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. Background 

With a global prevalence of 55 million individuals concerned [ 2 ]
nd a corresponding economic impact of US $1.3 trillion [ 3 ] dementia
onstitutes a substantial burden on societies worldwide. Core diagnostic
spects are cognitive decline interfering with everyday activities and
ehavioral and psychological symptoms [ 4 ]. Informal care forms one of
he largest types of support [ 2 ]. In light of ageing societies with lower
abor force the need for informal care is expected to increase. 

Limited national care budgets force governments to make choices on
ow to spend their resources to provide persons with dementia and their
nformal caregivers with access to care and support. Health-economic
imulation models support reimbursement decisions, especially to ex-
rapolate evidence from trials with a limited follow-up period. Such
odels rely on estimates of (informal) care use and quality of life to

imulate the natural course of dementia and the effect of an interven-
ion [ 5 ]. 

Twelve recently (after 2010) published European-oriented models
hat included a reflection of informal care [ 6–8 ] varied widely in meth-
ds (such as an assumed amount of informal care costs, informal care
ime estimated by dependent or independent living, an interview-based
stimation of informal care by disease severity states, or a regression-
ased estimation using data on cognitive impairment and/or functional
isability and behavioral symptoms). For most studies, methodological
etails were lacking and for some they were only available in a local
anguage or completely unavailable. In addition, model structures var-
ed, reflecting cognitive impairment only or in combination with func-
ional disability and behavioral symptoms, or based on full-time care.
his hinders reproduction of estimates and re-use of estimates for future
ealth-economic models. It leaves an urgent need to generate estimates
f informal care time for dementia health-economic models serving a
ariety of model (multi-domain) structures and European settings [ 5 ]. 

We aimed to estimate the association between informal care time and
ementia symptoms (cognitive impairment, functional disability and be-
avioral symptoms) adjusted for demographic characteristics across Eu-
opean settings using pooled data. We focus on informal caregiving time
n instrumental and basic activities of daily living (ADL). We note that
ther types of impact of informal care [ 9 ] such as caregiver supervi-
ion time, productivity loss, physical and emotional burden, impact on
ealth (depressive symptoms and comorbidities) and social life (lone-
iness), medical care and financial burden are outside the scope of our
tudy. 

The results of this study are intended as input estimates for dementia
ealth-economic simulation models that represent disease progression
y single or multiple (composite) domains. 

. Methods 

A secondary analysis was performed on pooled data from studies
nvolving informal care in dementia. Data were obtained from a va-
iety of non-systematically identified studies. Studies were selected if:
2

ates for use in health-economic models are lacking. We aimed to estimate the
e time and dementia symptoms across Europe. 
as performed on 13,529 observations in 5,369 persons from 9 European pooled
ty-dwelling persons with dementia. A mixed regression model was fitted to time
tivities of daily living using disease severity and demographic characteristics. 
 was 0.5 hours higher in moderate compared to mild and 1.3h higher in severe
irment. Likewise, this was 1.2h and 2.7h for functional disability and 0.3h and
the same directions. 
d in both single- and multi-domain health-economic models for dementia in

) the participants had a diagnosis of dementia at baseline established
n a clinical setting (typically a memory clinic or general practitioner)
nd were living at home, 2) the study assessed informal care time us-
ng the (adjusted) Resource Use in Dementia (RUD) instrument, 3) the
tudy assessed dementia symptoms in terms of global cognitive im-
airment, functional disabilities and/or behavioral symptoms, 4) the
tudy provided information on basic demographic characteristics. We
d-hoc selected multi- and single-country longitudinal studies with a
elatively large sample size. Included studies were Actifcare [ 10 , 11 ],
elpHi [ 1 , 12 , 13 ], ICTUS [ 14 ], IDA [ 15–17 ], NeedYD [ 18 ], PLASA [ 19 ],
ECage [ 20 ], RTPC [ 21 ] and SQAD [ 22 ]. See Table 1 for study char-
cteristics. The Swedish Ethical Review Authority provided ethical ap-
roval for conducting this study (Dnr 2022-01175-01). Each individual
articipating study had obtained ethics review for the original data col-
ection and analysis. Data were pooled at a single location, and only a
election of the authors had access to the pooled data set. 

.1. Selection of participants and observations 

We omitted data from persons or observations with missing base-
ine demographics or missing cognitive or informal care data (case-wise
eletion), either because these outcomes were not being part of the as-
essment protocol or because they were missing. Data during or after
dmission to an institutional setting were omitted (list-wise deletion)
ecause generally studies lost them for follow-up, leaving those remain-
ng likely to be a strong selection which could bias the results. Therefore,
he institutional setting falls outside the focus of this study. See Fig. 1
or details. 

.2. Outcomes and harmonization 

Informal care was assessed by the RUD (Resource Use in Dementia)
nstrument [ 23 ] or an adaptation of it, with data on the time spend
roviding basic ADL and the time spend providing instrumental ADL on
 typical day, and the number of days in the past 30 days. The RUD
nstrument was originally developed in 1998 [ 24 , 25 ] and chosen for its
ide used and validity, particularly in terms of the items on informal

aregiving time [ 26–30 ]. Informal care hours on instrumental and basic
DL per day were summed and then truncated to 18 hours per day,
ssuming a minimum of 6 hours of sleep. 

Demographic characteristics included age and sex of the person with
ementia, and age, sex and cohabitation (i.e., whether the informal care-
iver lives together with the person with dementia) of the informal care-
iver. 

Global cognitive impairment was reflected by the total score of the
ini-Mental State Examination (MMSE) [ 31 ], ranging from 0 (worse)

o 30 (best). 
Instrumental ADL were assessed by various instruments: Lawton’s

nstrumental Activities of Daily Living Scale (IADLS) [ 32 ], Bayer Activ-
ties of Daily Living Scale (B-ADL) [ 33 ], Nurses’ Observation Scale for
eriatric Patients (NOSGER) [ 34 ], Interview for Deterioration in Daily
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Table 1 

Characteristics of included studies. 

Actifcare DelpHi ICTUS IDA NeedYD PLASA RECage RTPC SQAD 
Reference [ 10 , 11 ] [ 1 , 12 , 13 ] [ 14 ] [ 15–17 ] [ 18 ] [ 19 ] [ 20 ] [ 21 ] [ 22 ] 

Main aim Understand why 
persons with 
dementia and their 
caregivers use or fail 
to use formal care 
services. 

Test the efficacy and 
efficiency of 
implementing a 
support system for 
persons with 
dementia. 

Describe the natural 
history, treatment 
outcomes and 
socioeconomic 
impact of 
individuals referred 
to dementia 
facilities in Europe. 

Compare a complex 
intervention 
including caregiver 
support groups and 
counselling against 
usual care in terms 
of time to nursing 
home placement. 

Investigate the 
(un)met needs of 
persons with early 
onset dementia and 
their family 
members. 

Evaluate an AD care 
and assistance 
intervention in 
which 
community-dwelling 
persons with AD 
were evaluated 
bi-annually and in 
case of decline they 
received a specific 
intervention as well 
as information and 
training. 

Evaluate the 
effectiveness of 
special care units for 
people with 
dementia and the 
behavioral and 
psychological 
symptoms of 
dementia. 

Improve health 
services for 
European citizens 
with dementia by 
means of a 
longitudinal study 
with a 3 month 
follow-up. 

Estimate the utilities 
and cost of medical 
care, community 
care and informal 
care. 

Design cohort RCT cohort RCT cohort RCT cohort cohort cohort 
Sample size received data 451 634 1375 384 210 1131 382 1 2014 272 
Planned observation 
(months) 

0, 6, 12 0, 12, 24 0, 6, 12, 18, 24 0, (6), 12, 24 0, 6, 12, 18, 24 0, (6), 12, (18), 24 0, 6, 12, 18, 24, 30, 
36 

0, 3 0, 6, 12 

Recruitment settings general practices, 
memory clinics, 
case managers, 
community mental 
health teams, 
newspapers 

general practices memory clinics general practices memory clinics, 
mental health 
services, specialized 
day care facilities 

memory clinics in 
university hospitals 
and general 
hospitals 

(memory) clinics professional home 
care organizations 
and institutional 
long-term nursing 
care facilities 

memory clinics 

Countries DE, IE, IT, NL, NO, 
PT, SE, UK 

DE BE, CH, DE, DK, ES, 
FR, GR, IT, NL, RO, 
SE, UK 

DE NL FR DE, IT DE, EE, ES, FI, FR, 
NL, SE, UK 

DK, FI, NO, SE 

Cognition MMSE MMSE MMSE MMSE MMSE MMSE MMSE MMSE MMSE 
Instrumental ADL 2 IADLS B-ADL IADLS NOSGER IDDD IADLS ADCS-ADL n/a n/a 
Basic ADL 2 PSMS B-ADL Katz Barthel IDDD n/a ADCS-ADL Katz n/a 
Behavior NPI-Q NPI NPI n/a NPI NPI NPI NPI-Q NPI-Q 10-item 

Rating of ADL and 
behavior 

Proxy Proxy or self (in case 
informal caregiver 
was unavailable) 

Proxy Proxy Proxy Proxy Proxy Proxy Proxy 

Informal care RUD RUD RUD RUD RUD RUD RUD RUD RUD 

Country abbreviations: BE, Belgium; CH, Switzerland; DE, Germany; DK, Denmark; EE, Estonia; ES, Spain; FI, Finland; FR, France; GR, Greece; IE, Ireland; IT, Italy; NL, Netherlands; NO, Norway; PT, Portugal; RO, 
Romania; SE, Sweden; UK, United Kingdom. 
Other abbreviations: RCT, randomized control trial; n/a = not available; 

1 received a selection from countries Italy and Germany of project’s full data (n = 508). 
2 proxy-rated in all studies, except in DelpHi study it was self-rated in case no informal caregiver was available. 

3
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Figure 1. Selection of participants and observations from all pooled studies. 
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s  
iving Activities in Dementia (IDDD) [ 35 ], and Alzheimer’s Disease Co-
perative Study - Activities of Daily living (ADCS-ADL) [ 36 ]. The in-
trumental ADL assessment scales varied in terms of item topics and re-
ponse options. In absence of availing mapping algorithms between all
ncluded ADL scales [ 37 ] we calculated the original scale’s total score,
hen rescaled its minimum-maximum to 0-30 to map it to the Func-
ional Activities Questionnaire (FAQ) total score [ 38 ]. This rescaled and
apped score was considered harmonized, under the assumption that

he scales reflect the same concept of instrumental ADL, have similar
oor/ceiling levels (i.e., their floor and ceiling reflect the same level
bilities), and have a similar graduation or interval between response
ptions. 

Neuropsychiatric symptoms were assessed by the Neuropsychiatric
nventory Questionnaire (NPI) [ 39 ] on neuropsychiatric symptoms
delusions, hallucinations, agitation/aggression, depression/dysphoria,
nxiety, elation/euphoria, apathy/indifference, disinhibition, irritabil-
ty/lability, aberrant motor behavior, sleep and nighttime behavior dis-
rders, and appetite and eating disorders). These behavioral and psy-
hological symptoms are further shortened as behavioral symptoms. 

Dementia Staging was assessed by the Clinical Dementia Rating
CDR) [ 40 ], characterizing six domains of cognitive and functional per-
ormance. 

To allow our results to be used as input estimates for multi-domain
ealth-economic models scales were transformed to a multi-domain
 t  

4

isease-state descriptive system deployed by Green et al. [ 41 ] for cogni-
ive impairment, functional disabilities and behavioral symptoms. Cog-
itive impairment was categorized as mild (MMSE total score higher or
qual to 21), moderate [ 10 –20 ], or severe (lower than 10). Functional
isability in terms of instrumental ADL was categorized as no problems
0 to 8), moderately dependent [ 9 –23 ], or highly dependent [ 24 –30 ]
ased on the FAQ. Behavioral symptoms were categorized using the first
0 items of NPI(-Q/-NH) severity (omitting sleep/nighttime behaviors
nd appetite/eating items) as no or mild problems (all scored 1 or 0),
oderate problems (at least one item is scored at 2 and all others less

r equal than 2), or severe problems (at least one of the items is scored
). Country was categorized into 5 European regions (Nordics, British
sles, Eastern Europe and Baltics, Southern Europe, Western Europe) as
arlier defined [ 42 ]. 

. Handling missing data 

Missing data were handled in different ways. Minor missing data,
uch as missing a few scale items, were imputed by its mean or median.
issing demographics were carried forward from their last available ob-

ervation. Drop-out was case-wise deleted. Cognitive impairment, func-
ional disabilities, age of the person with dementia and cohabiting were
ignificantly associated with drop-out, indicating the presence of selec-
ive drop-out. Partly missing data were conditional on observed data.
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herefore, multiple imputation was performed to handle this type of
issing data. See supplementary 1 for details on missing data han-
ling. 

.1. Statistical analysis 

Baseline descriptive estimates per country and per region were gen-
rated. 

For the base case analysis (i.e., primary analysis), a mixed model
as fitted to the informal care hours with a random intercept reflecting
bservations nested within individuals and individuals nested within
he studies. Independent variables were the person with dementia age
nd sex, informal caregiver age, sex and living together, cognitive im-
airment, functional disabilities and behavioral symptoms (all 3 cate-
orized), and region. With observations nested within an individual, we
empted the coefficients to reflect the change in informal care hours
ssociated with a change in the independent variables. 

Predicted values were generated to act as input estimates for health-
conomic models. These were generated by symptom, person with de-
entia age and region (at mean estimate of the other factors per region).

Post-hoc, various additional analyses were performed to serve alter-
ative health-economic model structures that reflected only cognitive
mpairment, reflected a composite of cognitive impairment and func-
ional disabilities, or reflected these outcomes on a continuous instead
f categorized level. In addition, sensitivity analyses were performed to
ddress the sensitivity of the results to methodological choices and to
upport the interpretation of the results. 

A spreadsheet tool was developed to predict mean informal care
ours by dementia severity per region to support health-economic mod-
lers to obtain input estimates that fit their specific health-economic
odel structure. 

. Results 

We selected a total of 5,369 persons with 13,529 completed obser-
ations from the pooled studies for analysis (see Fig. 1 ). Participants at
aseline had a mean age of 79 (SD = 8) and 63 % were female, with 3.3
ours per day of received informal care ranging from 1.1 to 7.5 between
ountries. Informal caregivers had a mean age of 63 (SD = 14), 67 % were
emale and 64 % cohabited with the person with dementia. See Table 2
or details. 

The results of the base case statistical analysis are presented in
able 3 and indicated that sex, cognitive impairment, functional disabil-

ty and behavioral symptoms of the person with dementia, and age, sex
nd cohabiting of the informal caregiver were significantly associated
ith informal care time. Informal care time was lower for female per-

ons with dementia and increased with cognitive impairment, functional
isability and behavioral symptoms, with its effect size being largest
or functional status. Informal care time ranged almost 3 hours per day
cross regions, being highest in Eastern Europe & Baltic and lowest in
ordic countries. 

Informal care time was 0.5 hours per day higher in moderate com-
ared to mild and 1.3 higher in severe compared to mild cognitive im-
airment (resulting in 0.8 higher in severe compared to moderate). Like-
ise, informal care time was 1.2 higher in moderate and 2.7 higher in

evere, compared to mild functional disability, and 0.3 higher in mod-
rate and 0.6 higher in severe compared to mild behavioral symptoms;
djusted for other factors. See supplementary material 2 for a spread-
heet tool to predict mean informal care hours by dementia severity per
egion for single or combined factors. 

Regression diagnostics indicated residuals were not normally dis-
ributed (see Figure S3.1 and Table S3.1 for regression details). Mean
redicted values per decile of predicted values mostly fell outside the
5 % confidence intervals of observed mean informal care hours cor-
esponding to those deciles (see figure S3.2 ). Observed informal care
ime stratified by symptoms ranged from about 1 to 7 hours per day.
5
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Table 3 

Results of the base case statistical analysis and additional analyses (beta coefficients and 95 % confidence interval from mixed linear regression with dependent variable hours of informal care per day on instrumental 
and basic activities of daily living). 

3-domain categorized 3 

(base case) 
MMSE categorized 3 MMSE sum 

4 3-domain continuous 4 CDR-global 5 CDR sum of boxes 
categorized 3 , 5 

CDR sum of boxes 5 MMSE categorized 3 

additional data 5 

n 13,529 13,529 12,330 8,680 4,227 4,399 4,673 14,006 

Cognitive impairment (MMSE) or CDR ∗∗ ∗∗ -0.16 
(-0.17 to -0.15) ∗∗ 

-0.05 
(-0.07 to -0.04) ∗∗ 

∗∗ ∗∗ 0.39 
(0.36 to 0.41) ∗∗ 

∗∗ 

Moderate 1 0.51 
(0.37 to 0.64) 

1.00 
(0.87 to 1.12) 

1.40 
(1.19 to 1.62) 

1.68 
(1.46 to 1.90) 

0.96 
(0.83 to 1.08) 

Severe 1 1.29 
(1.04 to 1.54) 

2.36 
(2.13 to 2.59) 

4.12 
(3.64 to 4.61) 

4.14 
(3.60 to 4.67) 

2.26 
(2.02 to 2.49) 

Functional disability (mapped FAQ) ∗∗ 0.14 
(0.12 to 0.15) ∗∗ 

Moderate 1 1.14 
(0.99 to 1.29) 

Severe 1 2.65 
(2.43 to 2.87) 

Behavior symptoms (NPI-Q) ∗∗ 0.06 
(0.05 to 0.07) ∗∗ 

Moderate 1 0.34 
(0.20 to 0.48) 

Severe 1 0.61 
(0.45 to 0.77) 

Age, years (PwD) -0.01 
(-0.02 to 0.00) 

0.02 
(0.00 to 0.03) ∗ 

0.02 
(0.00 to 0.03) ∗ 

-0.02 
(-0.03 to 0.00) ∗∗ 

0.01 
(-0.01 to 0.03) 

0.01 
(-0.01 to 0.04) 

0.01 
(-0.01 to 0.03) 

0.01 
(0.00 to 0.02) 

Female sex (PwD) -0.35 
(-0.55 to -0.15) ∗∗ 

-0.50 
(-0.71 to -0.29) ∗∗ 

-0.55 
(-0.76 to -0.33) ∗∗ 

-0.34 
(-0.58 to -0.09) ∗∗ 

-0.02 
(-0.42 to 0.37) 

0.00 
(-0.39 to 0.38) 

-0.11 
(-0.45 to 0.22) 

-1.30 
(-1.48 to -1.13) ∗∗ 

Cohabit (IC with PwD) 1.41 
(1.25 to 1.58) ∗∗ 

1.50 
(1.33 to 1.67) ∗∗ 

1.42 
(1.24 to 1.61) ∗∗ 

1.04 
(0.83 to 1.26) ∗∗ 

1.36 
(1.01 to 1.71) ∗∗ 

1.33 
(0.99 to 1.67) ∗∗ 

1.02 
(0.77 to 1.26) ∗∗ 

Age, years (IC) 0.03 
(0.02 to 0.04) ∗∗ 

0.03 
(0.02 to 0.04) ∗∗ 

0.03 
(0.02 to 0.04) ∗∗ 

0.03 
(0.02 to 0.04) ∗∗ 

0.03 
(0.01 to 0.04) ∗ ∗ 

0.03 
(0.01 to 0.04) ∗∗ 

0.03 
(0.02 to 0.04) ∗∗ 

Female sex (IC) 0.41 
(0.21 to 0.60) ∗∗ 

0.48 
(0.28 to 0.69) ∗∗ 

0.51 
(0.31 to 0.72) ∗∗ 

0.33 
(0.09 to 0.57) ∗∗ 

0.62 
(0.23 to 1.01) ∗∗ 

0.61 
(0.22 to 1.00) ∗∗∗ 

0.52 
(0.18 to 0.86) ∗∗ 

Region ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ 

British Isles 2 1.55 
(1.13 to 1.97) 

1.71 
(1.26 to 2.17) 

1.38 
(0.92 to 1.84) 

0.89 
(0.36 to 1.42) 

1.02 
(0.39 to 1.64) 

1.10 
(0.48 to 1.72) 

1.14 
(0.58 to 1.70) 

1.91 
(1.44 to 2.39) 

Eastern Europe and Baltics 2 2.84 
(2.37 to 3.32) 

3.08 
(2.58 to 3.57) 

2.85 
(2.36 to 3.35) 

2.33 
(1.62 to 3.04) 

3.73 
(2.74 to 4.73) 

3.54 
(2.59 to 4.49) 

2.66 
(1.91 to 3.41) 

3.17 
(2.66 to 3.69) 

Southern Europe 2 1.48 
(1.15 to 1.80) 

1.72 
(1.37 to 2.08) 

1.50 
(1.15 to 1.86) 

1.03 
(0.60 to 1.47) 

1.64 
(1.12 to 2.17) 

1.61 
(1.10 to 2.13) 

1.61 
(1.16 to 2.07) 

1.86 
(1.49 to 2.23) 

Western Europe 2 0.17 
(-0.13 to 0.48) 

0.20 
(-0.13 to 0.53) 

0.01 
(-0.33 to 0.34) 

0.04 
(-0.39 to 0.48) 

-0.27 
(-0.78 to 0.25) 

-0.28 
(-0.78 to 0.23) 

-0.17 
(-0.63 to 0.28) 

0.25 
(-0.10 to 0.60) 

Constant -1.13 
(-2.11 to -0.14) 

-1.84 
(-2.92 to -0.76) 

1.96 
(0.86 to 3.06) 

0.12 
(-1.09 to 1.32) 

-1.63 
(-3.37 to 0.11) 

-1.81 
(-3.50 to -0.11) 

-3.76 
(-5.22 to -2.30) 

1.62 
(0.23 to 3.01) 

∗ p < 0.05, 
∗∗ p < 0.01 
1 Reference category is mild. 
2 Reference is Nordics. 
3 MSME mild (21-30), moderate (10-20), severe (0-10); FAQ mild (0-8), moderate (9-23), severe (24-30); NPI(-Q) first 10 severity items mild (all scored 1 or 0), moderate (at least one item is scored at 2 and all 

others less or equal than 2), severe (at least one of the items is scored 3); CDR sum of boxes mild (4.5-9), moderate (9.5-15.5), severe (16-18) 
4 Per point improvement on MMSE sum score (0-30), per point worsening on mapped FAQ score (0-30), per point worsening on NPI-Q score (0-36). 
4 Based on data from Actifcare and ICTUS studies only. 
5 Additional data from Gervès-Pinquié et al.(44) and Pires et al.(45). From Pires et al. the Global Deterioration Scale (GDS) was used as MMSE was not available.Abbreviations: CDR, Clinical Dementia Rating; 

FAQ, Functional Activities Questionnaire; IC, informal caregiver; MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; PwD, person with dementia. 
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ompared to predicted informal care hours deviation was up to about
 hour. We judged this as a moderate to good fit. See Figure S3.3 for
etails. 

.1. Additional analyses 

The results of the additional analyses are presented in Table 3 and
upplementary material 4 . 

First, a model using MMSE categorized adjusted for demographics
stimated an informal care increase of 1.0 hours from mild to moderate
ognitive impairment and 2.4 hours from mild to severe. 

Second, a model using MMSE total score (range 0-30; non-imputed)
djusted for demographics estimated an informal care increase of 0.16
ours per point MMSE drop. 

Third, a model using cognitive impairment, functional disability and
ehavioral symptoms as continuous outcomes adjusted for demograph-
cs estimated an informal care increase of 0.05 hours per point drop
MSE total score (range 0-30), 0.14 hours per point mapped FAQ (range

-30) and 0.06 hours per point NPI-Q total (range 0-36). 
Fourth, a model using CDR global score (non-imputed) adjusted for

emographics estimated an informal care increase of 1.4 hours from
ild to moderate and 4.1 hours from mild to severe dementia, in sub-

election of datasets Actifcare and ICTUS with CDR-global score avail-
ble. 

Fifth, a model using CDR sum of boxes categorized (mild: 4.5-9, mod-
rate: 9.5-15.5, severe: 16-18 [ 43 ]) adjusted for demographics estimated
n informal care increase of 1.7 hours from mild to moderate and 4.1
ours from mild to severe dementia. 

Sixth, a model using CDR sum of boxes (range 0-18; non-imputed)
djusted for demographics estimated an informal care increase of 0.39
ours per point on the CDR sum of boxes score. 

Seventh, additional data were obtained from Gervès-Pinquié et al.
 44 ] and Pires et al. [ 45 ] with cross-sectional and limited information
n clinical symptoms and demographic characteristics of informal care-
ivers. A model was fit to MMSE categorized, or if missing global dete-
ioration scale, and adjusted for person with dementia age and sex only.
nformal care increased by 1.0 hours from mild to moderate and by 2.3
ours from mild to severe cognitive impairment. 

All additional analyses were added to the spreadsheet tool to predict
ean informal care hours per region for single or combined factors (see

upplementary material 2 ). 

.2. Sensitivity analyses 

First, hours of instrumental and basic ADL were summed before im-
utation. The same factors were significant compared to the base case
nd coefficients differed by 0.1 hours or less. In addition, the base case
odel was applied separately to instrumental ADL and basic ADL (ex-

luding SQAD as informal care was not administered separately). Com-
ared to the base case, the sex of the person with dementia and the age
f the informal caregiver were no longer significant for personal ADL,
nd the age of the person with dementia was significant for instrumen-
al ADL. Coefficients differed by 0.3 hours or less. See Figure S5.1 for
etails. 

Second, the base case and additional analyses for ‘categorized MMSE
nly’, ‘CDR global’ and ‘CDR sum of boxes categorized’ were performed
n the same sub-sample of those with all outcomes available (i.e., Ac-
ifcare and ICTUS) to assess the sensitivity to the outcome scale used.
evere compared to mild cognitive impairment was associated with 1.7
ours of informal care when adjusted for functional disability and be-
avioral symptoms (base case model), with 2.8 hours when not adjusted
categorized MMSE only analysis), with 4.2 hours when CDR compos-
te outcome of cognitive impairment and functional disability was used
CDR-global analysis) and with 4.1 hours for CDR sum of boxes (CDR
um of boxes categorized analysis). See figure S5.1 for details. 
7

Third, study-specific results indicated variation in the magnitude
etween dementia symptoms and informal care hours. The effect of
unctional disability differed significantly between studies (statistically
ested with an interaction between study and cognitive impairment
p = 0.055), functional disability (p < 0.001) and behavioral symptoms
p = 0.326)). For example, studies Actifcare, ICTUS, IDA, PLASA, RTPC
nd SQAD showed about twice as high association between severe func-
ional disability and informal care hours than the other studies (DelpHi,
eedYd and RECage). See Figure S5.2 for details. 

Fourth, interactions between clinical symptoms and all covariates
ere tested and found significant for caregiver age (the effect of func-

ional disability and behavioral symptoms on informal care was about
.01 to 0.02 hour higher with each year of increasing age), cohabit
the effect of cognitive impairment, functional disability and behavioral
ymptoms on informal care was about 0.4 to 1.3 hour higher when co-
abiting) and region (the effect of functional disability and behavioral
ymptoms on informal care were up to 1 hour different between regions
ith one exception of 2.8 hours different effect). 

. Discussion 

Informal care time was estimated in pooled longitudinal data from
,369 persons with mild, moderate or severe dementia from various
uropean countries. Informal care time increased by 0.5 hours per day
etween mild and moderate cognitive impairment and by 1.3 between
ild and severe cognitive impairment, and by 1.2 (mild-moderate) and
.7 (mild-severe) for functional disability and 0.3 (mild-moderate) and
.6 (mild-severe) for behavioral symptoms respectively. A prediction
ool was developed to generate health-economic model input estimates.

The results can be interpreted in various ways. Functional disability
as most substantially associated to informal care time, which could

mply functional disability to be an important driver of the consumed
are by persons with dementia. However, functional disability was ex-
ected to be the strongest predictor because we operationally defined
nformal care time from the questions on the RUD instrument on hours
f support on instrumental and basic activities of daily living. 

The combination of cognitive impairment and functional disability
measured by the composite measure CDR-global) was related to 4.1
ours of informal care, which was similar to the combination of severe
ognitive impairment and severe functional disability (1.3 + 2.7). This
mplies a consistency in our results, making the choice of measure in
 health-economic model (single composite or combination of separate
utcomes) unlikely to drive health-economic modeling results. 

.1. Comparison to literature 

Our results align with the findings from systematic reviews that in-
ormal care time increases with disease severity in terms of cognitive im-
airment and/or functional disability [ 9 , 42 , 46–48 ]. Angeles et al. [ 46 ]
nd Wolfs et al. [ 49 ] also indicated behavioral symptoms as a driver of
aregiving time. Our study adds specific estimates of informal care time
eadily available for use in health-economic models. 

Two large multi-country studies showed an increase of 1.0 and 2.6
ours per day from moderate and severe compared to mild MMSE [ 50 ]
nd 1.3 and 2.4 respectively [ 51 ], which seemed comparable to our
ost alike MMSE-only analysis result of 1.0 and 2.4 respectively. Unfor-

unately, we were not able to include the data of about 5000 individuals
rom these two and one additional [ 52 ] large multi-country studies (due
o difficulty reaching the data owner or difficulty to pool the data due to
irtual access only). However, the similarly observed estimates support
he validity of our results and imply little impact of missing out these
ata. 

In a previous meta-analysis, caregiving time was ranked highest to
owest in British Isles, Southern Europe, Western Europe, Nordics and
astern Europe and Baltics [ 42 ], which differed from our results placing
astern Europe and Baltics highest. This could be due to small sample
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ize as only two studies were included in the meta-analysis on this re-
ion and only two countries reflected this region in our study. Other
eviews referred to no [ 9 ] or some difference between countries such
s Italy relying more and Sweden relying less on informal care due to
ifferences in planned social care distribution [ 48 ]. However, they are
imited in their comparison among a relatively small set of countries and
t remains uncertain whether country or study method was the cause for
uch differences. 

.2. Recommendations 

The results of this study can be used as input estimates for health-
conomic simulation models in dementia diseases that represent disease
rogression by multiple domains [ 53–55 ] as well as models that repre-
ent single or composite domains. We note the need to use the same
categorized) scale in a model to enable implementation of our results. 

Models reflecting disease progression by a single domain run the risk
f confounding (e.g., informal care seems driven by cognitive impair-
ent while in fact part of the informal care is driven by functional dis-

bility, which is correlated to cognitive impairment) when evaluating
n intervention. This was supported by our sensitivity analysis show-
ng a relatively larger effect of cognitive impairment when no longer
djusted for functional disability and behavioral symptoms. This was
urther supported by the effect of CDR matching the effect of cognitive
mpairment and functional disability combined. Therefore, if the impact
f an intervention is reflected by a health-economic simulation model
o only affect a single domain such as cognitive impairment (e.g., by
ognitive stimulation therapy with consistent effects on cognition and
nconsistent effect on functioning and behavioral symptoms [ 56 ]) we
ecommend using adjusted estimates from our base case analyses. Us-
ng estimates from our additional analysis on cognition-only or CDR in
his situation would run the risk of allocating benefits on informal care
hat are driven by functional disability and behavioral symptoms that
re normally correlated but unaffected by an intervention only affect-
ng a specific domain. If, however, an intervention affects all domains
imultaneously (i.e., slowing progression) we recommend adding the
ours related to cognitive impairment, functional disability and behav-
oral symptoms (proportional to their occurrence across natural disease
rogression) or use the estimates from the CDR composite outcome. 

We recommend using our spreadsheet tool (see supplementary ma-

erial 2 ) to predict informal care hours picking the base case or addi-
ional analyses that matches the design of the health-economic simula-
ion model and nature of the intervention. There are various proposed
ethods for valuing informal care time into health or monetary terms

 57 ] but these fell outside the scope of this study. 
At last, we note the confidence intervals reported in this study do

ot represent methodological uncertainty, which was partly reflected
y the variation from our sensitivity analyses (see strengths and limi-
ations) and partly unaddressed such as uncertainty of assumptions on
apping and handling missing data due to drop-out. We recommend

eflecting this additional uncertainty in a health-economic simulation
odel uncertainty analysis. 

. Strengths and limitations 

The significant and relatively large variation between studies limits
he robustness of the results. The variation could be explained by vari-
us reasons, for example the focus of the NeedYd study on young-onset
ementia, where informal care is likely to be provided by a working
pouse, compared with other studies where the cohabiting spouse is of-
en retired, as well as the specific setting of (specialized) day care. Also,
ctifcare and RTPC studies targeted a population of persons with de-
entia likely in need of additional formal care, possibly reflecting more

urdened informal caregivers. These differences between studies have
robably also caused the different outcomes observed in the second sen-
itivity analysis in which a selection of data from specific studies was
8

sed. This variation supports the value of pooled data analysis provid-
ng an average estimate across studies. The relatively small variation
elated to the methodological choice of summing informal care before
mputation or assessing informal care on instrumental ADL and basic
DL separately support the robustness of the results. 

Regression assumptions were violated or not tested due to difficulties
n obtaining them from a mixed model fitted to multiple imputed data.
lthough mean predicted values deviated from mean observed values,
e judge their deviation (less than 1 hour per day) as moderate to small

ompared to the range of about 1-7 hours of informal care per day. 
Generalization is limited for various reasons. We did not adjust for

rop-out, possibly underestimating informal care time in case of drop-
ut due to overburdened caregivers. On the other hand, informal care-
iving time is likely overestimated as those providing consent for partic-
pation have been shown to have higher time investment and caregiver
urden [ 58 ]. Results are generalizable to the various inclusion criteria
nd settings of each study, their convenient sampling method, the under-
epresentation of Eastern European countries, informal care time related
o instrumental and basic activities of daily living (not supervision) and
ommunity living (as institutional setting fell outside our scope). A rel-
tively low number of individuals were living at home and identified
ith severe cognitive impairment (6 %) and severe functional disability

10 %), which we did not test for its difference to natural prevalence
nd possibly reflect a selection bias (other than omitting due to institu-
ionalization). We did not adjust for comorbidities, which has not been
tudied widely [ 42 , 48 ] but could potentially be a driver of informal care
nrelated to dementia. Only the primary caregiver hours were included,
ot reflecting the contribution of multiple informal caregivers for a sin-
le person with dementia [ 59 ]. 

. Conclusions 

Informal care time increased with increasing severity in cognitive im-
airment, functional disability and behavioral symptoms, adjusted for
emographic characteristics in pooled longitudinal data from 5,369 per-
ons with dementia from various European countries. Estimates can be
sed in single or multi-domain health-economic simulation models re-
ated to dementia. 

recis 

Estimate of informal care time by dementia symptoms in a pooled
ataset of more than 5000 individuals with dementia for use in health-
conomic models. 
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Where data was available from the pooled studies diversity was ad-
ressed in terms of age and sex. 
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