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Abstract 

Background:  Accurate identification of older persons at risk of unplanned hospital visits can facilitate preventive 
interventions. Several risk scores have been developed to identify older adults at risk of unplanned hospital visits. It 
is unclear whether risk scores developed in one country, perform as well in another. This study validates seven risk 
scores to predict unplanned hospital admissions and emergency department (ED) visits in older home care recipients 
from six countries.

Methods:  We used the IBenC sample (n = 2446), a cohort of older home care recipients from six countries (Bel‑
gium, Finland, Germany, Iceland, Italy and The Netherlands) to validate four specific risk scores (DIVERT, CARS, EARLI 
and previous acute admissions) and three frailty indicators (CHESS, Fried Frailty Criteria and Frailty Index). Outcome 
measures were unplanned hospital admissions, ED visits or any unplanned hospital visits after 6 months. Missing data 
were handled by multiple imputation. Performance was determined by assessing calibration and discrimination (area 
under receiver operating characteristic curve (AUC)).

Results:  Risk score performance varied across countries. In Iceland, for any unplanned hospital visits DIVERT and 
CARS reached a fair predictive value (AUC 0.74 [0.68–0.80] and AUC 0.74 [0.67–0.80]), respectively). In Finland, DIVERT 
had fair performance predicting ED visits (AUC 0.72 [0.67–0.77]) and any unplanned hospital visits (AUC 0.73 [0.67–
0.77]). In other countries, AUCs did not exceed 0.70.

Conclusions:  Geographical validation of risk scores predicting unplanned hospital visits in home care recipients 
showed substantial variations of poor to fair performance across countries. Unplanned hospital visits seem consider‑
ably dependent on healthcare context. Therefore, risk scores should be validated regionally before applied to practice. 
Future studies should focus on identification of more discriminative predictors in order to develop more accurate risk 
scores.
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Background
Ageing in place policies and the reduction of nursing 
home beds require older adults to live increasingly longer 
in the community. Community-dwelling older adults 
are more prone to encounter accidents and suboptimal 
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management of chronic disease [1, 2]. This consequently 
increases the risk of unplanned hospital use [3]. Emer-
gency department (ED) visits and unplanned hospi-
talizations can negatively affect older people’s lives, e.g. 
causing rapid functional decline and death [4, 5].

To allow a timely intervention, several risk scores have 
been developed to identify older adults at risk of future 
ED visits or unplanned hospitalizations [6–8]. These 
studies however all stressed the need for external valida-
tion. Geographical validation, which validates in samples 
from other geographical areas, provides strong evidence 
on the performance and generalizability of a risk score 
[9]. Older populations and organization of emergency 
care differ between countries. An accurate validated risk 
score in one country, might therefore not perform as well 
in another. It is thus worthy to assess the performance of 
risk scores across different countries.

In addition, frailty is associated with higher risk for hos-
pitalizations [10, 11]. It therefore seems reasonable to use 
a general frailty indicator for stratifying older patients 
on their risk of unplanned hospital visits. Validation of 
frailty indicators has been performed to predict combined 
adverse events (e.g. long-term care admissions, hospitali-
zations and death), but rarely unplanned hospital visits 
solely [12, 13]. Therefore, we also evaluated the validity of 
frailty indicators to predict unplanned hospital visits.

The objective of this study was to assess geographical 
validity of existing risk scores as well as of frailty indica-
tors to predict ED visits and unplanned hospitalizations 
in older home care recipients from six countries.

Methods
We reported the current study according to the Trans-
parent Reporting of a multivariable prediction model for 
Individual Prognosis or Diagnosis (TRIPOD) statement 
[14].

Source of data: design and sample of the IBenC study
We conducted a comparative validation study by using 
data of the cross-European “Identifying best practices for 
care-dependent elderly by Benchmarking Costs and out-
comes of community care” (IBenC) study [15].

Data collection of the IBenC study was performed 
between January 2014 and August 2016 in six European 
countries: Belgium, Finland, Germany, Iceland, Italy and 
the Netherlands. Participants were home care recipients 
expected to receive care for 6 more months. Other selec-
tion criteria can be found elsewhere [15]. For this study 
we used data from baseline and 6 month follow-up.

Data collection of the IBenC cohort
Data on care  recipient characteristics and resource uti-
lization were collected with the interRAI Home Care 

(interRAI-HC) instrument [16]. The interRAI-HC con-
tains about 300 items, including domains of function, 
cognition, health, social support and service use with 
good to excellent interrater reliabilities [16]. Trained 
(research) nurses collected the data at the residences of 
home care recipients. All sources of data information 
were used: patient interviews, care files, observations and 
information obtained from informal and formal caregiv-
ers [15].

Outcome measures
The dichotomous outcomes of this study were the pres-
ence of “unplanned hospital admissions”, “ED visits”, 
and “any unplanned hospital visits” from 3-6 months 
after baseline. This timeframe was defined as such, since 
InterRAI-HC assesses hospital admissions and ED visits 
90 days prior to follow-up [17].

Study population and loss to follow‑up
At baseline, the IBenC cohort consisted of 2656 home 
care recipients. After 6 months, 347 participants (13.1%) 
were lost to follow-up (see Supplementary Figure  1, 
Additional  File  1). Participants with missing outcomes 
because of death or a nursing home admission had sig-
nificantly higher age, more comorbidities and more func-
tional impairments compared to care recipients with an 
available outcome (data not shown). Moreover, these 
participants did not match the target population for 
which the risk scores are developed, and were therefore 
excluded (n = 210) [18]. Regarding the remaining miss-
ing data (n = 137), multiple imputation (MI) was applied, 
resulting in a total sample of 2446 cases for this study 
[19].

Risk scores
We calculated seven risk scores to predict unplanned 
hospitalizations or ED visits in the IBenC study sample. 
A detailed description of the risk scores and their use 
within the IBenC data can be found in Additional File 2.

Four of the risk scores were developed to predict hos-
pital admissions or ED visits in older people specifically. 
We selected these risk scores because of their accurate 
predictive value after validation and/or their applicability 
within the IBenC data. The risk scores are listed below:

1)	 Detection of Indicators and Vulnerabilities for Emer-
gency Room Trips (DIVERT) scale [6]

	 The DIVERT is a prognostic case-finding tool for 
ED use within 6 months. The tool was derived and 
internally validated using routinely collected data 
from interRAI-HC assessments in home healthcare 
recipients in Canada. Geographic (within Canada) 
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and temporal validations by the same research group 
demonstrated similar performance [20]. More than 
80% of home care recipients in the development 
cohort were aged ≥65  years. ED use was assessed 
through electronic records.

2)	 The Community Assessment Risk Screen (CARS) [7]
	 The CARS is a tool developed in Illinois (USA) for 

stratifying community-dwelling older adults at risk 
for hospitalizations or ED visits within 12 months. 
The development cohort consisted of Medicare fee-
for-service patients and the tool was externally vali-
dated in a cohort of individuals enrolled in a Medi-
care Risk Demonstration. All participants were aged 
≥65  years. Data were obtained through telephone 
interviews and mailed questionnaires. Healthcare 
utilization was mainly determined from claims files.

3)	 The Emergency Admission Risk Likelihood Index 
(EARLI) [8]

	 The EARLI is a tool to predict the likelihood of emer-
gency hospital admission within 12 months. Data of 
the development and (external) validation cohorts 
came from questionnaires sent to older people aged 
≥75 years registered with general practices in north-
west England. Emergency hospitalizations were 
determined through administrative and clinical data.

4)	 The Previous Acute Admissions (PAA) score
	 Prior hospital visits is considered an important pre-

dictor of unplanned hospitalizations [21, 22], and is 
an item in all above risk scores. Because of its pre-
dictive potential in combination with easy applicabil-
ity, we decided to assess the performance of previous 
acute admissions (PAA) as an individual risk score. 
We have named this measure the PAA-score. It is a 
discrete measure, based on interRAI-HC data, which 
accumulates the number of unplanned ED visits and 
hospitalizations in the past 90 days.

In addition, we computed three generic frailty indica-
tors in the IBenC data;

5)	 The MDS Changes in Health, End-stage disease and 
Symptoms and Signs (CHESS) scale [23]

	 The CHESS was developed using routinely collected 
data and was designed to identify health instability 
(i.e. mortality and hospitalizations) within 30 days in 
long-term care residents. The development cohort 
consisted of Medicare beneficiaries aged 65 years and 
over, newly admitted to a nursing home. The scale 
was temporally validated in a cohort admitted 1 year 
later and was also tested in long-stay nursing home 
residents. Death and hospitalizations were obtained 
from medical files.

6)	 Fried’s Frailty Criteria (FFC) [24, 25]

	 The FFC was developed to define a phenotype of 
frailty based on five criteria. The criteria were based 
on a prospective study of adults aged 65 years  and 
over, and were validated in community-dwelling 
older women. For this study, we applied the Bandeen-
Roche specifications to operationalize the criterion 
‘Weakness’ [25].

7)	 The Frailty Index (FI) [26, 27]
	 The FI developed by Rockwood et al. [28] is based on 

an accumulation of deficits approach. The FI is calcu-
lated as the proportion of potential deficits and there-
fore ranges from 0 to 1. For this study we combined 
the FI’s developed by Armstrong et al. and Lutomski 
et al., resulting in an FI of 44 deficits.

Statistical analysis
Descriptive statistics were performed for baseline char-
acteristics and main outcomes. We performed univari-
ate logistic regression analyses with loss to follow-up as 
dependent variable to determine differences in prognos-
tic factors across those lost to follow-up and those with-
out loss to follow-up. All variables with missing data were 
handled through application of MI by chained equations 
(m = 5) (Additional File 1) [29]. We compared two MI 
procedures; one multilevel method, with country as clus-
ter variable, and one normal MI method including the 
country variable. The dataset with multilevel imputation 
[29] was used as primary results.

We used the original scoring systems to compute 
the risk scores and used these scores to assess their 
performance. Performance of the risk scores was 
evaluated based on discrimination and calibration. Dis-
crimination describes the ability of a risk score to dif-
ferentiate between participants with and those without 
the outcome. This was estimated with the area under the 
receiver operating characteristic  curve (AUC) with 95% 
confidence intervals [14].

Calibration reflects the agreement between observed 
and predicted values. Calibration was inspected graphi-
cally with calibration plots [14].

For calibration of the risk scores developed using 
logistic regression (i.e. CARS and EARLI), we used the 
coefficients reported in the original publications and 
determined the intercept in the IBenC data, since the 
intercept was not reported in the original publication. 
The intercept and coefficients of the PAA-score were 
completely based on the IBenC data. The calibration 
plots of these three risk scores were constructed for all 
three outcomes.

DIVERT and CHESS were not based on logistic 
regression and we therefore used the observed propor-
tion of the outcome from the original publications (i.e. 
ED visits and hospital admissions, respectively) in the 
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respective risk categories (1–6 and 0–5, respectively) 
as the expected proportion for that risk category within 
the IBenC data [30]. This could only be done for equal 
outcomes.

The FFC and FI did not use logistic regression nor had 
an identical outcome, calibration measures could there-
fore not be assessed.

Statistical analyses were performed with SPSS version 
26.0 and R Studio Version 1.1.463. For MI and pool-
ing analyses in R, we used R packages mice, miceadds, 
micemd and psfmi.

Results
At baseline, the mean age of the complete cohort was 
82.7  years, the majority was female (67.6%) and 56.7% 
lived alone. A child (in law) (52.4%) mainly was the pri-
mary informal caregiver, followed by the spouse in 20.4%.

Thirty-one percent had two or more comorbidities (i.e. 
coronary heart disease, congestive heart failure, chronic 
obstructive pulmonary disease (COPD), diabetes melli-
tus, history of stroke or cancer). On average, Italian home 
care recipients had the highest dependency level, while 
Dutch recipients were least impaired. These and more 
baseline data are provided in Additional File 3.

Table 1 shows the frequencies of outcomes, i.e. hospital 
admissions, ED visits or one of these events in the 90 days 
prior to follow-up, overall and separated by country. 
Overall, at follow-up, 510 participants (22.4%) had been 
admitted to the hospital at least once, 328 (14.4%) had at 
least one ED visit and 644 participants (28.3%) had been 
either hospitalized or visited the ED. Italians were more 
frequently admitted to the ED (33.3%) as well as to the 
hospital (44.2%) compared to participants from the other 
countries. Descriptives of the original derivation and val-
idation cohorts of the risk scores can be found in Addi-
tional File 4. Additional File 5 lists the distributions of the 
risk scores per country for this study.

The performance of the risk scores are shown in 
Table 1 and Fig. 1. In Iceland, DIVERT, CARS and EARLI 
reached a fair predictive value (AUC of 0.73, 0.72 and 
0.72, respectively for the outcome hospital admissions). 
DIVERT had fair performance in Finland for ED visits 
and the combination of ED visits and admissions (AUC of 
0.72 and 0.73, respectively). Regarding the prediction of 
any unplanned hospital admission or ED visit, DIVERT 
performed best across all countries, except for Italy. In 
Italy, CARS and the PAA-score performed best. AUCs of 
the frailty indicators did not exceed 0.6 on any outcome.

In general, the specific risk scores reached higher AUCs 
than the frailty indicators.

Calibration of the models was moderate to poor 
(see Additional  File  6). Unfortunately, for some analy-
ses of EARLI and CARS in the German and Belgian 

populations, there was too little variance in probabilities, 
which made grouping impossible and calibration plots 
could therefore not be created.

Discussion
Summary of results
In this external validation study, we found substantial 
variation in predictive performance between the risk 
scores and between the six countries. Overall, risk scores 
showed poor to fair discrimination and calibration. In 
Iceland, DIVERT, CARS and EARLI reached fair predic-
tive values for unplanned hospital admissions. In Finland, 
DIVERT had fair performance predicting ED visits and 
any unplanned hospital visits. In other countries, AUCs 
did not exceed 0.70. The specific risk scores (i.e. DIVERT, 
CARS, EARLI and PAA-score) performed better than the 
generic frailty indicators (i.e. CHESS, FFC and FI).

Prediction models should be externally validated in 
new, but comparable samples before they can be applied 
in practice [31]. Validations in more homogenous sam-
ples, or samples with different case-mix compared to the 
development sample, often result in worse discriminative 
performance. As shown in Additional Files 3 and 4, the 
IBenC sample differed considerably from the develop-
ment samples of the original studies. Moreover, CARS 
and EARLI were developed in community-dwelling older 
adults, whether or not they were receiving home care. 
And even though DIVERT was developed in home care 
recipients as well, Supplemental Table 6 shows the IBenC 
sample differed from the home care recipients from the 
DIVERT cohort. For example, mean age of the IBenC 
cohort was 7 years older and more participants within 
the IBenC cohort lived alone. Because of the differences 
in case-mix and amount of care received between the 
IBenC cohort and the development cohorts of CARS, 
EARLI and DIVERT, predictive performances of the 
development studies and this study cannot be directly 
compared. This study should thus be interpreted as a test 
of transportability of these models to patients from dif-
ferent source populations (i.e. home care recipients from 
different countries), than as a test of (statistical) repro-
ducibility. In conclusion, we emphasize that our results 
can only be generalized to older home care recipients 
from these countries, and not to older community-dwell-
ers in general.

Not unexpectedly, performance of the risk scores dif-
fered across the six IBenC subsamples as well. This is 
partly attributable to case-mix differences between the 
IBenC samples. For instance, the Italian sample was 
very different compared to the other countries (e.g. 
few recipients living alone, and high prevalence of ≥2 
comorbidities). Still, healthcare context probably has 
affected performances too. Hospitalizations and ED 
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Table 1  Performance scores, reflected as pooled AUC, per country for each risk score

Hospital admissions ED visits Any hospital visit

Italy, N (%) 220 (44.1) 166 (33.3) 259 (51.9)

Risk score Pooled AUC (95% CI) Pooled AUC (95% CI) Pooled AUC (95%-CI)
DIVERT 0.57 (0.51–0.62) 0.56 (0.50–0.61) 0.58 (0.53–0.63)

CARS 0.61 (0.55–0.65) 0.58 (0.53–0.63) 0.62 (0.57–0.67)

EARLI 0.60 (0.55–0.65) 0.54 (0.48–0.59) 0.67 (0.52–0.62)

PAA-score 0.61 (0.57–0.66) 0.63 (0.58–0.68) 0.62 (0.57–0.67)

CHESS 0.57 (0.52–0.62) 0.52 (0.47–0.57) 0.57 (0.52–0.61)

FFC 0.55 (0.50–0.60) 0.51 (0.46–0.56) 0.53 (0.48–0.58)

FI 0.54 (0.49–0.59) 0.52 (0.47–0.57) 0.52 (0.47–0.57)

the Netherlands, N (%) 41 (17.0) 27 (11.1) 58 (23.6)

Risk score Pooled AUC (95% CI) Pooled AUC (95% CI) Pooled AUC (95%-CI)
DIVERT 0.58 (0.47–0.68) 0.65 (0.53–0.75) 0.60 (0.50–0.69)

CARS 0.55 (0.43–0.65) 0.63 (0.49–0.74) 0.58 (0.48–0.67)

EARLI 0.55 (0.43–0.65) 0.60 (0.46–0.73) 0.56 (0.46–0.66)

PAA-score 0.53 (0.44–0.62) 0.54 (0.45–0.63) 0.55 (0.47–0.63)

CHESS 0.52 (0.41–0.63) 0.60 (0.48–0.71) 0.53 (0.44–0.63)

FFC 0.52 (0.42–0.62) 0.57 (0.42–0.71) 0.52 (0.43–0.60)

FI 0.56 (0.45–0.66) 0.54 (0.38–0.68) 0.56 (0.46–0.66)

Belgium, N (%) 66 (14.0) 15 (3.3) 71 (15.2)

Risk score Pooled AUC (95% CI) Pooled AUC (95% CI) Pooled AUC (95%-CI)
DIVERT 0.68 (0.59–0.75) 0.68 (0.51–0.81) 0.67 (0.59–0.74)

CARS 0.67 (0.55–0.77) 0.68 (0.47–0.83) 0.66 (0.56–0.75)

EARLI 0.63 (0.55–0.71) 0.70 (0.51–0.84) 0.63 (0.55–0.71)

PAA-score 0.67 (0.61–0.73) 0.70 (0.55–0.81) 0.67 (0.61–0.73)

CHESS 0.57 (0.50–0.64) 0.54 (0.39–0.68) 0.57 (0.50–0.64)

FFC 0.55 (0.48–0.62) 0.57 (0.44–0.70) 0.55 (0.49–0.62)

FI 0.53 (0.45–0.60) 0.52 (0.39–0.65) 0.53 (0.46–0.60)

Iceland, N (%) 75 (21.0) 30 (8.4) 92 (25.8)

Risk score (range) Pooled AUC (95% CI) Pooled AUC (95% CI) Pooled AUC (95%-CI)
DIVERT 0.73 (0.66–0.79) 0.67 (0.55–0.77) 0.74 (0.68–0.80)

CARS 0.72 (0.65–0.79) 0.72 (0.61–0.81) 0.74 (0.67–0.80)

EARLI 0.72 (0.65–0.79) 0.55 (0.43–0.67) 0.69 (0.61–0.75)

PAA-score 0.69 (0.63–0.75) 0.65 (0.55–0.74) 0.69 (0.63–0.75)

CHESS 0.57 (0.50–0.64) 0.58 (0.48–0.67) 0.58 (0.51–0.64)

FFC 0.58 (0.49–0.66) 0.53 (0.43–0.63) 0.56 (0.48–0.64)

FI 0.60 (0.53–0.67) 0.55 (0.45–0.65) 0.60 (0.53–0.67)

Finland, N (%) 87 (20.0) 85 (19.6) 142 (32.7)

Risk score (range) Pooled AUC (95% CI) Pooled AUC (95% CI) Pooled AUC (95%-CI)
DIVERT 0.69 (0.62–0.75) 0.72 (0.67–0.77) 0.73 (0.67–0.77)

CARS 0.63 (0.56–0.69) 0.61 (0.54–0.67) 0.64 (0.58–0.70)

EARLI 0.62 (0.55–0.69) 0.57 (0.50–0.64) 0.60 (0.54–0.65)

PAA-score 0.66 (0.59–0.72) 0.70 (0.63–0.76) 0.69 (0.64–0.74)

CHESS 0.55 (0.48–0.61) 0.56 (0.49–0.62) 0.53 (0.48–0.59)

FFC 0.56 (0.50–0.61) 0.55 (0.49–0.61) 0.55 (0.50–0.61)

FI 0.61 (0.54–0.68) 0.54 (0.47–0.61) 0.58 (0.52–0.64)

Germany, N (%) 51 (11.5) 19 (4.3) 63 (14.2)

Risk score (range) Pooled AUC (95% CI) Pooled AUC (95% CI) Pooled AUC (95%-CI)
DIVERT 0.64 (0.55–0.72) 0.52 (0.38–0.66) 0.62 (0.54–0.70)

CARS 0.59 (0.50–0.68) 0.54 (0.40–0.68) 0.59 (0.51–0.67)
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visits are very dependent on the availability of other 
healthcare services, for example early consultation and 
better monitoring may prevent unplanned hospital vis-
its [32, 33]. These outcome measures therefore depend 
on local healthcare policy, accessibility and availability. 
This strongly pleas for validation of risk scores in the 
area of use, and, if possible, to consider adding national 
or regional system variables to internationally validated 
risk scores.

Our results are similar to those found in other vali-
dation studies in community-dwelling older adults [20, 
34, 35]. Geographical and temporal validation of the 
DIVERT showed similar performance predicting ED 

visits (i.e. AUCs between 0.62 and 0.65) in four Cana-
dian regions as the original cohort (AUC 0.62 [6]) [20]. 
Remarkably, the DIVERT model was more accurate 
predicting ED visits in Finnish and Icelandic home care 
recipients (AUC 0.72 and 0.67, respectively).

AUCs of 0.6–0.7 are not uncommon for predictions 
of ED visits and unplanned hospital admissions [21, 36]. 
However, one can argue whether a validated risk score 
with, at best, moderate performance is of added value 
to a clinician’s decision making and will improve quality 
of patient care through timely preventive interventions.

Previous hospital admissions and cardiorespiratory dis-
eases and symptoms are predominantly present variables 

Abbreviations: 95% CI 95% confidence interval; AUC​ area under the curve; CARS Community Assessment Risk Screen; CHESS MDS Changes in Health, End-stage 
disease and Symptoms and Signs; DIVERT Detection of Indicators and Vulnerabilities for Emergency Room Trips; EARLI Emergency Admission Risk Likelihood Index; ED 
emergency department; FFC Fried’s frailty criteria; FI frailty index; PAA previous acute admissions. Number of imputed outcomes per country [unplanned admissions 
- ED visits - any unplanned hospital visit]: Italy [3 - 2 - 3]; Netherlands [48 - 47 - 48]; Belgium [38 - 36 - 38]; Iceland [15 - 15 - 15]; Finland [20 - 20 - 20]; Germany [46 - 46 - 
46]

Table 1  (continued)

Hospital admissions ED visits Any hospital visit

EARLI 0.65 (0.56–0.73) 0.59 (0.45–0.72) 0.65 (0.57–0.72)

PAA-score 0.61 (0.54–0.68) 0.55 (0.44–0.66) 0.61 (0.54–0.67)

CHESS 0.59 (0.50–0.67) 0.53 (0.40–0.65) 0.56 (0.48–0.63)

FFC 0.54 (0.45–0.61) 0.58 (0.44–0.71) 0.51 (0.43–0.58)

FI 0.51 (0.42–0.60) 0.52 (0.38–0.66) 0.52 (0.43–0.60)

Fig. 1  Predictive value of the risk scores per country and outcome. Predictive values of the seven risk scores per country expressed as pooled 
area under the curve with 95%-confidence intervals. Outcomes are presented as hospital admission (▲), emergency department visit (●) and 
any hospital visit (■), respectively. Abbreviations: AUC​ Area Under the Curve; CARS Community Assessment Risk Screen; CHESS MDS Changes in 
Health, End-stage disease and Symptoms and Signs; DIVERT Detection of Indicators and Vulnerabilities for Emergency Room Trips; EARLI Emergency 
Admission Risk Likelihood Index; FFC Fried’s frailty criteria; FI frailty index; PAA previous acute admissions
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in these risk scores and have shown to be important pre-
dictors of future hospital visits in other studies too [37, 
38]. Predictors concerning social context and accessibility 
of primary care, have been marginally assessed in these 
risk scores, even though they have shown to be associated 
with healthcare utilization [39–42]. For instance, social 
deprivation and decreased socio-economic status are 
associated with increased ED attendance and unplanned 
hospital admissions [33, 40]. Regarding primary care, 
longer opening hours, more appointments slots and con-
tinuity of care have shown to reduce unplanned hospital 
visits [33]. These nonmedical factors could add substan-
tial discriminative power in identifying older adults at 
risk of hospitalization.

Strengths and limitations
This is a thorough geographical validation study on seven 
risk scores to predict unplanned hospital admissions and 
ED visits in six countries using MI. In general, exter-
nal validation in “different but related” individuals is an 
essential step in the development of a prediction model, 
because it provides valuable information about the gen-
eralizability of the model. This step is however often 
skipped [9, 31]. Our study adds substantial evidence to 
the limited amount of external validation studies regard-
ing the prediction of unplanned hospital visits in older 
home care recipients.

The IBenC cohort is a multinational cohort, which 
adequately reflects characteristics of older home care 
recipients in these countries [15]. The international com-
ponent makes the data valuable to compare characteris-
tics of home care recipients from different geographical 
samples. Dependency levels in the IBenC sample closely 
reflect previously reported dependency  levels among 
home care recipients in several European countries 
including Italy, the Netherlands, Iceland, Finland and 
Germany [43]. However, national representativeness 
remains uncertain.

A selection bias may have occurred in the Italian and 
Dutch samples. The Italian data were retrieved retro-
spectively on routine care recipients with 6 months 
follow-up. Therefore this sample may overrepresent per-
sons receiving home care for a longer period. Nonethe-
less, a ceiling effect in distribution of the risk scores in 
the Italian sample did not occur (see Additional File 5). 
In the Netherlands, one of the main reasons provided for 
refusal to participate was cognitive impairment, therefore 
the proportion of patients with cognitive impairment was 
low. However, of the specific risk scores, only EARLI is 
dependent on cognitive function and this would there-
fore not have affected our results to a great extent.

We emphasize that the IBenC sample is very differ-
ent in characteristics and care received from the general 

older population. Determinants of hospitalization in this 
population might differ from general populations and 
therefore, the results of this study are not transferable to 
the general older population.

Because the risk scores were developed to be applicable 
in living persons that were not too vulnerable, we decided 
to omit recipients with missing outcomes because of 
death or admission to a nursing home. As a consequence, 
we excluded vulnerable patients with a conceivably high 
probability of unplanned hospital visits. This may have 
influenced predictive performance. However, these par-
ticipants covered less than 10% of the total sample size 
and would probably not have substantially affected our 
results.

Next, for some items in the risk scores, the original 
items were not directly transferable into interRAI-HC 
items (e.g weakness in FFC). We calculated the risk scores 
based on reasonable proxy items, some items might 
therefore not fully cover the original items. In addition, 
for weakness in FFC we used a validated and interRAI 
specified adjustment, which is an acceptable proxy [25].

Lastly, outcome measures were assessed 6 months 
after baseline with a 3 month recall period. We therefore 
missed outcomes from the first 3 months after baseline. 
In addition, CARS and EARLI were developed to predict 
the outcome within 12 months. Since risk changes over 
time, particularly for the prediction of unplanned hos-
pital visits, predictions within a shorter time span might 
be more accurate [44, 45]. These factors might have influ-
enced the performance of the risk scores.

Conclusions
Geographical validation of multiple risk scores for 
unplanned hospital visits in home care recipients from 
six European countries showed poor to fair performance. 
Unplanned hospitalizations depend, at least partly, on 
local healthcare policy. Therefore, whenever possible, 
risk scores should be validated regionally before applied 
in practice. Further studies are needed to identify and 
compose predictors and risk scores better able to pre-
dict unplanned hospital visits, preferably in diverse care 
contexts. Early identification of patients at high risk of 
unplanned hospital visits may prompt healthcare pro-
fessionals to attempt targeted interventions, such as 
targeted patient education, intensive monitoring or inte-
grated management for specific conditions or patient 
groups [46, 47].

Abbreviations
AUC​: Area under the receiver operating characteristic curve; CARS: Com‑
munity Assessment Risk Screen; CHESS: MDS Changes in Health, End-stage 
disease and Symptoms and Signs; DIVERT: Detection of Indicators and 
Vulnerabilities for Emergency Room Trips; EARLI: Emergency Admission Risk 



Page 8 of 9Klunder et al. BMC Geriatr          (2021) 21:551 

Likelihood Index; ED: Emergency department; FFC: Fried’s Frailty Criteria; FI: 
Frailty Index; IBenC: Identifying best practices for care-dependent elderly by 
Benchmarking Costs and outcomes of community care study; InterRAI-HC: 
InterRAI-Home Care instrument; MI: Multiple imputation; PAA-score: Previous 
Acute Admissions score.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​021-​02521-2.

Additional file 1. : Loss to follow-up and elaboration on multiple imputa‑
tion methodology. This file shows the flow of the IBenC cohort for this 
article and how missing data was handled. It also elaborates on the MI 
method, such as the methods used for imputation and selected key 
variables.

Additional file 2. : Comprehensive description of risk scores. This file 
elaborates on how the risk scores assessed in this article were developed.

Additional file 3. : Baseline characteristics of the IBenC data. This table 
provides information on the baseline characteristics of each country 
subcohort within the IBenC study

Additional file 4. : Characteristics of the cohorts from the original studies 
and the IBenC cohort. These tables compare the characteristics of the 
cohorts of the original studies with the characteristics of the IBenC data. 
They provide a global insight in the differences in case-mix between these 
cohorts.

Additional file 5. : Distribution of the risk scores. Descriptive statistics of 
each of the seven risk scores per country

Additional file 6. : Calibration plots. Calibration plots of the risk scores for 
each country, provided this could be assessed.

Acknowledgements
This research was supported by Stichting Preventie Vroegdiagnostiek en 
e-Health. The authors thank the home care clients and home care organiza‑
tions for their involvement in the project.

Authors’ contributions
JK, KJ, OM and HH were involved in the design of this study. JK and MH 
conducted the analyses. JK and VB wrote the first draft of the manuscript. HR, 
GO, VG, JS, HF, PJ, AD and HH were involved in the design, data collection and/
or overall data management of the IBenC project. All authors revised the draft 
and approved the final manuscript.

Funding
The IBenC project was a Collaborative Research Project funded by the Euro‑
pean Union in the Programme: FP7-HEALTH-2012-INNOVATION-1 under grant 
agreement no. 305912. The funding had no role in study design, data collec‑
tion, analysis, and interpretation, or preparation of the manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the Declaration of Helsinki and 
was approved by legally authorized medical ethical committees in every 
country that participated in the IBenC project. Belgium (Flanders): Commis‑
sie Medische Ethiek van de Universitair Medische Ziekenhuizen Katholieke 
Universiteit Leuven, No. ML10265; Finland: Tutkimuseettinen työryhmä, 
No. THL/796/6.02.01/ 533/2014; Germany: Ethikkommission des Institut für 
Psychologie und Arbeitswissenschaft der Technische Universtität Berlin, No. 
GH_01_20131022; Iceland: Vísindasiðanefnd, No. 13–176-S1; Italy: Comitato 
Etico Università Cattolica del Sacro Cuore, No. 2365/14; The Netherlands: Medi‑
cal Ethics Review Committee VU University Medical Center, No. 2013.333.

Prior to the start of the assessments, written informed consent was sought 
from the participants according to local regulations. When a participant was 
known to be cognitively impaired, informed consent from a close rela‑
tive, legal representative of legal guardian on behalf of the participant was 
obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1 Department of General Practice, Amsterdam University Medical Center, Vrije 
Universiteit, Amsterdam, The Netherlands. 2 Department of Epidemiology 
and Data Science, Amsterdam University Medical Center, Vrije Universiteit, 
Amsterdam, The Netherlands. 3 Department on Aging, Netherlands Institute 
of Mental Health and Addiction (Trimbos Institute), Utrecht, The Netherlands. 
4 Center for Care Research & Consultancy (LUCAS) & Center for Sociological 
Research (CESO), KU Leuven, Leuven, Belgium. 5 Department of Psychiatry, 
Amsterdam Public Health Research Institute, Amsterdam University Medical 
Center, Vrije Universiteit, Amsterdam, The Netherlands. 6 Department of Eco‑
nomics and Law, HTW Berlin University of Applied Sciences, Berlin, Germany. 
7 Department of Geriatrics, Landspitali University Hospital and Faculty 
of Medicine, University of Iceland, Reykjavík, Iceland. 8 Department of Wellbe‑
ing, National Institute for Health and Wellbeing, Helsinki, Finland. 9 Department 
of Cardiovascular, Endocrine‑Metabolic Diseases and Aging, Istituto Superiore 
di Sanità, Rome, Italy. 10 Department of Medicine for Older People, Amsterdam 
University Medical Center, Vrije Universiteit, Amsterdam, The Netherlands. 

Received: 20 April 2021   Accepted: 24 September 2021

References
	1.	 Morley JE. Aging in place. J Am Med Dir Assoc. 2012;13(6):489–92. https://​

doi.​org/​10.​1016/j.​jamda.​2012.​04.​011.
	2.	 Sumner J, Chong LS, Bundele A, Lim YW. Co-designing Technology for 

Aging in place: a systematic review. The Gerontologist. 2020. https://​doi.​
org/​10.​1093/​geront/​gnaa0​64.

	3.	 Šteinmiller J, Routasalo P, Suominen T. Older people in the emer‑
gency department: a literature review. Int J Older People Nursing. 
2015;10(4):284–305. https://​doi.​org/​10.​1111/​opn.​12090.

	4.	 Hastings SN, Schmader KE, Sloane RJ, Weinberger M, Goldberg KC, 
Oddone EZ. Adverse health outcomes after discharge from the emer‑
gency department--incidence and risk factors in a veteran popula‑
tion. J Gen Intern Med. 2007;22(11):1527–31. https://​doi.​org/​10.​1007/​
s11606-​007-​0343-9.

	5.	 Long SJ, Brown KF, Ames D, Vincent C. What is known about adverse 
events in older medical hospital inpatients? A systematic review of the 
literature. Int J Qual Health Care. 2013;25(5):542–54. https://​doi.​org/​10.​
1093/​intqhc/​mzt056.

	6.	 Costa AP, Hirdes JP, Bell CM, Bronskill SE, Heckman GA, Mitchell L, et al. 
Derivation and validation of the detection of indicators and vulnerabili‑
ties for emergency room trips scale for classifying the risk of emergency 
department use in frail community-dwelling older adults. J Am Geriatr 
Soc. 2015;63(4):763–9. https://​doi.​org/​10.​1111/​jgs.​13336.

	7.	 Shelton P, Sager MA, Schraeder C. The community assessment risk screen 
(CARS): identifying elderly persons at risk for hospitalization or emer‑
gency department visit. Am J Manag Care. 2000;6(8):925–33.

	8.	 Lyon D, Lancaster GA, Taylor S, Dowrick C, Chellaswamy H. Predicting the 
likelihood of emergency admission to hospital of older people: develop‑
ment and validation of the emergency admission risk likelihood index 
(EARLI). Fam Pract. 2007;24(2):158–67. https://​doi.​org/​10.​1093/​fampra/​
cml069.

	9.	 Toll DB, Janssen KJ, Vergouwe Y, Moons KG. Validation, updating 
and impact of clinical prediction rules: a review. J Clin Epidemiol. 
2008;61(11):1085–94. https://​doi.​org/​10.​1016/j.​jclin​epi.​2008.​04.​008.

	10.	 Davies BR, Baxter H, Rooney J, Simons P, Sephton A, Purdy S, et al. Frailty 
assessment in primary health care and its association with unplanned 

https://doi.org/10.1186/s12877-021-02521-2
https://doi.org/10.1186/s12877-021-02521-2
https://doi.org/10.1016/j.jamda.2012.04.011
https://doi.org/10.1016/j.jamda.2012.04.011
https://doi.org/10.1093/geront/gnaa064
https://doi.org/10.1093/geront/gnaa064
https://doi.org/10.1111/opn.12090
https://doi.org/10.1007/s11606-007-0343-9
https://doi.org/10.1007/s11606-007-0343-9
https://doi.org/10.1093/intqhc/mzt056
https://doi.org/10.1093/intqhc/mzt056
https://doi.org/10.1111/jgs.13336
https://doi.org/10.1093/fampra/cml069
https://doi.org/10.1093/fampra/cml069
https://doi.org/10.1016/j.jclinepi.2008.04.008


Page 9 of 9Klunder et al. BMC Geriatr          (2021) 21:551 	

secondary care use: A rapid review. BJGP Open. 2018;2:1. https://​doi.​org/​
10.​3399/​bjgpo​pen18​X1013​25.

	11.	 Vermeiren S, Vella-Azzopardi R, Beckwée D, Habbig AK, Scafoglieri A, 
Jansen B, Bautmans I. Frailty and the Prediction of Negative Health 
Outcomes: A Meta-Analysis. J Am Med Dir Assoc. 2016, 17(12):1163.
e1161–1163.e1117; doi:https://​doi.​org/​10.​1016/j.​jamda.​2016.​09.​010.

	12.	 Drubbel I, de Wit NJ, Bleijenberg N, Eijkemans RJ, Schuurmans MJ, 
Numans ME. Prediction of adverse health outcomes in older people 
using a frailty index based on routine primary care data. J Gerontol A Biol 
Sci Med Sci. 2013;68(3):301–8. https://​doi.​org/​10.​1093/​gerona/​gls161.

	13.	 Campitelli MA, Bronskill SE, Hogan DB, Diong C, Amuah JE, Gill S, et al. 
The prevalence and health consequences of frailty in a population-based 
older home care cohort: a comparison of different measures. BMC Geriatr. 
2016;16:133. https://​doi.​org/​10.​1186/​s12877-​016-​0309-z.

	14.	 Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg 
EW, et al. Transparent reporting of a multivariable prediction model for 
individual prognosis or diagnosis (TRIPOD): explanation and elaboration. 
Ann Intern Med. 2015;162(1):W1–73. https://​doi.​org/​10.​7326/​m14-​0698.

	15.	 van der Roest HG, van Eenoo L, van Lier LI, Onder G, Garms-Homolová 
V, Smit JH, et al. Development of a novel benchmark method to identify 
and characterize best practices in home care across six European coun‑
tries: design, baseline, and rationale of the IBenC project. BMC Health 
Serv Res. 2019;19(1):310. https://​doi.​org/​10.​1186/​s12913-​019-​4109-y.

	16.	 Hirdes JP, Ljunggren G, Morris JN, Frijters DHM, Finne Soveri H, Gray 
L, et al. Reliability of the interRAI suite of assessment instruments: a 
12-country study of an integrated health information system. BMC Health 
Serv Res. 2008;8(1):277. https://​doi.​org/​10.​1186/​1472-​6963-8-​277.

	17.	 Morris JN. interRai. InterRAI home care (HC) assessment form and user’s 
manual, version 9.1. Edn. InterRAI: Ann Arbor; 2010.

	18.	 Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Mul‑
tiple imputation for missing data in epidemiological and clinical research: 
potential and pitfalls. BMJ. 2009;338:b2393. https://​doi.​org/​10.​1136/​bmj.​
b2393.

	19.	 Kontopantelis E, White IR, Sperrin M, Buchan I. Outcome-sensitive multi‑
ple imputation: a simulation study. BMC Med Res Methodol. 2017;17(1):2. 
https://​doi.​org/​10.​1186/​s12874-​016-​0281-5.

	20.	 Mowbray FI, Jones A, Schumacher C, Hirdes J, Costa AP. External valida‑
tion of the detection of indicators and vulnerabilities for emergency 
room trips (DIVERT) scale: a retrospective cohort study. BMC Geriatr. 
2020;20(1):413. https://​doi.​org/​10.​1186/​s12877-​020-​01816-0.

	21.	 Wallace E, Stuart E, Vaughan N, Bennett K, Fahey T, Smith SM. Risk predic‑
tion models to predict emergency hospital admission in community-
dwelling adults: a systematic review. Med Care. 2014;52(8):751–65. 
https://​doi.​org/​10.​1097/​mlr.​00000​00000​000171.

	22.	 García-Pérez L, Linertová R, Lorenzo-Riera A, Vázquez-Díaz JR, Duque-
González B, Sarría-Santamera A. Risk factors for hospital readmissions in 
elderly patients: a systematic review. Qjm. 2011;104(8):639–51. https://​
doi.​org/​10.​1093/​qjmed/​hcr070.

	23.	 Ogarek JA, McCreedy EM, Thomas KS, Teno JM, Gozalo PL. Minimum data 
set changes in health, end-stage disease and symptoms and signs scale: 
a revised measure to predict mortality in nursing home residents. J Am 
Geriatr Soc. 2018;66(5):976–81. https://​doi.​org/​10.​1111/​jgs.​15305.

	24.	 Bandeen-Roche K, Xue QL, Ferrucci L, Walston J, Guralnik JM, Chaves P, 
et al. Phenotype of frailty: characterization in the women’s health and 
aging studies. J Gerontol A Biol Sci Med Sci. 2006;61(3):262–6. https://​doi.​
org/​10.​1093/​gerona/​61.3.​262.

	25.	 STRIVE Phase II final report. In.; 2011: 81–83.
	26.	 Armstrong JJ, Stolee P, Hirdes JP, Poss JW. Examining three frailty conceptu‑

alizations in their ability to predict negative outcomes for home-care clients. 
Age Ageing. 2010;39(6):755–8. https://​doi.​org/​10.​1093/​ageing/​afq121.

	27.	 Lutomski JE, Baars MA, van Kempen JA, Buurman BM, den Elzen WP, 
Jansen AP, et al. Validation of a frailty index from the older persons 
and informal caregivers survey minimum data set. J Am Geriatr Soc. 
2013;61(9):1625–7. https://​doi.​org/​10.​1111/​jgs.​12430.

	28.	 Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to 
measuring frailty in elderly people. The Journals of Gerontology: Series A. 
2007;62(7):738–43. https://​doi.​org/​10.​1093/​gerona/​62.7.​738.

	29.	 van Buuren S. Flexible imputation of missing data. Second edition. In. 
Boca Raton, FL: CRC Press; 2018.

	30.	 Bijlsma MW, Brouwer MC, Bossuyt PM, Heymans MW, van der 
Ende A, Tanck MW, et al. Risk scores for outcome in bacterial 

meningitis: systematic review and external validation study. J Inf Secur. 
2016;73(5):393–401. https://​doi.​org/​10.​1016/j.​jinf.​2016.​08.​003.

	31.	 Moons KG, Kengne AP, Grobbee DE, Royston P, Vergouwe Y, Altman DG, 
et al. Risk prediction models: II. External validation, model updating, and 
impact assessment. Heart. 2012;98(9):691–8. https://​doi.​org/​10.​1136/​
heart​jnl-​2011-​301247.

	32.	 Van Eenoo L, Declercq A, Onder G, Finne-Soveri H, Garms-Homolová V, 
Jónsson PV, et al. Substantial between-country differences in organising 
community care for older people in Europe-a review. Eur J Pub Health. 
2016;26(2):213–9. https://​doi.​org/​10.​1093/​eurpub/​ckv152.

	33.	 Huntley A, Lasserson D, Wye L, Morris R, Checkland K, England H, et al. 
Which features of primary care affect unscheduled secondary care use? A 
systematic review. BMJ Open. 2014;4(5):e004746. https://​doi.​org/​10.​1136/​
bmjop​en-​2013-​004746.

	34.	 Doñate-Martínez A, Garcés Ferrer J, Ródenas RF. Application of screening 
tools to detect risk of hospital readmission in elderly patients in Valencian 
healthcare system (VHS) (Spain). Arch Gerontol Geriatr. 2014;59(2):408–
14. https://​doi.​org/​10.​1016/j.​archg​er.​2014.​06.​004.

	35.	 Ródenas F, Garcés J, Doñate-Martínez A, Zafra E. Application of the com‑
munity assessment risk screen in primary care centres of the Valencia 
health system. Aten Primaria. 2014;46(1):25–31. https://​doi.​org/​10.​1016/j.​
aprim.​2013.​07.​010.

	36.	 Swets JA. Measuring the accuracy of diagnostic systems. Science. 
1988;240(4857):1285–93. https://​doi.​org/​10.​1126/​scien​ce.​32876​15.

	37.	 Costa A, Harkness K, Haughton D, Heckman G, McKelvie R. Risk of 
emergency department use among community-dwelling older adults: a 
review of risk factors and screening methods. Clin Pract. 2014;11:763–76. 
https://​doi.​org/​10.​2217/​cpr.​14.​66.

	38.	 Hudon C, Courteau J, Chiu YM, Chouinard MC, Dubois MF, Dubuc N, et al. 
Risk of frequent emergency department use among an ambulatory care 
sensitive condition population: a population-based cohort study. Med 
Care. 2020;58(3):248–56. https://​doi.​org/​10.​1097/​mlr.​00000​00000​001270.

	39.	 Dufour I, Chouinard MC, Dubuc N, Beaudin J, Lafontaine S, Hudon C. 
Factors associated with frequent use of emergency-department services 
in a geriatric population: a systematic review. BMC Geriatr. 2019;19(1):185. 
https://​doi.​org/​10.​1186/​s12877-​019-​1197-9.

	40.	 Purdey S, Huntley A. Predicting and preventing avoidable hospital admis‑
sions: a review. J R Coll Physicians Edinb. 2013;43(4):340–4. https://​doi.​
org/​10.​4997/​jrcpe.​2013.​415.

	41.	 Wolff JL, Kasper JD. Informal caregiver characteristics and subsequent 
hospitalization outcomes among recipients of care. Aging Clin Exp Res. 
2004;16(4):307–13. https://​doi.​org/​10.​1007/​bf033​24556.

	42.	 Kim MH, Xiang X. Hospitalization trajectories in home- and community-
based services recipients: the influence of physician and social care 
density. J Gerontol B Psychol Sci Soc Sci. 2020. https://​doi.​org/​10.​1093/​
geronb/​gbaa1​99.

	43.	 Carpenter I, Gambassi G, Topinkova E, Schroll M, Finne-Soveri H, Henrard 
JC, et al. Community care in Europe. The aged in home care project 
(AdHOC). Aging Clin Exp Res. 2004;16(4):259–69. https://​doi.​org/​10.​1007/​
bf033​24550.

	44.	 Gao J, Moran E, Li YF, Almenoff PL. Predicting potentially avoidable hos‑
pitalizations. Med Care. 2014;52(2):164–71. https://​doi.​org/​10.​1097/​mlr.​
00000​00000​000041.

	45.	 Wang L, Porter B, Maynard C, Evans G, Bryson C, Sun H, et al. Predicting 
risk of hospitalization or death among patients receiving primary care in 
the veterans health administration. Med Care. 2013;51(4):368–73. https://​
doi.​org/​10.​1097/​MLR.​0b013​e3182​7da95a.

	46.	 Costa AP, Schumacher C, Jones A, Dash D, Campbell G, Junek M, et al. 
DIVERT-collaboration action research and evaluation (CARE) trial protocol: 
a multiprovincial pragmatic cluster randomised trial of cardiorespiratory 
management in home care. BMJ Open. 2019;9(12):e030301. https://​doi.​
org/​10.​1136/​bmjop​en-​2019-​030301.

	47.	 de Stampa M, Vedel I, Buyck JF, Lapointe L, Bergman H, Beland F, et al. 
Impact on hospital admissions of an integrated primary care model for 
very frail elderly patients. Arch Gerontol Geriatr. 2014;58(3):350–5. https://​
doi.​org/​10.​1016/j.​archg​er.​2014.​01.​005.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3399/bjgpopen18X101325
https://doi.org/10.3399/bjgpopen18X101325
https://doi.org/10.1016/j.jamda.2016.09.01
https://doi.org/10.1093/gerona/gls161
https://doi.org/10.1186/s12877-016-0309-z
https://doi.org/10.7326/m14-0698
https://doi.org/10.1186/s12913-019-4109-y
https://doi.org/10.1186/1472-6963-8-277
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1186/s12874-016-0281-5
https://doi.org/10.1186/s12877-020-01816-0
https://doi.org/10.1097/mlr.0000000000000171
https://doi.org/10.1093/qjmed/hcr070
https://doi.org/10.1093/qjmed/hcr070
https://doi.org/10.1111/jgs.15305
https://doi.org/10.1093/gerona/61.3.262
https://doi.org/10.1093/gerona/61.3.262
https://doi.org/10.1093/ageing/afq121
https://doi.org/10.1111/jgs.12430
https://doi.org/10.1093/gerona/62.7.738
https://doi.org/10.1016/j.jinf.2016.08.003
https://doi.org/10.1136/heartjnl-2011-301247
https://doi.org/10.1136/heartjnl-2011-301247
https://doi.org/10.1093/eurpub/ckv152
https://doi.org/10.1136/bmjopen-2013-004746
https://doi.org/10.1136/bmjopen-2013-004746
https://doi.org/10.1016/j.archger.2014.06.004
https://doi.org/10.1016/j.aprim.2013.07.010
https://doi.org/10.1016/j.aprim.2013.07.010
https://doi.org/10.1126/science.3287615
https://doi.org/10.2217/cpr.14.66
https://doi.org/10.1097/mlr.0000000000001270
https://doi.org/10.1186/s12877-019-1197-9
https://doi.org/10.4997/jrcpe.2013.415
https://doi.org/10.4997/jrcpe.2013.415
https://doi.org/10.1007/bf03324556
https://doi.org/10.1093/geronb/gbaa199
https://doi.org/10.1093/geronb/gbaa199
https://doi.org/10.1007/bf03324550
https://doi.org/10.1007/bf03324550
https://doi.org/10.1097/mlr.0000000000000041
https://doi.org/10.1097/mlr.0000000000000041
https://doi.org/10.1097/MLR.0b013e31827da95a
https://doi.org/10.1097/MLR.0b013e31827da95a
https://doi.org/10.1136/bmjopen-2019-030301
https://doi.org/10.1136/bmjopen-2019-030301
https://doi.org/10.1016/j.archger.2014.01.005
https://doi.org/10.1016/j.archger.2014.01.005

	Predicting unplanned hospital visits in older home care recipients: a cross-country external validation study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Source of data: design and sample of the IBenC study
	Data collection of the IBenC cohort
	Outcome measures
	Study population and loss to follow-up
	Risk scores
	Statistical analysis

	Results
	Discussion
	Summary of results
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


