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OBJECTIVES: To compare the effectiveness of acute geri-
atric unit care, based on all or part of the Acute Care for
Elders (ACE) model and introduced in the acute phase of
illness or injury, with that of usual care.

DESIGN: Systematic review and meta-analysis of 13
randomized controlled and quasi-experimental trials with
parallel comparison groups retrieved from multiple sources.

SETTING: Acute care geriatric and nongeriatric hospital
units.

PARTICIPANTS: Acutely ill or injured adults (N = 6,839)
with an average age of 81.

INTERVENTIONS: Acute geriatric unit care character-
ized by one or more ACE components: patient-centered
care, frequent medical review, early rehabilitation, early
discharge planning, prepared environment.

MEASUREMENTS: Falls, pressure ulcers, delirium, func-
tional decline at discharge from baseline 2-week prehospi-
tal and hospital admission statuses, length of hospital stay,
discharge destination (home or nursing home), mortality,
costs, and hospital readmissions.

RESULTS: Acute geriatric unit care was associated with
fewer falls (risk ratio (RR) = 0.51, 95% confidence inter-
val (CI) = 0.29–0.88), less delirium (RR = 0.73, 95%
CI = 0.61–0.88), less functional decline at discharge from
baseline 2-week prehospital admission status (RR = 0.87,
95% CI = 0.78–0.97), shorter length of hospital stay
(weightedmean difference (WMD) = �0.61, 95%CI = �1.16
to �0.05), fewer discharges to a nursing home (RR = 0.82,
95% CI = 0.68–0.99), lower costs (WMD = �$245.80, 95%
CI = �$446.23 to �$45.38), and more discharges to home
(RR = 1.05, 95% CI = 1.01–1.10). A nonsignificant trend

toward fewer pressure ulcers was observed.No differenceswere
found in functional decline between baseline hospital admission
status and discharge,mortality, or hospital readmissions.

CONCLUSION: Acute geriatric unit care, based on all or
part of the ACE model and introduced during the acute
phase of older adults’ illness or injury, improves patient-
and system-level outcomes. J Am Geriatr Soc 60:2237–
2245, 2012.
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Adults aged 65 and older constitute the “core business”
of hospitals.1 Although they represent 13% of the

population in the United States2 and 14% of the popula-
tion in Canada,3 older adults account for 43% of inpatient
hospital days in the United States4 and 40% in Canada.5

This trend is likely to continue given population aging.3

During hospitalization for an acute event such as
illness or injury, older adults are at risk of experiencing
functional decline and iatrogenic complications, including
falls, pressure ulcers, and delirium, which further contrib-
ute to functional decline.6 Hospital-acquired functional
decline is associated with greater hospital expenditures,
institutionalization, and mortality in older adults7 even
after controlling for comorbidity and illness severity.8

Therefore, early intervention (before an acute episode is
resolved) is critical because of the short length of time
during which older persons can recover functional losses,
resume their former lives, and avoid institutionalization.9

Dedicated geriatric units, based on a prehabilitation10

and function-focused11 model of care called Acute Care for
Elders (ACE), have been designed specifically to prevent
functional decline and related complications in older adults
admitted to the hospital for an acute event.12,13 In response
to an increasingly older and complex hospital population,
some service providers have adopted the ACE model on
hospital units where older adults are admitted.13 However,
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the overall effect of acute geriatric unit care, based on all or
part of the ACE model and introduced during the acute
phase of illness or injury, is unclear and unquantified.

Two systematic reviews of acute geriatric unit care
based on the ACE model have been conducted,14,15 but
the authors did not present results of meta-analyses, sup-
porting the need for this current review. Three prior
reviews combined data from studies conducted with indi-
viduals in the acute and subacute illness phases;14,16,17 the
results have limited validity for individuals in the acute
phase of an illness or injury. One meta-analysis18 imputed
means for missing standard deviations for cost and length-
of-stay outcomes in almost 30% of included studies,18

which may have resulted in an underestimation of the
overall effect. Last, no meta-analysis of acute geriatric unit
care included iatrogenic complications, which are critical
indicators of quality hospital care.19

The purpose of this study was to determine the effec-
tiveness of acute geriatric unit care, based on all or part
of the ACE model components and introduced in the
acute phase of illness or injury, in reducing iatrogenic
complications, functional decline, length of hospital stay,
poor discharge destination outcomes, mortality, costs, and
hospital readmissions in older adults.

METHODS

A systematic review was performed that compared acute
geriatric unit care, in which all or part of the ACE model
components were introduced in the acute phase of illness
or injury, with usual care using the Cochrane Collabora-
tion Protocol.20

Eligibility Criteria

Eligible studies included published and unpublished
randomized controlled and quasi-experimental trials with
parallel controls that compared acute geriatric unit care
with usual care for adults aged 65 and older in the acute
illness or injury phase.17 Acute geriatric unit care included
at least one of the five ACE model components or princi-
ples:13,21,22 patient-centered care, defined as care activities
(assessments and protocols) to prevent declines in activities
of daily living (ADLs), mobility, continence, nutrition, skin
integrity, mood, sleep, and cognition; frequent medical
review, defined as activities to minimize the adverse effects
of treatments on older adults’ functioning; early rehabilita-
tion, defined as the participation of physical or occupa-
tional therapists in daily team meetings for the purposes of
initiating rehabilitation or standard provision of physical
or occupational therapy; early discharge planning, defined
as activities to facilitate return to the community; and pre-
pared environment, defined as environmental modifications
to facilitate physical and cognitive functioning. Usual care
was defined as any care not provided on an acute geriatric
unit.

Eligible studies included at least one primary (iatro-
genic complications or functional decline) or secondary
(length of hospital stay, discharge destination, mortality,
costs, or hospital readmissions) outcome. Iatrogenic
complications included falls (defined as the number of
individuals who experienced � 1 falls), pressure ulcers

(defined as the number of individuals who experienced
skin breakdown), or delirium (defined as the number of
individuals diagnosed with �1 delirium episodes) during
hospitalization. Functional decline was defined as loss of
independence at discharge in at least one of five basic
ADLs: transfers, toileting, dressing, eating, or bathing,10 as
measured as the Barthel Index or the Katz ADL scale,
2 weeks before hospital admission or upon hospital admis-
sion. Length of hospital stay was defined as the total num-
ber of days in the hospital or as the time between study
admission and discharge if total number of days in the
hospital was not provided. Discharge destination included
discharge to home (defined as own home or with family)
or nursing home (defined as nursing home, sheltered living,
or hostel). Mortality refers to number of deaths during
hospitalization. Costs were defined as total hospital costs
associated with care for the duration of hospital stay. Cost
data were standardized to U.S. dollars for a common price
year of 2000, the last study year with published cost
data. Hospital readmissions refer to the number of individ-
uals readmitted one or more times to an acute care hospi-
tal within 1 or 3 months after discharge from the study
hospital.

Studies unavailable in English or French, involving indi-
viduals undergoing elective surgical procedures or receiving
palliative care, including social admissions, or with histori-
cal control groups were ineligible.

Search Strategy and Study Selection

An information specialist conducted the literature search
with input from team members with expertise in the clini-
cal area to identify keywords reflective of the ACE model
(Appendix S1 of the electronic supplementary material).
Electronic databases searched were as follows: Evidence-
Based Medicine Reviews consisting of the Cochrane Library,
DARE, HTA, NHSEED and ACP; MEDLINE; EMBASE;
CINAHL; Proquest Dissertations and Theses; PubMed;
Web of Science; SciSearch; PEDro; Sigma Theta Tau
International’s registry of nursing research; Joanna Briggs
Institute; CRISP; and OT Seeker. Internet search engines
included Google, Yahoo, Scirus, Healia, and HON. Hand-
searching was conducted in theGerontologist, Age and Age-
ing, JAMA, and bibliographies of all included articles and
previous systematic reviews.

Two reviewers independently screened abstracts of the
retrieved citations for potential inclusion. Disagreements
about eligibility were resolved by consensus between two
reviewers. Where consensus could not be reached, a third
team member independently reviewed the abstract and
determined final inclusion. When necessary, the complete
article was reviewed to determine eligibility.

Data Extraction and Risk of Bias Assessment

Two reviewers independently extracted relevant data from
each included article and entered the data into a standard-
ized data extraction form. Information categories included
study design, participants, ACE components, healthcare
providers, occasions of measurement, and outcomes. Two
reviewers independently assessed each study’s risk of bias
using six defined domains: sequence generation; allocation
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concealment; blinding of participants, personnel, and out-
come assessors; completeness of outcome data; selective
reporting; and other sources of bias.20

Study authors were contacted if additional data were
required. Disagreements on data extraction and risk of
bias assessments were resolved by consensus with assis-
tance of a third team member.

Data Analysis

When sufficient data were available and studies were com-
parable in terms of outcomes, meta-analyses were per-
formed using REVIEW MANAGER software.20 When data were
neither retrievable from study authors nor derivable from
available data, values were not assumed for the purposes
of meta-analyses. In studies in which per-protocol and
intention-to-treat data were reported, the latter were
analyzed. Continuous and dichotomous outcomes were
analyzed using a random-effects model to calculate
weighted mean differences (WMDs) and risk ratios (RRs),
respectively, with 95% confidence intervals (CIs). P < .05
was considered statistically significant for an overall
effect. P < .10 was considered statistically significant for
heterogeneity.23 Degree of heterogeneity is reported
according to the I2 statistic, which refers to the degree of
variation between studies.20 Because of the potential for
clinical heterogeneity of study populations and ACE com-
ponents and the associated risk of a false-negative I2

statistic,24 the CIs of individual studies contained in the
forest plots were also examined.20 In situations in which
heterogeneity was statistically significant or was not statis-
tically significant but there was minimal overlap of the
CIs, sensitivity analyses were performed whereby studies
were systematically removed from meta-analyses to deter-
mine robustness of findings. Decisions for removing stud-
ies were based on their potential sources of variability;
studies conducted on surgical units were removed first,
followed by studies conducted on medical–surgical units,
and then studies that did not implement all five ACE
components, beginning with studies that implemented the
fewest components.

RESULTS

Description of Studies

Searches of all sources yielded 79,096 citations, of which
19 studies21,22,25–41 reporting on 13 trials met the inclu-
sion criteria (Figure 1). Characteristics of the 13 tri-
als21,22,25,26,28–31,35,38–41 are provided in Appendix S2
Table S1 of the electronic supplementary material.

Six thousand eight hundred thirty-nine participants were
included in this review. The average study participant was
aged 81, female (61.8%), and admitted with an acute medical
illness (81.3%),21,22,25,26,30,35,38–41 fracture (6.9%),26,29,31

unspecified acute or critical illness (11.8%),26,28,38 or other
morbidity.21,22,25,29–31,35,38–40 Sixty-two percent of the stud-
ies restricted eligibility to individuals admitted through hospi-
tal emergency departments.21,22,25,29–31,40,41

Acute geriatric unit care most often included patient-
centered care,21,22,25,26,28–31,35,38–41 followed by frequent
medical review,21,22,25,28,31,35,39–41 early rehabilitation,21,22,

25,28,31,40,41 early discharge planning,21,22,25,26,35,40,41 and
prepared environment.21,22,35,39,41 Acute geriatric unit teams
comprised predominantly physicians and nurses,21,22,25,26,
28–31,35,38–41 followed by physical therapists,21,22,25,26,
28–31,35,40,41 social workers,21,22,26,28,30,31,35,38,40,41 geriatri-
cians,21,25,29–31,38,39,41 and occupational therapists.21,22,25,26,
30,31,40 Interdisciplinary teams met regularly to plan patient
care.21,22,26,28,29,31,35,39–41

Usual care consisted of standard nursing and medical
care that was neither functionally focused21,22 nor interdis-
ciplinary team directed.21,22,25,31,41 Usual care was pro-
vided on medical,21,22,25,30,35,39–41 medical–surgical,26,28,30

or surgical orthopedic29,31 units.

Risk of Bias

Selection bias resulting from inadequate sequence genera-
tion was low in seven of the 13 studies.21,22,25,26,30,31,41

Three studies that used randomization provided insuffi-
cient information to draw conclusions in this domain28,35

or were considered not to have been properly random-
ized.29 Three studies were determined to have high
risk of selection bias because randomization was not
performed.38–40

Risk of selection bias resulting from inadequate alloca-
tion concealment was low in six of the 13 stud-
ies.21,22,25,26,31,41 Allocation was not concealed in one
study, resulting in a high risk assessment.30 In all other
studies, risk of bias was unclear because allocation infor-
mation was not provided.28,29,35,38–40

Risk of performance bias related to double blinding
(participants and personnel) was unclear because seven
studies did not provide this information.22,28,29,35,38–40

Three studies were double blinded and considered to have
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Figure 1. PRISMA flow diagram.49
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low risk of performance bias,21,26,31 whereas three studies
were not double blinded and were considered to have high
risk of performance bias.25,30,41

Risk of detection bias related to blinding of outcome
assessors was unclear because 11 studies did not provide
this information.21,22,25,26,28–30,35,38–40 One study was con-
sidered high risk because outcomes assessors were blinded
to only one of several outcomes.41 Only one study
reported that outcome assessors were blinded and was
considered to have low risk of bias.31

Risk of attrition bias related to completeness of out-
come data was low in six studies22,28–31,41 and unclear in
one.38 Six studies were considered to have high risk of bias
because of postrandomization exclusions25,39 or attri-
tion.21,26,35,40

Risk of reporting bias due to selective reporting was
low22,28,31,35,41 or unclear.25,29,30,38–40 One study26 was
considered to have high risk of reporting bias because its
length-of-stay and cost data were missing. None of the 13
studies appeared to be at risk of other sources of bias that
were not addressed in prior domains.

Effectiveness of Acute Geriatric Unit Care

Eleven meta-analyses were performed. Unpublished data
were obtained from study authors to perform meta-
analyses on functional decline between baseline 2-week
prehospital admission status and discharge,39 length of
hospital stay,27,29,39,41 mortality,35 and costs.21,41 Four
sensitivity analyses were conducted for functional decline
between baseline hospital admission status and discharge,
length of hospital stay, discharge to nursing home, and
costs.

Iatrogenic Complications

Falls and pressure ulcers were reported in the same two
studies26,31 resulting in two meta-analyses. Acute geriatric
unit care was associated with significantly fewer falls
(RR = 0.51, 95% CI = 0.29–0.88; P = .02) and nonsignifi-
cantly fewer pressure ulcers (RR = 0.49, 95% CI = 0.23–
1.04; P = .06) in acutely ill or injured older adults than
usual care.

Delirium was reported in three studies.25,31,39 Meta-
analysis of these three studies showed that acute geriatric
unit care was associated with significantly less occurrence
of delirium than usual care in acutely ill or injured older
adults (RR = 0.73, 95% CI = 0.61–0.88; P = .001).

Functional Decline

Functional decline between baseline 2-week prehospital
admission status and discharge was reported in six stud-
ies.21,22,31,39–41 Meta-analysis of these six studies indicated
that individuals receiving acute geriatric unit care were
13% significantly less likely to experience functional
decline between their baseline 2-week prehospital admis-
sion status and discharge than those receiving usual care
(RR = 0.87, 95% CI = 0.78–0.97; P = .01).

Functional decline between baseline hospital admis-
sion status and discharge was reported in four stud-
ies.21,22,40,41 Meta-analysis of these four studies showed
that, compared to usual care, individuals receiving acute

geriatric unit care experienced no significant difference in
risk of functional decline between baseline hospital admis-
sion status and discharge (RR = 0.83, 95% CI = 0.64–
1.08; P = .16). Significant statistical heterogeneity was
observed for this comparison. With removal of one outlier
study40 during sensitivity analysis, statistical heterogeneity
was resolved, although the effect remained nonsignificant
(Table 1).

Length of Hospital Stay

Length of hospital stay was reported in 12 stud-
ies,21,25–31,38–41 with complete data in 11.21,25,31,38–41

Meta-analysis of these 11 studies showed that individuals
receiving acute geriatric unit care experienced a signifi-
cantly shorter length of hospital stay than those receiving
usual care (WMD = �1.28, 95% CI = �2.33 to �0.22;
P = .02). Significant statistical heterogeneity was observed
between studies for this comparison. After removal of seven
outlier studies25,28–31,38,39 during sensitivity analysis, the sig-
nificant effect remained (WMD = �0.61, 95% CI = �1.16
to �0.05; P = .03), and statistical heterogeneity resolved
(Table 1).

Discharge Destination

Nine studies reported whether participants were dis-
charged home.22,25,26,28–31,35,41 Meta-analysis of these nine
studies identified that individuals receiving acute geriatric
unit care were 1.05 times more likely to be discharged
home than those receiving usual care (RR = 1.05, 95%
CI = 1.01–1.10; P = .01).

Six studies reported whether participants were discharged
to a nursing home.21,25,26,28–30 Meta-analysis of these six
studies identified no significant effect, although significant
statistical heterogeneity was observed between studies for
this comparison (Table 1). With the removal of three outlier
studies26,28,29 that resolved the heterogeneity, a meta-analysis
identified that individuals receiving acute geriatric unit care
were significantly less likely than those receiving usual care
to be discharged to a nursing home (RR = 0.82, 95%
CI = 0.68–0.99; P = .04).

Mortality

Mortality was reported in 11 studies.21,22,25,26,28–31,35,39,41

Meta-analysis of these 11 studies identified no signifi-
cant difference in mortality during hospital stay between
individuals receiving acute geriatric and usual care
(Table 1).

Costs

Costs were reported in six studies,21,25–27,38,41 with com-
plete data in five studies.21,25,27,38,41 Meta-analysis of these
five studies showed that the costs of acute geriatric unit
care were nonsignificantly less than the costs of usual
care (WMD = �$431.37, 95% CI = �$933.15–$70.41;
P = .09), although clinical heterogeneity was observed
between studies for this comparison, as indicated by the
minimal overlap of one study’s CIs38 with those of the
other studies (Appendix S3 of the electronic supplementary
material). Heterogeneity was resolved with removal of
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Table 1. Results of Meta-Analyses

Outcome

Individual Studies

Included in

Meta-Analysis N

WMD (95% CI)

or RR (95% CI)a

Test for Overall

Effect, Z

(P-Value)

I2 Statistic

(P-Value) for

Heterogeneity

Iatrogenic complications
Falls Collard et al.26

Olofsson31
749 0.51 (0.29–0.88) 2.41 (.02) 0% (.55)

Pressure ulcers Collard et al.26

Olofsson31
749 0.49 (0.23–1.04) 1.87 (.06) 25% (.26)

Delirium Asplund et al.25

Olofsson31

Vidan et al.39

1,154 0.73 (0.61–0.88) 3.29 (<.001) 0% (.44)

Functional decline at
discharge from baseline
2-week prehospital
admission status

Barnes et al.41

Counsell et al.21

Landefeld et al.22

Olofsson31

Vidan et al.39

Zelada et al.40

4,485 0.87 (0.78–0.97) 2.55 (.01) 37% (.16)

Hospital admission status Barnes et al.41

Counsell et al.21

Landefeld et al.22

Zelada et al.40

3,860 0.83 (0.64–1.08) 1.41 (.16) 68% (.03)

Outlier removed Barnes et al.41

Counsell et al.21

Landefeld et al.22

3,717 0.92 (0.75–1.13) 0.83 (.41) 52% (.12)

Length of hospital
stay, daysc

Asplund et al.25

Barnes et al.41

Counsell et al.21

Covinsky et al.27, b

Fretwell et al.28

González-Montalvo et al.29

Harris et al.30

Olofsson31

Stewart et al.38

Vidan et al.39

Zelada et al.40

6,098 –1.28 (–2.33 to –0.22) 2.37 (.02) 87% (<.001)

Outliers removed Barnes et al.41

Counsell et al.21

Covinsky et al.27, b

Zelada et al.40

3,956 –0.61 (–1.16 to –0.05) 2.12 (.03) 45% (.14)

Discharge destination
Home Asplund et al.25

Barnes et al.41

Collard et al.26

Fretwell et al.28

González-Montalvo et al.29

Harris et al.30

Landefeld et al.22

Olofsson31

Somme et al.35

4,315 1.05 (1.01–1.10) 2.69 (.01) 0% (.54)

Nursing home Asplund et al.25

Collard et al.26

Counsell et al.21

Fretwell et al.28

González-Montalvo et al.29

Harris et al.30

3,378 0.96 (0.80–1.15) 0.48 (.63) 50% (.06)

Outliers removed Asplund et al.25

Counsell et al.21

Harris et al.30

2,040 0.82 (0.68–0.99) 2.10 (.04) 0% (.57)

(Continued)
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one outlier study38 during sensitivity analysis; the results
demonstrated that the costs of acute geriatric unit care were
significantly less than those of usual care (WMD = �$245.80,
95%CI = �$446.23 to�$45.38; P = .02).

Hospital Readmissions

Two studies reported on hospital readmissions within
1 month of discharge,21,31 and three reported on hospital
readmissions within 3 months of discharge.22,25,41 Meta-
analysis of these five studies identified no significant differ-
ence in hospital readmissions within 1 or 3 months of
discharge between individuals receiving acute geriatric unit
care and those of individuals receiving usual care
(Table 1).

Post Hoc Analyses

Post hoc subgroup meta-analyses were performed in the
three studies that examined the effect of the full ACE
model on the study outcomes. Results remained significant
(length of hospital stay)21,22,41 or nonsignificant (func-
tional decline between baseline hospital admission status
and discharge, mortality, and hospital readmissions)21,22,41

or were inconclusive because of heterogeneity (discharge
home)22,41 or no longer significant (functional decline
between baseline 2-week prehospital admission status and
discharge21,22,41 and costs21,27,41). The last may have been
because of low power resulting in a Type I error.

DISCUSSION

This is the first combined systematic review and meta-
analysis of acute geriatric unit care based on all or part
of the ACE model components and the first to examine
iatrogenic complications and functional decline between
baseline hospital admission status and discharge. Results
from meta-analyses demonstrate that acute geriatric unit
care including one or more ACE components and intro-
duced during the acute illness or injury phase has signifi-
cant beneficial effects over usual care in reducing falls,
delirium, functional decline between baseline 2-week pre-
hospital admission status and discharge, length of hospital
stay, discharge to a nursing home, and costs and in
increasing discharges to home. In addition, a nonsignificant
trend of finding fewer pressure ulcers was observed. Given
the demographic and health characteristics of the average

Table 1 (Contd.)

Outcome

Individual Studies

Included in

Meta-Analysis N

WMD (95% CI)

or RR (95% CI)a

Test for Overall

Effect, Z

(P-Value)

I2 Statistic

(P-Value) for

Heterogeneity

Mortality Asplund et al.25

Barnes et al.41

Collard et al.26

Counsell et al.21

Fretwell et al.28

González-Montalvo et al.29

Harris et al.30

Landefeld et al.22

Olofsson31

Somme et al.35

Vidan et al.39

6,612 1.01 (0.81–1.27) 0.13 (.90) 11% (.33)

Costs (U.S. dollars
standardized to 2000)c, d

Asplund et al.25

Barnes et al.41

Counsell et al.21

Covinsky et al.27,
b

Stewart et al.38

4,287 –431.37 (–933.15–70.41) 1.68 (.09) 44% (.13)

Outlier removed Asplund et al.25

Barnes et al.41

Counsell et al.21

Covinsky et al.27

4,226 –245.80 (–446.23 to –45.38) 2.40 (.02) 0% (.66)

Hospital readmissions Asplund et al.25

Barnes et al.41

Counsell et al.21

Landefeld et al.22

Olofsson31

3,983 1.05 (0.92–1.18) 0.69 (.49) 0% (.55)

a Risk ratios (RRs) reported for all meta-analyses of all outcomes except cost and length of hospital stay, for which weighted mean difference (WMDs) are

reported.
b Covinsky et al. 27 and Landefeld 199522 refer to the same trial. Costs and length of hospital stay data extracted from Covinsky et al. 27

c Length of hospital stay and cost data from Collard and colleagues26 were excluded from meta-analyses; the reported standard errors were deemed errone-

ous because they contradicted their associated significance levels.50

d Costs were measured according to actual costs captured in hospital financial or accounting systems or charge data, which approximates costs of care

using diagnostic information about each participant. When individuals were recruited into a study that covered a number of years, the cost year was pre-

sumed to be the middle year. When a year of recruitment was unavailable, the cost year was estimated to be 4 years before the publication date. Cost con-

versions performed June 22, 2012, using a Web-based cost converter endorsed by the Campbell and Cochrane Economics Methods Group.20

CI = confidence interval.
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study participant, these findings are mainly applicable to
octogenarians admitted through the emergency department
with acute illnesses or injuries and other morbidities.

Implications for Practice and Policy

The findings have relevance for clinicians, hospital admin-
istrators, policy-makers, and funders. By implementing all
or part of the ACE model components during older adults’
acute illness or injury phase, clinicians may anticipate
small to moderate beneficial effects on the outcomes found
to be significant in the meta-analyses. Although further
research is needed, clinicians may also anticipate fewer
pressure ulcers. Patient-centered care, frequent medical
review, early rehabilitation, and early discharge planning
were provided in more than half the studies and may rep-
resent the optimal ACE components for positive outcome
achievement. Interdisciplinary team work was also a
unique characteristic of acute geriatric unit care and may
be important for clinicians to consider in their practice.

The findings are applicable to the care of acutely ill
and injured older adults on medical, surgical, and medical–
surgical units, and they address concerns about limited
applicability and benefit of ACE to nonmedical patient
groups and units.42 Older adults with acute injuries typically
have comorbidities that precipitated the injury and compli-
cate its management and therefore benefit from a function-
focused prehabilitation approach.

Hospital administrators may anticipate cost savings of
approximately $246 per hospital stay in U.S. dollars stan-
dardized to 2000 and more than a half-day shorter hospi-
tal stay than with usual care. Older adults account for
50% of Canadian43 and 45% of U.S.44 hospital expendi-
tures. With projected increases in age demographics in
both countries,3 this cost difference may represent a signifi-
cant future source of financial saving to both healthcare
systems. This finding addresses cost-ineffectiveness12 and
cost-prohibitiveness45 barriers to adopting the ACE model.

By establishing ACE as the preferred model of care,
policy-makers can play an influential role in its adoption and
in the improvement of patient- and system-level outcomes.
By changing reimbursement or charge rates and by establish-
ing targets for cost and resource efficiency for older people’s
care, funders can create the external and substantive struc-
tural incentives needed to move ACE into the “mainstream of
hospital care.”46

Comparison with Previous Research

The findings of the current study are similar to those of an
earlier meta-analysis of older adults with medical disor-
ders18 that found that acute geriatric unit care, which
may or may not have included the ACE components, had
significant effects on preventing functional decline between
baseline 2-week prehospital admission status and discharge,
increasing discharges home, and reducing costs and nonsig-
nificant effects on mortality and hospital readmissions.
However, in contrast to the earlier meta-analysis, which
found nonsignificant or inconclusive effects on length of
hospital stay or discharges to a nursing home,18 the cur-
rent meta-analysis identified significant reductions in length
of hospital stay and discharges to a nursing home after

acute geriatric unit care in which ACE components were
provided in varying degrees. These findings concur with a
prior narrative analysis comparing ACE with usual care
units.15

This review included six new randomized31,35,41 and
quasi-experimental29,39,40 trials, which resulted in larger
sample sizes of many of the meta-analyses than in prior
research. CIs were also more precise for most outcomes
than were those of prior meta-analyses.18

Strengths and Limitations of the Review

This review had little missing data because six study
authors21,27,29,35,39,41 provided unpublished data, minimiz-
ing publication bias. The review included a small number
of studies with limited information regarding study meth-
ods, which restricted the ability to draw conclusions
regarding level of bias in several domains. Although ran-
domization was used in most studies, six21,25,26,35,39,40 had
postrandomization exclusions or did not report related
information, which may have contributed to an overesti-
mation of effect sizes. Sample sizes in the meta-analyses on
iatrogenic complications were modest, which may have
influenced the imprecision of the estimates.

Although this review included a diverse group of
individuals admitted to medical, medical-surgical, or
surgical units, heterogeneity was low in the majority of
meta-analyses, supporting validity of the results. It was not
possible to perform subgroup meta-analyses (medical vs
surgical) because three studies did not report results sepa-
rately for medical and surgical patients26,28,38 and because
of the potential for bias with small and uneven distribution
of groups.20

Implications for Future Research

This review highlights the limited number of studies exam-
ining the effectiveness of acute geriatric unit care based on
all or part of the ACE model components on outcomes of
importance to older adults and service providers, specifi-
cally iatrogenic complications, costs, and hospital readmis-
sions. With increasing concerns about safe and fiscally
responsible care that does not result in hospital readmis-
sions,47 future research should examine the effectiveness of
acute geriatric unit care on these outcomes.

Future research should explore the effectiveness of the
ACE components with surgical patients. As ACE continues
to be adopted and tested in the care of older surgical
patients, future researchers may conduct subgroup analyses
to compare its effectiveness in medical patients with its
effectiveness in surgical patients.

Most studies restricted entry to individuals admitted
through the emergency department. Given the importance
of community services,48 future trials should include older
adults admitted to the hospital through avenues other than
the emergency department. Future trials should also pro-
vide more-detailed descriptions of the methods used to
facilitate assessment of the risk of bias and interpretation
of results.

A prior meta-analysis18 examining the effectiveness of
admission to acute geriatric units excluded studies that lim-
ited admission to acutely injured individuals but included
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studies with mixed samples of acutely ill and injured individ-
uals. Inclusion of both types of studies in the current analy-
sis did not lead to any more heterogeneity than previously
reported, supporting the inclusion of acutely ill and injured
older individuals in future meta-analyses.

Last, this review illustrates that few trials have exam-
ined the effectiveness of the full ACE model. Future
updates of this review may enable new studies that explore
the full ACE model to be incorporated into these subgroup
meta-analyses, which will help to more accurately deter-
mine the effectiveness of the full ACE model.
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lez-Montalvo, Landefeld, Somme, and Vidan for gener-
ously providing us with their data.

Conflict of Interest: Financial support provided by
Canadian Institutes of Health Research Grant KRS-94307
and Faculty of Health Minor Research Grant, York Uni-
versity. Mary Fox was supported by an Ontario Ministry
of Health and Long-Term Care Career Scientist Award,
Kelly O’Brien by a CIHR Fellowship, Dina Brooks by a
Canada Research Chair, and Deborah Tregunno by an
Ontario Ministry of Health and Long-Term Care Senior
Nurse Research Award while conducting this study.

The editor in chief has reviewed the conflict of interest
checklist provided by the authors and has determined that
the authors have no financial or any other kind of personal
conflicts with this paper.

Author Contributions: Study concept: Fox. Study
design: Fox, Maimets, O’Brien, Brooks, and Tregunno.
Literature searching and initial records screening: Fox,
Persaud, and Maimets. Abstract and article screening for
eligibility and risk of bias assessments: Fox, Persaud,
O’Brien, Brooks, and Tregunno. Cost analysis and write-
up: Schraa. Data extraction and interpretation: Fox,
Persaud, O’Brien, Brooks, and Tregunno. Data analysis:
Fox, Persaud, and O’Brien. Manuscript preparation: Fox.
Critical revision of manuscript: Persaud, Maimets, O’Brien,
Brooks, and Tregunno.

Sponsor’s Role: None.

REFERENCES

1. Mezey M, Boltz M, Esterson J et al. Evolving models of geriatric nursing

care. Geriatr Nur 2005;26:11–15.
2. Centers for Disease Control and Prevention. Improving the health of older

Americans: A Centers for Disease Control (CDC) priority. Chronic Dis

Notes Rep 2007;18:1–23.

3. Statistics Canada. Canada’s population estimates: Age and sex [on-line].

Available at http://www.statcan.gc.ca/daily-quotidien/110928/dq110928a-

eng.htm Accessed July 15, 2012.

4. Hall MJ, DeFrances CJ, Williams SN et al. National hospital discharge sur-

vey: 2007 summary. Hyattsville, MD: National Center for Health Statistics,

2010 [on-line]. Available at http://www.cdc.gov/nchs/data/nhsr/nhsr029.pdf

Accessed July 15, 2012.

5. Health Care in Canada, 2011: A focus on seniors and aging. Ottawa:

Canadian Institutes of Health Information, 2011. Available at https://secure.

cihi.ca/free_products/HCIC_2011_seniors_report_en.pdf Accessed July 15,

2012.

6. Walsh KA, Bruza JM. Review: Hospitalization of the elderly. Ann Long-

term Care 2007;15:18–23.
7. Covinsky KE, Palmer RM, Fortinsky RH et al. Loss of independence in

activities of daily living in older adults hospitalized with medical illnesses:

Increased vulnerability with age. J Am Geriatr Soc 2003;51:451–458.
8. Brown CJ, Friedkin RJ, Inouye SK. Prevalence and outcomes of low mobil-

ity in hospitalized older patients. J Am Geriatr Soc 2004;52:1263–1277.
9. Johnson M, Holthaus D, Harvell J et al. Medicare post-acute care: Quality

measurement final report [on-line]. Available at http://aspe.hhs.gov/daltcp/

reports/mpacqm.htm#chapIV Accessed July 15, 2012.

10. Palmer RM, Counsell SR, Landefeld SC. Acute care for elders units: Practi-

cal considerations for optimizing health outcomes. Dis Manag Health Out-

comes 2003;11:507–517.
11. Covinsky KE, Palmer RM, Kresevic DM et al. Improving functional out-

comes in older patients: Lessons from an acute care for elders unit. Jt

Comm J Qual Improv 1998;24:63–76.
12. Amador LF, Reed D, Lehman CA. The acute care for elders unit: Taking

the rehabilitation model into the hospital setting. Rehabil Nurs

2007;32:126–132.
13. Wong RYM, Shaw M, Acton C et al. An interdisciplinary approach to

optimize health services in a specialized acute care for elders unit. Geriat

Today 2003;6:177–186.
14. Allen K, Turner T. Effectiveness of acute care of the elderly (ACE) units.

South Health 2008:1–24.
15. Ahmed NN, Pearce SE. Acute care for the elderly: A literature review.

Popul Health Manag 2010;13:219–225.
16. Parker G, Bhakta P, Katbamna S et al. Best place of care for older people

after acute and during subacute illness: A systematic review. J Health Serv

Res Policy 2000;53:176–189.
17. Day P, Rasmussen P. What is the evidence for the effectiveness of special-

ized geriatric services in acute, post-acute and sub-acute settings? A critical

appraisal of the literature. N Z Health Technol Assess 2004;7:1–169.
18. Baztán JJ, Suárez-Garcı́a, Lóez-Arrieta J et al. Effectiveness of acute geriat-

ric units on functional decline, living at home, and case fatality among older

patients admitted to hospital for acute medical disorders: Meta-analysis.

BMJ 2009;338:b50.

19. Permpongkosol S. Iatrogenic disease in the elderly: Risk factors, conse-

quences, and prevention. Clin Interv Aging 2011;6:77–85.
20. Higgins JPT, Green S. Cochrane handbook for systematic reviews of inter-

ventions. The Cochrane Collaboration, 2011 [on-line]. Available at www.

cochrane-handbook.org Accessed July 15, 2012.

21. Counsell SR, Holder CM, Liebenauer LL et al. Effects of a multicompo-

nent intervention on functional outcomes and process of care of hospital-

ized older patients: A randomized controlled trial of Acute Care for Elders

(ACE) in a community hospital. J Am Geriatr Soc 2000;48:1572–1581.
22. Landefeld CS, Palmer RM, Kresevic DM et al. A randomized trial of care

in a hospital medical unit especially designed to improve the functional

outcomes of acutely ill older patients. N Engl J Med 1995;332:1338–
1344.

23. Lau J, Ioannidis JPA, Schmid CH. Quantitative synthesis in systematic

reviews. Ann Intern Med 1997;127:820–826.
24. West SL, Gartlehner G, Mansfield AJ et al. Comparative effectiveness

review methods: Clinical heterogeneity. Rockville, MD: Agency for Health-

care Research and Quality (US), 2010 [on-line]. Available at http://www.

ncbi.nlm.nih.gov/books/NBK53317/ Accessed July 15, 2012.

25. Asplund K, Gustafson Y, Jacobsson C et al. Geriatric-based versus general

wards for older acute medical patients: A randomized comparison of out-

comes and use of resources. J Am Geriatr Soc 2000;48:1381–1388.
26. Collard AF, Bachman SS, Beatrice DF. Acute care delivery for the geriatric

patient: An innovative approach. Qual Rev Bull 1985;11:180–185.
27. Covinsky KE, King JT, Quinn LM et al. Do acute care for elders units

increased hospital costs? A cost analysis using the hospital perspective.

J Am Geriatr Soc 1997;45:729–734.
28. Fretwell MD, Raymond PM, McGarvey ST et al. The Senior Care Study.

A controlled trial of a consultative/unit-based geriatric assessment program

in acute care. J Am Geriatr Soc 1990;38:1073–1081.

2244 FOX ET AL. DECEMBER 2012–VOL. 60, NO. 12 JAGS



29. Gonzalez-Montalvo JI, Alarcon T, Mauleon JL et al. The orthogeriatric

unit for acute patients: A new model of care that improves efficiency in the

management of patients with hip fracture. Hip Int 2010;20:229–235.
30. Harris RD, Henschke PJ, Popplewell PY et al. A randomised study of

outcomes in a defined group of acutely ill elderly patients managed in a

geriatric assessment unit or a general medical unit. Aust NZ J Med

1991;21:230–234.
31. Olofsson B. Old people with femoral neck fracture: Delirium, malnutrition

and surgical methods—an intervention program [dissertation]. Umeå, Sweden:
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