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Abstract 

Background  Geriatric rehabilitation is a multidisciplinary intervention that promotes functional recovery in older 
adults. Our objective was to assess the efficacy of geriatric rehabilitation in inpatient and geriatric day hospital settings.

Methods  We searched MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, PsycINFO, PEDro and Age-
Line from inception to September 30, 2022 for randomized controlled trials (RCTs) including older adults (age ≥ 65 
years) undergoing geriatric rehabilitation (inpatient or day hospital) with a usual care comparator group. Primary 
outcome measures included mortality, long-term care home (LTCH) admission, and functional status. Secondary out-
comes included discharge/remaining at home, functional improvement, length of stay, cognition, mood, and quality 
of life. Records were screened, abstracted and assessed for risk of bias (Cochrane Risk of Bias [RoB] 2) by two reviewers 
independently. We conducted a random effects meta-analysis to summarize risk ratios (RR, dichotomous outcomes) 
and standardized mean differences (SMD, continuous outcomes).

Results  Of the 5304 records screened, 29 studies (7999 patients) met eligibility criteria. There were 23 RCTs of inpa-
tient geriatric rehabilitation (6428 patients) and six of geriatric day hospital (1571 patients) reporting outcomes 
of mortality (26 studies), LTCH admission (22 studies), functional status (19 studies), length of stay (18 studies), 
cognition (5 studies), mood (5 studies) and quality of life (6 studies). The primary outcome of mortality at longest 
follow up was lower in the rehabilitation group (RR 0.84, 95% confidence interval [CI] 0.76 to 0.93, I2 = 0%). LTCH 
admission was lower in the rehabilitation group at longest follow up (RR 0.86, 95% CI 0.75 to 0.98, I2 = 8%). Functional 
status was better in the rehabilitation group at longest follow up (SMD 0.09, 95% CI 0.02 to 0.16, I2 = 24%). Cognition 
was improved in the rehabilitation group (mean difference of mini-mental status exam score 0.97, 95% CI 0.35 to 1.60, 
I2 = 0%). No difference was found for patient length of stay, mood, or quality of life.

Conclusions  Geriatric rehabilitation in inpatient and day hospital settings reduced mortality, LTCH admission, 
and functional impairment. Future studies should explore implementation of this intervention for older adults.

Review registration  PROSPERO: CRD42022345078.
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Background
Rehabilitation aims to optimize function and decrease 
disability in patients with various health conditions [1]. 
The World Health Organization recognized the need for 
integrated, multidisciplinary, and universally accessible 
rehabilitation as part of its Rehabilitation 2030 strategy 
[2]. An aging population may contribute to increased 
disability globally [3], and thus, rehabilitation needs will 
continue to grow, particularly for older adults who are 
the primary users of rehabilitation [1]. Inpatient geriatric 
rehabilitation provides multidisciplinary care (including 
at least occupational therapy [OT] and/or physiotherapy 
[PT] [4]) to older adults with functional decline [5] such 
as those recovering from medical illness or surgery (e.g., 
hip fractures). Geriatric rehabilitation involves a tailored 
approach to progressively restore an older adult’s func-
tion, mobility and independence using various inter-
ventions (e.g., exercise, adaptive equipment, assistive 
devices, and modification of functional tasks) [6]. A sys-
tematic review of randomized controlled trials (RCTs) 
in 2010 showed that inpatient geriatric rehabilitation 
improved function (risk ratio [RR] 1.75, 95% confidence 
interval [CI] 1.31–2.35), reduced the need for long-term 
care home (LTCH) admission (RR 0.64, 95% CI 0.51–
0.81), and reduced mortality (RR 0.72, 95% CI 0.55–0.95) 
[4] for older adults.

Geriatric rehabilitation resources are limited and 
patients who would potentially benefit from this inter-
vention are often not provided with this treatment [7]. In 
a North American study of home care clients, 75.7% of 
older adults with rehabilitation potential did not receive 
OT or PT [8]. Policymakers have tried to replace more 
costly inpatient rehabilitation with outpatient geriatric 
rehabilitation where patients receive multidisciplinary 
care in an outpatient clinic or at home, but outcomes 
for patients are less positive, with a recent systematic 
review showing no difference in functional status, LTCH 
admissions or mortality [9]. The authors of the review 
of outpatient geriatric rehabilitation postulated that 
low participation (often not reported in outpatient tri-
als) could be a reason for the lack of effect [9]. In light of 
the limited benefits of outpatient geriatric rehabilitation, 
providing an updated synthesis of the effectiveness of 
inpatient geriatric rehabilitation may help inform better 
allocation of resources.

Another mode of outpatient rehabilitation is via geri-
atric day hospitals, which provide intensive rehabilita-
tion for older adults who attend on a regular basis for 
multidisciplinary care [10]. A systematic review of day 
hospitals was done in 2015 [11], which showed equivo-
cal effectiveness because of (i) challenges in studying 
an appropriate population, (ii) a range of comparison 

interventions, and (iii) quality of the study designs [10, 
11]. A comparison of day hospitals with a usual care con-
trol group was not done.

Through this systematic review and meta-analysis, we 
aim to update and summarize the effectiveness of geri-
atric rehabilitation in the inpatient and day hospital set-
tings compared with usual care.

Methods
This systematic review was registered with PROSPERO 
(CRD42022345078). The Cochrane Handbook for Sys-
tematic Reviews of Interventions was used to guide our 
methods [12] and the manuscript conforms to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement [13]. The study team 
consisted of scientists with experience in systematic 
reviews (ACT, SES), librarians (JM, RD), geriatricians 
(SES, EKCW, YQH, JCL), and scientists with expertise in 
clinical epidemiology (JEMS, WI, DN). Clinical experts 
(SES, EKCW) and methods experts (SES, ACT, JM, RD) 
were engaged from the protocol development stage 
through the end of the project. A patient partner was also 
engaged in selecting outcomes for the study.

Eligibility criteria
We included RCTs of older adults (≥ 65 years [14]) that 
compared a geriatric rehabilitation intervention with 
usual care. We only included rehabilitation interven-
tions designed specifically for older adults that included a 
multidisciplinary team with OT or PT care. We included 
rehabilitation interventions in an inpatient or day hospi-
tal setting. We excluded studies with rehabilitation in the 
community or at home. We also excluded studies with 
multidisciplinary geriatric care in an acute inpatient unit. 
Usual care was defined as the standard of care compara-
tor that individual study authors used. We did not restrict 
by year of publication, language, or publication status.

Information sources
We searched for RCTs indexed in Ovid MEDLINE (1946 
to September 21, 2022), Ovid EMBASE (1974 to Sep-
tember 30, 2022), Ovid Cochrane Central Register of 
Controlled Trials (Issue 7, 2022), Ovid PsycINFO (1806 
to September Week 1 2022), PEDro (2000 to September 
21, 2022) and EBSCO AgeLine (1978 to September 21, 
2022). The grey literature was searched to supplement 
the review using an approach that targeted key geriatric 
websites, journals, theses, and the CADTH Grey Matters 
checklist [15]. Conference proceedings were included. 
References of included articles and related systematic 
reviews were used to complete an exhaustive search.
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Search strategy
A comprehensive literature search was conducted by 
an experienced librarian (JM) first in the MEDLINE 
database and then translated to the other databases. 
The MEDLINE strategy was peer reviewed by a second 
librarian with expertise in systematic reviews using the 
Peer Review of Electronic Search Strategies (PRESS) 
checklist [16]. The search used a validated filter for RCTs 
(Cochrane) [17]. The search strategy is in Additional 
file 1: Appendix 1.

Study selection process
We conducted screening by two independent review-
ers working in pairs (PH, AK, SG, YQH, JCL, SMW, 
EKCW) for all records for level 1 (titles and abstract) 
and 2 (full text). A calibration exercise was done prior to 
level 1 screening using a sample of 50 titles and abstracts 
to ensure good agreement (> 80%). Discrepancies were 
mediated by a third reviewer (SES). We conducted a 
calibration exercise for level 2 screening using another 
sample of 50 full-text records from the eligible articles 
(> 80%). Study authors were contacted if study eligibility 
was unclear.

Data collection process
Data were abstracted by two independent review-
ers working in pairs (PH, AK, SG, EKCW) after a pilot 
abstraction exercise using a random sample of 3 stud-
ies (agreement of > 80%). Two reviewers independently 
abstracted all data using a data abstraction form. Discrep-
ancies were resolved by discussion between the reviewers 
and a third reviewer (SES) was asked to review if needed.

Data items
Abstracted data included study characteristics (e.g., 
location, author, year of publication, funding source), 
participant characteristics (e.g., mean age, sex, place 
of residence), intervention characteristics (e.g., set-
ting, indication for rehabilitation, team members), and 
outcomes (e.g. mortality, LTCH admission, functional 
status). Population characteristics that promote equity 
were abstracted using the PROGRESS-Plus factors (e.g. 
place of residence, race, ethnicity, culture, language, 
occupation, gender, sex, religion, education, socioeco-
nomic status, social capital) [18, 19]. Outcomes were 
recorded at discharge and at the longest available time 
for follow up data. The funding source of each study 
was recorded.

Effect measures
The outcomes of interest were chosen after an infor-
mal discussion with a patient partner [20]. The primary 
outcomes included mortality, LTCH admission, and 

functional status (any measure). Secondary outcomes 
included returning/remaining home (number at home 
as defined by study author), functional improvement 
(as defined by study author), length of stay in rehabili-
tation, cognition (any measure), depression or anxiety 
(any measure), and quality of life (any measure). LTCH 
admission was defined as discharge to nursing homes, 
skilled nursing facilities, or care facilities. Functional sta-
tus referred to an individual’s ability to do activities of 
daily living [4]. Primary outcomes were summarized on 
discharge and at longest follow up. The minimal clini-
cally important difference (MCID) of continuous out-
comes (functional status, cognition, mood, and quality 
of life) were reported in comparison with pooled esti-
mates from the meta-analysis [21]. Pooled estimates 
were transformed back to natural units of the default 
measure (e.g. Barthel index for functional status) for 
comparison [22].

Study risk of bias assessment
We assessed risk of bias of RCTs using the Cochrane 
Risk of Bias 2 tool [23]. Two reviewers working in pairs 
(PH, AK, SG, EKCW) independently assessed a sample 
of 5 trials, before independently reviewing the remaining 
studies once agreement was ≥ 80%.

Synthesis methods
We descriptively summarized study characteristics, 
patient characteristics, risk of bias assessments, and 
frequencies of outcomes across included studies. We 
pooled primary and secondary outcomes in a meta-anal-
ysis using risk ratios (RR) to compare mortality, LTCH 
admission, discharge home, and functional improve-
ment between geriatric rehabilitation and usual care [24]. 
Standardized mean differences (SMD) were used to com-
pare functional, mood-related and quality of life changes. 
Mean differences (MD) were used to compare differences 
in length of stay and cognitive scores (all studies provid-
ing cognitive outcome data used the mini-mental status 
examination, MMSE [25]). Risk differences were calcu-
lated for the dichotomous outcomes to generate a num-
ber needed to treat (NNT) [26].

We assessed between-study statistical, clinical, and 
methodological heterogeneity. Clinical heterogeneity 
was assessed by looking at the population in individ-
ual studies, such as age, baseline cognitive status, and 
indication for rehabilitation. We explored methodo-
logical heterogeneity by examination of study design 
and risk of bias. If there was substantial statistical (I2 
statistic > 60% [27]) or clinical/methodological het-
erogeneity and 10 or more included studies, we con-
ducted a meta-regression analysis [12]. We employed 
subgroup analysis to explore the effects of clinical and 
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methodological heterogeneity. Pre-specified subgroup 
analyses included attrition rate (< 10% versus ≥ 10%), 
indication for rehabilitation (hip fracture versus gen-
eral geriatric rehab or other), age (mean age ≥ 80 years 
versus < 80), rehabilitation intervention (inpatient 
rehabilitation versus day hospital), cognitive status in 
eligibility criteria (dementia of any severity, mild to 
moderate dementia only, no dementia, or not reported), 
and length of follow up (< 6 months versus ≥ 6 months). 
Additional post-hoc subgroup analyses were done 
to explore team composition on outcomes with high 
heterogeneity as appropriate (OT, nurse, geriatrician, 
social worker and psychiatrist/psychologist). We con-
ducted a sensitivity analysis by restricting to studies of 
low risk of bias only for the most at-risk domains for 
primary outcomes, which is a recommended approach 
to confirm robustness of the results [28]. We used ran-
dom effects models [29] with 95% confidence intervals 
for the analysis. Between-study variance was estimated 
using the DerSimonian and Laird method [30]. Hetero-
geneity was quantified using the I2 statistic [31]. Meta-
analysis was analyzed using the “meta” and “metafor” 
packages [32] in R [33].

Reporting bias assessment
We assessed publication bias by visual inspection of con-
tour-based funnel plots and by Egger’s regression [34].

Certainty assessment
The certainty of evidence was assessed using the GRADE 
approach done by one investigator (EKCW) [35].

Results
Study selection
We screened 5304 database records and reviewed 445 
full-text reports for eligibility (Fig.  1). We included 27 
primary studies from the screened records and two addi-
tional studies from searching references of included arti-
cles [36, 37] (total 29 studies, 7999 patients). One study 
was included in abstract form [38], and we were unable to 
contact the author for the full report.

Study characteristics
We assessed inpatient geriatric rehabilitation in 23 
studies (6428 patients) and geriatric day hospital in the 
remaining six studies (1571 patients). Eleven studies 
included general geriatric patients (medical or surgical 
mix), patients with hip fracture in 15 studies, patients 
with falls in one study, patients with heart failure in one 
study, and patients with stroke in one study (Table  1). 
The mean age across studies was 79.7 years (three stud-
ies did not report mean age, but were included based on 
age cutoff in eligibility criteria), and the mean propor-
tion of females was 69.2% (1 study did not report sex). 
Gender was not reported in any study. The proportion of 

Fig. 1  PRISMA 2020 flow diagram
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patients from home was 86.5% (23 studies reported) and 
from LTCH was 5.3% (21 studies reported). Some stud-
ies did not report all the categories of place of residence, 
so the proportions do not add up to 100%. Ethnicity or 
race were reported in four studies and education in seven 
studies (mainly high school or less). Income level, reli-
gion, occupation, socioeconomic status, and social capi-
tal were not reported in any studies.

Nearly all studies included a PT (n = 28, 96.6%) as 
part of the intervention. An OT was part of the team in 
21 studies (72.4%), a nurse in 23 studies (79.3%), a geri-
atrician in 20 studies (69.0%), and a social worker in 18 
studies (62.1%). The models of care were diverse and fre-
quency of PT or OT visits were not consistently reported. 
A summary of all outcomes is shown in Table 2.

Risk of bias in studies and publication bias
In the risk of bias assessment, six studies were high risk, 
17 had some concerns, and six were low risk (Fig. 2). A 
funnel plot of the functional status outcome at longest 

follow up is shown in Fig. 3, which did not demonstrate 
asymmetry. Egger’s test did not reveal publication bias 
(intercept 0.76 [95% CI −0.69 to 2.22], p = 0.32).

Results of syntheses
Primary outcomes: mortality, LTCH admission 
and functional status
The certainty of the evidence for mortality was moderate, 
downgraded due to risk of bias and imprecision. Mortal-
ity at longest follow up (Fig. 4) was reported in 26 stud-
ies, with lower mortality in the geriatric rehabilitation 
group, RR 0.84 (95% CI 0.76 to 0.93, I2 = 0%) compared 
with usual care. Both inpatient geriatric rehabilitation 
(RR 0.86, 0.78 to 0.95, I2 = 0%) and day hospitals (RR 0.76, 
0.45 to 1.29, I2 = 30%) reduced mortality at longest follow 
up, but the day hospital subgroup had confidence inter-
vals that could not exclude an increase in mortality. In 
absolute terms, the risk difference for mortality at longest 
follow up was −0.03 (−0.04 to −0.01), which translated to 
a NNT of 33 (25 to 100).

Table 2  Summary of outcomes. The summary estimates of all outcomes reported in this meta-analysis. Asterisk (*) denotes statistical 
significance

RR risk ratio, 95% CI 95% confidence interval, I2 measure of heterogeneity, SMD standardized mean difference, MD mean difference

◇Some older studies did not indicate blinded outcome assessments or had missing outcome data

‡Confidence interval includes both possibility of harms and benefits in the inpatient and/or day hospital settings

§Difference in outcome does not meet minimal clinically important difference (MCID)

¶Use of different scales for measurement

†High statistical heterogeneity

Outcome No. of patients (studies) RR/SMD/MD (95% CI) I2 (%) Certainty of evidence (GRADE)

Mortality at longest follow up 7619 (26 studies) RR 0.84 (0.76 to 0.93)* 0 ⊕⊕⊕⊝ Moderate due to risk of bias 
and imprecision◇‡

Mortality at discharge 2968 (15 studies) RR 0.69 (0.49 to 0.95)* 0 ⊕⊕⊕⊝ Moderate due to risk of bias◇
LTC admission at longest follow up 6891 (22 studies) RR 0.86 (0.75 to 0.98)* 8 ⊕⊕⊕⊝ Moderate due to risk of bias 

and imprecision◇‡

LTC admission at discharge 2600 (13 studies) RR 0.80 (0.65 to 0.97)* 0 ⊕⊕⊕⊝ Moderate due to risk of bias◇
Functional status at longest follow up 6052 (19 studies) SMD 0.09 (0.02 to 0.16)* 24 ⊕⊕⊕⊝ Moderate due to risk of bias, 

imprecision and indirectness◇§¶

Functional status at discharge 2364 (7 studies) SMD 0.28 (0.05 to 0.50)* 67 ⊕⊕⊝⊝ Low due to risk of bias, impreci-
sion and indirectness◇§¶†

Functional improvement at longest 
follow up

2390 (11 studies) RR 1.37 (1.20 to 1.56)* 20 ⊕⊕⊕⊝ Moderate due to risk of bias◇

Functional improvement at discharge 1087 (5 studies) RR 1.56 (1.16 to 2.09)* 0 ⊕⊕⊕⊕ High

Discharge home 2077 (11 studies) RR 1.26 (1.03 to 1.54)* 63 ⊕⊕⊝⊝ Low due to risk of bias 
and inconsistency◇†

Remain home at longest follow up 1991 (10 studies) RR 1.15 (1.01 to 1.32)* 53 ⊕⊕⊝⊝ Low due to risk of bias, impreci-
sion and inconsistency◇‡†

Length of stay 5028 (18 studies) MD 0.79 days (-4.74 to 3.17) 91 ⊕⊕⊝⊝ Low due to risk of bias, impreci-
sion and inconsistency◇‡†

Cognition at longest follow up 1824 (5 studies) MD 0.97 points (0.35 to 1.60)* 0 ⊕⊕⊕⊝ Moderate due to imprecision§ 

Mood at longest follow up 1209 (5 studies) SMD -0.67 (-2.30 to 1.05) 99 ⊕⊕⊝⊝ Low due to risk of bias, 
imprecision, indirectness, and inconsist-
ency◇‡¶†

Quality of life at longest follow up 3004 (6 studies) SMD 0.09 (-0.11 to 0.28) 56 ⊕⊕⊝⊝ Low due to imprecision, indi-
rectness, and inconsistency‡¶†
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Fig. 2  a Weighted bar plots of risk-of-bias judgements within each bias domain and (b) traffic light plot of risk of bias domain judgements for each 
included study
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Subgroup analysis by indication for rehabilita-
tion revealed that general geriatric rehabilitation and 
rehabilitation for participants with hip fracture ben-
efitted similarly but only those with hip fractures had 
a significant reduction in mortality (RR 0.82, 0.73 to 
0.92, I2 = 0%). Studies with a population with mean 
age ≥ 80 years had a significant mortality reduction (RR 
0.84, 0.75 to 0.94, I2 = 0%) compared with studies with 
population with mean age < 80 years. Subgroup analysis 
of studies reporting outcomes at 6 months or less (RR 
0.77, 0.64 to 0.92, I2 = 0%) and follow up over 6 months 
(RR 0.83, 0.73 to 0.94, I2 = 15%) was similar. Forest 
plots for sensitivity analyses, subgroup analyses, and 
mortality at discharge are shown in Additional file  1: 
Appendix 2–3.

The certainty of the evidence for LTCH admission was 
moderate, downgraded for risk of bias and imprecision. 
LTCH admission at longest follow up was reported in 22 
studies, with a RR 0.86 (0.75 to 0.98, I2 = 8%) favouring 
geriatric rehabilitation (Fig. 5). Day hospital and inpatient 
rehabilitation settings reduced LTCH admissions, but the 
subgroup estimates had wide confidence intervals that 
could not exclude an opposite effect (Fig. 5). The risk dif-
ference was −0.01 (−0.03 to 0.01) and the NNT was 100 
(−100 to 33).

Subgroup analysis of studies that followed patients 
for > 6  months showed a reduction in LTCH admission 
(RR 0.86, 0.73 to 1.02, I2 = 18%, Fig. 6), while studies that 
followed patients for ≤ 6  months did not have similar 
benefits (RR 0.96, 0.70 to 1.31, I2 = 0%). Studies including 
participants with mean age ≥ 80 years showed no differ-
ence in LTCH admission (RR 0.94, 0.75 to 1.17, I2 = 3%), 
while the subgroup with mean age < 80  years (Fig.  7) 
showed a decrease in LTCH admissions (RR 0.82, 0.68 to 
0.99, I2 = 2%). Sensitivity analyses and LTCH admission at 
discharge are shown in Additional file 1: Appendix 4–5.

The certainty of evidence for functional status was 
moderate, downgraded for risk of bias, imprecision and 
indirectness. Functional status at longest follow up was 
reported in 19 studies, with a SMD of 0.09 (0.02 to 0.16, 
I2 = 24%) favouring the geriatric rehabilitation group 
(Fig.  8). Subgroup analysis favoured the inpatient reha-
bilitation setting (SMD 0.12, 0.05 to 0.19, I2 = 14%) over 
day hospital (SMD −0.02, −0.19 to 0.15, I2 = 13%) for 
functional status. Subgroup analysis (Fig. 9) by follow up 
duration > 6  months (SMD 0.09, 0.01 to 0.17, I2 = 33%) 
vs. ≤ 6  months (SMD 0.08, −0.09 to 0.25, I2 = 13%) had 
similar estimates favouring geriatric rehabilitation. Func-
tional status at discharge was reported in seven stud-
ies (Fig. 10), with a SMD of 0.28 (0.05 to 0.50, I2 = 67%). 

Fig. 3  Funnel plot of functional status at longest follow up
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Heterogeneity was reduced when looking at subgroups 
by indication for rehabilitation, but not for other factors 
including mean age, cognitive status in eligibility criteria 
and team composition (Additional file 1: Appendix 6–7). 
For patients with hip fracture (only subgroup that had 
enough studies to pool), the SMD was 0.30 (0.03 to 0.56, 
I2 = 40%) at discharge. Estimates for functional status and 
other continuous outcomes are shown in Table  3 along 
with the corresponding MCID in natural units.

Secondary outcomes
Functional improvement, discharge home and length of stay
The certainty of evidence for functional improvement 
was moderate due to risk of bias. When defined as a 
binary outcome by individual study authors (11 studies), 
participants were more likely to have functional improve-
ment at the longest follow up in the geriatric rehabilita-
tion group (RR 1.37, 1.20 to 1.56, I2 = 20%) compared 
with usual care. The magnitude of effect in the inpatient 

Fig. 4  Mortality at longest follow up
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rehabilitation setting was larger (RR 1.46, 1.24 to 1.71, 
I2 = 8%) than the effect in geriatric day hospital setting 
(RR 1.22, 0.84 to 1.77, I2 = 0). The risk difference for func-
tional improvement was 0.13 (0.07 to 0.19), and the NNT 
was 7 (5 to 14). Subgroup analyses are shown in Addi-
tional file 1: Appendix 8–9.

The certainty of evidence for discharge home and 
remaining home at longest follow up was low due to 
risk of bias, imprecision and inconsistency. Discharge 
home was reported in 11 studies and was more com-
mon in the geriatric rehabilitation group (RR 1.26, 
1.03 to 1.54, I2 = 63%). Heterogeneity was explored 
using subgroups of rehabilitation setting, age, attri-
tion, indication for rehabilitation, cognitive status in 
eligibility criteria, and team composition, but effect 
estimates were similar in major subgroups. A meta-
regression was done using age, sex, publication year, 

and proportion of patients who lived at home, but none 
of these variables explained the heterogeneity. The 
number of patients remaining home at longest follow 
up was reported by 10 studies. More patients remained 
home at longest follow up in the geriatric rehabilitation 
group (RR 1.15, 1.01 to 1.32, I2 = 53%), with heteroge-
neity explained by setting. The inpatient rehabilitation 
setting had a significant benefit (RR 1.21, 1.05 to 1.38, 
I2 = 40%) while day hospital did not (RR 0.97, 0.34 to 
2.79, I2 = 36%). Other subgroups including mean age, 
attrition, follow up duration, indication for rehabilita-
tion, cognitive status in eligibility criteria, and team 
composition did not explain the heterogeneity (Addi-
tional file  1: Appendix  10–11). The risk difference for 
patients remaining home was 0.09 (0.01 to 0.16) and 
the NNT was 11 (6 to 100).

Fig. 5  LTCH admission at longest follow up
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The certainty of evidence for length of stay was low, 
downgraded for risk of bias, imprecision and inconsistency. 
Length of stay was reported in 18 studies, all conducted in 
the inpatient setting. There was a shorter stay (mean differ-
ence of 0.79 days [−4.74 to 3.17, I2 = 91%]) for the geriatric 
rehabilitation group. The heterogeneity was mainly from 
studies of patients with hip fractures. No subgroup or study 
characteristic explained the heterogeneity in length of stay 
data (Additional file  1: Appendix  12). A meta-regression 
was done using age, sex, publication year, and proportion 
from home, but heterogeneity was not reduced.

Cognition, mood, and quality of life
The certainty of evidence for cognition was moder-
ate, downgraded due to imprecision. Cognition was 

reported in five studies at longest follow up, all of which 
reported MMSE and occurred in the inpatient setting 
(Additional file 1: Appendix 13). Cognition improved in 
the geriatric rehabilitation group by a mean difference 
of 0.97 points (0.35 to 1.60, I2 = 0%). The MCID for cog-
nition is presented in Table 3.

The certainty of evidence for mood was low, down-
graded due to risk of bias, imprecision, indirectness and 
inconsistency. Five studies reported mood at longest 
follow up using various scales. There were better mood 
scores in geriatric rehabilitation group compared with 
usual care (SMD −0.67, −2.30 to 1.05, I2 = 99%), but the 
confidence interval could not exclude worsening of mood 
scores. Some of the heterogeneity was explained by age, 
with studies reporting mean age < 80 years (SMD −0.29, 
−1.06 to 0.48, I2 = 0%) showing better mood scores than 

Fig. 6  Subgroup analysis for LTCH admission at longest follow up: follow up ≤ 6 months vs. > 6 months
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studies with mean age ≥ 80  years (SMD 0.13, −4.54 to 
4.80, I2 = 94%). Other subgroups of follow up duration, 
indication for rehabilitation, cognitive status in eligibility 
criteria, and team composition did not explain heteroge-
neity (Additional file 1: Appendix 14). None of the stud-
ies reporting mood as an outcome included a psychiatrist 
or psychologist as part of the team. The MCID for mood 
is presented in Table 3.

The certainty of evidence for quality of life was low, 
downgraded for imprecision, indirectness and incon-
sistency. Quality of life was reported by one day hos-
pital and five inpatient rehabilitation studies at longest 

follow up (Additional file  1: Appendix  15). Quality of 
life scores were better in the geriatric rehabilitation 
group (SMD 0.09, −0.11 to 0.28, I2 = 56%) compared to 
usual care, but the confidence intervals were not able 
to exclude worsening. Heterogeneity in scores could be 
partially explained by indication for rehabilitation, with 
better quality of life scores (SMD 0.21, −0.28 to 0.69, 
I2 = 59%) in the hip fracture studies compared with 
general geriatric rehabilitation (SMD 0.02, −0.30 to 
0.34, I2 = 48%). Heterogeneity could be also be partially 
explained by the measure of quality of life with better 
scores in studies using SF-36 (SMD 0.21, −0.28 to 0.60, 

Fig. 7  Subgroup analysis for LTCH admission at longest follow up: mean age < 80 vs. ≥ 80 years
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I2 = 56%) compared with other measures. The MCID for 
quality of life is presented in Table 3.

Discussion
We determined that geriatric rehabilitation in the inpa-
tient and day hospital settings were effective at reducing 
mortality and LTCH admission in older adults, with clini-
cally important effects (NNT of 33 for mortality and 100 
for LTCH admission). The certainty of evidence in the 
inpatient setting was higher than in the day hospital set-
ting. Additional benefits included improved function and 
cognition, and increased number of patients remaining 
home. The overall findings suggest that older adults with 
rehabilitation goals should receive geriatric rehabilitation 
in inpatient and day hospital settings to prevent disability 
and death.

Previous systematic reviews reported on the efficacy of 
geriatric rehabilitation in different settings or population 

(Additional file  1: Appendix  16). In one of the previous 
systematic reviews of inpatient geriatric rehabilitation, 
similar results were found compared to our review for 
mortality, LTCH admission and functional improvement 
[4]. We included eight additional trials and excluded two 
trials from the previous review that did not meet our eli-
gibility criteria [45, 46], contributing 1648 more patients 
to our review. One trial was excluded because the com-
parator group all received inpatient rehabilitation in hos-
pital after being transferred from an inpatient geriatric 
unit [45], which is unlike the other usual care interven-
tions. The other trial was excluded because it was more 
similar to an acute care of the elderly intervention instead 
of a post-acute rehabilitation intervention [46]. We also 
reported on clinically important outcomes that were not 
included in the previous review [4], such as functional 
status, cognition, remaining home, mood, and quality 
of life. In our subgroup analyses, we found that LTCH 

Fig. 8  Functional status at longest follow up
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Fig. 9  Subgroup analysis for functional status at longest follow up: follow up ≤ 6 months vs. > 6 months

Fig. 10  Functional status at discharge
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admission at longest follow up was lower in trials with 
a mean participant age of < 80 years, while the previous 
review reported no difference in the age subgroups [4]. 
We also found that the magnitude of effect for functional 
status and LTCH admission was larger in studies with 
a follow up duration of ≥ 6 months, unlike the previous 
review which found a smaller effect [4]. The optimal age 
for geriatric rehabilitation and duration of benefit are 
worth exploring in future research studies.

Another previous systematic review of inpatient reha-
bilitation for patients with hip fractures only [47] found 
that the composite outcome of death or LTCH admission 
was reduced in the intervention group (RR 0.88, 0.80 to 
0.98), with a similar estimate in the mortality outcome 
(RR 0.91, 0.80 to 1.05). In our systematic review, we used 
a definition of geriatric rehabilitation similar to Bach-
mann et al. [4], which required that the intervention be 
designed for older adults and a multidisciplinary team be 
involved. Several studies included in the hip fracture sys-
tematic review did not meet this eligibility criteria [48–
50] and were excluded from our review. We also excluded 
quasi-randomized [51] and non-randomized studies [52], 
which were included in the previous review of rehabilita-
tion for patients with hip fracture. We further excluded 
one study that only included patients from LTCH [53]. 
Using our criteria for study inclusion, the pooled mortal-
ity benefit at longest follow up was RR 0.82 (0.73 to 0.92) 
for patients with hip fracture, which is similar to the pre-
vious review but a potentially larger effect.

For day hospital interventions, seven studies were 
excluded because they used an active comparator, such 
as domiciliary care or home-based rehabilitation, which 
we did not consider to be usual care. There was a trend 
towards benefit for the outcomes of mortality, LTCH 
admission, and functional improvement with geriatric 
day hospital, which should be further explored in tri-
als with a usual care comparator and long term follow 
up. Another previous systematic review of day hospitals 
came to similar conclusions with less favourable esti-
mates potentially due to inclusion of active intervention 
comparator groups [11].

The impact of geriatric rehabilitation on functional 
status does not appear clinically significant because the 

SMD does not meet the MCID. However, looking at the 
dichotomous outcome of functional improvement as 
defined by the individual study authors, the risk differ-
ence was 0.13 (0.07 to 0.19) and the NNT was 7, which 
is clinically significant. For cognition, our review found 
a mean difference of 0.97 points (0.35 to 1.60) higher 
in MMSE score for those in the geriatric rehabilitation 
group. This difference is below MCID of the MMSE 
tool when used in clinical trials of interventions for 
those with Alzheimer’s disease, which is estimated at 
1.4 to 2.0 [41, 42]. The magnitude of cognitive improve-
ment in geriatric rehabilitation is worth exploring in 
future studies, which is relevant to those with or at risk 
of cognitive impairment.

Despite incorporating PROGRESS-Plus criteria [19] 
in our data abstraction, almost no studies reported 
these equity characteristics, so the intersection 
between outcomes and social determinants of health 
could not be explored. Future studies should explore 
the impact of intersectionality on outcomes of geriatric 
rehabilitation and the implementation and sustainabil-
ity of geriatric rehabilitation interventions in a more 
diverse population with varying degrees of frailty.

Strengths/limitations
Our study had several strengths. We engaged with a 
patient partner and other experts in developing the pro-
tocol and outcomes. We comprehensively searched six 
databases and the grey literature for relevant studies. 
Determination of eligibility required a multidisciplinary 
intervention tailored to older adults, in keeping with best 
practices in designing a geriatric rehabilitation interven-
tion [5]. We adhered to the PRISMA 2020 statement 
and incorporated PROGRESS-Plus criteria to ensure 
that equity characteristics were captured. We screened, 
abstracted, and appraised studies in duplicate.

Our study had several limitations. In some outcomes 
such as length of stay and discharge home, heterogene-
ity could not be fully explained. This was likely related to 
the complex design of interventions like geriatric reha-
bilitation, which may have different ‘dosages’ and ‘for-
mulations’ [54]. We did not conduct a dose–response 
analysis given the heterogeneity of the interventions and 

Table 3  Continuous outcomes in this meta-analysis with corresponding minimal clinically important difference (MCID). Each 
summary outcome measure was transformed back into natural units for comparison to the MCID [22]

SMD standardized mean difference, MD mean difference, MMSE mini-mental status examination, GDS geriatric depression scale, SF-36 36-item short form survey

Outcome (default measure) Meta-analysis pooled estimate Transformed to measure units MCID

Functional status (Barthel index) SMD 0.09 (0.02 to 0.16) 2.78 points (0.62 to 4.95) 9 to 18 points [39, 40]

Cognition (MMSE) MD 0.97 points (0.35 to 1.60) 0.97 points (0.35 to 1.60) 1.4 to 2.0 points [41, 42]

Mood (GDS) SMD −0.67 (−2.30 to 1.05) −2.18 points (−7.48 to 3.41) 5 points [43]

Quality of life (SF-36) SMD 0.09 (−0.11 to 0.28) 2.49 points (−3.04 to 7.74) 2 to 3 points [44]
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lack of consistent information on ‘dosages’ [54]. We did 
not explore the impact of the different models of care in 
studies as these data were infrequently reported. We did 
not have individual patient data, which limits our ability 
to further explore outcomes by patient characteristics 
(such as their social determinants of health). We also did 
not use a tool like the Template for Intervention Descrip-
tion and Replication (TIDieR) checklist to determine the 
individual intervention components in each study [55].

Conclusions
Geriatric rehabilitation in the inpatient and day hospi-
tal settings is effective in reducing mortality, preventing 
LTCH admissions, improving function in long term fol-
low up, and may improve cognition. The certainty of evi-
dence in the inpatient setting was higher than in the day 
hospital setting. Future studies should aim to optimize 
geriatric rehabilitation design and explore best practices 
in implementing this intervention in a diverse and aging 
population.

Abbreviations
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