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Abstract

Background: the aim of this systematic review and meta-analysis was to update and synthesise the totality of research evidence
on the effectiveness of acute geriatric unit (AGU) care for older adults admitted to hospital with acute medical complaints.
Methods: MEDLINE, CINAHL, CENTRAL and Embase databases were systematically searched from 2008 to February
2022. Screening, data extraction and quality grading were undertaken by two reviewers. Only trials with a randomised design
comparing AGU care and conventional care units were included. Meta-analyses were performed in Review Manager 5.4 and
the Grading of Recommendations, Assessment, Development and Evaluations framework was used to assess the certainty of
evidence. The primary outcome was incidence of functional decline between baseline 2-week prehospital admission status
and discharge and at follow-up.
Results: 11 trials recruiting 7,496 participants across three countries were included. AGU care resulted in a reduction in
functional decline at 6-month follow-up (risk ratio (RR) 0.79, 95% confidence interval (CI) 0.66–0.93; moderate certainty
evidence) and an increased probability of living at home at 3-month follow-up (RR 1.06, 95% CI 0.99–1.13; high certainty
evidence). AGU care resulted in little or no difference in functional decline at hospital discharge or at 3-month follow-up,
length of hospital stay, costs, the probability of living at home at discharge, mortality, hospital readmission, cognitive function
or patient satisfaction.
Conclusions: AGU care improves clinical and process outcomes for hospitalised older adults with acute medical complaints.
Future research should focus on greater inclusion of clinical and patient reported outcome measures.
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Key points

• This updated systematic review and meta-analysis included 11, heterogeneous, trials across three countries.
• Acute geriatric unit (AGU) care improves clinical and process outcomes for hospitalised older adults with acute medical

complaints.
• Future research should consider greater inclusion of clinical and patient reported outcome measures.
• Clinicians should embed use of frailty criterion, when selecting older adults for admission to an AGU.

Introduction

Population ageing poses a major challenge to health care
systems internationally with older adults being the predom-
inant users of inpatient hospital services [1]. Older adults
are clinically heterogeneous and are at increased risk of
adverse outcomes during hospitalisation due to the presence
of multiple comorbid and complex conditions [2, 3]. The
most potent intrinsic risk factor in this population group
is the clinical condition of frailty [4, 5]. The presence of
diminished homeostatic reserves leaves older adults more
vulnerable to iatrogenic complications that are not spe-
cific to the underlying presentation and occur during the
course of care [6]. Hospital-associated disability [HAD],
characterised by an acceleration in functional decline with
concomitant loss of independence in activities of daily living
(ADL) is a common phenomenon [7]. Prevalence of HAD
in acute care of older adults was reported at 30% in a
recent meta-analysis of 15 studies [8], which highlights the
elevated risks this patient population are exposed to during
hospitalisation.

Comprehensive Geriatric Assessment (CGA) is consid-
ered the gold standard approach to improving a range of
outcomes for frail older adults in acute hospitals [9]. A cen-
tral tenet of CGA delivery are interdisciplinary teams who
identify medical, social, and functional needs and develop a
coordinated and integrated plan for treatment and follow-
up [10]. Several organisational forms of CGA delivery have
been proposed to achieve effective and efficient care for
older adults with undifferentiated medical complaints; how-
ever, the optimal method by which to deliver care hospital
wide is unclear [11]. Mobile inpatient geriatric consultation
teams and dedicated geriatric evaluation and management
units have shown favourable effects on mortality at 6 and
8 months after discharge [12], functional decline at dis-
charge from hospital and institutionalisation at 1 year follow-
up [13], respectively. A previous meta-analysis published
in 2009 included five randomised controlled trials (RCT)
and explored the outcomes of hospitalised older adults by
examining the effectiveness of admission to an acute geriatric
unit (AGU) when compared to conventional hospital care
[14]. The authors defined an AGU as a unit designed with
its own physical location and structure, which provide care
to older adults during admission to hospital for an acute
medical illness including acute exacerbations of chronic dis-
eases. Findings showed that compared with older adults
admitted to conventional care units, those admitted to an
AGU showed a lower odds of functional decline at discharge

from hospital (odds ratio (OR) 0.82, 95% CI 0.68–0.99)
and an increased odds of living at home after discharge (OR
1.30, 95% CI 1.11–1.52). Since this review was published,
several primary research studies have examined the impact of
AGUs on clinical and process outcomes more broadly.

Our review aims to update the totality of research evi-
dence related to the effectiveness of AGU care compared
with conventional care units among older adults admitted
to hospital with acute medical complaints.

Methods

Registration

The Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocol (PRISMA-P) [15] was used to
prepare this manuscript. The protocol was registered on
PROSPERO (CRD 42021237633) and published elsewhere
[16]. A completed PRISMA checklist [17] is presented in
Supplementary Material A1.

Deviations from the protocol

Since protocol publication, the authors updated their inter-
pretation of heterogeneity and the associated I 2 statistic [18].
Due to expected clinical and methodological heterogeneity
between intervention and conventional care units across
international healthcare systems, we elected to use a random-
effects model for all meta-analyses.

Search strategy and study selection

MEDLINE in EBSCO, Cumulative Index of Nursing and
Allied Health Literature (CINAHL), Cochrane Central
Register of Controlled Trials (CENTRAL) and EMBASE
databases were searched with exploded subject headings and
relevant keywords, in all languages. Databases were searched
from 2008 to 07 February 2022 as this review is an update of
a previous meta-analysis [14]. Trials included in the previous
version of the review were integrated into the new evidence
found. We only included peer-reviewed publications, i.e.
grey literature and abstracts were excluded. An example
search strategy from MEDLINE in EBSCO is presented
in Supplementary Material A2. References generated from
the search strategy were exported into Endnote software and
duplicates deleted; reference lists of included studies were
searched for additional papers.
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To ensure scientific rigour when assessing intervention
effects, we chose to only include trials with a randomised
design. RCTs including cluster-RCTs and quasi-RCTs were
also included in this updated systematic review and meta-
analysis.

Eligibility criteria

Included trials satisfied the following criteria:
Population—older adults (≥65 years) admitted to an

AGU with acute medical complaints.
Intervention—Access to an AGU model of care delivered

by interdisciplinary teams during the acute phase of illness
to prevent functional decline and related complications in
older adults admitted to the acute care setting [14]. The
2017 Cochrane review by Ellis et al. [9] was used as the
reference standard when describing the components of CGA
across the included trials. In their review, they outline the
following components: clinical leadership, structured assess-
ment, multidisciplinary team meetings, goal setting, involv-
ing patients and carers in goal setting, outpatient follow-
up, ward environment, adequate time, specialty knowledge,
experience and competence, and tailoring treatment plans to
the individual.

Comparison—usual care, other non-AGU interventions
such as admission to acute medical wards.

Exclusion criteria

We excluded trials that involved patients aged <65 years
and that evaluated interventions aimed at specific medical
or surgical complaints or speciality units such as stroke or
orthogeriatric units. To ensure we did not include trials that
evaluated interventions in the sub-acute phase, we excluded
trials where patients were transferred from other speciality
units such as intensive care to an AGU or where patients
were admitted to an AGU three or more days after a hospital
admission.

Outcome variables

The primary outcome measure was functional decline
between baseline 2-week prehospital admission status and
discharge and at follow-up. We defined functional decline as
a net decrease in the number of ADLs performed indepen-
dently when compared with prehospital admission baseline
[19]. To assess independence in ADLs, we considered any
validated measure of functional status, e.g. the Katz index
of independence in ADLs [20], Barthel Index [21], ADL
Staircase [22] etc.

The secondary outcomes were length of hospital stay, cost
of index admission, living at home, mortality, incidence of
unscheduled hospital readmission, cognitive function and
patient satisfaction with the index admission. Outcomes
were recorded at discharge from hospital and at follow-up
periods reported in trials.

Data extraction

Two authors (ÍO’S and RG) independently conducted title
and abstract screens identifying trials for full-text extraction.
Full-text screening was used to identify a final list of included
trials. In cases of disagreement, a third author (MO’C)
reviewed the trials and agreement was reached by consensus.
Relevant data were extracted independently by two authors
(ÍO’S and RG) from the included trials into a pre-established
Microsoft excel file.

Quality of evidence and risk of bias

Two authors (ÍO’S and RG) independently assessed the risk
of bias (RoB) using the Cochrane RoB 2 tool [23] under the
following domains: randomisation process, deviation from
intended intervention, missing outcome data, outcome mea-
surement, selective reporting and the overall risk of bias. The
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE) framework was used to assess the
quality of evidence for outcomes reported and to summarise
data narratively [24].

Data synthesis

For the primary outcome of incidence of functional decline,
we calculated risk ratios (RRs) with 95% confidence intervals
(CIs) to determine the intervention effect. We dichotomised
the overall outcome and considered functional decline to
be a deterioration in ADLs; we excluded measures where
the direction of change was not presented, i.e. improved,
maintained, decreased. RRs with 95% CIs were applied to
all other dichotomous secondary outcomes (living at home,
mortality, etc.) For continuous outcomes (length of hospital
stay and cost of index admission), we calculated the mean
difference (MD) between AGU care and conventional care
units with a 95% CI. When the standard deviation (SD)
was not available, we estimated it from the standard error
or 95% CI [25], which were reported in two trials. Data
for the meta-analyses were analysed using Review Manager
5.4 software. Due to the expected differences in delivery of
AGU interventions across international healthcare system
and the date range of included trials, we elected to use a
random-effects model for all meta-analyses.

Dealing with missing data

We contacted the authors of included trials to request miss-
ing data. The standard deviation for three trials that reported
outcomes on length of hospital stay and costs were obtained
from a previous systematic review, which examined the
effectiveness of AGU care based on the Acute Care for Elders
model with acutely ill or injured older adults [26].

Assessment of heterogeneity

We explored heterogeneity across the trials by visually
inspecting the forest plots and the associated I 2 statistics.
We considered I 2 > 50% as significant heterogeneity. For
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outcomes where I 2 was >50%, we explored the individual
trial characteristics to identify potential sources of hetero-
geneity, using pre-planned subgroup analyses. Analyses were
repeated after removing trials that were conducted in the
previous version of the review.

Sensitivity analysis

We applied a fixed-effect model as a form of sensitivity anal-
ysis. We explored changes in intervention effect by removing
trials with evidence of a high risk of bias in the randomisation
process and missing outcome data.

Ethics

Ethical approval was not required for this review.

Results

Trial identification

The literature search yielded 16,534 records. Following title
and abstract screening, 43 articles were selected for full-text
critical reading (Figure 1). Ten studies [27–36] recruiting
3,939 participants, including six original trials and four
subsequent papers reporting secondary outcomes related to
the original trials by Ekerstad et al. [33–35], and Westgard
et al. [36] were included. As this is an updated review, data
from five trials [37–41] and one secondary analysis [42]
recruiting 3,557 participants from the previous version of
the review were integrated into the new evidence found.
Therefore, a total of 11 trials recruiting 7,496 older adults
were identified.

Descriptive characteristics of included trials

The trials dated from 1985 to 2020; seven were conducted
in the USA [27–30, 37, 39, 41], three in Sweden [31, 32,
40] and one in Australia [38]. Seven were RCTs [29, 32,
37–41], three were quasi-RCTs [27, 28, 31] and one was
a cluster-RCT [30]. Authors of six trials were contacted for
additional information [29, 32, 38–41]. A table outlining
the descriptive characteristics of included trials is presented
in Supplementary Material A3.

Patient selection criteria to the intervention unit was
largely based on age and the presence of an acute medical
complaint that did not require admission to a speciality unit
[27, 28, 30–32, 39, 40]. Three of the 11 trials included
patients aged ≥65 years [27, 30, 37], six aged ≥70 years [28,
29, 38–41] and two trials included patients aged ≥75 years
[31, 32]. Three trials operated frailty criterion through use
of screening tools when selecting patients for inclusion [30–
32]. Eight trials admitted patients to the intervention unit
directly from the emergency department [27, 30, 32, 37–
41], one trial admitted patients directly from the ambulance
or primary care [31], and two trials did not report source of
admission [28, 29]. The characteristics of the intervention
units were similar across trials. Bed capacity ranged from 10
beds to 34 beds; three trials did not report this unit [29, 30,

32]. The key components of intervention units are outlined
in Figure 2. The core interdisciplinary team comprised of at
least one geriatrician and/or primary physician and registered
nurses with geriatric training. A physiotherapist was included
in all 11 intervention units, a social worker in nine units and
an occupational therapist was included in eight units. The
presence of a dietitian was reported in four units [30, 32, 39,
40], and a pharmacist was included in two units [28, 30].

The follow-up period varied. Seven of the 11 trials pro-
vided data on one or several of the outcome variables at
3 months, at a minimum [29, 31, 32, 38–41]. Six trials
reported on the primary outcome of functional decline, five
at 3 months [31, 38–41] and three at 6 months [32, 38, 41].

Methodological quality

Assessment of the risk of bias for specific outcomes and
endpoints are included in Supplementary Material A4.
Four trials were rated as having a high risk of bias in
the randomisation process as the sequence was generated
based on bed availability in two trials [27, 31] and an
open allocation schedule was used in two trials [28, 38].
Use of an appropriate analysis to estimate the effect of
assignment to intervention, e.g. intention-to-treat was only
reported in five trials, which threatened the deviations
from intended intervention [30–32, 40, 41]. Only one
trial published a protocol with prespecified outcomes [32].
Supplementary Material A5 summarises the certainty of the
evidence for outcomes included in the meta-analyses using
the GRADE framework [24].

Functional decline

AGU care resulted in little or no difference in functional
decline between baseline 2-week prehospital admission sta-
tus and discharge (RR 0.89, 95% CI 0.75–1.04, I 2 = 55%;
low certainty evidence) [27, 29, 39, 41] (Figure 3.1), or at 3-
month follow-up (RR 0.49, 95% CI 0.12–1.91, I 2 = 97%;
very low certainty evidence) (Figure 3.2). Five trials [31,
38–41] reported outcomes at three-month follow-up, with
complete data in two trials [31, 41]. AGU care was associated
with a 21% reduction in functional decline at six-month
follow-up (RR 0.79, 95% CI 0.66–0.93, I 2 = 0%; moderate
certainty evidence) (Figure 3.3). Three trials [32, 38, 41]
reported outcomes, with complete data in two trials [32, 41].

Length of hospital stay

Ten of the 11 trials reported data on length of hospital stay,
with complete data in nine trials [27–31, 38–41]. Results
indicated that there was no benefit from admission to an
AGU on length of hospital stay (MD –0.36, 95% CI –0.99
to 0.26, I 2 = 77%: low certainty evidence).

Costs

Seven trials reported data on the cost of the index admission,
with complete data in six trials [28, 29, 31, 40–42]. Four of
the included trials were conducted in the USA [28, 29, 41,
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Figure 1. PRISMA diagram for updated systematic reviews.

42] and two in Sweden [31, 40]. One of the Swedish trials
reported costs in US dollars [31]; costs related to the trial
conducted by Asplund et al. [40] were calculated by applying
the exchange rate (Swedish krona–US dollars) provided by
authors at the time of the trial. AGU care was not associated
with cost savings (MD –123.79USD, 95% CI –567.80USD
to 320.22USD, I 2 = 45%; low certainty evidence).

Living at home

AGU care did not increase the probability of living at home
at discharge (RR 1.03, 95% CI 0.99–1.07, I 2 = 28%; high

certainty evidence) [28–30, 37–41] (Figure 4.1). An increase
in the probability of living at home was associated with AGU
care at 3-month follow-up (RR 1.06, 95% CI 0.99–1.13,
I 2 = 35%; high certainty evidence) [38–41] (Figure 4.2).

Admission to a long-term care institution

AGU care resulted in no difference in the probability of
admission to a long-term care institution at discharge (RR
1.01, 95% CI 0.78–1.30, I2 = 72%; low certainty evidence)
[28, 30, 37, 39–41], or at 3-month follow-up (RR 0.88,
95% CI 0.72–1.09, I 2 = 30%; moderate certainty evidence)
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Figure 2. Components of CGA outlined in trials.

[39–41]. Two of the six trials that contributed to the analysis
of this measure, referred to long-term care institutions as
skilled nursing facilities, rehabilitation hospitals, nursing
homes or other institutions assisting with daily activities [30,
39]. Three trials classified them as nursing homes [37, 40,
41] and the remaining trial [28] did not provide detail on
the nature of the discharge institution.

Mortality

AGU care resulted in little or no difference in mortality
during the index admission (RR 0.89, 95% CI 0.68–1.17,
I 2 = 27%; low certainty evidence) [29–31, 37–41], or at 3-
month follow-up (RR 0.93, 95% CI 0.79–1.09, I 2 = 4%;
low certainty evidence) [31, 38–41].
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Figure 3. Functional decline at discharge from hospital and at 3- and 6-month follow-up.

Hospital re-admission

AGU care resulted in no difference in the probability of re-
admission to hospital at 1-month (RR 1.01, 95% CI 0.80–
1.28, I 2 = 53%; low certainty evidence) [28, 30, 31, 41], or
3-month follow-up (RR 0.95, 95% CI 0.82–1.09, I 2 = 15%;
moderate certainty evidence) [29, 31, 39, 41].

Cognitive function

Three trials reported data on cognitive function on discharge
[27, 38, 39], with complete data in two trials [27, 39]. It
was not feasible to perform a meta-analysis as the outcome
was measured differently across trials. Zelada et al. reported a
higher incidence of impaired cognitive function as measured
by the Mini Mental State Examination (MMSE) [43] in the
AGU group. Results reported in Landefeld et al. were similar
between groups. Only one trial presented data at 3-month
follow-up [40], which found that fewer AGU patients had
impaired cognitive function on the MMSE.

Patient satisfaction

Patient satisfaction with hospital care during the index
admission was presented in two trials [32, 41]. Westgard

et al. reported no differences between groups on patient
satisfaction with hospital care (OR 0.94, 95% CI 0.34–
2.57). Trialists used eight questions based on the Pyramid
Questionnaire [44]; patients were provided with a scale
with five responses from agree completely to disagree
completely. The results above pertain to the statement: ‘I
am satisfied with the hospital care’. Counsell et al. reported
higher satisfaction with care among patients cared for in
an AGU when compared with conventional care units (75
(mean) ± 16 (SD) vs 72 ± 17; P = 0.012). Likert scales,
with a range of 0–100 were used to rate satisfaction with
individual items on questionnaires. Both trials measured
satisfaction at 1-month follow-up.

Sensitivity analysis

Re-running analyses using a fixed-effects model resulted
in a decrease in the probability of functional decline at
3-months (RR 0.68, 95% CI 0.57–0.81; I 2 = 97%) and in
a reduced length of hospital stay (MD –0.40, 95% CI –
0.67 to −0.13; I 2 = 77%). Removal of trials with a high
RoB in the randomisation process [27, 28, 31, 38] resulted
in a reduced length of hospital stay (MD –0.75, 95% CI
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Figure 4. Living at home at discharge from hospital and at 3-month follow-up.

–1.21 to 0.30; I 2 = 47%). Also, re-running the analysis
for functional decline between baseline 2-week prehospital
admission status and discharge, after removal of trials that
had a high RoB in missing outcome data [29] resulted in
a decrease in the probability of decline (RR 0.82, 95%
CI 0.65–1.03: I 2 = 55%). No differences were found after
excluding trials that were conducted in the previous version
of the review [14].

Discussion

Summary

The results of this updated systematic review and meta-
analysis suggest that AGU care decreases the probability that
hospitalised older adults with acute medical complaints will
experience functional decline at 6-month follow-up and are
more likely to be living at home at 3-month follow-up.
Findings related to functional decline pertain to two trials,
recruiting 1,686 older adults conducted in 2020 and 2000,
respectively [32, 41]. Trialists did not report the specific
factors associated with this medium-term effect. Maintaining
independence in the performance of ADLs is an important
determinant of quality of life for older adults [45]; therefore,
any intervention that assists in reducing the risk of func-
tional decline must be considered and evaluated across the
continuum of care. [46]. Although older adults had a higher

probability of living at home at 3 months, no differences were
found between groups at hospital discharge. This finding
contrasts with those reported in the 2017 Cochrane review
[9] and previous meta-analyses [14, 26]. Four of the eight
trials that were included in the analysis for discrete wards in
the 2017 Cochrane review [9] did not meet our inclusion
criteria and dated from 1982 to 1994. Low heterogeneity
between trials (I 2 = 28%) (Figure 4.1) adds to our confi-
dence in the certainty of evidence for this outcome. The
high heterogeneity between trials in length of hospital stay
(I 2 = 77%) (Supplementary Material A6) is comparable to a
recent meta-analysis, which found that various CGA inter-
vention models had no effect on length of hospital stay [47].

Characteristics of an AGU

The included trials provided variable levels of information
about the characteristics and organisational form of conven-
tional care units. This is an important consideration given
that the effectiveness of AGUs is measured by compari-
son with these units. Where the core team were described,
access to physiotherapy, occupational therapy and social
work tended to operate on a referral basis with limited
focus on specialisation of care. However, healthcare systems
and standards of care have undoubtedly evolved since a
number of trials included in this updated review were con-
ducted. CGA is considered a complex intervention [48];
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therefore, this review aimed to identify the characteristics
and components of CGA within an AGU. Whilst variabil-
ity in reporting was observed, several distinct components
emerged across all 11 trials. Clinical leadership from a geri-
atrician and/or primary physician and structured compre-
hensive assessment coupled with individualised interven-
tion plans, delivered by a core team of professionals were
consistent across trials. A dedicated ward environment and
interdisciplinary team meetings (ranging from daily in six
trials to once a week in two trials) were also distinct features.
Such features may contribute to the overall effectiveness of
AGU care, as has been shown in patients with stroke [49].

Implications for research and clinical practice

It is important to determine the main beneficiaries of admis-
sion to an AGU. In our review, the impact of frailty as a
determining factor of CGA outcome and/or criterion for
admission to an AGU was only examined in three of the
11 trials [30–32]. Although contemporary research findings
recommend selecting older adults for CGA interventions
based on frailty criteria [11, 50] others found that it was
beneficial to use an age-based criterion for selection [51].
Given that frailty status on admission to hospital is predictive
of multiple adverse outcomes [4], future trials should include
stratification by frailty and the influence of case mix on the
effectiveness of AGU care must be examined. Furthermore,
the overall RoB across included trials and outcomes was
generally ‘high’ or ‘some concerns’ therefore highlighting
the need for future methodologically robust trials. Inclusion
of process evaluations, in line with the updated Medical
Research Council framework for the evaluation of complex
interventions should also be considered [48].

CGA is considered a patient-centred process and is both
therapeutic and diagnostic [10]; however, clinical and patient
reported outcome measures (PROM) were not routinely
included across trials. Future research should focus on inclu-
sion of PROMs such as self-rated health status; use of
PROMs may assist clinicians in re-focusing care and inter-
ventions around older adults’ priorities and preferences [50].

Clinicians may anticipate moderate beneficial effects
with respect to preservation of older adults’ functional
status and the probability of living at home in the medium
term. Given the multifactorial care needs of hospitalised
older adults, an interdisciplinary team approach whereby
clinicians embed geriatric competencies into their practice is
recommended [52].

Strengths and limitations

This review was methodologically robust according to the
quality of reporting of meta-analyses and PRISMA reporting
guidelines. Most of the trials were conducted in the USA,
which may limit generalisability to other health systems.
The psychometric limitations imposed by dichotomising the
primary outcome of functional decline meant that the inter-
play of floor or ceiling effects were a factor where there was
no change in older adults’ ADL ability at discharge and/or

follow-up. The quality and range of outcomes reported was
variable, thereby limiting our ability to pool data across
trials. Whilst trialists broadly reported the components of
CGA within an AGU, they did not provide data on the
critical components responsible for the benefits observed.
Finally, apart from functional decline, conclusions cannot be
drawn on the effectiveness of AGU care on relevant outcomes
beyond three months following hospital discharge.

Supplementary Data: Supplementary data mentioned in
the manuscript are available in Age and Ageing online.
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