (p =0.154). One explanation for 

this might be a lack of variability due to the low NPI scores in our sample mainly in the 

subgroup of people with mild dementia. However, Herrmann et al., [41] found that even in a 

mildly impaired community dwelling population NPI showed to be an important cost driver.  

Living situation was significantly associated with being in the formal homecare class i.e. they 

were less likely to live together with their informal caregiver compared with the informal care 
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class and low user class. This is not surprising giving the fact that caregivers who do live 

together with the care recipient often substitute activities that normally would be done by 

the formal care system [14, 42].  

Furthermore, a higher care recipient’s age was related to a higher likelihood of using formal 

homecare services, which is comparable to the findings of Beeber et al., [19].  

Bergvall et al., [12] showed in their study that activities of daily living (ADL) measured by the 

DAD rather than cognition measured by the MMSE are the main predictor for informal care, 

which is comparable to our findings.  

Lastly, as expected care recipients with a diagnosis of dementia were more likely to use 

informal care compared to care recipients with MCI. However, diagnosis was not related to 

using formal homecare in addition to informal care. This can be explained by the fact that 

other factors such as high care recipient age, impaired ADL functioning and whether the care 

recipient and caregiver lived together showed a strong relation with service use and reflect 

the heterogeneity of care needs within the diagnostic syndrome categories of MCI and 

dementia.  

 

This study has some limitations. First, this study was based on cross sectional data and 

therefore determining causality or the ability to predict service use is limited. Second, service 

use was measured using a self-report questionnaire, which is less reliable than data retrieved 

by a face-to-face interview [19] and caregivers may have been unaware about services that 

were used [43]. A third limitation is the use of a limited number of predictors. Including a 

broader range of demographic (e.g. availability of nursing facilities), social (e.g. attitude 

towards service use) and clinical predictors (e.g. presence of co-morbidities) is recommended 

for future studies as these have been shown to be related with service use.  

 

Implications for practice and research  

Our results showed that next to the syndrome diagnosis of MCI or dementia, age of the care 

recipient, ADL impairment and living situation were also related to service use combinations. 

These findings confirm previous research and emphasize the importance to take these factors 

into account during the diagnostic process as these may improve to care planning. Future 

research should examine combinations of service use longitudinally, which makes it possible 

to actively prepare and plan the future need for services. A detailed understanding of the 
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probability and interaction of care services over time could provide care professionals with 

the necessary information to form an individualized care plan and prepare persons with 

memory complaints for their future care need. Such information could also be of value for 

the coordination of care services to ensure uncomplicated transitions between care providers  

 

Conclusion 

This study showed that ADL impairment, not living together with the caregiver and a higher 

age of the care recipient increased the likelihood of receiving formal homecare in memory 

clinic visitors with MCI and dementia. ADL impairment and having a dementia diagnosis 

increased the likelihood of receiving informal care. Therefore, these factors are relevant to 

take into account in addition to the diagnosis for care planning.  
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ABSTRACT 

OBJECTIVES: Examine care transitions within two years’ time in people with MCI and compare 

these transitions to people with subjective cognitive decline and mild dementia, and to 

examine overall determinants of care transitions.  

DESIGN, SETTING AND PARTICIPANTS: Secondary data analysis on cohort data of people with 

a diagnosis of subjective cognitive decline (SCD), mild cognitive impairment (MCI) and mild 

dementia who visited a memory clinic in The Netherlands.  

METHODS: 195 participants with a diagnosis of SCD (n=71), MCI (n=74) and mild dementia 

(n=50) were included for analyses. In total, five care categories of care combinations were 

constructed (e.g. “informal care” category) according to their occurrence of care 

combinations and were subsequently tabulated between baseline and 24 months follow up. 

Logistic regression models were fitted to identify demographic and clinical determinants for 

specific care transitions between these care categories.  

RESULTS: In MCI 28% experienced a forward care transition, mainly in terms of informal and 

also home formal care, compared to 24% in SCD, mainly in terms of informal care, and 62% 

in mild dementia mainly in terms of all care types. Backward transitions were observed in 

15%, 15% and 8% respectively. Age of the concerned person (OR 1.05) and receiving informal 

care at baseline (OR 3.96) were significantly associated with receiving formal care at 24 

months.  

CONCLUSION AND IMPLICATIONS: Almost half or more of people with SCD (39%), MCI (43%) 

and mild dementia (70%) experienced forward or backward care transitions within two years. 

Transitions reflect a potential for plannable care. More research is needed to identify among 

a wider set of determinants those associated with care transitions.   

 

KEY WORDS care transitions, mild dementia, mild cognitive impairment, informal care 
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INTRODUCTION  

With over 46.8 million people living with dementia worldwide in 2015 1, dementia is one of 

the largest global public health challenges. Dementia is caused by various neurodegenerative 

diseases, with Alzheimer’s Disease (AD) the most common cause 2. Due to its gradual 

progressive nature 3 people with dementia become increasingly dependent in their activities 

of daily living 4 resulting in increasing care needs 5, 6, and it is important to make sure the 

person with dementia can live at home as long as possible 7. The increasing provision of 

informal care 8, 9 may at some point become insufficient and formal care is therefore often 

needed to support the person with dementia and the caregiver.  

Estimates on transitions between no care, informal care and formal care in dementia are 

considered important to understand the dynamics between different care types. Such 

knowledge could be used to increase the quality of care by identifying best practices and 

potentially preventable and unnecessary care. Various studies have assessed care use 6, 10-13 

or reviewed factors associated to institutionalization 14, 15. However, few focussed on care 

transitions between various care domains over time 16-18. Among them, Wimo, Sjolund, 

Skoldunger, Johansson, Nordberg, von Strauss 18 identified transitions between informal to 

formal care at baseline and three years follow up in persons with and without dementia in a 

representative sample of the general population. They have identified dementia severity and 

informal care to be associated with receiving formal care, and found that people with mild 

cognitive decline without home support at baseline were at risk of receiving formal or 

informal care over time. Coley, Gallini, Gares, Gardette, Andrieu 17 studied transitions 

between no care and informal- and formal care in a more model based approach and found 

that disease severity was, amongst other factors, related with transitions to care over time. 

Until now, no studies have estimated care transitions in mild cognitive impairment (MCI). 

However, this possible pre-dementia stage of AD has been the focus of research for drug 

development and identifying people with prodromal AD at risk for developing dementia. It is 

important to explore care consumption and transitions in this stage to investigate potential 

preventable and plannable care. Although by definition functional abilities are preserved in 

MCI, previous studies on care costs in MCI 19-21 showed contradicting results in terms of 

differences of care costs between normal cognition and MCI, and between MCI and dementia.  
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The aim of this explorative study is twofold: examine care transitions within two years’ time 

in people with MCI diagnosed at a memory clinic and compare these transitions to people 

with subjective cognitive decline and mild dementia, and to examine determinants of care 

transitions. 

 

METHODS 

DESIGN 

A secondary data analysis was carried out on a subsample, which was derived from Dutch 

longitudinal cohort studies, which had similar eligibility criteria and standardized 

measurement protocol and comprised data from the LeARN study 22, the Clinical Course of 

Cognition and Comorbidity (4C) MCI study 23 and the Maastricht BB-ACL study. 

 

PARTICIPANTS 

Participants were referred to one of three academic memory clinics (Maastricht, Nijmegen or 

Amsterdam) for evaluation of their cognitive complaints. Diagnosis of MCI was made 

according to Petersen criteria 24 and diagnosis of dementia according to DSM-IV criteria 25. 

SCD was categorized as having cognitive complaints, but without objectified cognitive 

impairment on cognitive tests 26. Combined general inclusion criteria of the 4C MCI, LeARN 

study and Maastricht BB-ACL study consisted of a) Clinical Dementia Rating score (CDR 27) of 

0-2; b) a Mini Mental State Examination (MMSE 28) score of ≥10; and c) the availability of a 

reliable informant. Exclusion criteria were: other neurological diseases (e.g. cognitive 

problems due to alcohol use or brain tumour); a psychiatric history less than 12 months ago; 

and lastly when participants were suspected of not being able to have at least one follow-up. 

Informed consent was obtained from both the participant and their proxy.  

The sample for the current study comprised people with a syndrome diagnosis of SCD, MCI or 

mild dementia (by applying a MMSE cut-off ≥2129) at baseline, and having baseline and 24 

months’ clinical and care use data. Of all 213 community dwelling participants with any care 

use data available at baseline and follow up (24 months), 18 participants (8%) were excluded 

for analysis due to partial missing care use data. These showed no statistical significant clinical 
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and demographic differences compared to those 195 participants having complete care use 

data and eligible for analysis. 

 

MEASURES 

Care use was measured through a comprised questionnaire filled out by the proxy at baseline 

and 24 months follow up, consisting of an adaptation of the Resource Utilization in Dementia 

Lite 30 and additional questions related to care use referring to past 30-days (informal care) 

or 3 months (formal care). For the current study the following care types related to daily 

activities were selected: informal care Instrumental Activities of Daily Living; e.g. doing 

groceries (IADL), informal care Personal Activities of Daily Living (PADL; e.g. personal care), 

formal personal and/or nursing care at home, day care visits and institutionalization. Informal 

care was truncated to a maximum of 112 hours per week 12, in case applicable. 

Care types were categorized based on the proportion of different combinations of care types, 

baseline and 24 months summed. In case a combination comprised ≥10% of the total sample 

this combination was labelled according to the care type, except for institutionalization, which 

anyhow was considered relevant to include as a separate category. In case combinations 

comprised <10%, these were merged with other categories with similar care type(s) (≥10%), 

or a new category was made out of combinations <10%. This resulted in the following 

categories (Appendix A2): “no care”, “informal care IADL” (IC-IADL), “informal care PADL” (IC-

PADL; possible in combination with informal care IADL), “formal care” (possible in 

combination with informal care IADL/PADL) and “institutionalization” (possible in 

combination with any other care type). 

 

STATISTICAL ANALYSES  

Care transitions of an individual between (in)formal care categories from baseline to 24 

month follow-up were tabulated and visualized alongside descriptive statistics of care within 

each category for each diagnosis separately (descriptive purpose only). Forward transitions 

were defined as an increasing care load for informal care IADL, informal care PADL, formal 

care at home/ day care, institutionalization, whereas backward transitions were defined as 

the reverse transition. Logistic regression analyses were performed on the total sample 

(n=195) to examine the relation of determinants at baseline with specific care transitions, 
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used as binary outcome. Inclusion of determinants was based on significant covariates found 

in literature 17, 18, and comprised age of participant, gender of participant, relationship with 

the participant, global cognition scored with the MMSE 28, neuropsychiatric symptoms 

measured with the NPI (total score) 31, functional abilities of ADL measured with the DAD 

(total score) 32 and a sumscore of comorbid conditions (e.g. hypertension). The syndrome 

diagnosis (SCD, MCI or dementia) was not included in the regression equation as we assumed 

these stages would be reflected by the symptoms of cognition, function and behaviour. A 

multivariable regression analysis was performed on only those factors that were significant 

(p<0.10) in a univariable analysis. Presence of multicollinearity was examined using a 

Variation Inflation Factor (VIF), and factors with a score higher or equal to 10 were omitted 

from the multivariable regression analysis. Missing values at baseline for clinical variables 

ranged between 1% (MMSE) and 14% (NPI and DAD). Missing clinical data were imputed using 

a multiple imputation (MI) procedure based on chained equations being a sequence of 

univariate imputation methods. Since the clinical variables were continuous, the predictive 

mean matching was implemented. In total, 20 datasets were created using MI. The analysis 

and MI procedure were performed in the statistical software package Stata, version 13 

(StataCorp, TX).   

 

 

RESULTS  

Baseline characteristics are shown in table 1. In total, 71 participants had a baseline diagnosis 

of SCD, 74 participants MCI and 50 participants had dementia. Demographic and clinical 

characteristics between groups differed significantly for age and education, proxy age, MMSE 

scores and DAD scores, but not for NPI total score and number of comorbidities.  

 

At baseline, for SCD, MCI and dementia informal care IADL was used in 27%, 34% and 72% 

respectively, PADL was used in 14%, 20% and 56% respectively, and formal care was used in 

0%, 5% and 8% respectively (see Table 2).  
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Table 1. Baseline characteristics based on non-imputed data 

Demographics 

(n=195) 

SCD (n=71)  

Mean (SD) 

Range or % 

MCI (n=74) 

Mean (SD) 

Range or % 

Mild dementia (n=50) 

Mean (SD) Range or % 

Missing 

(%) 

pa 

Participant      

Age, years 63.6 (7.7), 

40 – 79.9 

67.7 (9), 40.2 

– 88.8 

69.9 (9.4),  

53.7 –89.4 

0% 0.001 

Gender, male (%) 69% 64% 66%  0.783 

Education 

  Low 

  Middle 

  High 

 

27% 

28% 

45% 

 

31% 

22% 

47% 

 

38% 

40% 

22% 

0% 0.047 

Number of 

comorbidities 

2.3 (1.5), 0 – 

7 

2.3 (1.6), 0 – 7 1.9 (1.4), 0 – 5 0% 0.332 

MMSE 28.1 (1.6), 

23 – 30 

26.8 (2.3), 22 

– 30 

24.9 (2.4), 21 – 30 1% <0.001 

DAD 91.1 (12.9), 

32 – 100 

89.8 (11.1), 59 

– 100 

74.8 (21.3), 33 – 100 13.9% <0.001 

NPI, total score 16 (15.8), 0 – 

84 

13.3 (12.6), 0 

– 52 

22.2 (18.9), 0 – 68 13.9% 0.052 

Informant      

Age, years 58 (10.1), 30 

– 78 

62.4 (10.9), 17 

– 78 

62.7 (9.9), 30 – 87 1% 0.009 

Gender, male (%) 21% 31% 28% 0% 0.387 

Education 

  Low 

  Middle 

  High 

 

21% 

28% 

49% 

 

14% 

31% 

50% 

 

22% 

32% 

42% 

3.6% 0.494 

Relationship with 

participant, spouse 

(%) 

85% 81% 74% 0% 0.204 

a Kruskal-Wallis for ordinal and continuous data and Pearson’s chi square test for proportions; MMSE, Mini 
Mental State Examination, range 0 - 30; DAD, disability assessment dementia, range 0 - 100; NPI, 
neuropsychiatric inventory, range 0 - 144 
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Table 2. percentage of care use at baseline  (n=195) 

 SCD (n=71), % 

using 

MCI (n=74), % 

using 

Mild dementia 

(n=50), % using 

Informal care IADL  27% 34% 72% 

Median hours per week (range) among 

users 

7 (0.12 – 28) 7, (1 – 112) 9, (0.5 – 63) 

Informal care PADL 14% 20% 56% 

Median hours per week (range) among 

users 

5.25, (1 – 12) 7, (1.8 – 21) 7, (1.78 – 63) 

Formal care personal/nursing homecare 0% 4% 2% 

Median hours per week (range) among 

users 

n/a 0.66, (0.37 – 5) 7, (-) 

Formal care, day care 0% 1% 6% 

Median visits per week (range) among 

users 

n/a 0.5, (-) 1.5, (0.6 – 2.3) 

 

 

Tables 3.1 to 3.3 show the transitions of categories over time separated for SCD, MCI, and 

mild dementia. The no care-category constituted the largest category over time for people 

with SCD and MCI at baseline and the proportion decreased only little over time (from 72% 

to 66% in SCD and from 65% to 55% in MCI). For people with dementia, the no care- category 

decreased from 28% (14/50) at baseline to 10% (5/50) at 24 months.  

Care transitions (both forward and backward) occurred 39% in SCD, 43% in MCI and in 70% in 

dementia. In people with SCD, 24% experienced a forward transition and 15% experienced a 

backward transition and 61% remained in the same care category. People with MCI 

transitioned forward to more intensive care types in 28%, for example from no care to 

informal care IADL. Backward transitions to a less intensive care type were observed in 15%, 

for example from informal care PADL to no care and 57% remained in the same care category. 

Among participants with dementia at baseline, 31(62%) out of 50 experienced a forward 

transition (e.g. from no care at baseline to informal care IADL at follow up) and 4 (8%) a 

backward transition. Almost half of all participants with dementia received formal care at 24 

months follow up of whom the majority transitioned from the IC PADL category.  
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Table 3.1: transitions (%) between baseline and 24 months follow up for people with SCD at baseline  

  24 Months  

Baseline No care IC-IADL IC-PADL 

Formal 

care 

Institution

alization 

Total 

(baseline) 

No care 38 6 5 2 0 51 

IC-IADL 5 2 2 1 0 10 

IC-PADL  4 2 3 1 0 10 

Formal care 0 0 0 0 0 0 

Total (24 months) 47 10 10 4 0 71 

IC IADL; Informal Care IADL, IC PADL; Informal care PADL.  

Table 3.2 transitions (%) between baseline and 24 months follow up for people with a baseline 

diagnosis of MCI 

  24 Months  

Baseline No care IC-IADL IC-PADL 

Formal 

care 

Institution

alization 

Total 

(baseline) 

No care 32 6 5 5 0 48 

IC-IADL 2 4 0 1 0 7 

IC-PADL 6 2 3 4 0 15 

Formal care 1 0 0 3 0 4 

Total (24 months) 41 12 8 13 0 74 

IC IADL; Informal Care IADL, IC PADL; Informal care PADL.  

Table 3.3 transitions (%) between baseline and 24 months follow up for people with a baseline 

diagnosis of dementia 

  IC-IADL; Informal Care IADL, IC-PADL; Informal care PADL.  

 

 

 

 

 

 

  24 Months  

Baseline No care IC-IADL IC-PADL Formal care 

Institutio

nalization 

Total 

(baseline) 

No care 3 3 3 4 1 14 

IC-IADL 0 0 1 5 1 7 

IC-PADL  2 1 8 12 2 25 

Formal care 0 0 1 3 0 4 

Total (24 months) 5 4 13 24 4 50 

Legend, % of total 

Backward 

transitions 

Forward 

transitions  

No 

transition 

0% 0% 0% 

<5% <5% <5% 

5-10% 5-10% 5-10% 

0% >10% >10% 
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The results of the logistic regression analyses are presented in Table 4. In total, three models 

were examined, comprising 1) no care at follow up, 2) any forward transitions, and 3) formal 

care at follow up. Receiving no care at baseline was included as an additional covariate in the 

first and second model. For the third model, receiving informal or formal care at baseline was 

included as covariate. In the first model estimating no care vs any care at follow up (93 out of 

195) showed that receiving no care at baseline was the only factor significantly associated 

with receiving no care at follow up (OR 4.86; CI 2.37 – 9.99). In the second model estimating 

any forward transitions vs no- or backward transitions (69 out of 195), being older (OR 1.05; 

CI 1.01 – 1.09) was the only factor associated with a higher likelihood for any forward 

transitions. In the third model estimating formal care (home care and institutionalization; in 

combination with or without informal care; 45 out of 195) at 24 months vs no formal care at 

24 months, none of the clinical variables MMSE, NPI and DAD were significantly associated 

with any forward transitions in multivariable model (although significant in univariable 

model). Receiving informal care at baseline (OR 3.96; 95% CI 1.73 – 9.0) and being older (1.05; 

CI 1.00 - 1.11) were significantly associated with a higher likelihood of receiving formal care 

at follow up (model 3), whereas receiving formal care at baseline was not significant in 

multivariable analysis.
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Table 4 Results of univariable and multivariable logistic regression analyses for all three outcomes.  

* Significance <0.05;  ** Significance <0.01; OR and CI 95% rounded to two decimal; † versus ‘other’ 
 

Outcome No care at 24 months Any forward transitions Formal care at 24 months 

  Univariable Multivariable Univariable Multivariable Univariable Multivariable 

Receiving no care at 

baseline 

5.65 (2. 99 – 

10.67)** 

4.86 (2.37 – 

9.99)** 0.95 (0.53 – 1.72) n/a n/a n/a 

Receiving informal care 

at baseline n/a n/a n/a n/a 

5.84 (2.78 – 

12.30)** 3.96 (1.73 – 9.0)** 

Receiving formal care at 

baseline n/a n/a n/a n/a 11.4 (2.2 – 12.30)** 5.4 (0.84 – 34.74) 

Age participant 

0.95 (0.91 – 

0.98)** 0.96 (0.92 – 1.00) 

1.07 (1.03 – 

1.10)** 1.05 (1.01 – 1.09)* 1.08 (1.04 – 1.12)** 1.05 (1.00  - 1.11)* 

Gender participant, 

female  0.73 (0.40 – 1.32) n/a 1.03 (0.56 – 1.91) n/a 1.25 (0.63 – 2.50) n/a 

Relationship with proxy, 

spousal† 

2.68 (1.25 – 

5.78)* 1.96 (0.79 – 4.86) 

0.32 (0.15 – 

0.66)** 0.46 (0.21 – 1.01) 0.27 (0.13 – 0.57)** 0.40 (0.15 – 1.06) 

MMSE total score 

1.20 (1.06 – 

1.36)** 1.07 (0.92 – 1.23) 

0.87 (0.77 – 

0.98)* 0.90 (0.79 – 1.03) 0.79 (0.69 – 0.91)** 0.89 (0.75 – 1.05) 

NPI total score 

0.97 (0.95 – 

0.99)* 1.00 (0.97 – 1.03) 0.99 (0.98 – 1.02) n/a 1.01 (0.99 – 1.04) n/a 

DAD total score 

1.04 (1.01 – 

1.07)** 1.03 (0.99 – 1.06) 0.99 (0.97 – 1.01) n/a 0.96 (0.94 – 0.98)** 0.98 (0.95 – 1.01) 

Number of 

comorbidities 0.98 (0.81 – 1.18) n/a 0.89 (0.72 – 1.09) n/a 1.09 (0.87 – 1.35) n/a 
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DISCUSSION  

This explorative study examined care transitions over a period of two years in persons visiting 

a memory clinic. In SCD, 24% experienced a forward care transition (mostly to informal care), 

in MCI 28% (both informal and formal care) and in dementia 62% (mainly to formal care). The 

proportion of back transitions was 15% in SCD and 15% in MCI and 8% in dementia. Receiving 

informal care at baseline and older age were associated with receiving formal care at 24 

months.  

When looking at the transition probabilities from no formal care to formal care in people with 

dementia, Coley, Gallini, Gares, Gardette, Andrieu 17 found 6-months’ probabilities to be 0.11. 

Our 24 months’ probability of people with dementia was 0.46 (21 out of 46; Table 3.3) and 

transformed to 6-months’ probability was 0.14. Consistent with findings by Wimo, Sjolund, 

Skoldunger, Johansson, Nordberg, von Strauss 18 and Coley, Gallini, Gares, Gardette, Andrieu 

17, receiving formal care at follow up was associated with receiving informal care at baseline 

and being older. Older age could possibly be related with an increased risk of frailty and 

therewith could reflect a need for care. Providing informal care showed a high likelihood with 

receiving formal care at follow up and could be explained by the fact that informal caregiving 

time increases with disease severity 8, which is also related to an increasing need for formal 

care. Contradictory to previous studies 6, 33, 34, being more functionally dependent in ADL 

activities (DAD total score) was not related with a higher likelihood of receiving formal care 

at follow up. Cognition (MMSE score) was also not significantly related with care use at follow 

up in multivariable analyses, although previous studies on care transitions 17 and studies on 

care use in general 10, 35-38 found such association. Both DAD and MMSE were however 

significant in univariable analysis. One explanation could be related to the adjustment for 

informal care at baseline, where receiving informal care at baseline is correlated with a lower 

MMSE and lower DAD. A second explanation relates to the fact that due to the heterogeneous 

nature of progression 3, 39, it may be difficult to predict care use at follow up based on baseline 

clinical data. Although evidence suggests that neuropsychiatric symptoms are associated with 

care transitions 17 and institutionalization 40, NPI total score was not significantly associated 

with formal care use at follow up, possibly due to fluctuations over time 39.  

Within a relatively short follow up term of 24 months, forward transitions were observed for 

participants with MCI. In a post hoc analysis we examined whether conversion to dementia 

was related with care at follow up (Appendices S3.1 and S3.2). Results showed that conversion 
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did not fully relate to receiving care at follow up as a proportion of those who did not convert 

also required care at follow-up. Of those who did not convert to dementia, 43% (20/46) 

required some kind of care at follow up, compared to 64% (9/14) of those who did convert to 

dementia. However, the percentages should be incorporated with caution as the cell counts 

are relatively small. The occurrence of care transitions reflects a potential for preventable and 

plannable care. In people with SCD care pertains mainly to informal care, for people with MCI 

in terms of informal and home formal care, and for dementia in all care types. There was no 

clear relation between care transitions and conversion to dementia. More insight into the 

specific determinants of care transitions (e.g. whether they were caused by the symptoms of 

the neurodegenerative disease itself, by worries about an unsure future or burden of the 

informal caregiver) is needed, but in our study not available. Such information could aid in 

planning future care facilities for people with signs and symptoms of cognitive disorders. 

The study was subject to limitations. The care use questionnaires were self-report and the 

recall period was up to three months. Recall bias could have resulted in an under estimation 

of care use. Second, some possible determinants like caregiver burden and need for care were 

not (adequately) measured, which would have provided a more complete understanding of 

care use. Especially to better understand the relation between care transitions and 

conversion to dementia, which now seemed not to be completely dependent. Last, cell counts 

were relatively low for most transitions due to the sample size as also the relatively short 

follow up period, possibly resulting in a reduced power and thus caution should therefore be 

made for generalizing the results. This limited the analysis of possible interactions between 

determinants.  

 

CONCLUSION AND IMPLICATIONS 

This study revealed that almost half or more of people with SCD (39%), MCI (43%) and mild 

dementia (70%) experienced forward or backward care transitions within two years. Results 

indicate a potential for plannable care. More research is needed, especially related to 

identification of other determinants. Only a higher age and receiving informal care at baseline 

were associated with formal care at follow up, implying a potential for future research to 

identify more determinants associated with these care transitions. 
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SUPPLEMENTARY MATERIAL 

S 1. Search string for identifying relevant studies in PubMed. 

(dementia [Title/Abstract] OR Alzheimer's disease [Title/Abstract] OR mci [Title/Abstract] OR mild 

cognitive impairment [Title/Abstract] OR subjective memory impairment [Title/Abstract] OR 

subjective memory complaint [Title/Abstract] OR subjective cognitive impairment [Title/Abstract]) 

AND (utilization [Title/Abstract] OR service use [Title/Abstract] OR care use [Title/Abstract] OR 

resource use [Title/Abstract] OR informal care [Title/Abstract] OR formal care [Title/Abstract] OR 

home health [Title/Abstract] OR homecare [Title/Abstract] OR home aide [Title/Abstract] OR 

community mental health services [Title/Abstract] OR community health services [Title/Abstract] OR 

healthcare [Title/Abstract] OR day care [Title/Abstract]) AND (combination* [Title/Abstract] OR 

transition* [Title/Abstract] OR cluster* [Title/Abstract] OR pathway* [Title/Abstract] OR pattern* 

[Title/Abstract]) AND (longitudinal [Title/Abstract] OR cohort [Title/Abstract] OR follow up 

[Title/Abstract] OR prospective [Title/Abstract]) 
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S 2. Construction of care categories 

Coding 

combinations 

Informal 

care IADL 

Informal 

care PADL 

Homecare 

personal/nursing 

Day care Institutionalization Baseline 

frequency 

24 months 

frequency 

Label category 

0-0-0-0-0 No No No No No 113 93 No care 

.-.-0-0-1 No No No No Yes 0 1 Institutionalization 

0-0-0-1-0 No No No Yes No 0 5 Formal care 

0-0-1-0-0 No No Yes No No 1 1 Formal care 

0-0-1-1-0 No No Yes Yes No 0 1 Formal care 

0-1-0-0-0 No Yes No No No 1 1 Informal care PADL 

1-0-0-0-0 Yes No No No No 24 26 Informal care IADL 

1-0-0-0-1 Yes No No No Yes 0 2 Institutionalization 

1-0-0-1-0 Yes No No Yes No 2 2 Formal care 

1-0-1-0-0 Yes No Yes No No 2 0 Formal care 

1-0-1-1-0 Yes No Yes Yes No 0 2 Formal care 

1-1-0-0-0 Yes Yes No No No 49 30 Informal care PADL 

1-1-0-0-1 Yes Yes No No Yes 0 1 Institutionalization 

1-1-0-1-0 Yes Yes No Yes No 2 17 Formal care 

1-1-1-0-0 Yes Yes Yes No No 1 7 Formal care 

1-1-1-1-0 Yes Yes Yes Yes No 0 6 Formal care 

Total      195 195  
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S3 Transition Tables for converters (MCI – DEM) and non-converters (MCI – MCI)* 

S3.1 Transition Table for converters 

Converters (n=14) 24 Months  

Baseline 

No 

care IC IADL IC PADL Formal care Institutionalization Total (baseline) 

No care 4 2 1 3 0 10 

IC IADL - - - 1 0 1 

IC PADL  1 - 1 1 0 3 

Formal care - - - - 0 0 

Total MCI (24 months) 5 2 2 5 0 14 

 

S3.2 Transition Table for non-converters 

Non-converters (n=46) 24 Months  

Baseline 

No 

care IC IADL IC PADL Formal care Institutionalization Total (baseline) 

No care 20 4 3 2 - 29 

IC IADL 1 4 - - - 5 

IC PADL  4 1 1 2 - 8 

Formal care 1 - - 3 - 4 

Total MCI (24 months) 26 9 4 7  46 

*Table 3.1 and 3.1 shows converters to dementia and non-converters, people with MCI who improve to SCD not shown
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ABSTRACT  

INTRODUCTION The aim of the study was to investigate the longitudinal association between 

cognition, health related quality of Life (HRQoL) utilities and costs in a well-functioning 

population at risk for cognitive decline.  

METHODS 2-year follow up data of the Finnish Geriatric Intervention Study to Prevent 

Cognitive Impairment and Disability (FINGER) were used (n=1120). A change score analysis 

was applied adjusting for activities of daily living (ADL) and depressive symptoms. Cognition 

was measured with a comprehensive neuropsychological test battery (NTB) using z-scores. 

HRQoL was derived through the SF-36 and transformed into utilities. Self-reported costs 

related to visits to/from a general practitioner, medical specialist, nurse and days at a hospital 

were used.    

RESULTS Change in cognition was associated with change in HRQoL utilities but not costs in 

univariate analyses. Multivariable analysis showed no association between cognition, HRQoL 

utilities and care costs. Changes in ADL and depressive symptoms were associated with 

changes in HRQoL utilities; a one-unit increase in ADL limitations was associated with a -0.006 

(0.6%) decrease in HRQoL utilities and a one-unit increase in depressive symptoms was 

associated with a -0.004 (0.4%) decrease in HRQoL utilities.  

DISCUSSION The level of cognition measured with NTB in people at-risk for cognitive decline 

does not seem to be associated with HRQoL utilities, whereas ADL limitations and depressive 

symptoms seem to have an impact. A cross-validation in other populations with differing 

degrees of cognitive impairment and including broader costing categories is needed.  

 

KEY WORDS HRQoL utilities, sf-6d, care costs, cognition, cognitive decline, dementia, at-risk  
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INTRODUCTION 

Dementia is one of the most frequent neuropsychiatric disorders of the elderly (1), and it is 

related to a considerable social and economic burden for the persons concerned, their 

families and the society as a whole. Due to the progressive nature of the condition, people 

with dementia have an increasing need for care (1, 2), leading to substantial informal and 

formal care related costs. Additionally, dementia can affect health related quality of life 

(HRQoL) (3), and this may happen already before the clinical dementia stage (4). Both HRQoL 

and care costs are considered important outcomes in burden of disease studies (5, 6). 

Furthermore, these outcomes can demonstrate the potential value of treatments (7). 

HRQoL can be expressed using utilities. Utilities are preference based values derived from  

the general population (5, 8, 9) and can be furthermore incorporated into the health-

economic decision models useful for policy and decision making. Until now, there is a lack of 

longitudinal evidence regarding the association between cognition and HRQoL utilities and 

care costs in follow-up among people at risk of dementia. Three cross-sectional studies using 

utilities derived from the EuroQoL 5-D examined this relation in older people without 

dementia, and two of them found an association (10, 11) while one (12) did not. One study 

found an association between cognition and utility related to wellbeing (12). Other studies 

(13-15) which did not incorporate utilities, but instead looked at other HRQoL measures 

(Visual Analogue Scale or total scores), showed contradictory results among non-demented 

older adults. Some studies (13, 15) found a direct association between cognition and HRQoL, 

but it was not confirmed by others (14) cross-sectionally or longitudinally.  

Besides HRQoL utilities, there is a knowledge gap in understanding the impact of cognition on 

care costs in people without dementia. Overall, care costs in people with dementia are known 

to be associated with the level of cognition and severity of dementia (16-18), even after 

adjusting for functioning in daily life (16). Some studies that have compared care costs across 

the cognitive continuum found that direct medical and non-medical costs did not differ 

between people with normal cognition and people with mild cognitive impairment (MCI) (19, 

20), but direct medical costs did, differ between people with MCI and prevalent dementia and 

between normal cognition and dementia (20). However, one study (7) did find a significant 

difference in direct medical care costs between people with MCI and those with normal 

cognition (age >55 years).  
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In the last decades, there has been increasing interest in development of preventive or 

disease-modifying interventions/treatments for non-demented persons, including persons 

with increased risk of dementia and persons with prodromal AD.  Such interventions might 

have early cognitive benefits, which potentially might result in improved HRQoL and reduced 

care costs already before the onset of dementia.  

Until now, the majority of research examining the relation between cognition and HRQoL is 

based on cross-sectional studies. The aim of the current study is therefore to examine the 

longitudinal relation between cognition and HRQoL utilities, and the relation between 

cognition and care costs in older adults at risk for cognitive decline over a 2-year time period.    

 

 

METHODS  

Design and setting  

The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability 

(FINGER) is a multicentre (six urban and rural cities: Helsinki, Vantaa, Kuopio, Oulu, Seinäjoki 

and Turku), randomized controlled trial performed in Finland (21). The effects of a 2-year 

multidomain intervention aiming at reducing cognitive decline were examined in older people 

with an increased risk of cognitive decline.  

 

Description of the FINGER study  

Participants from the general population (age 60 – 77 at the start of the study) were recruited 

from participants of previous population-based national surveys. Screening criteria for the 

study inclusion comprised  1) a CAIDE (Cardiovascular Risk Factors, Aging and Dementia; (22)) 

Dementia Risk Score of at least 6 points, 2) the mean level or slightly lower level of cognitive 

performance as would be expected for age, defined as meeting at least one of the following 

criteria: 1) Word List Learning task (10 words x3) ≤19 words, 2) Word List Recall ≤75%, or 3) 

MMSE ≤26/30 points (23). Exclusion criteria included previously diagnosed dementia, 

suspected dementia or significant cognitive impairment,  MMSE < 20, medical conditions 

affecting safe participation in interventions and participation in other ongoing intervention 

studies (details elsewhere) (21, 24). 
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After meeting the inclusion criteria and completing the baseline assessments, the participants 

were randomly allocated into either the intervention group receiving the multidomain 

intervention including dietary counselling, exercise training, cognitive training and 

management of vascular risk factors (22) or the control group that received regular health 

advice. 

 

Participants 

The total FINGER sample comprised 1260 participants. For the present analysis, 97 had 

missing data of interest at follow up (see Analysis), and another 43 participants had missing 

data of interest at baseline and were therefore excluded. The final sample eligible for analysis 

comprised 1120 participants. The 140 participants that were not included had lower mean 

score for cognition  compared to those included. Of them, 72 (6%) did not have 12 months 

data and 106 (9%) did not have 24 months data available (data completely missing or a too 

large fraction missing). These measurements were not imputed and subsequently left out of 

the analysis (see S1).  

 

Variables 

HRQoL utility score 

HRQoL was measured with the generic SF-36 measurement instrument (25). The preference 

based utility score, the SF-6D, is based on a selection of the SF-36 items (26, 27)  comprising 

physical functioning, role limitations, social functioning, pain, mental health and vitality (25). 

In the absence of a Finnish value set, scorings on these six dimensions were transformed into 

utilities using general population values from the UK (9), with a maximum of ‘1’ indicating 

perfect health.  

 

Care costs  

Costs of care, i.e. direct costs were estimated  from a medical viewpoint, including visits 

to/from a medical professional (GP or medical specialist or nurse) and days at hospital. Visits 

to a medical professional were inquired separately for public health centers, hospital 

outpatient and inpatient care, occupational health care, home visits or private sector doctor’s 

visits. Care use was assessed by a questionnaire filled out by the participant. The recall period 

was 12 months.  
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Total costs of medical care, which was used as one of the outcomes, were obtained by 

multiplying visits to care professionals and hospital days by their respective unit costs and 

summing these. Cost prices were retrieved from a Finnish report from the Finnish National 

Institute for Health and Welfare (28) and converted to 2015 prices using price indexes 

retrieved from Eurostat (http://ec.europa.eu/eurostat), also see Supplementary material S2.   

 

Cognition, ADL and depressive symptoms 

Cognition was reflected by a composite neuropsychological test battery (NTB) score (23), 

comprising the domains of executive functioning, memory and processing speed. This 

composite score was based on results of 14 standard neuropsychological tests which were 

calculated as z-scores (standardized to the baseline mean and SD) and averaged to total 

scores (21, 23), with higher scores indicating better performance. 

Activities of daily living (ADL) were assessed through 17 questions measuring both basic and 

instrumental ADLs, with each question having five answer options: i.e. being able to perform 

an activity without any, with minor or with major difficulties, only when assisted, or not able 

to perform them (29, 30). Item scores, ranging from 1 to 5 were summed where higher scores 

indicated being more dependent in ADLs, ranging from 17 to 85. An ADL score 17 indicated 

no problems at any task.  

Depressive symptoms were measured with the Zung depression scale (31), ranging from 20 - 

80 with higher scores indicating presence of more symptoms. 

 

ANALYSIS 

Measurements with partial missing data were multiple imputed using a chained equation 

procedure, with predictive mean matching (PMM) for continuous variables and logistic 

regression for dichotomous variables (StataCorp v.13). In total, 20 datasets were created 

using multiple imputation. Diagnostics (e.g. frequencies, kernel density plots) were examined 

for plausibility of imputed datasets before analyses were performed. 

 

A change score analysis, without adjustment for the baseline status, was applied between 

changes in cognition, ADL and depressive symptoms (independent variables) and changes in 

HRQoL utilities and costs (dependent variables). Change scores were generated between the 

assessment at baseline and 12-month follow-up, between 12- and 24-month follow-up, and 

http://ec.europa.eu/eurostat
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for those not having 12 months data available also between the baseline and 24-months 

follow-up. Subject was included as random intercept. Depressive symptoms and ADL were 

included in the multivariate models assessing the effect of cognition on the dependent 

variables if they were significant in the corresponding univariate models (having p-value <0.1) 

to control for a possible confounding effect. Multivariate models were also adjusted for group 

status (intervention/control), baseline gender, age and years of education. Before analysis, 

regression assumptions were tested by examining linearity, normality of residuals, 

homoscedasticity, and multicollinearity (Variance Inflation Factor<10). A log transformation 

was applied to reduce the skewness of care costs (12.46) and deal with extreme cost values 

(ln (cost -26.71877)).  

 

RESULTS 

Baseline characteristics are depicted in Table 1. Mean cognition at baseline was 0.020 (SD 

0.57; range) and the mean of HRQoL utilities at baseline was 0.78 (SD 0.12; 0.32 to 1.00).  

 

Table 1: Baseline characteristics of the selected sample (n=1120) 

 Frequency and percentage or Mean (SD) Range (min to max) 

Sex, male 603 (54%) - 

Age 69 (4.6) 60 to 80 

Education years 10 (3.4) 0 to 30 

SF6D Utility 0.78 (0.12) 0.32 to 1.00 

NTB total score (z-score) 0.020 (0.57) -1.88 to 1.54 

ADL  18 (2.5) 17 to 46 

Zung depression scale 33.8 (7.4) 20 to 63 

Minimum and maximum possible score on the scales: SF6D utility 0.296-1 with higher score indicating 
better HRQoL utilities; ADL range 17 - 85 with higher score indicating more dependence; ZUNG depression 
scale range 20-80 with higher score indicating more depressive symptoms. 

 

Results of univariable analysis are displayed in Table 2. An improvement in cognition 

(p=0.039), reduction in ADL problems (p <0.001) and decrease in depressive symptoms (p 

<0.001) were significantly associated with an increase in HRQoL utilities in univariable 

analyses. An increase in depressive symptoms (p=0.027) was associated with an increase in 

costs in univariable analyses.   
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Table 2: Results of the univariable regression 
 

Increase in HRQoL utility score † Increase in log costs † 

Variable coefficient significance coefficient significance 

Change in ADL‡  -0.006 <0.001 -0.002 0.886 

Change in depressive 

symptoms‡  

-0.004 <0.001 0.014 0.027 

Change in cognition‡  0.015 0.039 0.022 0.850 

† results of mixed linear model using change scores. Log costs were used in calculations; ‡ increase in ADL 

score and depressive symptoms indicates worse outcome and increase in cognition and HRQoL indicates 

better outcome 

 

Table 3 shows the results of multivariable model. After adjustments, reduction in ADL 

limitations (-0.006; p <0.001) and depressive symptoms (-0.004; p <0.001) were associated 

with increasing HRQoL utilities, while change in cognition was not associated with a change 

in HRQoL utilities (0.007; p=0.312). In addition, a change in cognition was not significantly 

associated with a change in costs (0.053; p=654). A decrease in depressive symptoms 

however, was associated with a decrease in costs (0.014; p=0.027). 

 

Table 3: Results of the multivariable regression 
 

Increase in HRQoL utility score † Increase in log costs † 

Variable coefficient significance coefficient significance 

Change in ADL ‡ -0.006 <0.001 n/a n/a 

Change in depressive 

symptoms ‡ 

-0.004 <0.001 0.014 0.027 

Change in cognition ‡ 0.007 0.312 0.053 0.654 

† results of mixed linear model using change scores. Log costs were used in calculations; ‡ increase in ADL 

score and depressive symptoms indicates worse outcome and increase in cognition and HRQoL indicates 

better outcome. Analyses were adjusted for age, gender, education and intervention allocation.  

 

Post hoc results 

In a post hoc regression analysis (see supplementary tables S3, S4 and figure S6) we 

investigated if the association between cognition and HRQoL was mediated by ADL based on 

criteria suggested by Baron and Kenny (32). The indirect (mediating) effect (S4) was 

borderline significant (0.0019; p=0.067).  
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As a second post hoc analysis (S5), a correlation analysis between baseline ADL, cognition and 

HRQoL domains underlying the utility score were performed. All HRQoL domains were 

associated with ADL. Four out of six HRQoL domains were associated with cognition.  

 

 

DISCUSSION 

The analyses are based on data from the Finger Study that has previously shown positive 

effects of a 2-year multidomain intervention on cognition (24), HRQoL (33) and ADL (34). In 

this study we aimed at examining the longitudinal associations between cognition and HRQoL 

utilities and care costs to identify whether there is a potential health-economic gain for non-

pharmacological interventions that aim at improving cognition. We found that a change in 

cognition during 2 years was not related with a change in HRQoL utilities or with a change in 

medical care costs in this population of fairly well-functioning older adults at increased risk of 

developing dementia.  

 

Cognition and HRQoL utilities 

One explanation for the non-significant association between the change in cognition and 

change in HRQoL utilities could be that, overall, the cognitive performance among all 

participants at baseline was relatively good as indicated by the mean (SD) MMSE of 26.7 (2). 

Therefore, there were possibly not enough people with a level of cognitive decline that would 

interfere with ADL, HRQoL utilities or costs. In a univariable analysis, improvement in 

cognition was associated with improvement in HRQoL, but the association was diluted in 

multivariate analyses, indicating that cognition did not directly impact HRQoL utilities, but 

instead possibly followed an indirect pathway via ADL. One study for example (35) has  shown 

that the executive functioning is related with performance in ADL among non-demented older 

adults. ADL limitations  in turn may lead to a reduction in HRQoL (10). However, in our post 

hoc analysis the indirect effect via ADL limitations was only borderline significant.  

Another, more methodological, explanation relates to the domains underlying the utility 

score, comprising physical functioning, role limitation, social functioning, bodily pain, mental 

health and vitality. These domains may be more strongly correlated with ADL compared with 

cognition. We therefore tested this line of reasoning in a post hoc correlation analysis (see 
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S6) using baseline scores and indeed showed that ADL scores were stronger correlated with 

each domain as compared to cognition scores.  

Besides ADL, more depressive symptoms were significantly related with a lower HRQoL. 

Depressive symptoms are common in people with cognitive impairment (4) and known to be 

related with HRQoL (4, 14, 15). 

 

Cognition and costs  

Up to a certain point, before significant problems appear, cognition may not affect HRQoL 

utilities or medical costs among non-demented older adults. Also, cognition may have a 

limited effect on ADL. Although the study population in our study is different, our findings are 

in line with previous studies Leibson, Long (20)  Luppa, Heinrich (19) showing  no significant 

difference in costs between people with MCI compared with those without MCI. This indicates 

that costs occur with increasing dependency (36) which was not (yet) the case in the current 

sample where participants presented with a mean ADL score of 18 (on a scale from 17 to 85). 

This is furthermore highlighted in other studies, where among people with MCI and dementia, 

care costs tended to increase with increasing dependency (37, 38).  

 

This study has several strengths including a well-defined study population, low drop-out rate, 

and comprehensive assessments of cognition, HRQoL and ADL. Although the HRQoL of the 

participants in FINGER study was found to be better compared to the normal population (33), 

the population is well-representative of older adults at increased risk of cognitive decline or 

dementia (23). They were well-functioning in terms of cognition, ADL and HRQoL at baseline. 

One limitation of the current study is that only direct medical costs and home nursing care 

costs were included. However, it is doubtful whether cognition would have affected indirect 

costs such as informal care, since there were not much difficulties in ADL, and they were not 

strongly associated with cognition. One further methodological consideration that should be 

mentioned concerns the value set used to calculate the utility score. At present, no Finnish 

value set exists and therefore we used the UK value set. Overall, differences between country 

specific value sets may exist (39), and therefore it is often recommended to use the country 

specific value set when examining treatment effects. However, we do not expect a large 

influence due to this value set.  
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CONCLUSION 

In a well-functioning population of older adults at increased risk of dementia, no association 

between cognition and HRQoL utilities, and between cognition and costs was found after 

adjusting for ADL and depressive symptoms. ADL and depressive symptoms were associated 

with HRQoL. Based on this evidence, the potential of improving HRQoL utilities by improving 

cognition in pre-dementia stages is likely limited, which is also in line with a previous study 

(40). The longer-term follow-up of this and other populations would help to identify at which 

point the decline in cognition starts to affect HRQoL utilities and create additional medical 

and non-medical costs. 
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SUPPLEMENTARY MATERIAL 

 

S1 flow chart 

 

 

 

S2: Unit prices (€; (28)) for each medical care type 

 Visit/ day Unit prices (€)* 

Doctor, public health care Visit 117 

Doctor, hospital (outpatient) Visit 280 

Doctor, occupational health care Visit 55 

Doctor, private Visit 50 

Doctor, visit at home Visit 179 

Nurse, occupational health care Visit 30 

Nurse, public health care Visit 50 

Nurse, visit at home Visit 117 

Hospital (inpatient) Day 785 

*2015 Prices (converted from 2011 to 2015) 
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 S3: Regression analyses to determine mediation.  

Dependent (HRQoL utility change) = independent (cognition change) (path c, S6a) 

Outcome: HRQoL utilities Coefficient SE p 

Cognition  0.0149 0.007 0.039 

Constant  -0.007 0.002 0.002 

 

Dependent (ADL change) = independent (cognition change) (path a, S6b) 

Outcome: ADL Coefficient SE p 

Cognition -0.306 0.160 0.056 

Constant 0.322 0.049 <0.001 

 

Dependent (HRQoL utility change) = independent (cognition change + ADL change)  
(path c’, S6b) 

Outcome: HRQoL utilities Coefficient SE p 

Cognition  0.013 0.007 0.070 

ADL  -0.006 0.001 <0.001 

Constant -0.005 0.002 0.031 
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S4 : Direct, indirect and total effect on model as depicted in S6. 

 Coefficient S.E. P 

Direct effect (c’) 0.0130 0.0010 0.070 

Indirect effect (ab or c-c’) 0.0019 0.0011 0.067 

Total effect (c’ + ab) 0.0149 0.0072 0.039 

 
 

 

S5: Pairwise correlation analysis between SF-6 domains and cognition and ADL at baseline 

(n ranging between 1104 and 1120) 

 ADL Cognition 

SF-6 domain 

Physical 0.53*  -0.18* 

Role 0.40* -0.11* 

Social 0.32* -0.11* 

Pain 0.36* -0.17* 

Mental Health 0.21* -0.003 

Vital 0.29* 0.02 

*significant at p<=0.05 
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 S6, Figure a and b: mediation model graphical representation 

 

6a:  

 

 

6b:  

 

 

  

S7: Search string used to retrieve relevant articles in PubMed 

(association [tiab] OR correlation [tiab] OR relation* [tiab] OR interaction [tiab])  AND 

("Cognition"[Mesh] OR Cognition [Title] OR cognitive decline [Title] OR cognitive impairment[Title]) 

AND ("Quality of Life"[Mesh] OR quality of life [Title] OR QoL [Title ] OR HRQoL [Title ] OR costs [Title] 

OR utilities [Title]) AND ("Aged"[Mesh]  OR elderly [tiab] OR older adults[tiab]) 
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CHAPTER 7  

General discussion 
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INTRODUCTION 

This thesis examined and identified several indicators that could potentially improve 

dementia care and health related quality of life (HRQoL), and for which several datasets were 

at our disposal. In Chapter 2 and Chapter 3 data from the European Actifcare study was used. 

This longitudinal cohort study is innovative in focusing on the middle stage of dementia, 

instead of focusing on early or late stages. In this study sample it was assumed that people 

with dementia and their caregiver would start using formal care within one year. In Chapter 

2, need profiles as reported by the caregiver were explored and subsequently determinants 

of these profiles were examined. In Chapter 3, the impact of untimely access to care in terms 

of care costs and HRQoL was investigated. In Chapter 4 and 5 data of several Dutch 

longitudinal cohort studies were used to study care use combinations at baseline (Chapter 4) 

and transitions over time (Chapter 5) in people with early cognitive disorders and dementia. 

These studies included people who received a diagnosis of subjective cognitive decline (SCD), 

mild cognitive impairment (MCI), or dementia at a specialized academic memory clinic. Last, 

in Chapter 6 data from a Finnish randomized controlled trial was used to study the association 

between cognition and HRQoL in people at risk for cognitive decline. Participants of this study 

did have a mean or slightly lower cognition as would have been expected for their age.  

 

Altogether, these studies cover a large part of the cognitive continuum  from suboptimal 

cognitive decline (FINGER) and subjective cognitive complaints and Mild Cognitive 

Impairments to early and middle stages of dementia, thereby creating an unique opportunity 

to study variations in care use and HRQoL throughout this continuum.  

This chapter will first describe the main findings of each study, followed by implications for 

practice and research. Lastly, methodological considerations and directions for future studies 

are addressed. 
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MAIN FINDINGS 

Can specific need profiles reported by caregivers of people with dementia be identified and 

what are the characteristics that are associated with these? (Chapter 2) 

In Chapter 2, a latent class analysis was applied on a sample of 447 people with mild to 

moderate dementia who participated in the Actifcare study, a longitudinal cohort study that 

was conducted in eight European countries (1). Four distinct need profiles were identified 

that differed regarding levels of need (no/met/unmet). The largest group was the “no need” 

profile, characterized by a high probability of scoring no need for each selected need item. 

The smallest group had the “unmet social need” profile, which was characterized by 

moderate to high probabilities for several unmet needs. This particular profile was 

particularly associated with a higher score on the Relative Stress Scale, reflecting the impact 

on a caregiver’s life, which underlines its clinical relevance. 

 

What is the impact of untimely access to care in terms of HRQoL utilities and care costs in 

people with dementia and their caregivers? (Chapter 3) 

The overall aim of the Actifcare study was to understand barriers and facilitators of access to 

formal care and identify best practices (1-6). Chapter 3 examined untimely access and its 

consequences in terms of care costs and HRQoL utilities. Results indicated that untimely 

access was associated with a lower HRQoL in people with mild to moderate dementia. 

However, this association showed to be less strong for care costs, suggesting untimely access 

to care did not affect care costs over a period of one year.  

 

What combinations of service use do exist in people with dementia and early cognitive 

disorders and which factors are associated with these combinations? (Chapter 4) 

In Chapter 4, combinations of service use types were examined in a memory clinic sample of 

people with MCI and dementia. By applying a latent class analysis on several service use types, 

three combinations of service use types (or classes) were identified. These classes comprised 

a ‘low user class’, an ‘informal care class’, and a ‘formal homecare class’. Determinants 

associated with these combinations showed to be syndrome diagnosis, living situation, age, 

and functional impairment in activities of daily living.   
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What care transitions do people with MCI compared to dementia and SCD undergo within 2 

years after diagnosis and what factors are associated with these transitions? (Chapter 5) 

As a sequel to Chapter 4, care use transitions in people with SCD, MCI and mild dementia 

were examined. Of all people with a baseline diagnosis of MCI, 43% experienced a care 

transition (forward or backward), compared to 39% in SCD and 70% in mild dementia. Almost 

everyone (90%) with a baseline diagnosis of dementia received some kind of care at 2 years 

follow up. Overall determinants for transitioning to formal care at follow up were a higher 

age and receiving informal care at baseline.  

 

What is the association between cognition and care costs and HRQoL utilities in people at risk 

of cognitive decline? (Chapter 6) 

In Chapter 6, the association between cognition and care costs and HRQoL utilities was 

examined in a sample of people with a mean or slightly lower level of cognitive performance 

as would be expected for age. A change score analysis over two years of time did not show 

an association between cognition and HRQoL utilities or costs. Changes in Activities of Daily 

Living (ADL) functioning and depressive symptoms were significantly related with decrease in 

HRQoL utilities. As a post hoc mediation analysis we examined a possible mediated effect of 

cognition on ADL functioning. However, results did not show a significant indirect effect 

between cognition and HRQoL mediated by ADL.  

 

 

IMPLICATIONS FOR PRACTICE AND RESEARCH 

Understanding care use in pre-dementia and dementia 

Understanding factors associated with care use is critical to lower barriers to care use and 

improve care planning. Despite the heterogeneous nature of the course of dementia (7), use 

of formal care tends to increase with severity (8). This was also shown in Chapter 5 where 

56% of people with a diagnosis of dementia used formal care after 2 years, compared to 8% 

at baseline. Certain factors increased the likelihood of using formal care, for instance when 

the person with dementia and his/her informal caregiver(s) were not living together (Chapter 

4 and 5) or were receiving informal care already (Chapter 5). Results of Chapter 5 showed 

that care transitions occurred in people with MCI as well, and therewith highlighting the 
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importance for further research as there may be a potential of care planning already as early 

as in the stages of pre-dementia. 

It is important to take care needs into account, as a need does not automatically leads to use 

of care and experiencing unmet needs (i.e. untimely access) could result in a lower HRQoL. 

This implies that there is a potential of improving HRQoL by addressing these unmet needs 

(Chapter 3).  

 

We explored care use in both pre-dementia and dementia (Chapter 4 and 5) by merging data 

from several cohort studies. The results demonstrated the value of combining data to identify 

potentials for improving care. Merging data is becoming increasingly attractive within 

dementia research (9), as reusing data saves time and costs. Furthermore, larger datasets 

allow us to apply new analytical techniques such as Latent Class Analysis (LCA; in Chapter 2 

and 4) that are more difficult to apply in smaller datasets. The identification of subgroups by 

means of LCA in Chapter 2 might for example lead to development or identification of 

interventions that target these combinations of needs.  

 

Measuring and defining HRQoL 

HRQoL is a common outcome of health interventions or care services (10) and increasingly 

used in dementia research (11). In Chapter 3 and 6, we used generic instruments to measure 

HRQoL. One major advantage of using generic instruments is that comparison between 

different health conditions becomes possible, in contrast to disease specific instruments (12). 

A disadvantage of generic instruments, however, is that they may not be sensitive enough to 

problems that are unique in specific health conditions (12). In our study (Chapter 6) examining 

the relation between cognition and HRQoL (utilities; derived from the SF-36) results did not 

show an association after adjusting for ADL and depressive symptoms. ADL-functioning and 

depressive symptoms were related with HRQoL, of which the latter was also found to be 

associated with HRQoL in a study by Weiss, Papousek, Fink, Matt, Marksteiner and 

Deisenhammer (13). Despite the fact that SF-36 is a validated and an often used instrument, 

it may not be responsive enough to examine the direct effect of cognition.  

Some generic HRQoL instruments were therefore extended with extra domains, for instance 

cognition, such as the Health Utilities Index (HUI) (14). Wolfs, Dirksen, Kessels, Willems, 

Verhey and Severens (15) furthermore explored the EQ-5D+C, an extension of the EQ-5D-3L 
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including a cognition domain (i.e. having no problems/ some problems or severe problems). 

Remarkably, results indicated that although both the EQ-5D and EQ-5D+C responded to 

cognition (MMSE) changes, the original (EQ-5D) performed slightly better, and thus the 

extended version did not show any added value. However, results were based on proxy 

reporting and there was a possibility of bias, for example due to caregiver burden. There is a 

need to further critically review which instrument should be used when examining the 

relation between cognition and HRQoL.   

 

HRQoL is an important and interesting concept to measure as it has several applications for 

use. One of these include the use in policy and decision making where HRQoL in terms of 

utilities, for example, indicate the potential HRQoL that can be gained by applying a new 

intervention. However, there may be a risk of missing out other information important to 

ones QoL when purely looking at its health-related aspects. The concept of HRQoL has also 

been criticized for taking a too narrow approach, ignoring elements of personal capabilities 

and meaningfulness. In last years, the  importance of using a broader view including social or 

positive health (16, 17) was stressed by Huber, et al. (17), who reformulated the WHO 

definition of health with a focus on the ability of people to adapt and self-manage when living 

with a chronic condition. 

Therewith, they acknowledged that a person can experience a high level of well-being despite 

a medical condition (17). This approach suggests that inclusion of instruments that 

complement HRQoL, for example including capabilities would be beneficial. Within the 

Actifcare study several of these measures of HRQoL were included, including the ICECAP-O, 

an instrument that focuses on capabilities (18, 19). In Chapter 3 we demonstrated that 

including the ICECAP-O provided additional information next to the EQ-5D. This idea of 

including both for example the EQ-5D and the ICECAP-O has also been used by others (20, 

21), and is important to reflect upon when designing a new study. 

 

Cognition and HRQoL 

Understanding whether cognition is related to HRQoL could indicate a major potential for 

(non)pharmacological interventions that aim at improving cognition and thereby could 

improve HRQoL. However, we did not find an association between cognition and HRQoL 

(Chapter 6). Bosboom and Almeida (22) studied this association in people with Alzheimer’s 
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dementia and also did not find a significant association between cognition and HRQoL, 

measured with a specific instrument (QoL-AD). Verlinden, van der Geest, de Bruijn, Hofman, 

Koudstaal and Ikram (23) examined trajectories of cognitive and functional decline 16 years 

before a diagnosis of dementia and showed a hierarchical decline that first started with 

memory complaints, followed by impairment in global cognition, then decline in more 

(cognitive) Instrumental Activities of Daily Living (IADL) functioning and lastly a decline in 

more basic daily functioning (ADL). Because of the complex nature of cognition and its 

interrelation with for example functioning, this could imply that we should focus on possible 

mediating effects, as was also examined in Chapter 6 (e.g. cognition and its relation with 

functioning). 

 

McLaughlin, et al. (24) described a holistic conceptual framework of dependence (See Figure). 

This framework, developed to describe disease progression in people with Alzheimer’s 

dementia, describes the interplay between cognition, functioning and behavioral symptoms 

on dependence and 

its possible relation 

with care use and 

HRQoL. As our 

population used in 

Chapter 6 was 

slightly impaired in 

cognition, IADL 

functioning may not 

be compromised, 

whereas in studies 

examining the association between cognition and HRQoL in dementia already IADL 

functioning is compromised. This suggests a threshold or range that determines when 

cognition is affecting IADL/ADL functioning and thereby affecting HRQoL.  

Therefore, it is recommended to examine HRQoL alongside the complete cognitive continuum 

(including people with MCI as well).  
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METHODOLOGICAL CONSIDERATIONS  

STRENGTHS 

One of the strengths of the studies conducted in this thesis concerned the unique opportunity 

of including various populations throughout the cognitive continuum. This made it possible 

to gain a better understanding on care use and HRQoL in people with different degrees of 

cognitive impairment.  

Second, several studies in this thesis were based on longitudinal data (Chapter 3, 5 and 6). 

Because of the use of longitudinal data, it was possible to examine several things, such as 

whether changes in need corresponded to changes in HRQoL and costs (Chapter 3), whether 

a change in care use was observed (Chapter 5), and whether changes in cognition were 

related with changes in HRQoL and costs (Chapter 6). Although the methods used to examine 

change were quite straightforward (e.g. change score analysis), examining change increased 

the likelihood of causality.  

Furthermore, the application of more explorative data-driven methods such as Latent class 

analysis (LCA) demonstrated the use and potential value for both clinical practice as research 

(Chapter 2 and 4). LCA enables identification of subgroups that are difficult to identify purely 

on observed data. For example, as we demonstrated in Chapter 2 applying LCA resulted in 

identification of different need profiles (subgroups) and characteristics associated with these 

profiles. This offers a potential to develop or identify interventions that could target these 

profiles and furthermore examine these over time through application of e.g. latent 

transitions analysis (longitudinal extension of LCA).   

 

LIMITATIONS 

Besides the strengths presented above, there are some limitations that should be mentioned. 

Although longitudinal data comprised a major strength, the studies did have a relatively short 

follow up period. A longer follow up would have been beneficial in Chapter 3 and Chapter 5. 

Because of the follow up period of one year in Chapter 3, it was difficult to examine whether 

untimely access would have led to compensational care (e.g. because of a need for mobility 

not being met, the person with dementia experiences falls and subsequently has to go to a 

hospital) and whether compensational care would in turn lead to higher costs. The same 

limitation holds for Chapter 5. Although the period of two years did demonstrate care 
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transitions in people with MCI (Chapter 5), this follow up period was relatively short. A longer 

follow up (e.g. 5 years) would make it possible to examine more into detail whether 

conversion to dementia was directly related with this increase in care use or whether other 

possible factors are related.  

A second limitation concerns the availability of factors that we used to study care transitions 

(Chapter 5). We did not have a measure of care needs (e.g. CANE; Chapter 2 and 3) and 

therefore it was assumed that those who did not use care were not having a need for care. 

However, it is known that a need for care and use of care are not the same.  

One further consideration that should be taken into account when interpreting these results 

concerns the sample being used for the studies. Participants of a study (i.e. those who agreed 

to participate and filled out questionnaires and gave information of care use) may have been 

the case that the sample under study  differs from those who did not participate. This could 

have resulted in a selective sample and therewith limiting generalizability. However, this is a 

hurdle which is inherent to this type of clinical research, and difficult to overcome.   

In addition, missing data on care use in Chapter 3, 4, 5 and 6 could also have resulted in a 

selected sample (e.g. informal caregivers that have a high burden are more likely of not filling 

out the care use questionnaire) and therewith resulting in selection bias. Although there are 

many other possible reasons for missing data, this is something to keep in mind when 

interpreting the results. As a consequence of missing data, the sample size was smaller 

(Chapter 5) possibly resulting in a reduce of statistical power. Although this study was 

explorative, a lower power limits the exploration of a broader scale of determinants and could 

therefore affect the significance of determinants. Informal care measurement is often carried 

out by self-report as was also the case in Chapter 4 and 5. Although informal care was 

measured with the Resource Utilization in Dementia (RUD), in which examples are given on 

what could be regarded as informal care, informal care by itself is susceptible for 

misconception. This misconception can arise because of the subjectivity of providing informal 

care and the way this is perceived by the proxy. It may be the case that a spouse perceives 

helping his or her partner as something that feels like a natural thing to do, resulting in 

underestimation of e.g. informal care hours. One other issue that impedes measurement of 

informal care is adaptation to the role as caregiver (25). It may therefore be that assessing 

informal care through an interview would provide better estimates. This could overcome the 

possible misconception as also was done in the Actifcare study (Chapter 2 and 3). 



 

 - 126 - 

FUTURE STUDIES 

Recommendations for the design of studies examining care use in pre-dementia and dementia  

First of all, a longer follow up period is recommended. Instead of one to three years, five years 

would be preferred. A one-year in between measurements could be too large of an interval 

and could possibly result in missing occurrence of multiple transitions within one year. 

Preferably, care use should be measured every 6 months. Together with 6-monthly 

measurements, a longer follow up would make it possible to examine whether formal care 

also reduces the informal care that is provided (26). If the informal caregiver experiences 

burden due to informal care, it is possible to examine whether this reduction in hours would 

also lead to a reduction of burden. This would be essential to understand whether lowering 

caregiving burden by formal care would in turn delay institutionalization (27).  

As a need for formal care does not imply use of formal, it is important that future research 

examining care use always incorporates a measure of need (e.g. measured with the CANE). 

Taking needs into account could indicate whether the care received is timely and whether the 

care provided is the right type and the right amount of care. Preferably these needs would be 

examined by an interview as was done in the Actifcare study, furthermore enabling the 

comparison of self-rated and proxy rated needs.   

Besides a measure of need, other factors such as psychological factors (e.g. worries), financial 

factors (e.g. insurance) or sociodemographic factors (e.g. social network) would be 

recommended to include as these would provide a complete picture of what contributes to 

care transitions. To select the most appropriate determinants, a literature review could be 

performed.  

 

Recommendations for the design of studies examining determinants of HRQoL with a special 

focus on the role of cognition 

Step 1. Adapting the framework to examine HRQoL 

To better understand the relation between cognition and HRQoL in pre-dementia and 

dementia, a first step would be to adapt the framework of McLaughlin, et al. (24) and include 

all relevant factors that could potentially be associated with HRQoL such as psychological 

factors or social factors like quality of the relationship with the informal caregiver (28).  
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Step 2. Validate the framework (step 1) 

A second step would comprise validating this adapted model in populations with varying 

degrees of cognitive impairment (including MCI). This validation step could be carried out by 

using existing (longitudinal) data. There are several statistical techniques such as structural 

equation modeling (SEM) that could be applied when examining this model. One form of SEM 

is path analysis which has the advantage to include indirect effects by a mediation model. It 

is essential that besides looking at direct effects (e.g. impaired cognition leading to lower 

perceived HRQoL), also indirect effects are studied (e.g. impaired cognition leading to 

impaired functioning leading to lower perceived HRQoL).  

 

HRQoL perspective and instrument 

In the first place, self-reported HRQoL would be the main perspective used as outcome. As it 

is known that differences exist in ratings of HRQoL (i.e. self-report versus proxy report) (11), 

it would be important to also take the proxy reported HRQoL into account. Whether this 

should be the informal caregiver or formal caregiver is subject for discussion.  

Moreover, future studies should investigate which HRQoL instrument would be the most 

appropriate to use to examine this relation (i.e. in terms of responsiveness).  
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CONCLUSION 

The results of this thesis demonstrated potentials for improving dementia care and HRQoL by 

exploring access to care and its consequences, care use combinations and transitions over 

time, profiles of care needs, and finally the relation between cognition and HRQoL. Targeting 

these potentials could lead the concerned person (e.g. person with dementia) and their proxy 

benefit maximally from care by effective and efficient use and provision of care. 
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Addendum  
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Summary 
 

Care needs in people with dementia are likely to increase over time. In the milder stage of 

dementia, these care needs are often met by the spouse, partner or family member; also 

called informal care. Formal care (like day care) is often needed to ensure that the person 

with dementia can live at home as long as possible. It is therefore critical to improve the 

understanding of access to care, care needs and use and factors associated with this use. On 

the one hand, this could lead to more efficient care use and on the other, lead to an 

improvement in quality of life (QoL). Both which are important outcomes in care and 

research. The overarching aim of this thesis is to identify indicators for potential 

improvements of dementia care by performing multiple (explorative) studies in people with 

and without dementia. These studies aim at identifying profiles of care needs (Chapter 2), 

and untimely access to care in people with mild to moderate dementia (Chapter 3), care use 

(Chapter 4) and transitions between care types in people with subjective memory complaints, 

mild cognitive impairment (MCI) and dementia (Chapter 5), and furthermore examine the 

relation between cognitive functioning and health related QoL (HRQoL) and care costs in 

people without dementia (Chapter 6). The studies cover a larger part of the cognitive 

spectrum. With this, it is possible to already examine (in an early stage) the possible health 

economic gains in terms of care costs and HRQoL. In Chapter 2 care needs of people with 

dementia were examined and from these needs, profiles were identified. Care needs were 

scored from the informal caregiver perspective and were related to domains such as daily 

activities and need for information. In total, 447 people with dementia and their informal 

caregivers who participated in the Actifcare study were included. Four profiles were 

identified. These profiles comprised a “no need” profile, a sub group which was characterized 

by a larger probability of having no need at all. In addition, two care need profiles were 

identified in which care needs did have a moderate to high probability of being met (through 

informal, formal or a combination of both). Last, one profile was characterized as having a 

moderate to high probability of having several needs unmet (the “unmet social need” profile). 

After identification of these profiles, it was examined which factors were associated with 

these profiles. Results did show that being in the “unmet social need” profile was associated 

with the informal caregiver experiencing a higher burden related to caregiving as compared 



 

 - 133 -  

to the “no need” profile. In Chapter 3 consequences, in terms of care costs and HRQoL, of 

untimely access to care were examined. This analysis was also part of the Actifcare study. 

Within one year, untimely access was related to experiencing a lower HRQoL. However, 

contrary as expected, care costs were not higher. In Chapter 4, care use combinations of 530 

people with MCI and dementia who visited an academic memory clinic in the Netherlands 

were examined. A same methodological approach as used in Chapter 2 was applied, resulting 

in three service use classes or combinations. One combination was characterized by having a 

low probability of using any services (the “low user class”), one combination that showed a 

high probability of using informal care (the “informal care class”), and one combination 

showing a high probability of using informal and formal care (the “formal home care class”). 

Factors, such as not living together with the person with dementia and decreased daily 

functioning showed to be related with a higher likelihood of being in the “formal home care 

class”. Chapter 5 can be seen as an extension of Chapter 4. In this Chapter, transitions 

between care use types within two years’ time were examined in 195 people with subjective 

memory complaints, MCI and dementia. Almost all participants with a baseline diagnosis of 

dementia used any form of care after two years. Care transitions were also observed for 

people with a baseline diagnosis of subjective memory complaints and MCI, although more 

frequent in people with a diagnosis of MCI. The last Chapter, Chapter 6, aimed at examining 

the relation between cognitive functioning and HRQoL and care costs in a Finnish population 

of people without dementia (1120). Results did show a relation between cognition and HRQoL 

if no other factors were taken into account. This association was diluted when factors such as 

depressive symptoms were taken into account. The general discussion, Chapter 7, discusses 

all studies as described in this thesis. Implications and recommendations are provided for 

future research and clinical practice. One of these research recommendations relates to the 

construction of a theoretical framework in which the relation between cognition and (HR)QoL 

can be examined. Ideally, such framework would encompass all factors that influence QoL, 

and offers possibilities to study possible interactions between those factors. One of the 

essential steps entails the validation in different populations (such as e.g. MCI). The studies 

as presented in this thesis could guide further research and therewith identified indicators for 

potential improvements of dementia care. 
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Samenvatting 
 

Mensen met dementie kennen een toenemende mate aan zorgbehoeften. Deze 

zorgbehoeften worden in de beginstadia van dementie vaak vervult door de naaste of 

familielid; ook wel mantelzorg genoemd. Om ervoor te zorgen dat de persoon met dementie 

zo lang mogelijk thuis kan blijven wonen is vaak ondersteuning van formele zorg nodig (bv. 

dagopvang of thuiszorg). Het is daarom van belang om de toegang tot zorg, zorgbehoeften, 

het zorggebruik en factoren die met dit zorggebruik samenhangen te onderzoeken en beter 

te begrijpen. Dit zou enerzijds tot een efficiëntere afstemming en gebruik van zorg kunnen 

leiden en anderzijds tot een verbetering van  kwaliteit van leven, beiden een belangrijke focus 

van onderzoek en zorg. Het overkoepelende doel van dit proefschrift is om indicatoren voor 

potentiële verbeteringen van dementiezorg in kaart te brengen middels (voornamelijk) 

exploratieve studies bij zowel mensen met dementie als ook zonder dementie. Deze studies 

richten zich op het identificeren van zorgbehoeften profielen (hoofdstuk 2) en ontijdige 

toegang tot zorg bij mensen met milde tot matige dementie (hoofdstuk 3), zorggebruik 

(hoofdstuk 4) en transities tussen types zorggebruik bij mensen met subjectieve 

geheugenklachten, een lichte cognitieve stoornis en dementie (hoofdstuk 5) en op de relatie 

tussen cognitief functioneren en gezondheidsgerelateerde kwaliteit van leven en zorgkosten 

in mensen zonder dementie (hoofdstuk 6). Hiermee omvatten de studies een groot deel van 

het cognitieve spectrum en kan al in een vroeg stadium gekeken worden welke mogelijke 

gezondheid economische winsten behaalt kunnen worden in de vorm van kwaliteit van leven 

en zorg. In hoofdstuk 2 zijn zorgbehoeften van mensen met dementie in kaart gebracht en 

werden hieruit profielen geïdentificeerd. Zorgbehoeften werden gescoord vanuit het 

perspectief van de mantelzorger en hadden betrekking op zaken als dagelijkse activiteiten en 

behoefte aan informatie. In totaal werden 447 mensen met dementie en hun mantelzorgers 

die mee hadden gedaan aan de Europese Actifcare studie geïncludeerd voor deze analyse. 

Vier profielen zijn geïdentificeerd. Deze profielen bestonden uit een zogenaamd “geen 

behoefte” profiel, een subgroep die naar grote waarschijnlijkheid geen zorgbehoeftes had. 

Daarnaast, waren er twee profielen waarin zorgbehoeftes hoogstwaarschijnlijk 

tegemoetgekomen zijn (zij het door informele, formele of een combinatie van beide). Tot slot 

was er een profiel dat zich kenmerkte door het hebben van behoeftes die niet 
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tegemoetgekomen werden (“onvervulde sociale behoeften” profiel). Vervolgens werd 

gekeken welke factoren samenhingen met deze profielen. Het bleek dat bij participanten die 

tot het  “onvervulde sociale behoeften” profiel behoorden, de  mantelzorger ook meer stress 

en druk ervoer voor het zorgdragen vergeleken met het “geen behoefte” profiel. In hoofdstuk 

3 zijn de consequenties van ontijdige toegang tot zorg in kaart gebracht. Consequenties 

bestonden uit gezondheidsgerelateerde kwaliteit van leven en zorgkosten. Ook hiervoor werd 

data gebruikt van de Europese Actifcare studie. In de periode van een jaar tijd lieten de 

resultaten zien dat ontijdige toegang geassocieerd was met het hebben van een lagere 

gezondheidsgerelateerde kwaliteit van leven. Echter, in tegenstelling tot de verwachting, 

bleken zorgkosten niet hoger uit te vallen. In hoofdstuk 4 werd zorggebruik bij 530 mensen 

met lichte cognitieve geheugenklachten en dementie onderzocht die waren gezien in een 

academische geheugenpoli in Nederland. Het doel was om zogenaamde combinaties of 

subgroepen van informele en formele zorggebruik typen te vinden. Met behulp van dezelfde 

analyse methode als in hoofdstuk 2 werden drie subgroepen of combinaties geïdentificeerd. 

Eén combinatie kenmerkte zich door geen tot nauwelijks gebruik van zorg (de “lage 

zorggebruik klasse”), één door vooral gebruik te maken van informele zorg (“informele zorg 

klasse”) en de laatste combinatie was zowel formele (thuiszorg) en informele zorg (“formele 

thuiszorg klasse”). Vervolgens werden factoren onderzocht die met deze combinaties 

samenhingen. Zo bleek het niet samenwonen met de persoon met dementie en een slechter 

algemeen functioneren samen te hangen met de formele zorg combinatie (“formele thuiszorg 

klasse”). Hoofdstuk 5 ligt in het verlengde van hoofdstuk 4. In dit hoofdstuk werd gekeken 

naar transities tussen zorggebruik typen die zich voordeden binnen twee jaar tijd bij 195 

mensen met subjectieve geheugenklachten, lichte cognitieve geheugenklachten en milde 

dementie. Een voorbeeld van een zorgtransitie is het hebben van informele zorg en het 

krijgen van formele zorg na 24 maanden. Bijna alle participanten met een diagnose van 

dementie gebruikten enige vorm van zorg in deze periode van twee jaar.  Verder lieten zowel 

mensen met subjectieve geheugenklachten als een lichte cognitieve stoornis zorgtransities 

zien binnen twee jaar tijd, hoewel zorgtransities bij mensen met lichte cognitieve 

geheugenklachten meer voorkwamen. In het laatste hoofdstuk, hoofdstuk 6, werd de relatie 

tussen cognitie, gezondheidsgerelateerde kwaliteit van leven en zorgkosten in een Finse 

populatie zonder dementie onderzocht (n=1120). Deze populatie kenmerkte zich door een 

gemiddelde of lagere cognitie dan verwacht (gezien de leeftijd) en door de afwezigheid van 
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substantiële cognitieve beperkingen en dementie. Resultaten lieten zien dat cognitie 

geassocieerd was met gezondheidsgerelateerde kwaliteit van leven wanneer geen andere 

factoren meegenomen werden. Echter, deze associatie viel weg wanneer factoren als 

depressieve symptomen en dagelijks functioneren meegenomen werden. In de algemene 

discussie, hoofdstuk 7, worden alle studies in perspectief geplaatst en worden 

methodologische overwegingen beschreven. Daarnaast komen de implicaties voor de praktijk 

aan bod, alsmede aanbevelingen voor verder onderzoek. Een van deze aanbevelingen heeft 

betrekking op het opzetten van een theoretisch kader waarin de relatie tussen cognitie en 

(gezondheidsgerelateerde) kwaliteit van leven kan worden bestudeerd. Dit kader zou 

idealiter alle factoren bevatten die van invloed zijn op kwaliteit van leven en het mogelijk 

maken de interactie tussen deze factoren te bestuderen. Hierbij is het van belang dat dit in 

verscheidene populaties getoetst wordt. Met de studies gepresenteerd in dit proefschrift kan 

verder richting gegeven worden aan vervolgonderzoek en zijn hiermee indicatoren voor 

potentiële verbeteringen inzichtelijk gemaakt. 
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Knowledge valorization 
 
Currently, between 254.000 and 270.000 people in the Netherlands have dementia, and of 

which the majority is living at home (1, 2). As a consequence of the aging population, it is 

expected that the number of people with dementia will increase in the upcoming years (3). 

At present, there is no cure that can alter the course of dementia, and developing Disease 

Modifying Treatments comprises a long process (4). The burden of disease, i.e. the loss of 

health due to disease or condition, attributed to dementia is substantial and expected to be 

the highest contributor compared to other diseases (e.g. coronary heart disease) in 2040 (1). 

Furthermore, costs attributable to dementia, so called cost-of-illness, were estimated 6.6 

billion Euros in 2015, comprising 7% of total costs of Dutch healthcare and expected to 

increase to 15.6 billion Euros in 2040 (1).  

 

The first step towards improving dementia care is by identification of factors associated to 

quality of life, access and care use that could be targeted. Such research, as demonstrated in 

this thesis, could already be performed in people without dementia to examine what would 

be possible the gains in terms of care(costs) and quality of life if a Disease Modifying 

Treatments would come available. 

This Chapter will discuss how findings from this thesis could be of use for science, healthcare 

and society. Moreover, the studies presented in this thesis are mostly explorative and can be 

considered innovative as 1) they address fundamental questions on pathways of care use and 

quality of life, 2) the studies cover a large part of the cognitive continuum and 3) the use of 

statistical methods like latent class analysis to address the research questions in Chapter 2 

and 4 can be considered original.   

 

ACTIVITIES, POTENTIAL APPLICATIONS AND STAKEHOLDERS 

Below, activities and potential applications resulting from this thesis are described. The 

research presented throughout this thesis was largely explorative and therefore the activities 

described are mainly targeted at the researcher. The potential applications that result from 

the current findings and future activities could be of interest for the policy- and decision 

maker, healthcare professionals, and the person with the cognitive disorder and their proxy.  
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Potential application: Development of a theoretical framework to prioritize interventions 

Various factors are associated with (HR)QoL. As shown in this thesis, cognition in people not 

having dementia was not associated with HRQoL when adjusted for other factors (e.g. 

depressive symptoms). This leads to the discussion on the development of a theoretical 

framework to study (HR)QoL drivers and validate this framework in populations throughout 

the cognitive continuum. The development of such theoretical framework should be executed 

by researchers. Ideally, such framework should be 1) built upon scientific knowledge on 

determinants already known (e.g. depressive symptoms), and 2) explore other determinants 

in a sequentially manner to construct a framework as complete as possible. It is thereby not 

only important to examine the direct effects of e.g. factor A on (HR)QoL, but also study the 

interplay between factors and its relation on (HR)QoL. This will provide an in-depth 

understanding of the complex mechanisms that drive (HR)QoL. Besides development of such 

framework, validation in different populations is needed by making use of various datasets. 

Validation could furthermore show in which population certain factors will have more impact. 

Therefore, once such theoretical framework is thoroughly tested, this knowledge could be 

useful for policy- and decision makers. As improving or retaining (HR)QoL is an important 

outcome, it is important to know what factors should be targeted that have the highest 

impact in terms of benefiting (HR)QoL, furthermore important for research agenda setting  

 

Potential application: Need-based interventions 

Care needs of people with dementia increase over time, and measurement and identification 

of needs is important to provide timely care and interventions. As was demonstrated in 

Chapter 2, profiles of care needs and associated determinants can be identified. As the 

research approach (Chapter 2) was quite innovative, researchers should therefore further 

explore and validate need profiles in different stages of dementia and over time; i.e. to 

examine whether and how profiles develop.  

Furthermore, besides examination of determinants associated with these profiles, distal 

outcomes should be explored i.e. what are possible consequences of ‘belonging’ to a certain 

need profile. This will lead to two possible scenarios in which the acquired current (from this 

thesis)- and future knowledge can be translated and applied in clinical practice by care 

professionals.  
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Scenario 1: addressing need profiles by using an already existing intervention. 

Multiple interventions exist that could potentially address several needs.  

A hypothetical example. Need profile ‘A’, characterized by multiple unmet needs in 

the social domains, is associated with an increased risk of person with dementia being 

admitted to a nursing home. By targeting this specific profile with an already existing 

intervention ‘B’ that addresses these multiple social needs, admission to a nursing 

home can be postponed.  

 

Scenario 2: developing a new intervention based on specific need profiles.  

However, it may be the case that by applying a similar method as in Chapter 2 in 

different populations, other need profiles are identified for which currently no 

potential intervention exists. In this case, the need profiles as identified could serve 

as a basis for new interventions to be developed, or existing interventions to be 

adapted.  

 

Potential application: Improving timely access to care 

Untimely access to care may lead to a loss of HRQoL utilities (Chapter 3), highlighting the 

importance of addressing these care needs in a timely way. There are several barriers that 

limit the access to appropriate care, such as a lack of knowledge about available services. The 

overarching aim of the European Actifcare study was to examine access to formal care in 

people with dementia and their caregiver, and developing best practices. One of the major 

facilitators for access to formal care showed to be having a casemanager or other key contact 

person (5, 6). This finding may not be surprising. However, although it is recommended in the 

Dutch ‘Zorgstandaard’ (7) that every person with dementia should have a casemanager, it is 

not always the case, and many motives exist. Policy- and decision makers could highlight the 

importance- and help stimulate the use and provision of casemanagement. 

 

Potential application: Care planning tool 

As people with dementia do have increasing care needs, planning of such care is important. 

As was shown in Chapter 5, people with MCI started using (in)formal care over two years. This 

finding indicates a potential in plannable care. However, more evidence is needed in terms of 

what (socio)demographic and neuropsychological determinants are related with these care 
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transitions. Here lies a role for the researcher. Current results from Chapter 5 resulted in a 

crude estimate. To allow for individualized prediction, it is essential to use large datasets and 

possibly data registries, and develop an algorithm that makes individual prediction possible.  

Once such algorithm is developed, it is possible to start developing a care planning 

application, being a tool or provision of information in general. It is essential to conduct focus-

group interviews with the person with the cognitive disorder (e.g. person with MCI) and their 

proxy, to make sure the application is user-centered and built around the needs and wishes. 

As mentioned, one of the main usages of such application could be individualized care 

prediction i.e. providing information on what care can be expected with the next (e.g.) 2 

years. The person with the cognitive disorder may want to know what care he or she can 

expect within the next years. This could therefore prepare both the person with the cognitive 

disorder and their proxy for the future. Furthermore, this could be of use for healthcare 

professionals and e.g. to coordinate future care and policy- and decision makers to indicate 

whether and which care is needed.  

 

IMPLEMENTATION 

Dissemination 

First of all, results of the presented studies were submitted to international peer-reviewed 

journals. Two of them, which included implications and recommendations targeted at the 

main stakeholders, were already published (8, 9). Second of all, results were also presented 

at both national (i.e. LolaHESG conference) and international conferences (i.e. Alzheimer 

Europe annual conference and EuHEA conference), for an audience including researchers as 

well as policy makers and people with dementia and their caregivers. Besides conferences, 

results were also presented at a meeting at the Ministry of Volksgezondheid, Welzijn en Sport 

(VWS; The Hague), for an audience including researchers, policy makers, and people working 

for a healthcare insurance company. Not only the implication of these results was discussed, 

but also a discussion was held on how to increase implementation and communicate results 

to policy makers by e.g. making sure that recommendations described in articles are specified 

(‘who should do what’) One other point of interest concerns the national agenda setting. To 

increase the likelihood that results are useful for policy- and decision making, it is important 

for researchers to understand the current National political agenda setting.  
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Last of all, within the Actifcare project final results and recommendations were presented to 

policy-and decision makers, researchers and healthcare professionals during a one-day 

meeting which was held for each participating country separately. During the Dutch national 

meeting, held at Alzheimer Nederland (Amersfoort, The Netherlands), the World Café 

Method was applied in which a subset of recommendations were discussed during several 

rounds. At the end of the day, a summary of each discussion was presented describing which 

recommendations would be most impactful and ways to address these.   

 

Possible future steps  

In sum, before potential products and activities (as described above) can be implemented 

into practice, more empirical evidence needs to be acquired. Evidence could then be used to 

e.g. advice policy- and decision makers(see above), and to ultimately be of benefit for the 

person with the cognitive disorder (e.g. dementia or MCI) and their informal caregiver.  

Including stakeholders from an early stage onwards could improve implementation (10, 11). 

This could be done by means of e.g. an advisory board, focus-groups or meetings to make 

sure there is no communication gap. When developing new- or adapting existing 

interventions, focusing on i.e. need profiles, these should first be pilot tested (11). 

Furthermore, when developing a care planning tool, it is necessary to interview the primary 

stakeholder (i.e. person with MCI or dementia and their caregiver) whether such tool is 

perceived as beneficial, what should be included and how it should look like (e.g. an 

application or more general information). Also, other parties should be involved and a 

systematic search should be performed on existing care planning strategies. During the whole 

process, results should be presented at (inter)national conferences and meetings, and also to 

for instance a client panel to discuss findings.  

Last, developing these products requires financial investment and will take several years to 

develop, but in the end could potentially improve HRQoL and save care costs by making sure 

the person with dementia can live longer at home, and the informal caregiver can get the 

maximum perceived benefits of receiving care and support.  
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Thesis defenses from MHeNs  

-School for Mental Health and Neuroscience 
 
2013 
Rob Havermans: Bipolar disorder in daily life; Mood and cortisol responses to naturally occurring events. 
Supervisor: Prof.dr. M. de Vries; Co-Supervisor: Dr. N. Nicolson.  
 
Véronique Moers-Hornikx: Deep brain stimulation and the cerebellum. Supervisors: Prof.dr. J. Vles / Prof.dr. 
Y. Temel; Co-Supervisor: Dr. G. Hoogland.  
 
Nicole Veldhorst-Janssen: Intranasal delivery of rapid acting drugs. Supervisors: Prof.dr. M. Marcus / 
Prof.dr. C. Neef; Co-Supervisor: Dr. P.H. van der Kuy.  
 
Stéphanie Knippenberg: Vitamin D and Multiple Sclerosis: immunological and clinical outcome. Supervisor: 
Prof.dr. J. Cohen-Tervaert; Co-Supervisors: Dr. J. Damoiseaux / Dr. Y. Bols.  
 
Erik D. Gommer: Dynamic Cerebral Autoregulation: from methodology towards clinical application. 
Supervisors: Prof.dr. W.H. Mess / Prof.dr. R.B. Panerai, UK; Co-Supervisor: Dr.ir. J.P.H. Reulen.  
 

Olga A.H. Reneerkens: Can PDE inhibition improve cognition ? Translational insights. Supervisor: 
Prof.dr. H.W.M. Steinbusch; Co-Supervisor: Dr. J. Prickaerts. 
 
Lyzel S. Elias-Sonnenschein: Clinical and biomarker correlates of genetic risk factors for Alzheimer’s disease. 
Supervisor: Prof.dr. F.R.J. Verhey; Co-Supervisor: Dr. P.J. Visser. 
 

Diego F. Mastroeni: Epigenetic Dysregulation and the Pathophysiology of of Alzheimer’s Disease. 
Supervisors: Prof.dr. H.W.M. Steinbusch / Prof.dr. P.D. Coleman, Sun City, Arizona; Co-Supervisors: Dr. 
B.P.F. Rutten / Dr. D.L.A. van den Hove.  
 
Leonidas Chouliaras: Epigenetic Regulation in Aging and Alzheimer’s disease: A translational perspective. 
Supervisor: Prof.dr. H.W.M. Steinbusch; Co-Supervisors: Dr. B.P.F. Rutten / Dr. D.L.A. van den Hove. 
 
Liesbeth Knaepen: Perinatal events and altered pain sensitivity in later life. 
Supervisors: Prof.dr. E.A.J. Joosten / Prof.dr. D. Tibboel, EUR; Co-Supervisor: Dr. J. Patijn.  
 
Marisela Martinez-Claros: Hippocampal plasticity and corticosterone: From dendrites to behaviour. 
Supervisor: Prof.dr. H.W.M. Steinbusch; Co-Supervisors: Dr. J.L. Pawluski /Dr. J. Prickaerts. 
 
Marcus D. Lancé: A circle of improvement in bleeding management: from laboratory to clinic and back. 
Supervisors: Prof.dr. M.A.E. Marcu / Prof.dr. J.W.M. Heemskerk; Co-Supervisor: Dr. Y.M.C. Henskens.  
 
Hilde Braakman: Imaging the brain; neuronal correlates of cognitive impairment in children with frontal 
lobe epilepsy. Supervisors: Prof.dr. A.P. Aldenkamp / Prof.dr. J.S.H. Vles; Co-Supervisors: Dr.ir. W.H. Backes 
/ Dr. P.A.M. Hofman.  
 
Willem H. van Zwam: Aneurysmal subarachnoid hemorrhage: imaging strategies and cost-effectiveness 
aspects in diagnostic work-up and post-therapeutic follow-up. Supervisors: Prof.dr. J.T. Wilmink / Prof.dr. 
J.E. Wildberger; Co-Supervisor: Dr. P.A.M. Hofman. 
 
Klara De Cort: The Pathogenesis of Panic Disorder. Supervisors: Prof.dr. I. Myin-Germeys / Prof.dr. E.J.L. 
Griez; Co-Supervisors: Dr. K.R.J. Schruers / Dr. I. Van Diest, Leuven.  
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Kim van Wijck: Mind the Gap; experimental studies on splanchnic hyperfusion and gastrointestinal integrity 
loss in man. Supervisors: Prof.dr. W.A. Buurman / Prof.dr. C.H.C. Dejong; Co-Supervisor: Dr. K. Lenaerts. 
 
Yvette Roke: Antipsychotic-induced hyperprolactinemia in children and adolescents with mainly autism 
spectrum disorders. Prevalence, symptoms, clinical consequences and genetic risk factors. Supervisors: 
Prof.dr. P.N. van Harten / Prof.dr. J.K. Buitelaar (RUN); Co-Supervisor: Dr. A. Boot (UMCG).  
 
Fleur Goezinne: Retinal detachment surgery: pre and postoperative prognostic factors. Supervisors: Prof.dr. 
F. Hendrikse / Prof.dr. C.A.B. Webers; Co-Supervisor: Dr. E.C. La Heij (Amsterdam). 
 
Ralph L.J.G. Maassen: The Merits of Videolaryngoscopy during Glottic  Visualisation for Endotracheal 
Intubation. Supervisors: Prof.dr. M. Marcus / Prof.dr. A. van Zundert (University of Queensland). 
 
Maria J. de Sousa Guerreiro: The role of sensory modality in age-related distraction. Supervisor: Prof.dr. 
C.M. van Heugten; Co-Supervisor: Dr. P.W.M. van Gerven.  
 
Ine Rayen: Effects of developmental fluoxetine exposure on neurobehavioral outcomes. Supervisor: Prof.dr. 
H.W.M. Steinbusch; Co-Supervisors: Dr. J.L. Pawluski / Dr. T.D. Charlier (Ohio University, USA).  
 
Nynke M.G. Bodde: Psychogenic non-epileptic seizures; a separate disorder or part of a continuum? 
Supervisors: Prof.dr. R. van Oostenbrugge / Prof.dr. K. Vonck (UZ Gent); Co-Supervisors: Dr. R. Lazeron / 
Dr. A. de Louw (Epilepsiecentrum Kempenhaeghe, Heeze).  
 
Alejandro M. Gomez: Novel strategies for making myasthenia less gravis: targeting plasma cells and the 
neuromuscular junction. Supervisor: Prof.dr. M.H. De Baets; Co-Supervisors: Dr. M. Losen / Dr. P. Martinez-
Martinez. 
 
Mohammad S. Rahnama’i: Prostaglandins  and Phosphodiesterases in the Urinary Bladder Wall. 
Supervisors: Prof.dr. Ph. Van Kerrebroeck / Prof.dr. S. de Wachter (Universiteit Antwerpen); Co-Supervisor: 
Dr. G. van Koeveringe.  
 
Mariken B. de Koning: Studying biomarkers in populations at genetic and  clinical high risk for psychosis. 
Supervisors: Prof.dr. T. Amelsvoort / Prof.dr. J. Booij (AMC). 
 
Fabien Boulle: Epigenetic regulation of BDNF/TrkB signaling in the pathophysiology and treatment of mood 
disorders. Supervisors: Prof.dr. H.W.M. Steinbusch / Prof.dr. L. Lanfumey (Universiteit Parijs); Co-
Supervisors: Dr. D. van den Hove / Dr. G. Kenis. 
 
2014 
Iris Nowak-Maes: Tinnitus; assessment of quality of life & cost-effectiveness. Supervisors: Prof.dr. M. Peters 
/ Prof.dr. B. Kremer; Co-Supervisors: Dr. M. Joore / Dr. L. Anteunis. 
 
Marjolein Huijts: Cognitive function in patients with cerebral small vessel disease. Supervisor: Prof.dr. R.J. 
van Oostenbrugge; Co-Supervisors: Dr. A.A. Duits / Dr. J. Staals.  
 
Markus Gantert: Fetal inflammatory injury as origin of long term disease: Lessons from animal models. 
Supervisors: Prof.dr. B. Kramer / Prof.dr. L. Zimmermann; Co-Supervisor: Dr. A. Gavilanes.  
 
Elke Kuypers: Fetal development after antenatal exposures: Chorioamnionitis and maternal glucocorticoids. 
Supervisors: Prof.dr. B.W. Kramer / Prof.dr. H.W. Steinbusch / Prof.dr. Suhas G. Kallapur (University of 
Cincinnati, Ohio, USA). 
 
Pieter Kubben: Ultra low-field strength intraoperative MRI for Glioblastoma Surgery. Supervisor: Prof.dr. 
J.J. van Overbeeke; Co-Supervisor: Dr. H. van Santbrink.  
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Laura Baijens: Surface electrical stimulation of the neck for oropharyngeal dysphagia in Parkinson’s disease: 
therapeutic aspects and reliability of measurement. Supervisor: Prof.dr. B. Kremer; Co Supervisor: Dr. R. 
Speyer, Townsville.  
 
Janneke Hoeijmakers: Small fiber neuropathy and sodium channels; a paradigm shift. Supervisor: Prof.dr. 
R.J. van Oostenbrugge; Co-Supervisors: Dr. C.G. Faber / Dr. I.S.J. Merkies.  
 
Stephanie Vos: The Role of biomarkers in preclinical and prodromal Alzheimer’s disease. Supervisor: Prof.dr. 
F.R. Verhey; Co-Supervisor: Dr. P.J. Visser.  
 
Muriël Doors: The Value of Optical Coherence Tomography in Anterior Segment Surgery. Supervisors: 
Prof.dr. R.M. Nuijts / Prof.dr. C.A. Webers; Co-Supervisor: Dr. T.T.J.M. Berendschot. 
 
Anneke Maas: Sleep problems in individuals with genetic disorders associated with intellectual disability. 
Supervisors: Prof.dr. I. Curfs / Prof.dr. R. Didden. 
 
Sebastiaan van Gorp: Translational research on spinal cord injury and cell-based therapies; a focus on pain 
and sensorimotor disturbances. Supervisors: Prof.dr. B. Joosten / Prof.dr. M. van Kleef; Co-Supervisors: Dr. 
J. Patijn /Dr. R. Deumens, KU Leuven.  
 
Andrea Sannia: High risk newborns and brain biochemical monitoring. Supervisor: Prof.dr. J.S.H. Vles; Co-
Supervisors: Dr. D. Gazzolo, Alessandria, Italy / Dr. A.W.D. Gavilanes.  
  
Julie A.D.A. Dela Cruz: Dopamine mechanisms in learning and memory: Evidence from rodent studies. 
Supervisors: Prof.dr. H.W.M. Steinbusch / Prof.dr. R.J. Bodnar, New York; Co-Supervisor: Dr. B.P.F. Rutten. 
 
René Besseling: Brain wiring and neuronal dynamics; advances in MR imaging of focal epilepsy. Supervisors: 
Prof.dr. A.P. Aldenkamp / Prof.dr.ir. W.H. Backes; Co-Supervisor: dr. J.F.A. Jansen.  
 
Maria Quint-Fens: Long-term care after stroke; development and evaluation of a long-term intervention in 
primary care. Supervisors: Prof.dr. J.F.M. Metsemakers / Prof.dr. C.M. van Heugten / Prof.dr. M. Limburg, 
Almere; Co-Supervisor: dr. G.H.M.I. Beusmans.  
 
Veronique Moulaert: Life after survival of a cardiac arrest; the heart of the matter. Supervisors: Prof.dr. 
J.A. Verbunt / Prof.dr. C.M. van Heugten / Prof.dr. D.T. Wade, Oxford, UK.  
 
Feikje Smeets: The hallucinatory-delusional state: a crucial connection in the psychosis symptom network. 
Supervisor: Prof.dr. J. van Os; Co-Supervisor: Dr. T. Lataster. 
 
Lies Clerx: Alzheimer’s disease through the MR-eye; novel diagnostic markers and the road to clinical 
implementation”. Supervisor: Prof.dr. F. Verhey; Co-Supervisors: Dr. P.J. Visser / P. Aalten.  
 
Sonny Tan: The subthalamic nucleus in Parkinson’s disease. Supervisors: Prof.dr. Y. Temel / Prof.dr. H.W.M. 
Steinbusch / Prof.dr. T. Sharp, Oxford, UK / Prof.dr. V. Visser-Vandewalle, Koln. 
 

Koen van Boxem: The use of pulsed radiofrequency in the management of chronic lumbosacral radicular 

pain. Supervisors: Prof.dr. M. van Kleef / Prof.dr. E.A.J. Joosten; Co-Supervisor: Assoc. Prof.dr. J. van 
Zundert.  
 
Jérôme Waterval: Hyperostosis cranialis interna. Supervisors: Prof.dr. J.J. Manni / Prof.dr. R.J. Stokroos.  
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Sylvie Kolfschoten-van der Kruijs: Psychogenic non-epileptic seizures; the identification of 
neurophysiological correlates. Supervisors: Prof.dr. A.P. Aldenkamp / Prof.dr. K.E.J. Vonck, Universiteit 
Gent; Co-Supervisors: Dr. J.F.A. Jansen / Dr. R.H.C. Lazeron, Kempenhaeghe. 
 
Wouter Pluijms: Spinal cord stimulation and pain relief in painful diabetic: polyneuropathy, a translational 
approach. Supervisors: Prof.dr. M. van Kleef / Prof.dr. E.A. Joosten; Co-supervisor: Dr. C.G. Faber. 
 
Ron Handels: Health technology assessment of diagnostic strategies for Alzheimer’s disease. Supervisors: 
Prof.dr. F.R.J. Verhey / Prof.dr. J.L. Severens (EUR); Co-Supervisor: Dr. M.A. Joore / Dr. C.A.G. Wolfs.  
 
Evelyn Peelen: Regulatory T cells in the pathogenesis of Multiple Sclerosis: potential targets for vitamin D 
therapy. Supervisors: Prof.dr. R.M.M. Hupperts / Prof.dr. J.W. Cohen Tervaert; Co-Supervisor: Dr. J.G.M.C. 
Damoiseaux / Dr. M.M.G.L.Thewissen, Diepenbeek.  
 
Reint Jellema: Cell-based therapy for hypoxic-ischemic injury in the preterm brain. Supervisors: Prof.dr. 
B.W.W. Kramer / Prof.dr. H.W.M. Steinbusch; Co-Supervisor: Dr. W.T.V. Germeraad / Dr. P. Andriessen, 
Veldhoven. 
 
Maria Wertli: Prognosis of Chronic Clinical Pain Conditions: The Example of Complex Regional Pain 
Syndrome 1 and Low Back Pain. Supervisors: Prof.dr. M. van Kleef; Co-Supervisor: Dr. F. Brunner, Zürich / 
Dr. R. Perez, VUmc.  
 
Dagmar Zeef: An experimental model of Huntington’s disease: Validation & Stimulation. Supervisors: 
Prof.dr. Y. Temel / Prof.dr. H.W.M. Steinbusch; Co-supervisor: Dr. A. Jahanshahi. 
 
Jeroen Decoster: Breaking Down Schizophrenia into phenes, genes and environment. Supervisors: Prof.dr. 
I. Myin-Germeys / Prof.dr. M. De Hert, KU Leuven; Co-Supervisor: Dr. R. van Winkel. 
 
Eaja Anindya Sekhar Mukherjee: Fetal Alcohol Spectrum Disorders: exploring prevention and management. 
Supervisor: Prof.dr. L.M.G. Curfs; Co-Supervisor: Prof. S. Hollins, St. George’s University of London, UK.  
 
Catherine van Zelst: Inside out; On stereotype awareness, childhood trauma and stigma in psychosis. 
Supervisors: Prof.dr. Ph. Delespaul / Prof.dr. J. van Os. 
 
Ibrahim Tolga Binbay: Extended Psychosis Phenotype in the Wider Social Environment. Supervisor: Prof.dr. 
J. van Os; Co-Supervisor: Dr. M. Drukker.  
 
Frank Van Dael: OCD matters in psychosis. Supervisors: Prof.dr. J. van Os / Prof.dr. I. Myin-Germeys. 
 
Pamela Kleikers: NOXious oxidative stress: from head toe too and back. Supervisors: Prof.dr. H.H.H.W. 
Schmidt / Prof.dr. H.W.M. Steinbusch; Co-Supervisor: Dr. B. Janssen. 
 
José Luis Gerardo Nava: In vitro assay systems in the development of therapeutic interventions strategies 
for neuroprotection and repair. Supervisors: Prof.dr.med. J. Weis / Prof.dr. H.W.M. Steinbusch; Co-
Supervisor: Dr. G.A. Brook, RWTH Aachen. 
 
Eva Bollen: Cyclic nucleotide signaling and plasticity. Supervisors: Prof.dr. H.W.M. Steinbusch / Prof.dr. R. 
D’Hooge, KU Leuven; Co-Supervisor: Dr. J. Prickaerts.  
 
2015 
Jessica A. Hartmann: A good laugh and a long sleep; Insights from prospective and ambulatory assessments 
about the importance of positive affect and sleep in mental health. Supervisor: Prof.dr. J. van Os; Co-
Supervisors: C.J.P. Simons / Dr. M. Wichers.  
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Bart Ament: Frailty in old age; conceptualization and care innovations. Supervisors: Prof.dr. G.I.J.M. 
Kempen / Prof.dr. F.R.J. Verhey; Co-Supervisor: Dr. M.E. de Vugt.  
 
Mayke Janssens: Exploring course and outcome across the psychosis-continuum. Supervisor: Prof.dr. I. 
Myin-Germeys; Co-Supervisor: Dr. T. Lataster. 
 
Dennis M.J. Hernau: Dopayours is not dopamine: genetic, environmental and pathological variations in 
dopaminergic stress processing. Supervisor: Prof.dr. I. Myin-Germeys; Co-Supervisors: Prof.dr. F.M. 
Mottaghy / Dr. D. Collip.  
 
Ingrid M.H. Brands: The adaptation process after acquired brain injury Pieces of the puzzle. Supervisors: 
Prof.dr. C.M. van Heugten / Prof.dr. D.T. Wade, Oxford UK; Co-Supervisors: Dr. S.Z. Stapert / Dr. S. Köhler. 
 
Francesco Risso: Urinary and salivary S100B monitoring in high risk infants. Supervisor: Prof.dr. J.S.H. Vles; 
Co-Supervisors: Dr. D. Gazzolo, Genoa,Italy / Dr. A.W.D. Gavilanes. 
 
Alessandro Borghesi: Stem and Progenitor Cells in Preterm Infants: Role in the Pathogenesis and Potential 
for Therapy. Supervisor: Prof.dr. L. Zimmermann; Prof.dr. B. Kramer; Co-Supervisors: Dr. D. Gazzolo, 
Genoa,Italy / Dr. A.W.D. Gavilanes. 
 
Claudia Menne-Lothmann: Affect dynamics; A focus on genes, stress, and an opportunity for change. 
Supervisor: Prof.dr. J. van Os; Co-Supervisors: Dr. M. Wichers / Dr. N. Jacobs.  
 
Martine van Nierop: Surviving childhood new perspectives on the link between childhood trauma and 
psychosis. Supervisors: Prof.dr. I. Myin-Germeys / Prof.dr. J. van Os; Co-Supervisor: Dr. R. van Winkel. 
 
Sylvia Klinkenberg: VNS in children; more than just seizure reduction. Supervisors: Prof.dr. J. Vles / 
Prof.dr. A. Aldenkamp; Co-Supervisor: Dr. H. Majoie. 
 
Anouk Linssen: Considerations in designing an adult hearing screening programme. Supervisor: Prof.dr. B. 
Kremer; Co-Supervisors: Dr. L. Anteunis / Dr. M. Joore.  
 
Janny Hof: Hearing loss in young children; challenges in assessment and intervention. Supervisors: Prof.dr. 
B. Kremer / Prof.dr. R. Stokroos / Prof.dr. P. van Dijk, RUG; Co-Supervisor: Dr. L. Antheunis.  
 
Kimberly Cox-Limpens: Mechanisms of endogenous brain protection; Clues from the transcriptome. 
Supervisors: Prof.dr. J. Vles / Prof.dr. L. Zimmermann; Co-Supervisor: Dr. A. Gavilanes. 
 
Els Vanhoutte: Peripheral Neuropathy outcome measures; Standardisation (PeriNomS) study part 2: 
Getting consensus. Supervisors: Prof.dr. C. Faber / Prof.dr. P. van Doorn; Co-Supervisor: Dr. I. Merkies, 
Spaarne ziekenhuis Hoofddorp. 
 
Mayienne Bakkers: Small fibers, big troubles; diagnosis and implications of small fiber neuropathy. 
Supervisors: Prof.dr. C. Faber / Prof.dr. M. de Baets; Co-Supervisor: Dr. I. Merkies, Spaarne ziekenhuis 
Hoofddorp. 
 
Ingrid Kramer: Zooming into the micro-level of experience: An approach for understanding and treating 
psychopathology. Supervisor: Prof.dr. J. van Os; Co-Supervisors: Dr. M. Wichers, UMC Groningen / Dr. C. 
Simons. 
 
Esther Bouman: Risks and Benefits of Regional Anesthesia in the Perioperative Setting. Supervisors: Prof.dr. 
M. van Kleef / Prof.dr. M. Marcus, HMC, Qatar / Prof.dr. E. Joosten; Co-Supervisor: Dr. H. Gramke. 
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Mark Janssen: Selective stimulation of the subthalamic nucleus in Parkinson’s disease; dream or near future. 
Supervisors: Prof.dr. Y. Temel / Prof.dr. V. Visser-Vandewalle, Keulen / Prof.dr. A. Benazzouz, Bordeax, 
France. 
 
Reina de Kinderen: Health Technology Assessment in Epilepsy; economic evaluations and preference 
studies. Supervisors: Prof.dr. S. Evers / Prof.dr. A. Aldenkamp; Co-Supervisor: Dr. H. Majoie / Dr. D. 
Postulart, GGZ O-Brabant.  
 
Saskia Ebus: Interictal epileptiform activity as a marker for clinical outcome. Supervisors: Prof.dr. A. 
Aldenkamp / Prof.dr. J. Arends, TUE / Prof.dr. P. Boon, Universiteit Gent, België. 
 
Inge Knuts: Experimental and clinical studies into determinants of panic severity. Supervisor: Prof.dr. I. 
Myin-Germeys; Co-Supervisor: Dr. K. Schruers; Influencing panic.  
 
Nienke Tielemans: Proactive coping post stroke: The Restored4Stroke Self-Management study. Supervisors: 
Prof.dr. C. van Heugten / Prof.dr. J. Visser-Meily, UMC Utrecht; Co-Supervisor: Dr. V. Schepers, UMC 
Utrecht. 
 
Tom van Zundert: Improvements Towards Safer Extraglottic Airway Devices. Supervisors: Prof.dr. A.E.M. 
Marcus / Prof.dr. W. Buhre / Prof.dr. J.R. Brimacombe, Queensland, Australia / Prof.dr. C.A. Hagberg. 
 
Tijmen van Assen: Anterior Cutaneous Nerve Entrapment Syndrome Epidemiology and surgical 
management. Supervisors: Prof.dr. G.L. Beets / Prof.dr. M. van Kleef / Dr. R.M.H. Roumen / Dr. M.R.M. 
Scheltinga, MMC Veldhoven. 
 
Rohit Shetty: Understanding the Clinical, Immunological and Genetic Molecular Mechanisms of 
Keratoconus. Supervisors: Prof.dr. R.M.M.A. Nuijts / Prof.dr. C.A.B. Webers. 
 
Christine van der Leeuw: Blood, bones and brains; peripheral biological endophenotypes and their 
structural cerebral correlates in psychotic disorder. Supervisor: Prof.dr. J. van Os; Co-supervisor: Dr. M. 
Marcelis. 
 
Sanne Peeters: The Idle Mind Never Rests; functional brain connectivity across the psychosis continuum. 
Supervisor: Prof.dr. J. van Os; Co-supervisor: dr. M. Marcelis. 
 
Nick van Goethem: α7 nicotinic acetylcholine receptors and memory processes: mechanistic and behavioral 
studies. Supervisor: Prof.dr. H.W.M. Steinbusch; Co-supervisor: Dr. J. Prickaerts. 
 
Nicole Leibold: A Breath of fear; a translational approach into the mechanisms of panic. Supervisor: Prof.dr. 
H.W.M. Steinbusch; Co-supervisors: Dr. K.R.J. Schruers / Dr. D.L.A. van den Hove. 
 
Renske Hamel: The course of mild cognitive impairment and the role of comorbidity. Supervisor: Prof.dr. 
F.R.J. Verhey; Co-supervisors: Dr. I.H.G.B. Ramakers / Dr. P.J. Visser. 
 
Lucia Speth: Effects of botulinum toxin A injections and bimanual task-oriented therapy on hand functions 
and bimanual activities in unilateral Cerebral Palsy. Supervisors: Prof.dr. J. Vles; Prof.dr. R. Smeets; Co-
supervisor: Dr. Y. Janssen-Potten, Adelante Hoensbroek. 
 
Yuan Tian: The effects of Lutein on the inflammatory pathways in age-related macular degeneration (AMD). 
Supervisors: Prof.dr. C. Webers; Prof.dr. A. Kijlstra, WUR; Co-supervisor: Dr. M. Spreeuwenberg; Dr. H. 
Tange. 
 
Peggy Spauwen: Cognition and Type 2 diabetes; the interplay of risk factors. Supervisors: Prof.dr. F. Verhey; 
Prof.dr. C. Stehouwer; Co-supervisor: Dr. M. van Boxtel 
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Marc Hilhorst: Crescentic glomerulonephritis in ANCA associated vasculitis. Supervisors: Prof.dr. J. Cohen-
Tervaert; Co-supervisor: Dr. P. van Paassen 
 
Martin Gevonden: The odd one out: exploring the nature of the association between minority status and 
psychosis. Supervisors: Prof.dr. J-P. Selten; Prof.dr. J. Booij, Uva; Prof.dr. I. Myin-Germeys 
 
Bart Biallosterski: Structural and functional aspects of sensory-motor Interaction in the urinary bladder. 
Supervisors: Prof.dr. Ph. Van Kerrebroeck; Prof.dr. S. De Wachter, UvAntwerpen; Co-supervisors: Dr. G. van 
Koeveringe; Dr. M. Rahnama’i. 
 
Alexandra König: The use of information and communication technologies (ICT) for the assessment of 
patients with Alzheimer’s Disease and related disorders. Supervisors: prof.dr. F. Verhey; prof.dr. Ph. Robert, 
Nice, Fr; Co-supervisors: dr. P. Aalten; dr. R. David, Nice. Fr. 
 
Michelene Chenault: Assessing Readiness for Hearing Rehabilitation. Supervisors: prof.dr. M.P.F. Berger; 
prof.dr. B. Kremer; Co-supervisor: dr. L.J.C. Anteunis. 
 
Anand Vinekar: Retinopathy of Prematurity. Recent advances in tele-medicine screening, risk factors and 
spectral domain optical coherence tomography imaging. Supervisor: prof.dr. C.A.B. Webers; Co-supervisor: 
dr. N.J. Bauer 
 
Fleur van Dooren: Diabetes and Depression: exploring the Interface between Pathophysiological and 
Psychological factors. Supervisors: prof.dr. F.R.J. Verhey; prof.dr. J.K.L. Denollet, UvT; prof.dr. F. Pouwer, 
UvT; Co-supervisor: dr. M.T. Schram. 
 
Gabriëlla Pons van Dijk: Taekwondo and physical fitness components in middle-aged healthy volunteers; 
the Sekwondo study. Supervisors: prof.dr. J. Lodder; prof.dr. H. Kingma; Co-supervisor: dr. A.F. Lenssen. 
 
Yara Pujol López: Development and psychoneuroimmunological mechanisms in depression. Supervisor: 
prof.dr. H.W.M. Steinbusch; Co-supervisors: Dr. G. Kenis; Dr. D. van den Hove; Dr. Aye Mu Myint, München. 
 
Romina Gentier: UBB+1; an important switch in the onset of Alzheimer’s disease. Supervisors: Prof. H. 
Steinbusch; Prof. D. Hopkins; Co-supervisor: Dr. F. van Leeuwen. 
 
Sanne Smeets: Insights into insight: studies on awareness of deficits after acquired brain injury. Supervisor: 
Prof. C. van Heugten; Prof. R. Ponds; Co-supervisor: Dr. I. Winkens 
 
Kim Beerhorst: Bone disease in chronic epilepsy: fit for a fracture. Supervisor: Prof. A. Aldenkamp; Prof. R. 
van Oostenbrugge; Co-supervisor: Dr. P. Verschuure. 
 
Alex Zwanenburg: Cerebral and cardiac signal monitoring in fetal sheep with hypoxic-ischemic 
encephalopathy. Supervisor: Prof. T. Delhaas; Prof. B. Kramer; Co-supervisors: Dr. T. Wolfs; Dr. P. 
Andriessen, MMC. 
 
Ismail Sinan Guloksuz: Biological mechanisms of environmental stressors in psychiatry. Supervisor: Prof. J. 
van Os; Co-supervisors: Dr. B. Rutten; Dr. M. Drukker. 
 
Seyed Ehsan Pishva MD: Environmental Epigenetics in mental health and illness. Supervisor: Prof.dr. J. van 
Os; Co-supervisors: Dr. B.P.F. Rutten; Dr. G. Kenis. 
 
Ankie Hamaekers: Rescue ventilation using expiratory ventilation assistance; innovating while clutching at 
straws. Supervisors: Prof.dr. W.F. Buhre; Prof.dr. M. van Kleef. 
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Rens Evers. 22q11.2 deletion syndrome: intelligence, psychopathology and neurochemistry at adult age. 
Supervisors: Prof.dr. L.M.G. Curfs; Prof.dr. T. v. Amelsvoort. 
 
Sarah-Anna Hescham. Novel insights towards memory restoration. Supervisor: Prof.dr. Y. Temel; Co-
supervisor: Dr. A. Blokland; Dr. A. Jahanshahi. 
 
João P. da Costa Alvares Viegas Nunes. Insulin receptor sensitization improves affective  pathology in 
various mouse models. Supervisor: Prof.dr. H.W.M. Steinbusch; Co-supervisors: Dr. K-P. Lesch; Dr. T. 
Strekalova; Dr.B.H. Cline, Oxford. 
 
Yanny Ying-Yee Cheng. Clinical Outcomes After Innovative Lamellar Corneal Transplantation Surgery. 
Supervisor: Prof.dr. R.M.M.A. Nuijts; Co-supervisor: Dr. J.S.A.G. Schouten. 
 
2016 
Oliver Gerlach. Parkinson’s disease, deterioration during hospitalization. Supervisor: Prof.dr. R. van 
Oostenbrugge; Co-supervisor: Dr. W. Weber. 
 
Remo Arts. Intracochlear electrical stimulation to suppress tinnitus. Supervisor: Prof.dr. R.J. Stokroos; Co-
supervisor: Dr. E.L.J. Georg.  
 
Mitchel van Eeden. The €- Restore4stroke study: Economic evaluation of stroke care in the Netherlands. 
Supervisors: Prof.dr.mr. S.M.A.A. Evers; Prof.dr. C.M. v. Heugten; Co-supervisor: dr. G.A.P. van Mastrigt.  
 
Pim Klarenbeek. Blood pressure and cerebral small vessel disease. Supervisor: Prof.dr. R.J. van 
Oostenbrugge; Co-supervisor: Dr. J. Staals.  
 
Ramona Hohnen. Peripheral pharmacological targets to modify bladder contractility. Supervisor: Prof.dr. 
Ph.E.V. van Kerrebroeck; Co-supervisors: Dr. G.A. van Koeveringe; Dr. M.A. Sahnama’i; Dr. C. Meriaux.  
 
Ersoy Kocabicak. Deep brain stimulation of the subthalamic nucleus: Clinical and scientific aspects. 
Supervisors: Prof.dr. Y. Temel; Prof.dr. K. van Overbeeke; Co-supervisor: Dr. A. Jahanshahi.  
 
Sven Akkerman. Temporal aspects of cyclic messenger signaling in object recognition memory; a 
pharmalogical approach. Supervisor: Prof.dr. H.W.M. Steinbusch; Co-supervisors: dr. J. Prickaerts; dr. A. 
Blokland. 
 
Anja Moonen. Emotion and Cognition in Parkinson’s disease; etiology and neurobiological mechanisms. 
Supervisor: Prof.dr. F.R.J. Verhey; Co-supervisor: dr. A.F.G. Leentjens.  
 
Anna Schüth. Three-dimensional bladder tissue morphology. Supervisors: Prof.dr. G.A. van Koeveringe; 
Prof.dr. M. v. Zandvoort, Aachen; Prof.dr. Ph. V. Kerrebroeck. 
 
Elisabeth van der Ven. Ethnic minority position as risk indicator for autism-Spectrum and psychotic 
disorders. Supervisors: Prof.dr. J.P. Selten; Prof.dr. J. van Os. 
 
Zuzana Kasanova. Environmental reactivity for better or worse; The impact of stress and reward on 
neurochemistry, affect and behavior across the psychosis continuum. Supervisor: Prof.dr. I. Myin-Germeys, 
KU Leuven/UM; Co-supervisor: dr. D. Collip. 
 
Danielle Lambrechts. Ketogenic diet therapies; treatment for children and adults with refractory epilepsy. 
Supervisors: Prof.dr. H.J.M. Majoie; Prof.dr. J.S.H. Vles; Prof.dr. A.P. Aldenkamp; Co-supervisor: dr. A.J.A. 
de Louw, Kempenhaghe, Heeze. 
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Frank van Bussel. Advanced MRI in diabetes; cerebral biomarkers of cognitive decrements. Supervisors: 
Prof.dr.ir. W.H. Backes; Prof.dr. P.A.M. Hofman; Co-supervisor: dr. J.F.A. Jansen. 
 
Lisa Schönfeldt. Neurostimulation to treat brain injury? Supervisors: Prof.dr. Y. Temel; Prof.dr. S. Hendrikx, 
Hasselt; Co-supervisor: dr. A. Jahanshahi. 
 
Rianne Geerlings. Transition in patients with childhood-onset epilepsy; a long way to adulthood. Supervisor: 
Prof.dr. A.P. Aldenkamp; Co-supervisors:dr. A.J.A. de Louw, dr. L.M.C. Gottmer, Kempenhaeghe. 
 
Nele Claes. B cells as multifactorial players in multiple sclerosis pathogenesis: insights from therapeutics. 
Supervisors: Prof.dr. V. Somers, Hasselt; Prof.dr. R. Hupperts; Co-supervisors: Prof.dr. P. Stinissen, dr. J. 
Fraussen, Hasselt. 
 
Olaf Schijns. Epilepsy surgery and biomarkers from history to molecular imaging. Supervisors: Prof.dr. J.J. 
van Overbeeke; Prof.dr. H. Clustermann, Aachen; Co-supervisors: dr. G. Hoogland; dr. M.J.P. v. 
Kroonenburgh. 
 
Lizzy Boots. Balanced and Prepared; development and evaluation of a supportive e-health intervention for 
caregivers of people with early-stage dementia. Supervisors: Prof.dr. F.R.J. Verhey; Prof.dr. G.I.J.M. 
Kempen; Co-supervisor: dr. M.E. de Vugt. 
 
Wouter Donders. Towards patient-specific (cerebro-) vascular model applications. Supervisors: Prof.dr. T. 
Delhaas; Prof.dr.ir. F.N. van de Vosse, TUE; Co-supervisor: dr.ir. W. Huberts. 
 
Sizzle Vanterpool. The implications of intrauterine invasion by microbes for placental Pathology and the 
occurrence of adverse pregnancy outcomes. Supervisor: Prof.dr. B.W. Kramer. Co-supervisors:  dr. J.V. 
Been, Erasmus MC Rotterdam, dr. U von Rango. 
 
Manuela Heins. The Relationship between Social Adversity, Psychosis, and Depression across an Individual’s 
Life Span. Supervisor: Prof.dr. I. Myin-Germeys. 
 
Christianus van Ganzewinkel. NEONATAL PAIN; Out of Sight, Out of Mind? Supervisor: Prof.dr. B.W.W. 
Kramer; Co-supervisor: dr. P. Andriessen, MMC Veldhoven. 
 
Anne-Hilde Muris. Hype or hope? Vitamin D in multiple sclerosis; A clinical and immunological perspective. 
Supervisor: Prof.dr. R.M.M. Hupperts; Co-supervisor: dr. J.G.M.C. Damoiseaux. 
 
Gerard Bode. The link between ceramide transporters, innate Immunity and Alzheimer’s disease. 
Supervisor: Prof.dr. M.H.V. de Baets; Co-supervisors: dr. P. Martinez, dr. M. Losen.  
 
Jo Stevens. Advanced diagnostics and therapeutics for Alzheimer’s disease. Supervisor: Prof.dr. M. de 
Baets; Co-supervisors: dr. M. Losen, dr. P. Martinez-Martinez. 
 
Rosan Luijcks. Stress and pain in muscles and brain; developing psychophysiological paradigms to examine 
stress and pain interactions.  Supervisors: Prof.dr. J.J. van Os; Prof.dr.ir. H.J. Hermens, UT; Co-supervisor: 
dr. R. Lousberg. 
 
M.C. Haanschoten. Towards efficient cardiac surgery – the integrating role of anesthesiology and intensive 
care. Supervisors: Prof. dr. W. Buhre; Prof. dr. A. van Zundert (Queensland); Co-supervisors: Dr. M.A. 
Soliman Hamad; Dr. A. van Straten (Catharina zkhs.) 
 
Harmen Jan van de Haar. Microvascular and blood-brain barrier dysfunction in Alzheimer’s disease. 
Supervisor: Prof.dr.ir. W. Backes; Prof.dr. F. Verhey; Co-supervisor: Dr. J. Jansen; Dr.ir. M. v. Osch, LUMC. 
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Coenraad Itz. Chronic low back pain, considerations about: Natural Course, Diagnosis, Interventional 
Treatment and Costs. Supervisor: Prof.dr. M. van Kleef; Prof.dr. F. Huygen, EUR; Co-supervisor: Dr. B. 
Ramaekers. 
 
Willemijn Jansen. The Path of Alzheimer’s disease: from neuropathology to clinic.  Supervisor: Prof.dr. F. 
Verhey; Co-supervisors: Dr. P.J. Visser; Dr. I. Ramakers. 
 
Ligia dos Santos Mendes Lemes Soares. Phosphodiesterase inhibitors: a potential therapeutic approach for 
ischemic cerebral injury. Supervisor: Prof.dr. H.W.M. Steinbusch; Co-supervisors: Dr. R.M. Weffort de 
Oliveira, Brazil; Dr. J. Prickaerts 
 
Martijn Broen. Anxiety and depression in Parkinson’s disease. Supervisor: Prof.dr. R.J. van Oostenbrugge; 
Co-supervisors: Dr. A.F.G. Leentjens; Dr. M.L. Kuijf. 
 
Sandra Schipper. Extrasynaptic receptors as a treatment target in epilepsy. Supervisor: Prof.dr. J.H.S. Vles; 
Co-supervisors: Dr. G. Hoogland; Dr. S. Klinkenberg; Dr. M.W. Aalbers, RUG. 
 
João Casaca Carreira. Making sense of Antisense Oligonucleotides Therapy in Experimental Huntington’s 
disease. Supervisor: Prof.dr. Y. Temel; Co-supervisors: Dr. A. Jahanshahi; Dr. W. van Roon-Mom, LUMC. 
 
Dominique IJff. Trick or Treat? Cognitive side-effects of antiepileptic treatment. Supervisors: Prof.dr. A.P. 
Aldenkamp; Prof.dr. M. Majoie; Co-supervisors: Dr. J. Jansen; Dr. R. Lazeron, Kempenhaeghe. 
 
Alfredo Ramirez. Neurogenetic approach in neurodegenerative disorders. Supervisors: Prof.dr. B.P.F. 
Rutten; Prof.dr. H.W.M. Steinbusch; Prof.dr. M.M. Nöthen, University of Bonn.  
 
Nienke Visser. Toric Intraocular lenses in cataract surgery. Supervisor: Prof.dr. R.M.M.A. Nuijts; Co-
supervisor: Dr. N.J.C. Bauer. 
 
Jakob Burgstaller. Prognostic indicators for patients with degenerative lumbar spinal stenosis. Supervisor: 
Prof.dr. M. van Kleef; Co-supervisors: Dr. M.M. Wertli, University of Zurich; Dr. H.F. Gramke. 
 
Mark van den Hurk. Neuronal Identity and Maturation: Insights from the Single-Cell Transcriptome. 
Supervisors: Prof.dr. H.W.M. Steinbusch; Prof.dr. B.P.F. Rutten; Co-supervisors: Dr. G. Kenis; Dr. C. Bardy, 
Adelaide. 
 
Maria Nikiforou. Prenatal stress and the fetal gut. Potential interventions to prevent adverse outcomes. 
Supervisors: Prof.dr. B.W. Kramer; Prof.dr. H.W. Steinbusch; Co-supervisor: Dr. T.G. Wolfs. 
 
Janneke Peijnenborgh. Assessment of cognition, time perception, and motivation in children. Supervisors: 
Prof.dr. J.S.H. Vles; Prof.dr. A.P. Aldenkamp; Co-supervisors: Dr. J. Hendriksen; Dr. P. Hurks. 
 
Joany Millenaar. Young onset dementia; towards a better understanding of care needs and experiences. 
Supervisors: Prof.dr. F. Verhey; Prof.dr. R. Koopmans, RUN; Co-supervisors: Dr. M. de Vugt; Dr. C. Bakker, 
RUN. 
 
2017 
Adriana Smits. Perinatal factors and hearing outcome. Supervisors: Prof.dr. R.J. Stokroos; Prof.dr. B.W. 
Kramer; Prof.dr. B. Kremer. 
 
Angela Bouwmans. Transcranial sonography in parkinsonian disorders: clear window or blurred vision. 
Supervisor: Prof.dr. W.H. Mess; Co-promotores: Dr. W.E.J. Weber; Dr. A.F.G. Leentjens. 
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Björn K. Stessel. Patient centred care after day surgery: scope for improvement. Supervisors: Prof.dr. W. 
Buhre; Prof.dr. B. Joosten. Co-supervisor: Dr. A.H. Gramke. 
 
Jan Guy Bogaarts. Quantitative EEG and machine learning methods for the detection of epileptic seizures 
and cerebral asymmetry. Supervisor: Prof.dr. W.M. Mess; Co-supervisor: Dr.ir. J.P.H. Reulen; Dr.ir. E.D. 
Gommer. 
 
Martin M. Müller. Pregnancy derived products for treatment of perinatal brain injuries. Supervisors: Prof.dr. 
B.W.W. Kramer; Prof.dr. D. Surbek, Bern; Co-supervisors: Dr. T. Wolfs; Dr. G. Gavilanes. 
 
Daan Ophelders. Novel treatment strategies for the protection of the preterm brain; Re-balancing 
inflammation and regeneration. Supervisor: Prof.dr. B. Kramer; Co-supervisor: Dr. T. Wolfs; Dr. R. Jellema. 
 
Rosalie van Knippenberg. Experience sampling in dementia care; an innovative intervention to support 
caregivers in daily life. Supervisors: Prof.dr. F. Verhey; Prof.dr. R. Ponds; Prof.dr. I. Myin-Germeys, KU 
Leuven; Co-supervisor: Dr. M. de Vugt. 
 
Claudia Vingerhoets. Investigating neurobiological mechanisms underlying comorbid cognitive symptoms 
in psychosis and substance use. Supervisors: Prof.dr. T. van Amelsvoort; Prof.dr. J. Booij, UvA; Co-
supervisor: Dr. O. Bloemen 
 
Dennis Oerlemans. Evolution of Neuromodulation for Lower Urinary Tract Dysfunction; Past, Present and 
Future. Supervisors: Prof.dr. Ph. van Kerrebroeck; Prof.dr. G. van Koeveringe. Co-supervisors: Dr. E. Weil; 
Dr. T. Marcelissen. 
 
Marion Levy. Evaluation of BDNF/TrkB signaling as a common target in the treatment of major depression 
and Alzheimer’s disease. Supervisors: Prof.dr. H. Steinbusch; Prof. L. Lanfumey, Université Paris Descartes, 
France. Co-supervisors: Dr. G. Kenis; Dr. D. van den Hove. 
 
Patrick Domen. Stay connected: a family-based diffusion imaging study in psychotic disorder. Supervisor: 
Prof.dr. J. van Os. Co-supervisor: Dr. M. Marcelis 
 
Geor Bakker. Innovative Approaches to Understanding the Neurobiology of Psychosis. Supervisors: Prof.dr. 
T. van Amelsfoort; Prof.dr. J. Booij, UvA. Co-supervisor: dr. M. Caan, UvA; dr. O. Bloemen. 
 
Wilma Boevink. HEE! Over Herstel, Empowerment en Ervaringsdeskundigheid in de psychiatrie. Supervisors: 
Prof.dr. J. van Os; Prof.dr. Ph. Delespaul. Co-supervisor: dr. H. Kroon. 
 
Nataliia Markova . Modified swim test as a mouse depression paradigm of enhanced Cognitive processing: 
the role of GSK3β. Supervisor: Prof.dr. H. Steinbusch; Prof.dr. K-P. Lesch, University of Wuerzburg. Co-
supervisor: Dr. T. Strekalova. 
 
Merijn van de Laar. Individual differences in insomnia; implications of Psychological factors for diagnosis 
and treatment. Supervisor: Prof.dr. A. Aldenkamp; Prof.dr. D. Pevernagie, Universiteit Gent. Co-supervisor: 
Dr. S. Overeem, TUE. 
 
Willem Buskermolen. If only I could tell …; Measuring predictors for challenging behaviour in people with 
both intellectual disability and hearing impairment. Supervisor: Prof.dr. A. Aldenkamp. Co-supervisor: Dr. 
J. Hoekman, UL. 
 
Kay Deckers. The role of lifestyle factors in primary prevention of dementia; an epidemiological perspective. 
Supervisor: Prof.dr. F. Verhey. Co-supervisor: Dr. M.  van Boxtel; Dr. S. Köhler. 
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Brechje Dandachi-FitzGerald. Symptom validity in clinical assessments. Supervisors: Prof.dr. R. Ponds; 
Prof.dr. F. Verhey. 
 
Maurice Theunissen. Understanding factors affecting postoperative Quality of Life. Supervisors: Prof.dr. M. 
Peters, Prof.dr. M. Marcus. Co-supervisor: Dr. H. Gramke. 
 
Anna Cleutjens. COgnitive-Pulmonary Disease? Neuropsychological functioning in patients with COPD. 
Supervisors: Prof.dr. E. Wouters, Prof.dr. R. Ponds. Co-supervisors: Dr. D. Janssen, Horn, Dr. J. Dijkstra. 
 
Laura Serpero. Next Generaton Biomarkers in Perinatal Medicine: S100B Protein. Supervisors: Prof.dr. D. 
Gazzalo, Alessandria, Italy; Prof.dr. B..W.W. Kramer. Co-supervisor: Dr. A.W.D. Gavilanes.  
 
Alessandro Varrica. S100B Protein and Congential Heart Diseases: Brain Aspects. Supervisors: Prof.dr. D. 
Gazzalo, Alessandria, Italy; Prof.dr. J.S.H. Vles; Prof.dr. L.J.I. Zimmermann. Co-supervisor: Dr. A.W.D. 
Gavilanes.  
 
Pim R.A. Heckman. Targeting phosphodiesterase type 4 for improving cognitive fronto-striatal function: a 
translational approach. Supervisor: Prof.dr. J.G. Ramaekers. Co-supervisors: Dr. J.H.H.J.. Prickaerts; Dr. A. 
Blokland.  
 
Sven van Poucke. Platelets, form sample to big data; exploring granularity in platelet research. Supervisors: 
Prof.dr. M.A.E. Marcus; Prof.dr. W. Buhre. Co-supervisor: Dr. M. Lancé. 
 
Désirée M.J. Vrijens. Dysfunctions of the Lower Urinary Tract and Affective Symptoms. Supervisors: Prof.dr. 
Ph.E.V. van Kerrebroeck; Prof.dr. G.A. van Koeveringe. Co-supervisors: Dr. C. Leue. 
 
Tamar van Veenendaal. Neurotransmitters & Networks. An MR view on epilepsy and antiepileptic drugs. 
Supervisors: Prof.dr.ir. W.H. Backes; Prof.dr. A.P. Aldenkamp. Co-supervisor: Dr. J.F.A. Jansen. 
 
Evelien M. Barendse. Autism Spectrum Disorders in High functioning Adolescents; Diagnostic considerations 
(AHA). Supervisors: Prof.dr. A.P. Aldenkamp; Prof.dr. R.P.C. Kessels, Radboud University. 
 
Roy Lardenoije. A venture into the epigenetics of aging and Alzheimer’s Disease. Supervisors: Prof.dr. B.P.F. 
Rutten; Prof.dr. H.W.M. Steinbusch. Co-supervisors: Dr. D. van den Hove; Dr. C.A. Lemere, USA. 
 
Charlotte L. Mentzel. The course recognition and treatment of movement disorders in severe mental illness. 
Supervisors: Prof.dr. P.N. van Harten; Prof.dr. M.A.J. de Koning-Tijssen, UMCG. Co-supervisor: Dr. P.R. 
Bakker.  
 
Tim Batink. Third Wave Behaviour Therapy: Process Measures and Contextual Interventions. Supervisors: 
Prof.dr. F.P.M.L. Peeters; Prof.dr. J.J. van Os; Prof.dr. M.C. Wichers, UMC Groningen.  
 
Kevin L.J. Rademakers. Detrusor Underactivity: From Theory To Clinical Assessment. Supervisors: Prof.dr. 
G.A. van Koeveringe; Prof.dr. Ph.E.V. van Kerrebroeck. Co-supervisor: Dr. M. Oelke. 
 
Iris M.J. Lange. Should I stay or should I go ? Brain mechanisms underlying fear and safety learning, and 
explosure therapy outcome. Supervisors: Prof.dr. K.R.J. Schruers; Prof.dr. T.A.M.J. van Amelsfoort. Co-
supervisor: Dr. L. Goossens. 
 
Ruben G.F. Hendriksen. Evidence for a dystrophin-associated encephalopathy in Duchenne Muscular 
Dystrophy. Supervisor: Prof.dr. J.S.H. Vles. Co-supervisors: Dr. G. Hoogland; Dr. M.W. Aalbers, UMC 
Groningen. 
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Michael Gofeld. Strengths and limitations of the lumbar spine ultrasound-guided interventions. Supervisor: 
Prof.dr. M. van Kleef. Co-supervisor: Dr. M. Sommer. 
 
Willem A.R. Zwaans. Strategies for chronic inguinal pain. Supervisor: Prof.dr. M. van Kleef. Co-supervisors: 
Dr. R.H.M. Roumen; Dr. M.R.M. Scheltinga, MMC Veldhoven. 
 
Linda M. Rolf. Mapping the effects of vitamin D in multiple sclerosis A 3D Perspective. Supervisor: Prof.dr. 
R.M.M. Hupperts. Co-supervisors: Dr. J.G.M.C. Damoiseaux; Dr. J.J.F.M. Smolders, CWZ Nijmegen.  
 
Maarten van Beek. Spinal Cord Stimulation in Clinical and Experimental Painful Diabetic Polyneuropathy. 
Supervisors: Prof.dr. E.A. Joosten; Prof.dr. M. van Kleef. Co-supervisor: Dr. S.M.J. van Kuijk. 
 
Melina Barkhuizen. Genetic and perinatal risk factors for movement disorders. Supervisors: prof.dr. B.W.W. 
Kramer, prof.dr. H.W.M. Steinbusch, Prof.dr. A.F. Grobler. Co-supervisor: dr. A.W.D.Gavilanes-Jimenez. 
 
Renske Uiterwijk. Cognitive function and cerebral small vessel disease in hypertension. Supervisor: prof.dr. 
R.J. van Oostenbrugge. Co-supervisor: Dr. J.E.A. Staals. 
 
Elles Douven. Depression and apathy after stroke. Supervisor: prof.dr. F.R.J. Verhey. Co-supervisors: Dr. P. 
Aalten, dr. J. Staals. 
 
Mauro Pessia. Brain K+ Channels: from molecular and physiological  features to autism spectrum disorder 
and intellectual disability. Supervisors: prof.dr. H.W.M. Steinbusch, prof.dr. M.B. Donati, It.  
 
Carsten Leue. Hyperarousal in the Hospital and what to do about it: the MED-PSYCH-NET - a transitional 
network approach fostering personalized care in psychosomatic medicine. Supervisors: Prof.dr. J. van Os, 
Prof.dr. A. Masclee. Co-supervisors: Dr. J. Strik, Dr. J. Kruimel 
 
Andrea S. Herrera Soto. Aminochrome, an endotoxin for inducing a new rat model of Parkinson’s Disease. 
Supervisor: prof.dr. H.W.M. Steinbusch. Co-supervisors: Prof.dr. Juan Segura-Aquilar; prof. G. Diaz-Veliz, 
Santiago of Chile 
 
Eline E.B. de Clerck. Ocular neurodegenerative changes and macular  cysts in prediabetes and type 2 
diabetes. Supervisors: Prof.dr. C.A.B. Webers, Prof.dr. C.D.A. Stehouwer. Co-supervisor: Dr. J.S.A.G. 
Schouten 
 
Steven T.H. Honings. Exploring psychosis and multidirectional violence: a prospective study in the general 
population. Supervisor: Prof.dr. J. van Os. Co-supervisor: Dr. M. Drukker

2018 
Sau May Wong. Advances in Microvasculair MRI Techniques: Breaking the Pathophysiological Barriers in 
Cerebral Small Vessel Disease. Supervisor: Prof.drir. W.H. Backes, Porf.dr. R.J. van Oostenbrugge. Co-
supervisor: Dr. J.F.A. Jansen 
 
Mark B.N. van Winkel. Lonely at heart and stressed in company of Others; the influence of daily life social 
experiences and emotions on depression. Supervisors: prof.dr. F. Peeters; prof.dr. I. Myin-Germeys, KU 
Leuven/UM; prof.dr. M. Wichers, UMC Groningen 
 
Harsha Birur Laxmana Rao. Revisiting the vascular theory of glaucoma using optical coherence tomography 
angiography. Supervisors: prof.dr. C.A.B. Webers; prof.dr. R.N. Weinreb, University of California, San Diego 
 
Babette L.R. Reijs. Cognitive correlates of cerebrospinal fluid biomarkers for Alzheimer’s disease. 
Supervisor: prof.dr. F.R.J. Verhey. Co-supervisors: Dr. P.J. Visser; dr. I.H.G.B. Ramakers 
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Rachel Slangen. Spinal cord stimulation in painful diabetic peripheral Neuropathy. Clinical- and cost-
effectiveness. Supervisors: prof.dr. M. van Kleef; Prof.dr. C. Dirksen; prof.dr. C. Faber 
 
Ganne Chaitanya. Epilepsy: A network disorder. Supervisors: prof.dr. A.P. Aldenkamp; prof. P. 
Satishchandra, NIMHANS, Bangalore, India. Co-supervisors: Dr. J.F.A. Jansen; Dr. S. Zinger, TUE 
 
Sumitha Rajendrarao. New Insight into the Multifaceted Pathogenic Mechanisms of Sporadic Amyotrophic 
Lateral Sclerosis. Supervisors: prof.dr. B.W. Kamer; prof.dr. H.W. Steinbusch. Co-supervisor: prof. T.R. Raju, 
NIMHANS, Bangalore, India 
 
Suzanne Roggeveen. Interference of mobile phone with electrophysiology and emotions; results from short-
term experimental studies. Supervisor: Prof.dr. J. van Os. Co-supervisor: Dr. R. Lousberg.  
 
Matthias Walter. Multi-methodological approaches to investigate lower urinary tract function in health and 
disease. Supervisors: Prof.dr. Ph.E.V.A. van Kerrebroek; Prof.dr. G.A. van Koeveringe; Prof.dr. A. Curt, 
Zürich, CH. 
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