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Key summary points

Aim To derive and validate a 90-day unplanned hospital readmission (UHR) score based on information readily available to non-hospital
based care providers.

Findings Independent risk factors for 90-day UHR were: use of mobility aids, presence of dementia syndrome, history of recent hospitalisa-
tion, and discharge to domiciliary home. In the development cohort and in the validation cohort, the 90-day UHR rate increased significantly
across risk groups.

Message The findings should enable targeted multidisciplinary interventions in order to limit UHR.

Abstract

Purpose To derive and validate a 90-day unplanned hospital readmission (UHR) score based on information available to non-hospital
based care providers.

Methods Retrospective longitudinal study with cross-validation method. Participants were older adults (>65 years) admitted to a geriatric
short-stay department in a general hospital in France. Patients were split into a derivation cohort and a validation cohort. We recorded
demographic information, medical history, and concurrent clinical characteristics. The main outcome was 90-day UHR. Data obtained from
hospital discharge letters were used in a logistic regression model to construct a predictive score, and to identify risk groups for 90-day UHR.
Results In total, 750 and 250 aged adults were included in both the derivation and the validation cohorts. Mean age was 87.2+5.2 years,
most were women (68.1%). Independent risk factors for 90-day UHR were: use of mobility aids (p=.02), presence of dementia syndrome
(p=.02), history of recent hospitalisation (p=.03), and discharge to domiciliary home (p=.005). From these four risk factors, three groups
were determined: low-risk group (score <4), medium-risk group (score between 4 and 6), and high-risk group (score >6). In the derivation
cohort the 90-day UHR rates increased significantly across risk groups (14%, 22%, and 30%, respectively). The 90-day UHR score had the
same discriminant power in the derivation cohort (c-statistic=0.63) as in the validation cohort (c-statistic=0.63).

Condlusions This score makes it possible to identify aged adults at risk of 90-day UHR and to target multidisciplinary interventions to limit
UHR for patients discharged from a Geriatric Short-Stay Unit.
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Unplanned hospital readmission (UHR) is frequent [1]. Risk fac-
tors for UHR vary according to the population studied or the time
of re-admission considered [2]. In the population aged 65 years
and over, the most frequent factors associated with UHR after
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re-admitted particularly often [1], and some of these UHR appear
to be avoidable [13]. Limiting avoidable UHR is a major public
health issue [14], since UHR are a significant cause of health-
care costs [10, 14-16], and are associated with poor outcomes
[8, 14]. Some countries have experimented programs to reduce
UHR based on collaboration between hospital-based and com-
munity care [17, 18]. The first step is to identify people at risk for
UHR. General practitioners (GPs) are key players in identifying
older people at risk of readmission. However, to do this, they
need a simple and easy-to-use tool based on quickly accessible
information. The aim of this study was to derive and validate a
90-day unplanned hospital readmission score based on informa-
tion readily available to GPs.

Methods
Study design and population

This was a retrospective cohort study, including patients aged
65 years or older, admitted to the geriatric short-stay department
of the Hospital of Valenciennes (France), from 1 January to 31
December 2019. The geriatric short-stay services in France wel-
come polypathological aged patients at high risk of loss of func-
tional autonomy (presence of frailty criteria, presence of cognitive
disorders...). Patients are assessed and cared for by a multidisci-
plinary team trained in geriatrics, and benefit from an individual-
ized medical and social evaluation, as well as a psychological and
motor assessment. Rehabilitation sessions are set up according to
the patient's needs. The average length of stay is about 10 days.
Patients who died during their hospital stay, and those who were
readmitted on a scheduled basis, were excluded from the study.
The cohort was randomly divided into two samples: 75% of
the population served to derive the prediction model (derivation
cohort), and 25% were used to validate it (validation cohort).

Variables studied

The following demographic characteristics were collected from the
hospital discharge letter: age, sex, place of residence, living alone
or not, children (yes/no), and presence of a caregiver. Concurrent
clinical characteristics were noted, and included cognitive status
(dementia, delirium), physical status (walking difficulties, depend-
ence for activities of daily living), nutritional status, comorbidities,
and polypharmacy (>5 drugs/day). The aids used were recorded
(home care nursing service, life assistant, mobility aids). The history
of hospitalisation in the three months preceding the index hospi-
talisation, as well as the destination at discharge from hospital were
also noted (domiciliary home, sheltered living, or nursing home).

@ Springer

Ethics aspects

The study was performed in accordance of the Declaration of
Helsinki and French law relating to biomedical research involving
human subjects. It was approved by the ethics committee of the
General Hospital of Valenciennes (under the number 2021/001).

Statistical analyses

The main outcome was 90-day UHR. It was defined as the first
episode of unplanned readmission occurring within the 90 days
following hospital discharge.

Descriptive analysis of patients’ characteristics was performed.
Quantitative variables are described as mean =+ standard deviation
(m=+SD), and categorical variables as number and percentage (r,
%). Bivariable relationships between each risk factor and 90-day
unplanned hospital readmission in the derivation cohort were
assessed using logistic regression. For multivariable analysis, a
logistic regression model was built using stepwise selection. Results
are presented as odds ratios (OR) and 95% Confidence Interval (CI).

A 90-Day UHR score was constructed. Point values were
assigned to each risk factor according to the odds ratio in the final
model. The point values were equal to the corresponding odds
ratios, rounded to the nearest integer. According to number of risk
factors present for each patient, three risk groups were defined.

Bootstrap analysis was performed to calculate the c-statistic
(representing the area under the Receiver Operating Characteristic
(ROC) curves) to assess the accuracy of the UHR score. Replication
on 500 different samples drawn with replacement was performed
using the bootstrap method.

Statistical analyses were performed using SAS software release
9.4, (SAS Institute, Inc., Cary, NC). Tests were considered as sig-
nificant for p-values less than 0.05.

Results

In total, 1000 patients were included (750 in the derivation cohort,
and 250 in the validation cohort). Over two-thirds were women
(68.1%), and mean age was 87.2+5.2 years (87.5+4.9 years in
the derivation cohort, vs 87.1+5.3 years in the validation cohort).
Other characteristics for the derivation and validation cohorts are
described in Table 1.

The independent predictive factors for 90-day UHR identi-
fied in the derivation cohort were (Table 2): use of mobility aids
(p=0.02), presence of a dementia syndrome (p=0.02), history of
hospitalisation within the preceding three months (p=0.03), and
the fact of being discharged to domiciliary home or sheltered liv-
ing (p=0.005). None of the reasons of hospitalisation taken was
significantly associated to 90-day UHR.
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Table 2 Predictive Factors
for 90-day unplanned hospital

Characteristics

Bivariable analysis Multivariable analysis

readmission in the derivation OR  95%CI P OR  95%CI P
cohort: bivariable and
multivariable analyses Age: 85 years and over 090 0.62-1.29 .56
Female sex 1.07 0.74-1.53 .73
Place of residence: nursing home 092 0.57-1.50 .75
Living alone: yes 096 0.68-1.35 .80
Existence of children: yes 091 0.59-1.38 .65
Presence of a caregiver: yes 1.52  0.83-2.77 .17
Aids implemented
Life assistant 1.18 0.83-1.70 .36
Home care nursing service 1.38 0.98-1.95 .07
Mobility aids 1.67 1.16-241 .006 1.60 1.09-2.36 .02
Medical history
Acute myocardial infarction 1.21  0.80-1.81 .37
Congestive heart disease 1.07 0.71-1.61 .73
Cerebrovascular disease 1.24 0.87-1.78 .23
Chronic pulmonary disease 0.88 0.57-1.36 .57
Diabetes 1.47  1.02-2.13 .04
Moderate or severe renal disease 1.33  0.86-2.06 .20
Solid tumour, lymphoma, myeloma 0.82 0.52-1.29 .38
Concurrent clinical characteristics
Delirium syndrome 1.09 0.65-1.82 .74
Dementia syndrome 1.80 1.20-2.71 .005 1.67 1.09-2.55 .02
Dependence in ADLs 1.66 1.01-2.74 .04
Malnutrition 1.01 0.71-1.44 .96
Walking difficulties 1.54 1.02-2.33 .04
Number of comorbidities >3 1.29 091-1.83 .16
Polypharmacy (>5 drugs/day) 1.04 0.70-1.53 .86
Psychotropic drug use 091 0.65-129 .60
Hospitalisation within the preceding 3 months 1.50 1.03-2.19 .03 1.54 1.04-2.27 .03
Discharged to domiciliary home or sheltered living 1.42  1.00-2.04 .05 1.75  1.19-2.57 .005

OR odds ratio, CI confidence interval, ADL activities of daily living

Point values were determined for each of the four risk factors,
and summed for each patient (Table 3). Three risk groups were
determined according to number of risk factors: low-risk group (0
or 1 risk factor), medium-risk group (2 risk factors), and high-risk
group (3 or 4 risk factors).

In the derivation cohort, the 90-day UHR rate increased signifi-
cantly (p=0.0003) across risk groups. Similar results were observed
in the validation cohort (p=0.03). The 90-day UHR score had the
same discriminant power in the derivation cohort (c-statistic=0.63)
as in the validation cohort (c-statistic=0.63).

@ Springer

Discussion

In our study, 90-day UHR occurred in 23% of cases, which is in line
with rates described in the literature for the aged population [1]. The
factors significantly associated with 90-day UHR were: presence
of dementia syndrome, use of mobility aids, hospitalisation within
the preceding three months, and being discharged to domiciliary
home. Dementia or a history of neurological disorders has previ-
ously been reported by other authors as being associated with early
or late UHR after surgery [8, 13, 15, 19]. Some studies have sug-
gested that patients with dementia have an increased rate of frailty



European Geriatric Medicine (2022) 13:1119-1125 1123
Table 3 Derivation and Validation of the 90-day unplanned hospital readmission score
Risk factors Allocation of point values
OR? (95% CI?) Point values
Use of mobility aids 1.60 (1.09-2.36) 2
Presence of dementia syndrome 1.67 (1.09-2.55) 2
Hospitalisation within the preceding 3 months  1.54 (1.04-2.27) 2
Discharged to domiciliary home or sheltered 1.74 (1.19-2.57) 2
living
Validation of the 90-day unplanned hospital readmission score
Derivation cohort (N="750) Validation cohort (N = 250)
Number of UHR/total % (95% CIP) Number of UHR/total % (95% CIP)
Low-risk group: less than 28/200 14 (9-19) /54 13 (6-25)
4 points
Medium-risk group 2: 4 points  60/270 22 (18-28) 23/104 22 (15-31)
High-risk group 3: 6 points 83/280 30 (25-35) 29/92 31 (23-42)
or over
Overall groups 171/750 23 (20-26) 59/250 24 (18-29)
ROC curve area® (95% CI) 0.633 (0.631-0.635) 0.633
(0.629-
0.636)

The point values were equal to the corresponding odds ratios, rounded to the nearest integer

UHR unplanned hospital readmission
*adjusted odds ratio from the final model
95% confidence interval

“ROC curves were bootstrapped and are reported for overall score

and urgent hospitalization [20-22]. It is possible that patients with
cognitive or neurological disorders are more likely to decompensate
for a chronic condition or represent an acute condition following an
initial acute event. Several authors have observed that two or more
admissions during the previous year was associated with 6-month
UHR [7, 23]. In our study, hospitalisation within the preceding
three months was found to be a significant risk factor for UHR.
This observation could reflect the absence of intervention to correct
the risk of readmission, and the difficulty in identifying patients at
risk. Heins et al. showed that patients with multiple comorbidities,
and with high care needs, do not necessarily have the same profile
as patients who tend to have UHR [24]. There is thus a compelling
need to develop tools to help screen for aged patients who are at
high risk of UHR, with a view to implementing concrete preven-
tive actions. “Several scores exist in the literature [25-27]. Their
discriminating performances are poor [25]. Some authors suggest
that frailty scores could be used to identify older subjects at risk for
re-hospitalisation [28]. General practitioners need a rapid screening
tool that allows them to schedule specific management for at-risk
patients based on available resources”. In their systematic review
of interventions aimed at preventing UHR, Coffey et al. showed
that the successful interventions pre- and post-discharge for pre-
venting UHR were those leveraging integrated systems between
hospital-based and community care, with multidisciplinary service

provision, individualization of services, and specialist follow-up
[18]. Identifying patients at risk of UHR before, or at the time of dis-
charge from hospital therefore seems essential to initiating appropri-
ates services in a timely manner to help avoid future re-admissions
in this population. In our study, we found that being discharged to
domiciliary home was associated with a higher risk of UHR. This
seems logical, since people discharged to a rehabilitation centre or
nursing home are closely monitored and medically supervised, thus
limiting the risk of UHR. UHR is increasingly being used as an
indicator of the quality of care [29]. However, it would be wrong to
consider all UHR as avoidable. In a study of post-surgical readmis-
sions, Jencks et al. observed that 70.5% of patients readmitted within
30 days after surgical discharge were rehospitalized for a medical
condition [16]. However, the authors surmised that some of these
readmissions could likely be replaced by outpatient care or sched-
uled hospitalisation [16]. Indeed, UHRSs are longer [16], more costly
[16], and associated with poor outcome [8, 14]. Graves et al. showed
that a comprehensive intervention among older adults (> 65 years)
with at least one risk factor for readmission was cost-effective, and
improved health outcomes (quality-adjusted life years) [30]. There
is evidence that interventions of this type are beneficial, suggesting
that they should be promoted and implemented. Mathew et al. per-
formed a systematic review and meta-analysis of factors associated
with readmissions in older adults following fragility fractures [2].

@ Springer
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Age was the only factor for which pooling of data across studies
was possible, and age was shown to be significantly associated with
re-presentation to the emergency department both within 30 days
(OR 1.27;95% CI 1.14-1.43) and beyond 30 days (OR 1.23; 95%
CI 1.01-1.50) [2]. In our study, advanced age was not associated
with an increased risk of UHR. However, the population of our
study was composed solely of patients initially admitted to a short-
stay unit for medical reasons. The clinical profile of the patients was
therefore likely different, with a higher mean age and a higher level
of frailty in our population.

Our work has several strengths. Most studies focus on readmis-
sions after surgical discharge. This is the first score to predict 90-day
UHR in a population aged 65 years or more, and the score was
successfully crossed-validated in a validation cohort. Its accuracy
is similar to those developed by other authors [1]. The score uses
information that is easy to collect from the hospital discharge let-
ter. This makes it relevant and helpful for GPs, but also useful for
other front-line practitioners outside the hospital setting. The iden-
tification of older persons at high risk of rehospitalisation would
make it possible to implement targeted interventions to reduce the
risk. Our study also has some limitations. All the patients included
were initially admitted to a geriatric short-stay unit, and therefore,
the study population comprises patients who are frail, polymedi-
cated, with low autonomy. Nevertheless, comorbidities, autonomy
and polypharmacy were not found to be associated with the risk
of UHR. Second, the data required to calculate the UHR score are
given in the hospital discharge report. In France, geriatrics units
systematically perform multidimensional, comprehensive geriatric
assessment, and specifically report, for example, the presence of
cognitive disorders or walking aids. This information may therefore
be absent from discharge reports issued by other hospital wards.
Nevertheless, the score components remain simple to collect by
asking the patient or entourage if not mentioned in the hospital com-
munication. This score was constructed on the basis of data from
before the COVID-19 epidemic. Therefore, we cannot generalize
its metrological properties in an epidemic situation.

In summary, we developed and validated a score to identify older
adults at high risk of 90-day UHR after a stay in a short-stay geriat-
rics ward for medical reasons. Identifying patients at risk of UHR
should help to guide the selection and implementation of compre-
hensive multidisciplinary and individualized services to limit UHR
and improve quality of life in these older adults.
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