Development and Validation of a Prediction Model
for 6-Month Societal Costs in Older Community Care-
Recipients in Multiple Countries; the IBenC Study

Lisanne | van Lier?

, Judith E Bosmans?, Henriétte G van der Roest!,

Health Services Insights

Volume 13: 1-13

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1178632920980462

®SAGE

Martijn W Heymans?, Vjenka Garms-Homolova*, Anja Declercq?,

Palmi V Jénsson® and Hein PJ van Hout!

Department of General Practice and Medicine of Older People, Amsterdam Public Health
Research Institute, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, and Department on
Aging, Netherlands Institute of Mental Health and Addiction (Trimbos Institute), Utrecht, Utrecht,
The Netherlands. 2Department of Health Sciences, Faculty of Science, Amsterdam Public Health
Research Institute, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands. SDepartment of
Epidemiology and Data Science, Amsterdam Public Health Research Institute, Amsterdam UMC,
Vrije Universiteit Amsterdam, Amsterdam, The Netherlands. “Department Ill, Economy and Law,
Hochschule fur Technik und Wirtschaft Berlin, Berlin, Germany. 8LUCAS, Centre for Care Research
and Consultancy, and CESO, Center for Sociological Research, KU Leuven (University of Leuven),
Leuven, Belgium. 8Department of Geriatrics, Landspitali University Hospital, Faculty of Medicine,

University of Iceland, Reykjavik, Iceland.

ABSTRACT: This study aims to develop and validate a prediction model of societal costs during a period of 6-months in older community care-
recipients across multiple European countries. Participants were older community care-recipients from 5 European countries. The outcome
measure was mean 6-months total societal costs of resource utilisation (healthcare and informal care). Potential predictors included sociode-
mographic characteristics, functional limitations, clinical conditions, and diseases/disorders. The model was developed by performing Linear
Mixed Models with a random intercept for the effect of country and validated by an internal-external validation procedure. Living alone, caregiver
distress, (I)ADL impairment, required level of care support, health instability, presence of pain, behavioural problems, urinary incontinence
and multimorbidity significantly predicted societal costs during 6 months. The model explained 32% of the variation within societal costs and
showed good calibration in Iceland, Finland and Germany. Minor model adaptations improved model performance in The Netherland and ltaly.
The results can provide a valuable orientation for policymakers to better understand cost development among older community care-recipients.
Despite substantial differences of countries’ care systems, a validated cross-national set of key predictors could be identified.
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Background
The number of disabled older individuals in need of long-term
health and social care increases steeply in Europe.l? Most of
them prefer to stay at home independently for as long as pos-
sible with appropriate support instead of going to a nursing
home.? This policy is also promoted by many European gov-
ernments, as it is generally assumed that community care is
associated with better self-reported quality of life and with
lower costs than institutionalised care.*®

Despite this, governmental expenditures on health and
long-term community care have grown faster than can be
expected based on demographic trends only.® Developments
other than aging that probably contributed to this include: a
decline in the availability of informal caregiving due to societal
developments, higher expectations in terms of quality of life as
people become wealthier, and high investments in science and
technology (both medical and non-medical) that enable people
to stay at home longer.? In combination with existing budget
constraints, this has led to high pressure on care systems across

Europe. Many community care systems fall short to meet cur-
rent care demands. This may lead to premature institutionali-
sation and unnecessary hospital admissions, which in turn
increases costs, leads to premature mortality and reduces qual-
ity of life.”® This situation exacerbates as Europe is facing
increasing shortages of home health aides and home nurses.® It
is a major challenge for policymakers to organise care in such a
way that available resources are used optimally.

For a comprehensive view on total costs of care, it is impor-
tant to take a societal perspective on costs meaning that not
only costs of health and social care should be included, but also
informal care. This is important because a large percentage of
community care-recipients receive informal care regularly.$10
We have only limited understanding of factors predicting costs
of utilisation of formal and informal care services by older
community care-recipients. Previous studies on predictors of
societal costs found that country of residence, being married,
functional limitations, limitations of going out, cognitive
impairment, number of medication intake, arthritis and
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cerebrovascular accident and comorbidity predicted societal

costs.11-17

However, these studies mainly focused on disease-
specific groups such as people with dementia and not on people
who receive community care in general. Since funding systems
in long-term care are not designed based upon disease-specific
groups, insight into the populations and the costs is essential
for the sustainability of long-term care settings. Modifiable
conditions that are found to predict costs, might be targeted by
interventions to curtail rising costs. Therefore, this study aimed
to develop and validate a prediction model of societal costs of
care utilisation during a period of 6-months in older commu-
nity care-recipients across multiple European countries.

Methods
Design

Data were collected as part of the cross-European IBenC
(‘Identifying best practices for care-dependent elderly by
Benchmarking Costs and outcomes of community care’) study.
IBenC had a prospective longitudinal design and aimed to
identify best practices in community care for care-dependent
elderly people by benchmarking the cost-effectiveness of com-
munity care delivery systems in Europe.’® Data collection was
performed between January 2014 and August 2016.

The study was approved by all relevant medical ethical com-
mittees. When required, written informed consent was
obtained from participants prior to the assessments.

Setting and sample
The IBenC sample consisted of 2884 community-dwelling

care-recipients aged 65 years and older from 6 European coun-
tries (Belgium, Finland, Germany, Iceland, Italy and the
Netherlands), who received professional community care and
were expected to receive care for at least 6 months after inclu-
sion. Terminally ill care-recipients and care-recipients with a
planned admittance to a nursing home within 6 months after
the start of the study were not included in the study.

Procedure

Community care organisations were invited to participate by the
national study centres. Eligible care-recipients were invited by
the care organisations or automatically enrolled, depending on
the local ethical regulations. Care-recipient outcome data were
collected using the interRAI Home Care (HC) instrument.
Data were collected at the homes of care-recipients by trained
(research) nurses, using licensed software.!” InterRAI-HC
assessments were performed at baseline, after 6 and after
12 months.

Data

Data on care-recipient characteristics and resource utilisation

were collected with the interRAI-HC. The interRAI-HC is a

standardised and reliable comprehensive geriatric assessment
instrument designed to assist in care planning, outcome meas-
urement, quality improvement and resource allocation for care-
recipients who receive care at home.20-22

Measures

Dependent wariable. The primary outcome measure was the
mean total societal costs based on resource utilisation over a
6 months follow-up period. Societal costs included the utilisa-
tion of community care, physician visits, other healthcare ser-
vices, hospital admissions, supportive care services, number of
days in institutionalised care, and informal caregiver time.
Resource utilisation was registered over 3, 7 or 90 days prior to
the assessment, depending on the type of service. The length
of hospital stay in days was estimated by multiplying the
reported number of events with country-specific averages of
length of hospital stay during the year 2012 (Table 1).2° For
both assessments, resource utilisation was extrapolated to
reflect a period of 3 months. Subsequently, units of resource
utilisation were multiplied by Dutch standard costs in order to
calculate cost of resource utilisation (Table 1).24 Standard
costs from a single country were used in order to eliminate
differences due to country-specific prices. Costs between
measurements were linearly interpolated by multiplying costs
at baseline assessment by 0.5; costs at 6 months after baseline
by 1.5.2° Total costs over the period of 6 months were calcu-
lated by summing the extrapolated baseline and 6-month cost
estimates. This approach had good convergent validity as
compared with the Resource Utilization in Dementia Lite
instrument,?526 and is, therefore, considered to be valid to esti-
mate societal costs over 6 months.

Independent wvariables. Potential predictors of societal costs
were derived from previous prediction and costing studies,
and from what experts assumed about the interrelationship
between the characteristics of older community care-recipi-
ents and societal costs.!’"'7 Information on predictors was
collected at baseline and included sociodemographic charac-
teristics, functional limitations, clinical conditions and dis-
eases/disorders of the care-recipients. Predictors are described
briefly below and described in more detail in Supplemental
Appendix 1.

Sociodemographic characteristics included age, gender, living
alone, loneliness and caregiver distress. The interRAI-HC
includes several functional scales, which were used to assess fu7c-
tional limitations, including functional impairments, difficulty in
performing instrumental activities, cognitive impairment, pres-
ence of depressive symptoms, required level of formal and infor-
mal care support, health instability and presence of pain.?’-33
Other functional limitations that were considered, included
behavioural problems and any falls. Clinical conditions included
anxiety, dehydration, dizziness, major skin problems, pressure
ulcer, unintended weight loss and urinary incontinence.
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Table 1. Overview of used unit cost (in €2015) and average length of stay (days).

CARE SERVICE

COSTS? RECALL EXTRAPOLATION

PERIOD

Community care

Home health aide (per hour)

Home nursing (per hour)
Physician visits

General practitioner visit/Outpatient clinic visit (per visit)
Other healthcare services

Physical therapy (per session)

Occupational therapy (per session)

Social worker (per session)
Hospital admissions

Hospital admission with overnight stay (per day with overnight stay)
Average length of hospital stay?2?

Finland

Germany

Iceland

Italy

Netherlands
Emergency room visit without overnight stay (per visit)
Supportive care services

Home making services (per hour)

Meals on wheels (per day)
Institutionalised care

Nursing home (per day)
Informal care

Informal care (per hour)

Abbreviation: NA, not applicable.

Clinically established diseases/disordersincluded Alzheimer’s
disease, cancer, chronic obstructive pulmonary disease, conges-
tive heart failure, coronary artery disease, diagnosis of urinary
tract infection, dementia other than Alzheimer’s disease,
depression, diabetes, hemiplegia, multiple sclerosis, Parkinson’s
disease, pneumonia, stroke (Cardio Vascular Accident) and
any fracture in the past 30 days.3* Multimorbidity was defined
as the presence of 2 or more chronic diseases.>

Sample size

All data available from this sample were used to maximise the
power of the results. To ensure accurate prediction in subse-
quent subjects, 2 to 20 subjects per predictor are required.36-38

€50 7d *13
€73 7d *13
€92 90d *1
€33 7d *13
€34 7d *13
€64 7d *13
€479 90d *1
11.0d NA

9.2d NA

5.8d NA

7.7d NA

5.2d NA
€261 90d *1
€23 7d *13
€7.50 7d *13
€168 NA
€14.08 3d /3*90

Our sample exceeds these minimum sample size requirements
and is therefore expected to provide robust estimates.

Analysis strategy

Data from Belgium were excluded from analyses as informa-
tion on informal care hours was not available (n=525). Also,
data from 224 Dutch respondents were excluded because data
collection of interRAI-HC was put on hold in one Dutch
organisation due to a software switch.

Socio-demographic and clinical characteristics at baseline
were described using descriptive statistics and frequencies.
Differences in baseline characteristics on country level were

evaluated using Chi-square tests and ANOVAs. A histogram
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and a Normal Quantile plot were used to visually check the
normality of societal costs. Log-transformation was used to
account for skewness of the outcome measure. Distributions of
all potential predictors were investigated using frequencies,
descriptive statistics, boxplots and histograms. Linearity
between potential predictors and the outcome measure were
determined by using scatterplots. Also, normality of the distri-
bution of regression residuals was checked.?

Imputation of missing cost data was performed using
Multivariate Imputation by Chained Equations (MICE),%
stratified for country to increase the validity of the imputation.
Predictive mean matching was used during imputation to
account for the skewed distribution of costs.*! For participants
who passed away, costs were set at zero after death. Costs of
institutionalised care for participants who were admitted
between baseline and follow-up were assumed to be equal to
the standard cost per admission day in a nursing home. These
events were assumed to have taken place halfway between 2
assessments. Characteristics included in the multiple imputa-
tion model were baseline characteristics that differed signifi-
cantly between participants and drop-outs, and baseline
characteristics that were significantly associated with costs
after 6 months. Ten imputed datasets were generated and sepa-
rately analysed. The results were pooled using Rubin’s rules.*

Correlations between potential predictors were investigated
using Pearson correlation coefficients. In case of collinearity
(r>0.8), only the strongest associated variable was retained in
the analysis.*> Although common, univariable linear regression
analyses to preselect predictors were not performed, since
important predictors may be rejected using this approach
owing to nuances in the dataset or because they are confounded
by other predictors.*+-46

A Linear Mixed Model was developed with fixed effects for
all predictors plus a random intercept for country effects.
Predictors were removed stepwise until all variables showed a
statistically significant association with the outcome (P=<.05).
In case one of the dummies of a categorical predictor variable
showed no significant association with the outcome, and the
other(s) did, a likelihood ratio test was performed to compare
models with and without that predictor variable and to assess
their fit.#” The model with the best fit determined whether the
predictor was in- or excluded.

Model validation. An internal-external validation procedure
was performed, which enables optimal use of sample size and
allows dealing with potential heterogeneity between different
IBenC countries.*®* Data from all countries, but the valida-
tion country were iteratively used to develop a prediction
model. This model was then validated against the validation
country sample. This process was repeated until every country
had functioned as validation country. Relevant predictors from
the multivariable analyses were entered in each development
sample. Subsequently, the intercept and regression coefficients

were extracted and combined to create a linear predictor func-
tion and used to calculate a linear predictor score for every
respondent in the validation sample. Different scenarios were
created to investigate consistent model performance when
applied in another country sample that was not included dur-
ing its development.*$°0

The quality of the prediction model was expressed as the
explained variance (R?). Various R? were calculated: R? for each
country and R? as proposed by Snijders and Bosker’’>2 based on
the multilevel model including all countries.

The predictive performance (ie, the agreement between pre-
dicted costs and observed costs) was assessed with ratios of pre-
dicted costs divided by mean observed costs (E/O-ratios) and
calibration curves. In an ideal situation, E/O-ratios are 1 and
all points of the calibration curve lie on the 45° slope.** To take
clustering into account, the predictive performance in individ-
ual countries (within-cluster performance) was assessed.’
Predicted and observed costs were back transferred using the
exponential function. To calculate the calibration plot, groups
of deciles were created based on predicted costs. Subsequently,
mean predicted and observed costs were calculated for each
group and plotted in a single figure.>* The calibration curve
was estimated as best-fit straight line through the calibration
plot points.

Model optimisation. A final validation step was model opti-
misation. For countries in which model performance was
low, the following options were considered to improve the
model: updating the intercept or removal of predictors with
predictive importance that have heterogeneous effects across
countries.*8

The intercept was re-estimated using an offset procedure
via Generalised Linear Models with an identity link. First, the
linear predictor scores were re-calculated without the intercept.
Second, the intercept was estimated by adding the linear pre-
dictor (as offset) as only variable in the model in the validation
sample.

To provide insight into heterogeneous predictor effects
across countries, regression coefficients from relevant predictor
variables were estimated by country by linear regression analy-
ses and plotted in a single figure. Higher between-county vari-
ability in regression coefficients indicate more heterogeneity
for that predictor.”

Results
Study sample

A total of 2135 participants from the original IBenC sample
(n=2884) were included in the analyses. Excluded respond-
ents were statistically significantly older than the included
respondents.

Between the baseline and 6-month follow up assessments
94 participants were admitted to a care facility, 78 deceased, 16
were discharged from home care, and 53 participants were lost
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to follow-up due to lack of interest or time (n=16), or without
reason (n=37).

Two-thirds of the participants in the study sample were
female and the mean age was 83.0years. Significant differences
(P<.001) were found between countries in all baseline charac-
teristics (Table 2).

Societal costs

Six-month societal costs per participant were on average
€18467 (SE=332). The highest societal costs were found in
Italy (€26980 (SE=644) per participant per 6 months), fol-
lowed by the Netherlands (€19353 (SE=1202), Germany
(€17402 (SE=649) and Finland (€14245 (SE=587), and the
lowest societal costs were found in Iceland (€13 622 (SE =623)
per participant per 6 months). The distribution of societal costs
per country can be found in Supplemental Appendix 2.

Multivariable analyses

The multivariable analyses showed that living alone, caregiver
distress, ADL and iADL impairment, required level of care
support, health instability, presence of pain, behavioural prob-
lems, urinary incontinence and multimorbidity statistically sig-
nificantly predicted 6-months societal costs (Table 3).

ADL and IADL impairment and required level of care sup-
port were found to be the strongest predictors of high societal
costs. Compared to care-recipients without ADL impairment,
care-recipients with total ADL dependency and limited to
extensive ADL dependency had 32% and 23% higher societal
costs, respectively. Further, one point increase on the IADL
impairment scale (ie, more dependency in performing instru-
mental activities) and on the required level of care were associ-
ated with respectively 13% and 21% higher societal costs.

Model validation

The total variance in 6-month societal costs explained by the
final model was 32%. For individual countries, the explained
variance ranged from 19% for Italy, 25% for the Netherlands,
34% for Finland, 34% for Iceland to 36% for Germany.

Figure 1 shows the predicted and observed societal costs for
the different countries. Visual inspection of these calibration
plots indicates that the model performed well for Iceland,
Finland and Germany, but poorly for the Netherlands and
Italy. Overall, E/O-ratios (Figure 1) were smaller than 1 in all
validation countries. Figure 2 provides an overview of between-
country variability in regression coefficients between countries.
The predictors ADL and multimorbidity showed substantial
between-country variability.

Model optimisation

For the Netherlands, estimated costs were much lower than
observed costs (E/O=0.51). Also, mean estimated costs for the

different groups of deciles in the calibration plot were clustered
around €15 000 (Figure 1). Predictor effects for the Netherlands
deviated from the other countries for the predictors living
alone, presence of pain, multimorbidity (stronger effects)
(Figure 2). Model performance was improved by updating its
intercept from 8.55 to 8.90 (Figure 3), resulting in an E/O-
ratio of 0.72.

The calibration plot for Italy showed that costs were under-
estimated for people with relatively low observed societal costs
and overestimated for people with relatively high observed
societal costs. This led to a reasonably well E/O-ratio. However,
considering the low explained variance and the poor calibra-
tion, we updated the model by removing predictors with overall
the highest heterogeneity (ADL and multimorbidity). The
updated model performed better as shown by the calibration
plot (Figure 3), although the E/O-ratio deteriorated (0.69).
The explained variance of the updated model was 19%.

Discussion

In this study, we focused on predictors of costs that are directly
related to care utilisation. Predictors of 6-month societal costs
in a sample of older community care-recipients from 5
European countries included living alone, caregiver distress,
ADL and iADL impairment, required level of formal and
informal care support, health instability, presence of pain,
behavioural problems, urinary incontinence and multimorbid-
ity. The final model performed satisfactory for Iceland, Finland
and Germany and sufficiently for the Netherlands and Italy
after optimisation. For the latter 2 countries, optimal model
performance was achieved by increasing the intercept (the
Netherlands) and by removing predictors with high heteroge-
neity (Italy).

The initial model predicted lower than observed costs for
the Netherlands. Dutch care-recipients had the highest soci-
etal costs after Italy, although the average level of impairment
in the Dutch sample was relatively low. Across all country sam-
ples, the Italian sample experienced on average the highest
functional impairments. In Italy disabled people tend to live in
the community longer than in other countries, which may be
the result of cultural factors and of policy. Also, older adults in
Italy were highly supported by informal care and they used
relatively little professional home care compared with older
adults in the other countries under study.>> Such cultural and
policy factors were not included in this study, which might be
an explanation for the poor initial model performance in Italy.
Future studies could investigate whether adding these factors
can further improve the prediction model.

We found rather heterogeneous effects in the extent to
which ADL impairment predicted societal costs. This may be
explained by the fact that resource allocation policies in home
care differs across countries. Although assessment of ADL
and IADL impairment were key aspects for determining eligi-
bility to receive home nursing care in all countries, in some
countries the availability of informal caregivers is also taken
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Table 3. Results of the Linear Mixed Model analyses with fixed effects for the predictors plus a random intercept for the effects of country.

PREDICTOR
Living alone (item 0-1)

Caregiver distress (item 0-1)

ADLH (limited to extensive ADL assistance (ADLH score 2-4) versus ADL

independent (ADLH score 0-1))

ADLH (ADL dependent (ADLH score 5-6) versus ADL independent (ADLH score 0-1))

iADL (IADLCH, scale 0-6)
Required level of care support (CMI informal care, 0.23-8.97)
Health instability (CHESS, scale 0-6)
Presence of pain (Pain Scale, item 0-1)
Behavioural problems (item 0-1)
Urinary incontinence (item 0-1)
Multimorbidity (item 0-1)
Intercept
Random-effects parameters

Random intercept for country

SD (Intercept)

SD (Residual)

B (95% Cl) P-VALUE
-0.18 (-0.26; -0.11) <.001
0.15 (0.05; 0.25) <.001
0.21 (0.11; 0.3) <.001
0.28 (0.13; 0.43) <.001
0.12 (0.09; 0.14) <.001
0.19 (0.12; 0.27) <.001
0.05 (0.02; 0.08) <.001
0.08 (0.02; 0.15) .01
0.11 (0.02; 0.2) .01
0.1 (0.03; 0.17) .01
0.09 (0.02; 0.15) .01
8.61 (8.43; 8.79) <.001

Estimate (SE)
0.1472 (0.0512)

0.7052 (0.012)

Abbreviations: ADL, Activities of Daily Living; CHESS, Changes in Health, End-Stage Disease, Signs and Symptoms Scale; iADL, Instrumental ADL; IADLCH,
Instrumental ADL Capacity Hierarchy Scale; SD, standard deviation; SE, Standard Error; B, regression coefficient.

The PB’s are expressed in log-transformed values.

Predictors that showed a statistically significant association with the outcome are included (cut-off point P=.05).

into account.” Consequently, individuals with the same level
of need do not necessarily receive the same level and mix of
care services across countries.>

The predictors caregiver distress, ADL and IADL impair-
ment, health instability, presence of pain, behavioural problems
and urinary incontinence may be modifiable to a certain degree
and could be targeted by interventions in an attempt to curtail
future increases in societal costs. ADL and IADL impairment
are frequently identified as being key predictors of societal
costs across (multi)national samples, our results confirm
this.11,1315-17.56 Interventions could, for example, aim to enhance
self-efficacy and adaptive coping.’” Early interventions to pro-
mote an active life can also be beneficial, as it helps to maintain
(DADL independence and prevent disability in older age.’®
Behavioural problems was also identified as a predictor of soci-
etal costs in an earlier study.’® Health instability was included
as a risk score for negative outcomes such as mortality, hospi-
talisation, pain, caregiver distress and poor self-rated health
which may predict resource utilisation and costs. Health insta-
bility relates to identified conditions that require rapid action
to prevent further deterioration and is therefore well suited to
flag interventions.3?

The other, non-modifiable predictors found in this study
may be used by policymakers for optimal resource allocation.
Living alone significantly predicted lower 6-month societal
costs; required level of care support and multimorbidity were
associated with higher 6-month societal costs, which is in line
with previous research.!316>9-61 The measure for required level
of care support was developed by the interRAI-group based on
the case-mix classification system ‘Resource Utilization Groups
IIT Home Care™1:92 and was shown to explain 33.7% of the
variance in resource use in the home care setting.3! Our find-
ings confirm that the required level of care support is an impor-
tant predictor of societal costs.

Most previously conducted studies focused on community-
dwelling older adults with dementia, a subgroup in our sam-
ple.!t131517 Only 2 earlier studies on predictors of societal
costs reported information on model performance.'1¢ In these
studies, a pooled R? of 32% to 37% for dementia care costs was
found based on the predictors ADL impairment, multimorbid-
ity and falls; one is in line with the R? found in the present
study (32%), the other is slightly higher (37%). However, no
model validation was performed in these studies, leaving its
predictive performance uncertain. Our study adds to these
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Figure 1. Graphical representation of predicted and observed societal costs.
E/O=ratio of predicted and observed costs. Solid line indicates the 45° line. Dotted line is the calibration curve (best fit of data points).

findings by confirming that most of the identified predictors countries. Further, the approach of this study was similar to an
are also predictive of societal costs in older community care- individual participant data (IPD) meta-analysis, since the vari-
recipients and are not country-specific. ous countries in our dataset were treated as individual sam-

ples.#8.63 Prediction models based on IPD meta-analysis may
Strengths and limitations be more gener'alisable th.an prffdiction mod.els based upon sin-

gle samples since the inclusion of multiple study samples
Strengths of this study are the large multinational sample, and addresses a wider range of study populations and increases the

the use of random effects to account for heterogeneity across variation in the characteristics of the included participants.®
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Between-country variability by predictor
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5 Behavioural problems ADL independent)
6 Caregiver distress 11 ADL (ADLH, ADL dependent vs. ADL independent)
Figure 2. Heterogeneity among predictors included in the final multivariable model.
Predictors are ordered based on their variability between countries (low to high).
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Figure 3. Model optimisation for the Netherlands and ltaly.

Solid line indicates the 45° line. Dotted line is the calibration curve (best fit of data points).

IPD meta-analysis also allows researchers to synthesize coun-
try-data to develop and validate a single prediction model. An
advantage of our study over an IPD meta-analysis is that all
data were collected at the same time in a population selected
using similar inclusion and exclusion criteria. Another strength
of the study is the internal-external validation procedure. This
approach allows for optimal use of sample size and enabled us
to deal with heterogeneity.*$*’ Maximizing sample size leads to
more robust predictions compared to the more traditional
approach of randomly splitting the sample for development
and validation.”® We evaluated whether the prediction models

had good prognostic performance in individual countries and
updated the country-specific models if necessary. Further, all
data (care-recipient characteristics and resource utilisation)
could be collected by a single instrument that is widely imple-
mented in routine care practice. Finally, costs were estimated
from a societal perspective, including costs of health care, social
care and informal care, thereby providing a comprehensive
view of the total costs for society.

For the cost calculation, some assumptions were made,
which can be considered a potential limitation of the study. In
case of admission to a long term care institution or death, we
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assumed that it took place halfway between 2 measurements,
which is common practice in health economic models.t
Another potential limitation is that Dutch standard costs were
used to value resource utilisation for all countries under study.
By using this approach, cost estimates of the various countries
do not reflect ‘actual’ care costs per country. An advantage of
this approach is that it enables a relative benchmark of resource
utilisation across countries, eliminating differences caused by
factors related to national contexts rather than resource utilisa-
tion, like wages. Further, 8% of the total societal cost estimates
were missing, which is a limitation of the study. To minimise
the impact of bias due to selective dropout, multiple imputa-
tion was used, which is currently the recommended approach
to account for missingness.®> Another limitation is that our
cost measurements did not include all categories included in
the societal perspective. For example, costs of day-care utilisa-
tion are not recorded with the interRAT-HC and therefore not
taken into account in this study, although costs of day-care may
be substantial amongst this group. Also, lost productivity costs
of informal care givers and pharmacy costs were not taken into
account. In a study conducted among Spanish informal car-
egivers of community care-recipients with dementia, lost pro-
ductivity costs were observed in 28% of the informal caregivers,
with an estimated average monthly loss of €441.% In our sam-
ple, the impact of lost productivity costs is expected to be lower
as only a small proportion of the care-recipients experienced
severe cognitive impairment (16%).

Pharmacy costs is expected to account for up to 5% of soci-
etal costs.” Care-recipients who have high pharmacy costs,
usually also incur high care costs, therefore we expect that the
relative contribution of pharmacy costs to societal costs is low.
Further, participants from Belgium were excluded from the
analyses because information on informal care hours was not
available. Belgian participants were on average older than the
included sample. However, we expect that the effect on the
results is limited, since age was not a relevant predictor. Finally,
for some countries, the study samples are not necessarily repre-
sentative of the national community care population, as the
general aim of IBenC required a diverse sample of care organi-
sations.!® However, dependency levels in our samples closely
reflect previously reported dependency levels among home
healthcare-recipients.®® Therefore, we expect that the devel-
oped model will perform satisfactorily in future samples. The
representativeness of the IBenC study sample is described in
more detail elsewhere.!8

Implications

Our study may support policymakers across Europe to better
understand predictors of societal costs among older adults
receiving community care services. Potentially modifiable pre-
dictors may be targeted in interventions in attempt to curtail
increases in societal costs. In addition, the prediction model

may be used to optimise resource allocations for the countries
under study. Despite substantial differences of countries’ care
systems, a validated cross-national set of key predictors could
be identified. Especially for Finland, Iceland and Germany, the
prediction model performed well.

Conclusion

In this study, we derived and validated a model to predict soci-
etal costs in a sample of older community care-recipients in 5
European countries. Living alone, caregiver distress, () ADL
impairment, required level of care support, health instability,
presence of pain, behavioural problems, urinary incontinence
and multimorbidity significantly predicted societal costs dur-
ing 6 months. The model explained 32% of the variation within
societal costs and showed good calibration in Iceland, Finland
and Germany. Minor model adaptations improved model per-
formance in The Netherland and Italy.
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