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Abstract

Objectives: To compare the effectiveness and safety of Hospital-at-Home based on Comprehensive Geriatric Assessment
(CGA-HaH) for older adults with bed-based Intermediate Care Unit (BBU).

Design: Cohort study comparing all consecutive CGA-HaH cases managed between January 2018 and December 2023 with
contemporary BBU-matched controls at the largest geriatric care provider in Barcelona.

Methods: We linked all intermediate care admissions at Parc Sanitari Pere Virgili to the Catalan health information system
data to track patients’ trajectories from 6 months before the index episode to June 2024. Patients admitted to CGA-HaH
were matched to BBU controls using propensity score matching (PSM) based on their baseline characteristics. We used
multivariable linear regression to assess the association of CGA-HaH with the percentage of days spent at home (%DSH)
and Cox regression to assess the risk of death and first re-hospitalisation.

Results: We included 1180 consecutive CGA-HaH and 10,528 BBU episodes. CGA-HaH patients were significantly older
and more functionally impaired and had better socioeconomic status. After PSM, we compared 961 CGA-HaH and 961
BBU patients, with a mean follow-up of 705 days (SD 593). CGA-HaH patients had a 7.4 higher %DSH (95% CI: 4.5—
10.2, P < 0.001) with similar first re-hospitalisation [HR 1.02 (95% CI: 0.91-1.1)] and mortality risk [HR: 0.93 (95% CI:
0.81-1.06)].

Conclusions: Our results suggest that CGA-Hospital-atc-Home is a viable alternative to traditional inpatient intermediate
care for older adults, offering relevant advantages such as increased time spent at home without a rise in mortality.
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Graphical Abstract

Comprehensive Geriatric Hospital-at-Home increases the days at home in older adults ‘
compared to bed-based intermediate care: a propensity score matching analysis
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Key Points

* The CGA-HaH proved to provide more days spent at home without affecting mortality.
* Strategies are needed to ensure access to CGA-HaH programmes for vulnerable populations.
* The CGA-HaH model offers a viable, person-centred alternative to traditional inpatient care for older adults with healch

crises.

Introduction

In recent years, innovative approaches have emerged to
address the complex health and social care needs of older
adults living with frailty and chronic conditions. Conven-
tional hospitalisation is often overloaded and might be asso-
ciated with potential risks for older individuals, such as
acute onset of functional decline, delirium and other geriatric
syndromes [1-3].

The British Geriatrics Society (BGS) has highlighted the
importance of providing high-quality healthcare outside hos-
pital settings for older adults, particularly during crises or
urgent medical needs [4]. In response, several community-
based models have been developed to reduce the adverse
effects of hospitalisation whilst maintaining or improving
care quality. Amongst these, the Hospital-at-Home (HaH)
model has gained prominence, demonstrating effectiveness
across diverse populations and medical conditions, includ-
ing heart failure, chronic obstructive pulmonary disease
(COPD), hip fractures and stroke [5-8] and showing the
potential to prevent geriatric syndromes, such as delirium,
whilst promoting better functional outcomes [9-11].

Beyond health related benefits, HaH is usually preferred
by patients and has demonstrated efficiency and patient sat-
isfaction [12, 13]. However, its feasibility depends on specific
patient selection criteria, including clinical stability and the
availability of a valid caregiver to provide support [14].

Although recent scientific evidences support the effec-
tiveness of HaH, the models analysed often focus exclu-
sively on hospital admission avoidance (‘step-up’ care) [15—
17]. Furthermore, the translation of scientific evidence from
experimental studies into sustainable programmes within
clinical and community settings remain limited [18].

Since the late 20th century, Catalonia has pioneered
integrated intermediate care, combining interdisciplinary
services with a Comprehensive Geriatric Assessment (CGA)-
based approach to ensure continuity of care, enhance
recovery and restore independence at the interface between
home and acute care [19]. In order to extend CGA-based
interventions to community settings, Catalonia started to
pilot home-based care schemes, integrating CGA into domi-
ciliary healthcare services (CGA-HaH) [20]. As previously
reported by our group, this innovative approach expanded
the scope of intermediate care, providing an effective
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alternative to inpatient care for older adults experiencing
disabling health crises by reducing hospital stays and overall
costs [7, 20] whilst improving functional outcomes [21,
22]. Additionally, the model has demonstrated adaprability,
maintaining its effectiveness even during the challenges of
the COVID-19 pandemic [23]. Remarkably, the CGA-HaH
model implemented in Catalonia stands out for its ability to
incorporate hospital admission avoidance (‘step-up’), early
discharge from the hospital (‘step-down’), and mixed-care
programmes, making it suitable for various clinical and
community settings.

This study aimed to evaluate the effectiveness and safety
of the CGA-HaH model as an alternative to traditional
inpatient care for older adults, using a large comprehensive
cohort and focusing on days spent at home—a previously
unexplored patient-centred outcome for this care model

[24].

Methods

The CGA-HaH and the bed-based intermediate care
unit (BBU): models of integrated care

The Parc Sanitari Pere Virgili (PSPV) Intermediate Care
Hospital was established in 2009 and provides both hospital
beds and a home-based care service to a total health service
area of ~900 000 residents in Barcelona. It specialises in
older adults with chronic disease exacerbations or mild acute
events (e.g. urinary tract infections) in complex clinical
contexts like dementia. Providing both step-down (early sup-
ported discharge) and step-up (admission avoidance) care, it
integrates diagnosis, tailored treatment and rehabilitation to
ensure continuity of care and support functional recovery.

The CGA-HaH model was launched with one team in
January 2018 and expanded to three teams by October
2021, collectively managing up to 45 patients at home. Prior
publications have described this interdisciplinary model,
which is based on CGA principles, multidisciplinary care
and individualised treatment plans, as well as its governance
and integration within the local healthcare system [7, 20, 21,
23]. Patients in both CGA-HaH and BBU services receive
an initial geriatric nursing assessment within 12 h of referral
and a geriatrician visit within 24 h. A standardised CGA-
based protocol was implemented, involving geriatricians,
nurses, physiotherapist and occupational therapists, social
workers and remote support from clinical pharmacists and
speech therapists, as needed, with access to diagnostic and
medical procedures. In BBU patients have 24 h/7 days access
to onsite care, whilst in CGA-HaH, visits from healthcare
professionals are available 12 h/7 days.

In CGA-HaH, all patients are assessed within 24 h of
inclusion by a physician and a nurse, who determine the
frequency of follow-up evaluations based on the patient’s
needs, including daily assessments if necessary. Within the
same timeframe, a physiotherapist and an occupational ther-
apist evaluate the patient and collaboratively establish a per-
sonalised rehabilitation plan. At night, patients have access

Propensity score matching analysis

to an on-call geriatrician or conventional emergency care
services. Both models discharge patients to primary care
upon achieving therapeutic goals or transfer them to acute
hospitals as necessary, following predefined protocols. The
length of stay (LOS) for both programmes is ~4-6 weeks.

To be admitted to the CGA-HaH programme, patients
require demonstrated hemodynamic stability and do not
require 24-h acute ward monitoring. The presence of cogni-
tive impairment or living in residential care is not exclusion-
ary. For the present analysis, we excluded patients receiving
palliative care or long-term hospitalisations.

Design

This cohort study compared clinical outcomes of all patients
referred to the CGA-HaH, between January 2018 and
December 2023 with a contemporary matched sample of
patients admitted to the BBU.

We linked all episodes to the Catalan health information
system data files to track patients’ trajectories from 6 months
before the index episode to June 2024, with a minimum
follow-up of 6 months and a maximum of ~6 years.

Data sources

The Catalan health information system collects data of
all residents of Catalonia (7.5 million people) identified
with a unique code which allows track through all the
health administration registries: the mortality registry, the
hospitals discharge minimum dataset (CMBD), the primary
care minimum dataset (PC-CMBD) and the Pharmacy
claims dataset. Diagnostic information is registered using
International Classification of Diseases (ICD) codes (ICD-
9, for hospitals CMDB, and ICD-10, for PC-CMBD),
and the Pharmacy Claims Registry uses WHOCC-ATC
Index codes (World Health Organisation Collaborating
Centre— Anatomical Therapeutic Chemical). After quality
assessment, data is available to public research organisations
through the Public Data Analysis for Health Research
and Innovation programme (PADRIS), with warranted
accomplishment of ethical principles and data protection.

Data was extracted after approval by the Ethics Commit-
tee of Vall d’Hebron Research Institute, PR(AG)107/2020.
Given the nature of the data (anonymized data retrospec-
tively extracted from public health care records), informed
consent was not required.

Outcomes

The primary outcome was the percentage of days spent at
home (%DSH) between discharge and the end of follow-up,
calculated by subtracting hospitalisation or institutionalisa-
tion days from the total days of follow-up (from the day of
discharge at the end of the index episode until death or end
of follow-up, 30 June 2024). Days of hospitalisation were
obtained from the CMBD databases. Days of institutional-
isation in residential care were obtained from the periods in
which Pharmacy claims were assigned to a residential care
setting.
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Secondary outcomes included LOS for the index episode,
the risk of death and first re-hospitalisation, and new admis-
sions to residential care at the 6-month follow-up.

Covariates

‘Step-up’ or ‘step-down’ episodes were classified by exploring
previous hospitalisation patterns: the episode was considered
a step-up if there was not a hospital discharge within the
3 days before the index admission or if the admission was
through the emergency department or if the previous admis-
sion was a short hospitalisation (LOS <2 days) for minor
surgery.

Individual socioeconomic status was obtained from the
Pharmacy claims database [25]. In Catalonia, drug dispensa-
tion follows a system of copayment according to individuals’
income or the social security benefits received. Levels of
copayment are defined as follows: exempt (nonworking or
receiving noncontributory pension), less than €18 000,
between €18 000 and €100 000, and more than €100 000
income per year. Given the small percentage of patients with
an income more than €100 000 in our cohort (<1%), the
last two categories were merged.

Area level socioeconomic status was obtained from the
primary care service areas (PCSA) deprivation index [26].
The PCSA index ranges from 0 (less deprived) to 100 (more
deprived).

Other covariates included age, sex, initial Barthel Index,
comorbidity assessed using the Adjusted Morbidity Groups
(AMG) [27], polypharmacy (5-9 drugs) and hyperpolyphar-
macy (10 or more drugs). The number of drugs was deter-
mined by counting unique ATC codes recorded in the Phar-
macy claims database during the 3-month period preceding
the month before the start of the health crisis.

The main diagnosis for the index episode (reason for
admission) was categorised based on ICD-9 and ICD-10
codes, classified to wider categories using the Clinical Clas-
sification Software (CCS) [28]. Two geriatricians (LMP and
AG) reviewed and consolidated the 125 unique CCS codes
for CGA-HaH into 20 final diagnostic categories.

Statistical analysis

Cohort characteristics are presented as mean and standard
deviation (SD) for continuous variables and absolute num-
bers plus percentages for categorical variables. Differences
in baseline characteristics between CGA-HaH and BBU
patients were analysed using the x2 test for proportions and
the t-Student test or the Mann—Whitney test for continuous
variables.

To assess the effectiveness and safety outcomes of CGA-
HaH we selected a contemporary group of BBU episodes
using Propensity Score Matching (PSM) with the marchit
function in R [29]. First, we ensured an exact match based
on the diagnostic categories, step-up/step-down status and
the time (quarter) of admission. Then, we used a nearest-
neighbour matching algorithm with a 1:1 ratio to match
patients based on their propensity of CGA-HaH. Propensity

4

values were obtained from a regression model consider-
ing the following covariates: age, sex, initial Barthel Index,
AMG, hyper/polypharmacy, individual socioeconomic sta-
tus and area level socioeconomic status, hospital or emer-
gency department admissions in the previous 6 months,
Intensive Care Unit stays in the previous 6 months, the time
elapsed since the last hospitalisation and admissions from
residential care. For the episodes that did not find a match,
we repeated the process using an exact match only with
CCS categories and step-up/step-down status. We assumed
balance between groups in baseline characteristics if the
standardised mean difference was <0.2.

We compared %DSH, LOS, survival, time to first hos-
pital readmission and new admission to residential care at
6 months between the matched cohorts. We estimated the
association of CGA-HaH with %DSH using multiple linear
regression and adjusting for baseline characteristics. Time
until the first hospitalisation and survival of CGA-HaH and
BBU-matched cohorts were evaluated using Kaplan—Meier
curves. The association of CGA-HaH with mortality risk
and first re-hospitalisation was assessed with Cox regression,
adjusting for baseline characteristics.

Statistical analysis was performed using RStudio (RStu-
dio Team: Integrated Development for R. RStudio, PBC,
Boston, MA).

Results

After removing repeated episodes, we analysed data from
11 708 unique patients admitted to BBU (10 528) or
CGA-HaH (1180) (Fig. 1).

The mean follow-up was 769 days (SD 670). CGA-
HaH patients were older, more functionally dependent and
with slightly higher comorbidity, polypharmacy and hyper-
polypharmacy than BBU, whilst their socioeconomic status
was better (see Table 1).

The most frequent admission diagnoses for CGA-HaH
were femur and hip fractures, followed by heart failure,
although other diagnostics typically attended in intermediate
care were also common (see Fig. 2).

After PS matching, we obtained two comparable cohorts
of 961 patients (see Appendix 1 in the Supplementary Data
section for the full details). The mean follow-up time of the
matched cohort was 705 days (SD 593), 657 days (SD 543)
in CGA-HaH and 754 days (SD 636) in BBU. Matching
reduced the standardised mean differences between groups
to <0.2 for all baseline characteristics (see Appendix 2 in
the Supplementary Data section). The 219 patients who
could not be matched showed higher AMG and better
socioeconomic status (see Appendix 3 in the Supplementary
Data section for the full details).

Table 2 shows the outcomes’ comparison between CGA-
HaH and BBU after PSM.

Using multivariable linear regression analysis, we esti-
mated an increase of 7.4%DSH (95% CI: 4.5-10.2,
P <0.001) in CGA-HaH compared to BBU.
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All PSPV
n=1743 HaH episodes
n=211265 BBU episodes

Not included

Repeated episodes:
n=561 HaH
n=10730 BBU

n=1182 HaH patsents
n=10335 BBU patients

Not included

Missing in PADRIS
register:;
n=2 HaH
=7 BBU

n=1180 HaH patients
n=10528 BBU patients

Not included

No.matched patients
by PSM:
n=219 HaH
9567 BBU

n=061 HaH patients
n=961 BBU patients

Figure 1. Flowchart of selection criteria of patients enrolled in
HaH and BBU.

Note: HaH, hospital-at-home; BBU, bed-based intermediate
care unit; PSM, Propensity Score Matching.

Propensity score matching analysis

Figure 3 shows Kaplan—Meier curves for survival and time
to the first re-hospitalisation of CGA-HaH and BBU. By
Multivariate Cox regression analysis, there were no signifi-
cant differences in mortality risk [HR 0.93 (95% CI: 0.81—
1.06), P =0.269] and first re-hospitalisation [HR 1.02 (95%
CI: 0.91-1.10), 2 =0.691] between CGA-HaH and BBU
(see Appendix 4 in the Supplementary Data section).

Discussion

This study, conducted in a cohort of consecutive patients
admitted to a CGA-HaH unit during 6 years and
followed up for almost 2 years, showed that the CGA-HaH
model, compared to BBU, increased the percentage of days
spent at home without affecting the risk of mortality and
first re-hospitalisations. Additionally, CGA-HaH patients
had shorter lengths of stay and fewer new residential care
admissions in the 6 months following discharge.

Recent research increasingly supports the effectiveness
of providing hospital care at home for older adults
with comorbidities, either to avoid hospital admission
(‘step-up’) or to anticipate discharge (‘step-down’) [0, 15,
16, 17, 30]. Numerous studies, including multiple Cochrane
reviews, have shown comparable outcomes in mortality and
readmission rates between HaH and traditional inpatient
care, highlighting potential reductions in residential care
admission and costs [5, 16, 31] [32].

Notably, HaH mitigates risks associated with traditional
hospitalisation, such as immobilisation, delirium, sensory
deprivation [33] and nosocomial infections [34].

A key challenge in evaluating HaH intervention is the
lack of standardised models [35], as implementation often
varies depending on regional healthcare systems and avail-
able resources. Many programmes focus solely on providing
acute care for health crises with associated disability, usu-
ally excluding essential rehabilitation approaches [36] for
older adults with complex needs. In contrast, our CGA-
HaH model integrates a multidisciplinary team, including
geriatricians, nurses, social workers and physiotherapist and
occupational therapists, ensuring comprehensive and con-
tinued care from acute management through rehabilitation.
This ability to manage both the acute and the post-acute
phases of medical conditions reflects the adaptability and
strength of our CGA-HaH model.

Our findings showed that the CGA-HaH is effective for
older, frailer patients with higher rates of multimorbidity
and polypharmacy, emphasising the potential of CGA-HaH
to address critical challenges faced by social and health care
systems worldwide.

Furthermore, our study focused on patient-centred goal
such as days at home [24], which is highly valued by this
specific population and reflects a reduction of hospitalisation
rates and residential care admissions throughout the entire
follow-up period. DSH is recognised as a key indicator
of healthcare quality, with applications in post-stroke and
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Table |. Baseline characteristics of patients attended by the CGA-HaH and those attended by the BBU.

CGA-HaH (n=1180) BBU (n=10528) P-value
Age (y), mean (SD) 82.8 (10.0) 79.5 (11.5) <0.001
Sex (female), n (%) 658 (55.8) 5673 (53.9) 0.231
Initial Barthel Index, mean (SD) 52.8 (24.7) 54.4 (30.4) 0.014
Polypharmacy, n (%) <0.001
No 230 (19.5) 2773 (26.3)
Polypharmacy 612 (51.9) 5136 (48.8)
Hyperpolypharmacy 338 (28.6) 2619 (24.9)
Comorbidity, AMG, mean (SD) 133.4 (55.6) 129.1 (54.3) 0.010
Area based socioeconomic status, mean (SD) 34.6 (19.3) 36.9 (17.6) <0.001
Individual socioeconomic status, n (%)
Exempt 312 (26.4) 2722 (25.9) <0.001
<18 000 € 434 (36.8) 4880 (46.3)
>18 000 € 434 (36.8) 2926 (27.8)
Step-up, n (%) 500 (42.4) 1860 (17.7) <0.001
Previously admitted to Acute Care (6 m), n (%) 861 (73.0) 6934 (65.9) <0.001
Previously admitted to ICU (6 m), n (%) 11 (0.9%) 165 (1.6) 0.116
Admitted from residential care, n (%) 36 (3) 567 (5.4) <0.001
Follow-up (days), mean (SD) 624.4 (524.8) 785.6 (682) <0.001

AMG, Adjusted Morbidity Groups; m, months; ICU, Intensive Care Unit; CGA-HaH, CGA-hospital-at-home; BBU, bed-based intermediate care unit.

Table 2. Comparison of outcome measures between patients attended by the CGA-HaH patients and the matched BBU
sample.

CGA-HaH (n=961) BBU (n=961) P-value
Percentage of days spent at home, mean (SD) 70.6 (33.1) 63.4 (36.35) <0.001
Length of stay (d), mean (SD) 34.7 (20.2) 39.9 (22.7) <0.001
New admission to residential care within 6 m of 26 (2.8) 82 (8.8) <0.001

discharge, n (%)

CGA-HaH, CGA-hospital-at-home; BBU, bed-based intermediate care unit; d, days; m, months.
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Figure 2. Percentage of admission diagnoses within the CGA-HaH and BBU cohorts.
Note: CGA-HaH, CGA-hospital-at-home; BBU, bed-based intermediate care unit.
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Figure 3. Kaplan—Meier curves showing survival (A) and first re-hospitalisation (B) of patients attended by the CGA-HaH and

those attended by the BBU.

Note: CGA-HaH, CGA-hospital-at-home; BBU, bed-based intermediate care unit.

dementia care [37-39]. Studies show that higher DSH
is linked to lower disability and better patient-reported
outcomes, supporting its use as a pragmatic measure for
healthcare evaluation. Previous studies have shown mixed
results regarding length of stay reduction. Whilst some
suggest that HaH care models may lead to longer LOS
[16, 31, 40] due to the complex nature of home-based
care, our results are consistent with prior research from
our group [22], indicating that CGA-HaH can effectively
reduce global LOS without compromising the quality
of care. This supports the hypothesis that individualised,
multidisciplinary interventions, tailored to patients’ profiles,
enhance efficiency and effectiveness.

Interestingly, patients admitted to CGA-HaH tended
to have higher socioeconomic status, which may reflect
better access to resources, including formal caregivers and
more suitable home conditions, thus meeting the inclusion
criteria for HaH admissions. This highlights the need to
implement strategies to ensure equitable access to HaH
programmes, especially for vulnerable populations who need
a timely evaluation from social workers and might benefit
from temporary social support at home.

Differences in admission diagnoses between groups pro-
vide valuable insights. CGA-HaH patients more commonly
presented with conditions such as hip fractures and heart
failure, where ecarly discharge and rehabilitation at home
are well-established strategies [7, 20, 22]. Conversely, cere-
brovascular events were more prevalent amongst in-hospital
patients, likely reflecting the need for specialised acute inter-
ventions. Importantly, results suggest that our mix (‘step-
up’ and ‘step-down’) CGA-HaH model is effective across all
diagnostic categories, reinforcing its versatility.

Beyond health related outcomes, CGA-HaH aligns
with broader healthcare trends emphasising cost-effective,
person-centred care services [41]. As the ageing population
drives increased demand for healthcare services and rising
healthcare costs, HaH models present a sustainable solution
by reducing hospital stays and associated costs whilst
improving patient satisfaction [42, 43]. However, their
scalability requires strong financial and infrastructural
support to integrate them seamlessly into existing healthcare
systems. Integrated care strategies for managing health crises
with associated disability within the community can play
a pivotal role, providing alternatives to traditional in-bed
hospitalisation.

The present study has some limitations. First, participants
were not randomly assigned to groups, introducing potential
selection bias. Although PSM was applied to enhance
comparability, residual confounding may persist. Second, the
analysis is based on data from a single hospital in Barcelona,
which has pioneered this model, limiting the generalizability
of our findings to other healthcare systems. Third, system-
based follow-up data did notallow us to collect other patient-
centred relevant outcomes, such as function and quality
of life.

Despite these limitations, the study has several notable
strengths. It evaluates an innovative CGA-integrated HaH
model in a real-world setting, demonstrating the effective-
ness of an implemented care model. The large sample size
adds robustness and enhances the statistical power of the
analysis. The use of the Catalan health information system
data files strengthens the methodology by linking compre-
hensive healthcare data. The evaluation of different out-
comes, emphasising a person-centred outcome as %DSH,
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provides a comprehensive understanding of the CGA-HaH
model’s impact.

Future research should explore the generalizability of
CGA-HaH programmes across diverse healthcare systems
and assess the financial sustainability of HaH programmes
and the long-term impact of CGA-HaH on health, func-
tional recovery and quality of life of patients and caregivers.
Finally, addressing socioeconomic disparities in access to
HaH care will be essential to ensure equitable benefits and
promote inclusive healthcare systems.

Conclusions

The CGA-HaH model offers a viable, person-centred alter-
native to traditional inpatient care for older adults with
health crises with associated disability, providing more days
spent at home, shorter hospital stays and reduced admissions
to residential care without affecting mortality. These bene-
fits appear consistent across a range of medical conditions,
highlighting CGA-HaH as a key component of integrated
geriatric care models. As healthcare systems grapple with the
challenges associated with an ageing population, CGA-HaH
represents a promising and efficient strategy for improving
outcomes for older adults.

Supplementary Data: Supplementary data is available at
Age and Ageing online.
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