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Abstract

With limited bed availability at Malta’s state-run rehabilitation hospital, efficient and
accurate assessment of frail older adults is essential for appropriate inpatient geriatric
rehabilitation (GR) admissions. This study aimed to identify key predictors influencing
admission decisions for inpatient GR programmes in Malta. Prospective data were collected
from 250 patients aged 60 and over. In total, 83 predictors, including demographic details,
clinical history, functional levels and social factors, were analysed against admission
outcomes. Logistic regression analysis, mainly univariate analysis, followed by multivariate
analysis with backward stepwise elimination, was used to determine significant predictors.
Seven key predictors were identified, which shed light on the decision-making processes
of the assessing specialists, highlighting the importance of embracing the ICF model
rather than relying solely on medical criteria. These predictors reflect the WHO ICF
and CGA frameworks, supporting a holistic, patient-centred approach. They informed
the development of a digital tool, incorporating a future predictive model to guide GR
admission decisions in Malta, aiming to facilitate the delivery of stratified and personalised
care by enabling clinicians to select a care pathway based on the patient’s potential health
trajectory in response to rehabilitation interventions.

Keywords: geriatric rehabilitation; geriatric assessment; rehabilitation potential; admission
criteria; inpatient rehabilitation; prediction models

1. Introduction

As the population in Malta continues to age, acute hospitals are witnessing a rise in
admissions of frail older adults [1]. Frailty, an age-related condition, manifests as general
weakness and fatigue, leading to reduced physical activity; it affects balance, gait, functional
abilities, and cognition [2,3]. Frail older adults experience a decline in physiological systems,
making it difficult for their bodies to meet the demands placed upon them. Conducting
a comprehensive assessment would allow clinicians to identify the diverse needs of frail
older adults as effectively as possible, enabling the provision of tailored services that would
best address their requirements [2-5].

Malta’s healthcare system comprises a state-operated acute hospital serving the en-
tire Maltese population, alongside a state-run rehabilitation hospital with coverage for
the entire adult population. This rehabilitation hospital is a 293-bed facility specialising
in adult rehabilitation, employing a comprehensive, multidisciplinary approach to inpa-
tient rehabilitation [6]. It is important to note that it administers its services not only to

J. Gerontol. Geriatr. 2026, 74, 36

https:/ /doi.org/10.3390/jgg74040036


https://crossmark.crossref.org/dialog?doi=10.3390/jgg74040036&domain=pdf&date_stamp=2026-09-28
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jgg
https://www.mdpi.com
https://orcid.org/0000-0001-8103-9545
https://orcid.org/0000-0003-0575-2730
https://orcid.org/0000-0001-9111-6807
https://orcid.org/0000-0003-0435-1898
https://doi.org/10.3390/jgg74040036

J. Gerontol. Geriatr. 2026, 74, 36

20f11

the geriatric demographic, but also to all adults aged 18 and over who might require
intensive rehabilitation. As a result, the number of available beds remains consistently
limited. In light of this constraint in resources, it becomes imperative to adopt a more
discerning patient-assessment process, ensuring more efficiency and an enhanced quality of
service provided.

In view of the above, the aim of this study was to find which predictors are the most
determining when assessing for potential admission to inpatient geriatric rehabilitation
(GR) in Malta.

2. Materials and Methods
2.1. Data Source

A total of 2683 older adults were referred to inpatient geriatric rehabilitation in Malta
in 2021. During the study planning stage, the anticipated number of potential predictors
and the requirements for multivariable logistic regression were considered. The initial
assessment identified 83 potential predictors, corresponding to more than 123 parameters
when categorical variables were taken into account. Using the criterion of 10 events per
variable (EPV), the required number of outcome events would have exceeded the number
of patients realistically available within the eligible population. Among the 2683 referrals,
937 patients were accepted for inpatient GR, corresponding to approximately 7.62 EPV.

Given the finite population available and the practical constraints on recruitment, a
conventional population-based sample size calculation was performed, assuming a 95%
confidence interval with a 6% margin of error, which yielded a required sample size of
243 patients. Data was collected prospectively from 250 patients over the age of 60, who
were referred for potential admission to inpatient GR, once discharged from the main
acute hospital in Malta. These referrals were carried out between March 2023 and June
2023. The patients referred were informed about the study by the respective consultant
geriatrician or rehabilitation specialist who was assessing them. If the patients expressed
interest or required additional information, the researcher approached them to provide
further explanation, along with an information sheet. The first 250 patients who met the
criteria of being over the age of 60 and who agreed to take part were included in the study.

Upon obtaining informed consent, these patients were assessed using an assessment
tool devised for this research. This assessment covered various aspects, such as demo-
graphic information, clinical history, presenting symptoms and diagnosis, medication,
previous and current levels of function, social situation, and more. The researcher also
noted the outcome of interest (end point) which, in this case, was whether the patient
was accepted into inpatient GR or not, following the consultants” assessment at that point
in time.

2.2. Ethical Considerations

This study was granted a favourable ethical opinion by the research ethics committees
of the local university, local acute hospital and local rehabilitation hospital.

To decrease selection bias, the patients were identified through intermediaries, and to
ensure confidentiality, each participant was assigned a code, known only to the researcher,
to safeguard their identity. Participants were also informed that they could withdraw their
participation without any penalty or consequence, prior to signing the consent form. The
information sheets also stated the regulations of GDPR and national legislation, which gave
each participant the right to access, correct and even ask for any data concerning them to
be erased. The information sheet and the consent form were both available in Maltese and
English, and participants were asked which language they preferred.
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The assessment information obtained during the study was stored securely on an
electronic device. To ensure data protection, the assessments were password-protected
and stored in an encrypted format, maintaining the promised confidentiality regarding the
participants’ information and protection of their privacy.

2.3. Predictors

The comprehensive geriatric assessment (CGA) is a well-established care procedure
that encompasses a comprehensive evaluation of older adults, taking into account various
aspects of their well-being [7]. It is similar to the International Classification of Functioning,
Disability and Health (ICF), a framework developed by the World Health Organization
(WHO) in 2001. The WHO ICF classifies health and health-related domains, which assists
clinicians in identifying any changes in the body structure and functioning levels of a person.
This is achieved by adopting a holistic approach, looking at the person’s individual societal
perspectives that might affect functioning [8]. The CGA goes beyond solely examining a
patient’s state of health and considers other factors that influence their quality of life and
overall well-being. Additionally, it takes into consideration the impact on the patient’s
relatives or caregivers, if present [9]. The CGA is a continuous assessment that is reviewed
regularly to monitor the patient’s progress and ensure their needs are addressed and
adjusted accordingly.

Based on this premise, this research aimed to identify which predictors influenced the
potential admission to inpatient GR programmes in Malta. The predictors were identified
through two main pathways. Expert-panel sessions were carried out, during which local
panellists identified the key clinical characteristics they deemed essential for evaluating pa-
tients for inpatient GR programmes in Malta [10]. These consensus features were compared
with findings from a scoping review that was carried out to identify which assessment
tools or outcome measures are used to assess patients for potential admission to GR pro-
grammes [11]. The final components were integrated into a comprehensive assessment tool,
initially developed in a paper-based format. This tool included 83 predictors, each of which
was individually analysed to determine its impact on the likelihood of a patient benefiting
from an inpatient GR programme. The goal was to identify which of these predictors most
significantly influenced the consultants’ decision-making processes.

2.4. Outcomes

In the current approach, the consultant geriatrician accepts or denies patients to
inpatient GR programmes based on past clinical experiences and expertise. For this data-
analysis process, the consultant’s decision on rehabilitation was considered to be the
outcome variable. Patients were assessed by consultant geriatricians and were either
accepted into inpatient GR or not. This outcome was subsequently analysed in relation to
the identified patient characteristics and clinical predictors to determine their association
with the consultant’s decision.

2.5. Analysis

A logistic regression process was carried out for each stated outcome variable using
SPSS (version 25). This type of regression was chosen as the dependent variable was
dichotomous (binary outcome).

To minimise overfitting, all the independent variables were primarily compared with
the dependent rehabilitation outcome (accepted /not accepted for inpatient GR) individu-
ally, to evaluate their significance. The independent-sample ¢-test and the Mann-Whitney
test were used to compare the mean scores between two rehabilitation outcomes (ac-
cepted /not accepted for inpatient GR). For both tests, the null hypothesis specified that the
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scores varied marginally between the two groups and was valid if the p-value exceeded the
0.05 level of significance.

On the other hand, the chi-squared test was used to investigate the association be-
tween two categorical variables. One of these variables always provided the rehabilitation
outcome (accepted/not accepted for inpatient GR), while the other variable provided de-
mographic, medical, physical, functional, or social information about the patients assessed.
The null hypothesis held when there was no association between the two variables and
was valid if the p-value exceeded the 0.05 level of significance.

Upon completing the above steps, the next step was looking at univariable associ-
ations between each potential predictor and the outcome. The major limitation of the
chi-squared test, the independent-samples t-test, and the Mann—-Whitney test is that they
simply investigate the relationship between a dependent variable (rehabilitation admis-
sion decision) and a lone predictor. However, this study aimed to estimate the collective
effect of the predictors upon the corresponding dependent variable they influence. It is
widely acknowledged that a lone predictor could become a very important contributor in
explaining variations in the outcome but would be rendered unimportant in the presence
of other predictors [12,13]. In other words, the suitability of a predictor often depends on
other predictors in the same set. Given the exploratory objective of the study, following
the elimination of insignificant variables during univariate analysis, multivariable logistic
regression was undertaken to examine the independent associations between the candidate
predictors and the consultant’s decision regarding admission to inpatient GR.

Backward elimination, using a p-value greater than 0.05 as the removal criterion,
was used as an exploratory variable-selection approach to obtain a parsimonious model
from the available candidate predictors. This approach was not intended to constitute the
development or validation of a clinical prediction model, but rather to identify potentially
important predictors and assess whether the findings provided sufficient justification for
the development of a future prediction model using a larger dataset [14,15].

3. Results

The assessment that was used to gather patient data was composed of 83 variables,
which were analysed individually to establish the statistical significance of each. Variables
that could be expressed as both continuous and categorical measures were analysed as con-
tinuous variables based on their numerical scores (e.g., the MoCA score), rather than their
corresponding categorical classifications. Among these variables, a total of 44 proved to
have a significant association with the ‘accepted to inpatient GR’ statement. The significant
variables are shown in Table 1.

Using these 44 variables, a logistic regression model was fitted to relate the binary
outcome, that is, the rehabilitation outcome (accepted/not accepted for inpatient GR), to
several predictors that qualified as ‘significant’ when analysed individually. Hence, one
model was created for all the predictors together, using an iterative backward elimination
process, where variables are removed one at a time, the model is refitted, and the process
is repeated until all remaining variables are statistically significant. The variables were
fitted into the model, seven of which proved to be statistically significant in the end. These
seven variables were: (1) the patient’'s MoCA score; (2) the previous level of mobility;
(3) the reason for admission to the acute hospital; (4) if the patient is a smoker or non-
smoker; (5) the ability to transfer from lying to sitting; (6) the patient’s living arrangements;
and (7) the relatives’ plans for the patient following discharge. These are shown in Table 2.
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Table 1. Significant variables (potential predictors).

Perspective Significant Variable

Days for referral

Reason for admission

) Smoker or non-smoker
Medical

Level of education

Charlson’s Co-morbidity Index score
MoCA score

Previous level of mobility

Change in mobility

. Lower-limb function
Physical

Ability to transfer from lying down < sitting

Ability to carry out “Timed Up and Go’ test

Ability to carry out ‘Handgrip Strength’ test

Change in all five main PADLs and overall change

Change in bowel continence level

Functional Previous level of dependence in IADLs

House-bound status

Engagement in leisure activity

Living arrangements: alone or with whom?

Home environment: type of house; any access by stairs; lift;
location of amenities

Social Patient’s wishes

Relatives’ plans following discharge

Presence of prior community long-term-care application

Number of social services available in the community

Barthel Index score pre-admission

. Barthel Index score change from pre-admission to current
Nursing

Appetite and feeding route

Number of professionals involved in patient care

Table 2. Likelihood-ratio tests for the overall assessment.

Model-Fitting Criteria Likelihood-Ratio Tests
Effect 721{133;];2:}&1:&)51 of Chi-Squared df p-Value
Intercept 185.163 0.000 0
MoCA score 189.012 3.849 1 0.050
Previous mobility 190.375 5.211 1 0.022
Reason for admission 212.116 26.953 8 <0.001
Smoker/non-smoker 194.980 9.816 1 0.002
Transfer lying — sitting 197.630 12.467 1 <0.001
Does not live alone 202.699 17.536 4 0.002
Relatives’ plans 225.058 39.895 4 <0.001
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The relatives’ plan for the patient following discharge was the best predictor of the
rehabilitation outcome (accepted/not accepted for inpatient GR). This was followed by
the reason for admission to the acute hospital, the ability to transfer from lying — sitting,
the patient not living alone, smoking status, previous level of physical mobility, and the
patient’s MoCA score (assessing cognitive ability).

When interpreting the parameter estimates of these variables, it became evident that
for every 1 unit increase in the patient’'s MoCA score, the odds of being accepted, rather
than rejected, increased by 3.5%. On the other hand, for every 1 unit increase in the patient’s
previous mobility dependency, the odds of being accepted, rather than rejected, diminished
by 17.4%.

Upon interpreting the categorical variables, it was clear that non-smokers were more
likely to be accepted than smokers. Participants being admitted to the acute hospital
following a fall with fracture, patients having fallen without incurring fracture, patients
with respiratory problems, or patients requiring amputation or other general surgery
were more likely to be admitted to inpatient GR than patients suffering from neurological
problems or deconditioning. On the other hand, patients who could not transfer from lying
to sitting independently were more likely to be accepted, over those who could carry out
this task alone. Patients who lived with a partner or sibling of similar age were more likely
to be accepted than those who lived in a residential home, had a live-in carer, or lived with
their children. Lastly, those patients whose relatives planned to make it possible for the
patient to return home following discharge were more likely to be accepted to inpatient GR
than those who had no relatives, or whose relatives were undecided, or planned to admit
the patient to a residential home.

4. Discussion

The admission process for inpatient GR is inherently complex. While guidelines such
as the gold standard CGA and the more recent ICF provide a framework, standardisation
remains lacking. Ultimately, consultants must rely on clinical judgement to assess a pa-
tient’s potential—a challenging task in the context of frailty, where prognostication is often
uncertain and subject to debate [16,17]. This study aimed to identify the most influential
predictors of rehabilitation potential that influence admission to inpatient GR programmes
in Malta, based on the clinical judgement of the assessing consultants.

It is reasonable to assume that if a consultant were presented with all 83 predictors,
they could make more informed decisions regarding a patient’s likelihood of benefitting
from inpatient GR programmes. However, the assessment of 83 predictors requires over
an hour to complete, rendering the process inefficient and impractical in clinical settings.
By examining statistical significance, this study aimed to identify the shortest possible list
of predictors while preserving clinical effectiveness. The final seven predictors identified
shed light on the decision-making processes of the assessing specialists, highlighting their
holistic approach to patient assessment and underscoring the importance of embracing
the ICF model rather than relying solely on medical criteria. Notably, these seven predic-
tors encompass multiple domains that contribute to a comprehensive understanding of
the individual.

None of the identified predictors were demographic; specialists did not differentiate
between factors such as gender, age, locality, or socioeconomic status in their decision-
making processes. Variables such as housing conditions or educational background had
no bearing on admission decisions. Instead, the most influential factor was the level of
social support available to the patient. Notably, the strongest predictor of admission was
the relatives’ post-discharge plan for the patient—an influence that outweighed even the
patient’s own preferences.
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In Malta’s strong familial culture, relatives play a pivotal role in discharge planning, of-
ten exerting greater influence over rehabilitation decisions than the patients themselves [18].
While this may seem concerning, it becomes more apparent when considering the potential
consequences of family disengagement. If relatives choose to withdraw support, the patient
may face social isolation and an inability to manage independently at home, increasing
the likelihood of institutionalisation. This dynamic highlights the significant gap in public
and patient awareness regarding the nature and scope of GR. Many individuals remain
unfamiliar with its purpose and the options available for care, which may lead to premature
or uninformed decisions about care-withdrawal or long-term care [17,19]. Furthermore,
patients living with individuals of a similar age were more likely to be accepted into GR,
possibly due to an implicit assumption that they would need to regain greater functional
independence to return home.

The assessing consultants also referred to the patient’s medical profile, including the
nature of the acute episode leading to hospitalisation (reason for admission) and their
smoking status. Geriatricians were more likely to admit patients for inpatient GR if they
were admitted following a fall with/without fracture, required amputation or other general
surgery, or presented with respiratory problems, compared to patients suffering from
neurological problems, deconditioning, or cognitive decline. This preference may stem
from the anticipated decline in physical function among these patients if left without
inpatient GR intervention. Interestingly, pre-existing health conditions and disease severity
did not emerge as significant findings. Conversely, smoking status suggested that smokers
were less likely to be admitted to inpatient GR, possibly due to increased comorbidities
and health implications associated with smoking.

Cognitive function also emerged as a crucial aspect in understanding rehabilitation
potential, with the MoCA test proving to be a strong predictor among the final seven
predictors identified. This is consistent with the existing literature, indicating that patients
with cognitive impairment may be considered poor candidates for rehabilitation, despite
having other positive predictors [16,20-22].

The relationship between the patient’s medical status and functional abilities was
noted, with a focus on assessing changes in mobility and transfer capabilities, post-
hospitalisation. The final predictors that evaluated function were: (1) the patient’s previous
level of mobility, where the more dependent the patient was before hospitalisation, the less
likely they were to be admitted, and (2) the patient’s current ability to transfer from supine
to sitting up in bed. Patients who required assistance to sit up independently were more
likely to be accepted into inpatient GR than those who could do so independently.

The geriatricians’ thought process aimed to adopt a holistic approach to patient assess-
ment by incorporating key domains outlined in both the ICF and CGA. Despite having a small
number of predictors, collectively, they still provided a comprehensive overview, capturing
essential aspects of the patient’s medical condition, level of support, and overall suitability for
inpatient GR. Similar to the ICF framework, they focus on evaluating a patient’s potential to
participate in society while living with an impairment [8,23,24].

Establishing an individual’s rehabilitation potential is considered a process that re-
quires complex clinical judgement and prognostication of the likelihood of the benefit to be
reaped from rehabilitation programmes. The final seven predictor variables observed the
principle that a GR assessment should include a holistic overview of the patient, including
the physical (pre- and post-hospitalisation level of function), neuro-psychological (cogni-
tion), and social (home environment, availability of social support and willingness of carers
to provide support) aspects concerning the patient. Conducting a standardised assessment
would allow clinicians to identify the diverse needs of frail older adults as effectively as
possible, maximising patient-and-carer involvement, enabling the provision of tailored
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services that would best address their requirements, for a more patient-centred model of
care [2-5].

4.1. Strengths and Limitations

Using existing data is a faster and more efficient means of acquiring information,
especially in view of the abundance of data accessible through electronic health records
(EHRs), which facilitates meeting the necessary sample size requirements. However, in
this specific case, using existing data was not feasible due to the absence of a dataset
that encompassed all the predictors required for the study. The limited locally available
data suffered from poor quality, with crucial predictors going potentially unrecorded. The
expert panel and scoping review, held as groundwork for this research, identified numerous
variables not routinely documented. Additionally, the data, which was mainly available in
paper form, caused a substantial information shortfall. Therefore, the main strength of this
study was that new data was collected for the model. This ensured that the population of
interest was captured within the right setting, specifying the outcome and predictors, and
thus securing better quality of data, ensuring no missing data was present in the dataset.

Inputting too many predictors into the model at once increases the risk of obtaining
results by chance (overfitting), which could bring about shortcomings in predictive per-
formance when applying the model to new patients. Hence, univariable screening was
undertaken before multivariable analysis, to eliminate insignificant predictors. However,
this could also pose challenges, as it fails to assess the independent or added value of
each variable after considering other variables in the analysis. For instance, a p-value
below 0.05 from a univariable analysis holds less significance than a similar p-value from
a multivariable analysis. This might mean that it could rule out potentially important
predictors due to cofounders that might not be accounted for. Therefore, it was deemed nec-
essary to find a balance between predictors while avoiding overfitting by using backward
stepwise elimination in the model. Future studies could complement the above-mentioned
domain-based selection strategy with formal multicollinearity diagnostics to further assess
model stability.

The potential for sample-dependent variable selection and model instability associated
with automated variable selection was recognized and considered a limitation. The sample
size used in this phase was considerably small and it increased uncertainty in the model,
thus underscoring the importance of cautious interpretation and consideration of model
performance. Nevertheless, it helped create a guideline on how to apply it to a bigger
sample in future research.

4.2. Future Developments

The final predictive model was based on clinicians” decisions regarding whether
patients should be admitted to inpatient GR programmes and therefore reflects clinical
judgement rather than subsequent rehabilitation outcomes. It did not assess whether pa-
tients ultimately benefitted from rehabilitation or the extent to which their functional and
clinical outcomes improved following admission. Future longitudinal studies should there-
fore evaluate the relationship between the identified predictors and outcomes following
rehabilitation. Such studies would enable further validation and refinement of the model
and provide a stronger basis for its clinical application.

Additionally, a larger sample size and the continuous involvement of clinicians would
help to improve the model, being built on clinical knowledge and compiled patient data.
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5. Conclusions

The identification of optimal assessments, outcome measures and predictors to quan-
tify GR accurately proved to be very challenging. Assessments to evaluate rehabilitation
potential in older adults living with frailty need to be holistic, encompassing medical,
physical, functional, and cognitive components, as well as considering the desires and
future plans of the patients and their relatives. These elements, along with pre-admission
and current abilities, contribute to a more accurate prediction of recovery and the type of
response to rehabilitation.

GR potential assessments must reflect the principles of WHO ICF and CGA approaches
to care, which advocate for holistic, multidisciplinary, and patient-centred approaches. This
study constitutes the first attempt at identifying which predictor variables could best inform
potential admission to inpatient GR programmes in Malta. The findings provide an initial
evidence base for identifying potentially relevant predictors that may inform the future
development of a digital health tool that incorporates an integrated prediction model.
Further research using a larger dataset, appropriate model development methodology and
independent validation would be required for such a tool to be considered for clinical
use. Future work will therefore evaluate the feasibility and potential utility of integrating
these findings into a digital framework to support clinicians in GR assessment and clinical
decision-making.
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