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Abstract 

Background: Evidence on the effects of Acute Care for Elders (ACE) units in frail older adults remains limited. There‑
fore, we aimed to evaluate the effects of the ACE unit on functional outcomes in frail older adults.

Methods: In this prospective observational study, we enrolled 114 consecutive patients aged 65 years and older 
admitted to the ACE unit for acute medical conditions between October 2019 and September 2020. The FRAIL scale 
(5‑question assessment of fatigue, resistance, aerobic capacity, illnesses, and loss of weight) was used to classify 
the patients into three groups: robust (score = 0, n = 28), prefrail (score = 1–2, n = 57), and frail (score = 3–5, n = 29). 
The primary outcome was the activities of daily living (ADL) measured by the Barthel Index at admission and before 
discharge. Paired sample t‑test was employed to determine the difference in ADL. Multiple linear regression analysis, 
with adjustment for covariates, was conducted to examine the association between frailty status and change in ADL.

Results: Among 114 patients enrolled (mean age, 79.8 ± 8.1 years; mean length of stay, 6.4 ± 5.6 days), 77 (67.5%) 
were female. ADL at admission (60.3 ± 31.9) and before discharge (83.7 ± 21.6) were significantly different (P < 0.001). 
After covariates adjustment, a significant association between frailty status and change in ADL was found (prefrail vs. 
robust: β = 9.0, 95% confidence interval [CI] 0.3–17.6, P = 0.04; frail vs. robust: β = 13.4, 95% CI 2.7–24.0, P = 0.01).

Conclusions: Older adults with frailty experienced functional improvement after admission to the ACE unit. Prefrail 
and frail groups were associated with a more significant change in ADL between admission and discharge compared 
to the robust group.
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Background
Frailty is a common and important geriatric syndrome 
associated with adverse outcomes, including hospitali-
zation, disability, and mortality [1–4]. The prevalence of 
frailty in acute care settings varies from 33.5 to 68.5% [5]. 
Hospitalized frail older adults have higher rates of hospi-
tal-associated disability [6]. While the illness is treated 

during hospital admission, hospitalization itself may lead 
to limited functional recovery or even a new functional 
decline [7]. Moreover, hospitalized older adults who are 
discharged with new or additional disability in activities 
of daily living (ADL) have a poor long-term prognosis of 
functional recovery [8].

Acute Care for Elders (ACE) units are currently one of 
the strongest evidence that redesigned age-friendly care 
systems could improve functional outcomes and increase 
the likelihood of discharge to home [9–11]. ACE units 
provide age-friendly environments, patient-centered 
care, disability prevention and rehabilitation, medical 
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care review, and early discharge planning [12]. The core 
components of ACE units are the interdisciplinary team-
based care and comprehensive geriatric assessment, 
which are essential interventions in preventing and treat-
ing frailty [12, 13]. In a prospective controlled trial, older 
patients with severe frailty admitted to a comprehensive 
geriatric assessment (CGA) unit, one kind of ACE unit, 
were associated with a lower risk of functional decline, 
compared to those who received conventional acute care; 
however, the study measured ADL only before discharge 
and three months after that without considering the 
functional change during hospitalization [14].

The effect of functional disabilities recovery in rela-
tion to frailty status in geriatric care units remained 
undermined. One retrospective observational study in 
an acute geriatric ward showed that an increasing frailty 
status may be related to a lower functional recovery 
[15]; however, in a prospective case study in a geriatric 
evaluation and management (GEM) unit, which was a 
ward model of CGA with rehabilitation, frailer patients 
showed greater functional improvement [16]. Moreover, 
since admission to ACE units is usually short-term and 
their availability is limited, early identification of suitable 
hospitalized patients based on their frailty status is essen-
tial to maximize the effective use of the units. Thus, we 
aimed to determine whether frailty status is a determin-
ing factor for functional recovery (ADL) in an ACE unit.

Methods
Study design and setting
In this prospective observational study, patients from the 
acute geriatric ward of Hualien Tzu Chi Hospital between 
October 2019 to September 2020 were enrolled. The 
acute geriatric ward, an ACE unit, is the first and the only 
of its kind in eastern Taiwan and provides integrated care 
for older patients. The ACE unit provides age-friendly 
environments, patient-centered care, disability preven-
tion and rehabilitation, medical care review, and early 
discharge planning. In addition to three geriatricians with 
expertise in the care of older adults, one trained geriatric 
resource nurse is involved in the team as a care manager. 
Extended team members include a clinical pharmacist, 
dietitian, social worker, as well as physical, occupational, 
and speech-language therapists. Multidisciplinary team 
meetings are conducted at least once weekly.

Study population
We included patients aged ≥ 65  years who required 
acute inpatient medical care. Patients who were totally 
dependent for personal care before admission and those 
approaching the end of life were excluded. We also 
excluded those transferred to another unit within 24  h 

of admission, as they could not accept full ACE care and 
complete the assessments.

Data collection
All the following data were collected by the trained geri-
atric resource nurse. We collected frailty status as well 
as the baseline clinical and demographic characteristics 
within 48 h of admission.

Baseline clinical and demographic characteristics
We obtained information on age, sex, principal diagnosis, 
length of stay, body mass index (BMI), Lawton Instru-
mental Activities of Daily Living (IADL) [17], Mini-Men-
tal State Examination (MMSE) [18], five-item Geriatric 
Depression Scale (GDS-5) [19], Charlson Comorbidity 
Index (CCI) [20], and potentially inappropriate medica-
tion (PIM) [21].

Assessment of frailty
The FRAIL scale is a validated tool for frailty evaluation 
and is composed of the following five domains: fatigue, 
resistance, ambulation, illness, and loss of weight [22, 
23]. Based on the total score, which ranges from 0 to 5 (1 
point for each domain; 0 = best and 5 = worst), patients 
could be classified into three groups: robust (score = 0), 
prefrail (score = 1–2), and frail (score = 3–5). Moreover, 
this simple five-question scale is an optimal screening 
tool for clinicians to identify persons with frailty at risk of 
functional decline and mortality [23].

Outcome measures
The associations of FRAIL scale categories (frail vs. 
robust; prefrail vs. robust) with functional change at 
admission and before discharge were examined based 
on ADL, short physical performance battery (SPPB), and 
grip strength.

ADL
Disability was assessed using the Barthel Index for ADL 
measurement [24, 25]. Basic ADL included the following 
ten items: feeding, bathing, grooming, dressing, bowel 
control, bladder control, toilet use, transfers, mobility 
on level surfaces, and stairs. The total ADL score was the 
sum of each item, which ranged from 0 to 100. A higher 
ADL score reflected a higher level of independence. We 
obtained ADL scores by interviewing the patients or their 
surrogates at three time points: baseline ADL (two weeks 
pre-admission), ADL at admission, and ADL before 
discharge.
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SPPB
The SPPB is a simple measure of lower extremity perfor-
mance using three-component tasks: static balance, gait 
speed, and chair stand [26]. Static balance was assessed 
with the patients standing in side-by-side, semi-tandem, 
and tandem positions; gait speed was evaluated with a 
4-m walking test; chair stand was measured by the time 
needed to perform chair stand five times. Each compo-
nent task was scored 0–4; the total score ranged from 0 
(worst) to 12 (best).

Grip strength
Grip strength was assessed using a hand dynamometer 
(Smedley, TTM, Tokyo, Japan). The assessment was per-
formed three times. All patients were instructed to hold 
the dynamometer with their dominant hand without 
squeezing their arms to their body in a standing or sitting 
position, depending on their ability [27, 28]. The best per-
formance was used in the analysis.

Statistical analysis
We divided the patients into three groups according to 
FRAIL score: robust (score = 0), prefrail (score = 1–2), 
and frail (score = 3–5). We used descriptive statistics to 
estimate the baseline clinical and demographic character-
istics. One-way analysis of variance for continuous vari-
ables and chi-square test for categorical variables were 
used to compare population characteristics across three 
FRAIL groups. The difference in ADL, SPPB, and grip 
strength at admission and before discharge was deter-
mined using a paired sample t-test. We applied Pear-
son’s correlation coefficient to evaluate the relationship 
between the length of stay and ADLs (including baseline 
ADL and ADL at admission). To assess whether frailty 
status was a predictor of functional recovery in an ACE 
unit, we employed multiple linear regression and exam-
ined the association between frailty status and the change 
in ADL (discharge ADL score minus admission ADL 
score) after adjusting for age, sex, CCI, BMI, MMSE, 
GDS-5, and PIM. We also applied multiple linear regres-
sion using frailty status, baseline ADL, length of stay, and 
principal diagnosis, as the independent variables for the 
ADL changes. A two-tailed probability value of < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using the IBM SPSS Statistics for Win-
dows, version 22 (IBM Corp., Armonk, NY, USA).

Results
Of the 120 patients who were admitted to the ACE unit, 
five who were totally dependent for personal care and 
approaching the end of life and one who was trans-
ferred to another ward on the same admission date 

were excluded. The remaining 114 participants were 
classified into three groups by FRAIL score: robust 
(n = 28, 24.6%), prefrail (n = 57, 50%), and frail (n = 29, 
25.4%). The mean age was 79.8 ± 8.1  years, and 77 
(67.5%) were females. The three most common causes 
of admission were urinary tract infection (38.6%), 
pneumonia (10.5%), and gastric ulcer (8.8%). The aver-
age length of stay was 6.4 ± 5.6 days. Most patients had 
multimorbidity (mean CCI, 5.6 ± 1.8). A comparison of 
the baseline clinical and demographic characteristics of 
the patients in the robust, prefrail, and frail groups are 
shown in Table 1. Age increased with increasing frailty 
status of the patient (mean age: robust, 78.4 ± 8.4 years; 
prefrail, 78.8 ± 8.1  years; frail, 83 ± 6.9  years). Patients 
in the frail group were more dependent on baseline 
ADL (before admission) and IADL (at admission) than 
those in the prefrail and robust groups (mean base-
line ADL: robust, 98.8 ± 3.5; prefrail, 84.3 ± 23.2; frail, 
69.7 ± 29.5; mean IADL: robust, 6.5 ± 1.7; prefrail, 
4.7 ± 3.1; frail, 2.2 ± 2.7). Regarding cognitive func-
tion and mood, the frail group had a significantly lower 
MMSE score and a higher GDS-5 score than the other 
groups. Length of stay was not associated with frailty 
status, baseline ADL and ADL at admission. There were 
49 patients (43.0%) who reported a fall history one year 
before admission. 4 patients (3.5%) had delirium, and 2 
patients (1.8%) had falls during hospitalization.

Table  2 shows the effect of the ACE unit on ADL, 
SPPB, and grip strength at admission and discharge. 

Table 1 Baseline clinical and demographic characteristics by 
frailty status

Note. Data are presented as n (%) or mean (standard deviation). BMI Body 
mass index (calculated as weight in kilograms divided by height in meters 
squared), ADL Activities of daily living (measured by the Barthel Index; range, 
0–100), Lawnton IADL Lawton instrumental activities of daily living (range, 0–8), 
MMSE Mini-mental state examination (range, 0–30), GDS-5 Five-item geriatric 
depression scale (range, 0–5), PIM Potentially inappropriate medication, CCI 
Charlson comorbidity index (range, 0–37)

Variable Robust Prefrail Frail P-value
n = 28 n = 57 n = 29

Demographic data

 Age, years 78.4 (8.4) 78.8 (8.1) 83.0 (6.9) 0.04

 Female, n (%) 18 (64.3) 39 (68.4) 20 (69.0) 0.91

 BMI (kg/m2) 25.3 (3.7) 25.1 (4.9) 24.4 (3.3) 0.68

Clinical data

 ADL before admission 98.8 (3.5) 84.3 (23.2) 69.7 (29.5)  < 0.001

 Lawton IADL 6.5 (1.7) 4.7 (3.1) 2.2 (2.7)  < 0.001

 MMSE 21.3 (5.6) 18.9 (5.7) 16.6 (6.3) 0.01

 GDS‑5 0.4 (0.7) 0.8 (1.3) 1.6 (1.5) 0.002

 PIM 0.4 (1.2) 0.4 (0.8) 0.5 (0.9) 0.91

 CCI 5.4 (2.3) 5.4 (1.6) 6.1 (1.5) 0.17

 Length of stay, days 7.3 (10.3) 5.9 (2.9) 6.6 (2.5) 0.55
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The mean admission ADL score was 60.3 ± 31.9, and 
the mean discharge ADL score was 83.7 ± 21.6. Paired 
sample t-test was used to compare the mean functional 
recovery between admission and discharge; the ADL 
was significantly different (mean ADL gain, 23.4; 95% 
confidence interval [CI], 19.7–27; P < 0.001). Regarding 
physical function, significant differences in SPPB (mean 

SPPB gain, 2.2; 95% CI, 1.7–2.7; P < 0.001) and grip 
strength (mean grip strength gain, 1.2; 95% CI, 0.5–1.8; 
P = 0.001) were found.

The effect of the ACE unit on ADL and SPPB was sig-
nificant in the different frail groups. All groups showed 
improved ADL and SPPB at discharge. The frail group 
had the most significant change in mean ADL score 
(mean ADL gain, 31.7; 95% CI, 24.5–39; P < 0.001; 
Fig. 1), and only the prefrail group showed a significant 
change in mean grip strength (mean grip strength gain, 
1.5; 95% CI, 0.4–2.5; P = 0.008).

Furthermore, multiple linear regression (Table  3) 
showed that prefrail and frail groups were significantly 
associated with ADL change between admission and 
discharge, after adjusting for age, sex, BMI, MMSE, 
GDS-5, PIM, and CCI, compared with the robust group 
(prefrail vs. robust: β = 9.0; 95% CI, 0.3–17.6; P = 0.04; 
frail vs. robust: β = 13.4; 95% CI, 2.7–24.0; P = 0.01). 
However, the frail group showed no association with 
ADL change compared with the prefrail group (frail vs. 
prefrail: β = 4.4; 95% CI, -4.4 to 13.2; P = 0.32). When 
frailty status, baseline ADL, length of stay, and prin-
cipal diagnosis were used as independent variables, 
multiple linear regression still showed a significant 
association between frail group and changes in ADL 
(frail vs. robust: β = 12.6; 95% CI, 1.7–23.6; P = 0.03) 
(Table  4). Baseline ADL, hospital length of stay, and 
principal diagnosis were not significantly associated 
with ADL change between admission and discharge.

Table 2 Functional recovery between admission and discharge 
by frailty status

Note. Data are presented as mean ± standard deviation. ADL Activities of daily 
living (measured by the Barthel Index; range, 0–100), SPPB Short physical 
performance battery (range, 0–12)

Admission Discharge Difference P-value

ADL

 Total (n = 114) 60.3 ± 31.9 83.7 ± 21.6 23.4 ± 19.7  < 0.001

 Robust (n = 28) 83.4 ± 15.6 96.8 ± 6.4 13.4 ± 13.5  < 0.001

 Prefrail (n = 57) 61.6 ± 31.3 85.6 ± 19.0 24.0 ± 20.7  < 0.001

 Frail (n = 29) 35.5 ± 27.2 67.2 ± 25.8 31.7 ± 19.1  < 0.001

SPPB

 Total (n = 114) 5.6 ± 3.7 7.8 ± 3.4 2.2 ± 2.5  < 0.001

 Robust (n = 28) 8.1 ± 2.9 9.8 ± 2.3 1.6 ± 2.4 0.002

 Prefrail (n = 57) 5.5 ± 3.4 7.9 ± 3.5 2.4 ± 2.6  < 0.001

 Frail (n = 29) 3.5 ± 3.4 5.8 ± 2.9 2.3 ± 2.4  < 0.001

Grip strength

 Total (n = 114) 17.7 ± 8.3 18.9 ± 7.6 1.2 ± 3.6 0.001

 Robust (n = 28) 20.2 ± 5.8 21.1 ± 6.3 0.9 ± 3.1 0.13

 Prefrail (n = 57) 17.5 ± 9.4 19.0 ± 8.5 1.5 ± 4.0 0.008

 Frail (n = 29) 15.7 ± 7.4 16.5 ± 6.1 0.8 ± 3.0 0.39

Fig. 1 Admission and discharge Barthel Index for activities of daily living across frailty status. Abbreviations: ADL Activities of daily living
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Discussion
This prospective observational study found that older 
patients in the ACE unit may experience varying degrees 
of functional improvement across different frailty classi-
fications based on the FRAIL scale. Compared to robust 
patients, those classified as prefrail and frail were asso-
ciated with more functional recovery between admission 
and discharge.

Based on clinical evidence, ACE units could improve 
functional outcomes [12]; however, few studies have 

examined the effect of ACE units on functional out-
comes in older patients with frailty [29]. Ekerstad et  al. 
assessed frailty with the frail elderly support research 
group (FRESH) screening instrument, and the primary 
outcome was functional decline, which was evaluated 
by the ADL Staircase three months after discharge from 
the CGA unit. The CGA unit was essentially the same 
as the ACE unit. They found that most older patients 
with frailty in the CGA unit had no ADL change at the 
3-month follow-up [14]. In the same clinical trial, older 
patients with frailty in the CGA unit improved signifi-
cantly in all components of physical function, including 
handgrip strength, timed up-and-go test, and the 6-min 
walk test [30]. Our study found that older patients may 
benefit from the ACE unit care even during a short hos-
pitalization period, and their ADL and physical function 
have improved.

This study was the first to use the FRAIL scale at admis-
sion to evaluate whether different baseline frailty status is 
a predictor of recovery of ADL function in an ACE unit. 
We confirmed that patients classified as prefrail and frail 
were associated with more functional improvement. 
The International Conference of Frailty and Sarcopenia 
Research has suggested the FRAIL scale as a screening 
tool for frailty [31]. It is a validated tool to predict dis-
ability with a similar extent to that of the Fried frailty 
phenotype and is more feasible than the Fried criteria 
in hospitalized older patients [32, 33]. In the acute hos-
pitalization of geriatric patients with fracture and heart 
failure, previous studies showed that frailty, as assessed 
by the FRAIL scale, was associated with poor outcomes 
[34, 35].

Table 3 Multiple linear regression using frailty status and CGA 
components as the independent variables for the ADL changes 
between admission and discharge

Note. CGA  Comprehensive geriatric assessment, ADL Activities of daily living, CI 
confidence interval, CCI Charlson comorbidity index (range, 0–37), BMI Body 
mass index, MMSE Mini-mental state examination (range, 0–30), GDS-5 Five-item 
geriatric depression scale (range, 0–5), PIM Potentially inappropriate medication

Variable Unstandardized 
coefficients B

95% CI P-value

Age, years ‑0.02 ‑0.5 to 0.5 0.93

Sex (male vs female) ‑0.2 ‑7.7 to 7.3 0.96

CCI 1.7 ‑0.4 to 3.9 0.12

Frailty status
 Prefrail vs robust 9.0 0.3 to 17.6 0.04

 Frail vs robust 13.4 2.7 to 24.0 0.01

CGA components
 BMI (kg/m2) ‑0.4 ‑1.3 to 0.5 0.37

 MMSE ‑0.6 ‑1.2 to 0.04 0.07

 GDS‑5 0.4 ‑2.4 to 3.3 0.75

 PIM 2.5 ‑1.4 to 6.3 0.20

Table 4 Multiple linear regression using frailty status, baseline ADL, length of stay and principal diagnosis, as the independent 
variables for the ADL changes between admission and discharge

Note. ADL Activities of daily living, CI Confidence interval, CCI Charlson Comorbidity Index (range, 0–37)
a Patients with other diagnoses referred to all patients excluding those with the three most common principal diagnoses (urinary tract infection, pneumonia and 
gastric ulcer)

Variable Unstandardized coefficients B 95% CI P-value

Age, years 0.01 ‑0.5 to 0.5 0.96

Sex (male vs female) ‑0.1 ‑7.9 to 7.8 0.98

CCI 1.9 ‑0.2 to 4.1 0.08

ADL before admission ‑0.1 ‑0.3 to 0.04 0.13

Length of stay, days ‑0.2 ‑0.8 to 0.5 0.58

Frailty status
 Prefrail vs robust 8.6 ‑0.5 to 17.8 0.06

 Frail vs robust 12.6 1.7 to 23.6 0.03

Principal diagnosis
 Urinary tract infection vs other  diagnosesa ‑0.3 ‑8.4 to 7.9 0.95

 Pneumonia vs other  diagnosesa ‑2.9 ‑15.4 to 9.6 0.65

 Gastric ulcer vs other  diagnosesa 4.5 ‑8.8 to 17.9 0.50
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Identifying the frailty status of patients in ACE units 
has below benefits that may contribute to the preven-
tion or treatment of hospital-associated disability. Dur-
ing identifying the frailty status, the interdisciplinary 
team may be prompted with potential causes of frailty. 
For example, in patients with fatigue, in addition to treat-
ing acute illness, further investigation on possible related 
causes, such as postural hypotension, depression, hypo-
thyroidism, vitamin B12 deficiency, and anemia, should 
be performed [36]. Moreover, patients classified as pre-
frail and frail, excluding those who are totally dependent 
for personal care [37, 38], have the potential for func-
tional improvement, which is supported by the findings 
of our study and those of a previous study on GEM unit 
[16]. Furthermore, in an ACE unit, physical and occu-
pational therapists provide multicomponent physical 
activity programs, dietitians recommend protein/caloric 
supplementation, and clinical pharmacists ensure that 
polypharmacy and medication-related harm are pre-
vented. These strategies to avoid hospital-associated dis-
ability are also recommended as core interventions to 
prevent and treat frailty [31, 39]. Lastly, for areas with 
limited ACE resources, an ideal predictor of functional 
recovery, such as the FRAIL scale, may be needed when 
screening for older patients suitable for admission to 
ACE units.

Our study showed that lower extremity physical func-
tion, as measured by SPPB, improved in the three frail 
groups. Physical function was described as the capacity of 
an individual to perform physical ADL [40]. ADL evalu-
ated by the Barthel Index [24], which is filled in by ask-
ing the patient or proxy, may be associated with recall 
bias. On the other hand, physical function tests, includ-
ing handgrip strength, five-time chair standing, and 6-min 
walk test, could be performed objectively. These tests 
were found to be impaired in acutely hospitalized older 
patients with frailty [41]. Thus, our study used both ADL 
and physical function assessment to evaluate functional 
changes during hospitalization and for more reliable iden-
tification of the effect of the ACE unit.

The strengths of this study included its prospective 
design, which helped in the tracing of nearly all acutely 
hospitalized older patients in the ACE unit. Moreover, 
the measurements of frailty and functional outcomes 
using the FRAIL scale, Barthel Index, SPPB, and grip 
strength were feasible in the acute hospital setting, 
which in turn facilitated the identification of the asso-
ciation between frailty and functional change. In addi-
tion, we used different functional outcomes, including 
ADL and physical function, thereby making the evalua-
tion of the effect of the ACE unit on older patients with 
different degrees of frailty possible.

This study has some limitations. First, our study 
excluded those patients with total dependence for per-
sonal care and approaching the end of life, which dimin-
ished the generalizability of our findings. However, 
patients with severe disabilities should be considered ter-
minally ill and thus require care different from that in the 
frailty care spectrum; individual palliative care should be 
arranged [42]. Second, the baseline Barthel Index of the 
robust group was higher than that of the other groups; 
thus, a ceiling effect possibly made the robust group 
less sensitive to the effect of the ACE unit. Neverthe-
less, the inverse relationship between the magnitude of 
ADL change and the baseline ADL in our study could 
also be interpreted as a rate-dependency phenomenon; 
that is, the intervention response rate is highest among 
individuals with the lowest baseline values [43]. The 
result of the SPPB change was also in accordance with 
the ADL change. Lastly, the relatively small sample size 
and the absence of a control group might have limited the 
assessment of the effect of the ACE unit in different frail 
groups. Nonetheless, we identified the predictive effect of 
baseline frailty status in our study, which suggested that 
evaluating the frailty status at the beginning of hospitali-
zation was essential in acute geriatric care.

Conclusion
In conclusion, the ACE unit was associated with func-
tional improvement in older patients with frailty. 
Among the different frail groups based on the FRAIL 
scale, the prefrail and frail groups were associated with 
more functional recovery during hospitalization. These 
findings open the possibility for a shift from the tradi-
tional disease-focused care to a redesigned age-friendly 
care system that recognizes frailty status as an impor-
tant clinical predictor of functional improvement.

Abbreviations
ACE: Acute Care for Elders; ADL: Activities of Daily Living; CGA : Comprehensive 
Geriatric Assessment; GEM: Geriatric Evaluation and Management; BMI: Body 
Mass Index; IADL: Instrumental Activities of Daily Living; MMSE: Mini‑Mental 
State Examination; GDS‑5: Five‑item Geriatric Depression Scale; CCI: Charlson 
Comorbidity Index; PIM: Potentially Inappropriate Medication; SPPB: Short 
Physical Performance Battery; FRESH: Frail Elderly Support Research Group.

Acknowledgements
The authors would like to thank all study participants and their caregivers for 
their time and efforts.

Authors’ contributions
Study conception and design: Sheng‑Lun Kao. Acquisition of data: Yi‑Yen 
Lu, Sheng‑Lun Kao. Analysis and interpretation of data: Hsiao‑Chen Chang, 
Sheng‑Lun Kao. Preparation of manuscript: Hsiao‑Chen Chang, Sheng‑Lun 
Kao. Critical revision: Hsiao‑Chen Chang, Sheng‑Lun Kao. All authors approved 
the final version of the manuscript for publication.



Page 7 of 8Chang et al. BMC Geriatrics          (2022) 22:608  

Funding
This work was supported by TCMF‑A 107–01‑08, Buddhist Tzu Chi Medical 
Foundation. The sponsors had no role or influence in the design and conduct 
of the study; collection, management, analysis, and interpretation of the data; 
decision to publish; or preparation, review, or approval of the manuscript.

Availability of data and materials
The datasets generated and analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted according to the principles of the 1964 Declaration 
of Helsinki and later amendments. The study procedures were approved by 
the institutional review board of Hualien Tzu Chi Hospital, Taiwan (IRB 108–
168‑B). All methods were performed in accordance with relevant guidelines 
and regulations. Written informed consent was obtained from the patients or 
their proxy informant.

Consent for publication
The authors declare that they have no competing interests.

Competing interests
Not applicable.

Author details
1 Department of Family Medicine, Hualien Tzu Chi Hospital, Buddhist Tzu Chi 
Medical Foundation, No. 707, Sec. 3, Chung Yang Rd, Hualien 97002, Taiwan. 
2 Department of Nursing, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medi‑
cal Foundation, Hualien, Taiwan. 3 Department of Family Medicine, Tzu Chi 
University, Hualien, Taiwan. 4 Institute of Medical Sciences, Tzu Chi University, 
Hualien, Taiwan. 

Received: 24 October 2021   Accepted: 11 July 2022

References
 1. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: Evidence for 

a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:M146‑156. https:// 
doi. org/ 10. 1093/ gerona/ 56.3. m146.

 2. Ensrud KE, Ewing SK, Cawthon PM, et al. A comparison of frailty 
indexes for the prediction of falls, disability, fractures, and mortality in 
older men. J Am Geriatr Soc. 2009;57:492–8. https:// doi. org/ 10. 1111/j. 
1532‑ 5415. 2009. 02137.x.

 3. Chang SF, Lin HC, Cheng CL. The relationship of frailty and hospitali‑
zation among older people: evidence from a meta‑analysis. J Nurs 
Scholarsh. 2018;50:383–91. https:// doi. org/ 10. 1111/ jnu. 12397.

 4. Graham JE, Snih SA, Berges IM, Ray LA, Markides KS, Ottenbacher KJ. Frailty 
and 10‑year mortality in community‑living Mexican American older adults. 
Gerontology. 2009;55:644–51. https:// doi. org/ 10. 1159/ 00023 5653.

 5. Theou O, Squires E, Mallery K, et al. What do we know about frailty in 
the acute care setting? A scoping review. BMC Geriatr. 2018;18:139. 
https:// doi. org/ 10. 1186/ s12877‑ 018‑ 0823‑2.

 6. Gill TM, Allore HG, Gahbauer EA, Murphy TE. Change in disability 
after hospitalization or restricted activity in older persons. JAMA. 
2010;304:1919–28. https:// doi. org/ 10. 1001/ jama. 2010. 1568.

 7. Palmer RM, Landefeld CS, Kresevic D, Kowal J. A medical unit for the acute 
care of the elderly. J Am Geriatr Soc. 1994;42:545–52. https:// doi. org/ 10. 
1111/j. 1532‑ 5415. 1994. tb049 78.x.

 8. Boyd CM, Landefeld CS, Counsell SR, et al. Recovery of activities of daily 
living in older adults after hospitalization for acute medical illness. J Am 
Geriatr Soc. 2008;56:2171–9. https:// doi. org/ 10. 1111/j. 1532‑ 5415. 2008. 
02023.x.

 9. Counsell SR, Holder CM, Liebenauer LL, et al. Effects of a multicomponent 
intervention on functional outcomes and process of care in hospitalized 
older patients: a randomized controlled trial of acute care for elders (ACE) 

in a community hospital. J Am Geriatr Soc. 2000;48:1572–81. https:// doi. 
org/ 10. 1111/j. 1532‑ 5415. 2000. tb038 66.x.

 10. Landefeld CS, Palmer RM, Kresevic DM, Fortinsky RH, Kowal J. A rand‑
omized 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;332:1338–44. https:// doi. org/ 10. 1056/ NEJM1 99505 18332 2006.

 11. Baztan JJ, Suarez‑Garcia FM, Lopez‑Arrieta J, Rodriguez‑Manas L, 
Rodriguez‑Artalejo F. Effectiveness of acute geriatric 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. 
https:// doi. org/ 10. 1136/ bmj. b50.

 12. Palmer RM. The acute care for elders unit model of care. Geriatrics (Basel). 
2018;3:59. https:// doi. org/ 10. 3390/ geria trics 30300 59.

 13. Nwagwu VC, Cigolle C, Suh T. Reducing frailty to promote healthy aging. 
Clin Geriatr Med. 2020;36:613–30. https:// doi. org/ 10. 1016/j. cger. 2020. 06. 005.

 14. Ekerstad N, Dahlin Ivanoff S, Landahl S, et al. Acute care of severely frail 
elderly patients in a CGA‑unit is associated with less functional decline 
than conventional acute care. Clin Interv Aging. 2017;12:1239–49. 
https:// doi. org/ 10. 2147/ CIA. S1392 30.

 15. Hartley P, Adamson J, Cunningham C, Embleton G, Romero‑Ortuno R. 
Clinical frailty and functional trajectories in hospitalized older adults: a 
retrospective observational study. Geriatr Gerontol Int. 2017;17:1063–8. 
https:// doi. org/ 10. 1111/ ggi. 12827.

 16. Kawryshanker S, Raymond W, Ingram K, Inderjeeth CA. Effect of frailty 
on functional gain, resource utilisation, and discharge destination: an 
observational prospective study in a GEM ward. Curr Gerontol Geriatr Res. 
2014;2014: 357857. https:// doi. org/ 10. 1155/ 2014/ 357857.

 17. Lawton MP, Brody EM. Assessment of older people: self‑maintaining 
and instrumental activities of daily living. Gerontologist. 1969;9:179–86. 
https:// doi. org/ 10. 1093/ geront/ 9.3_ part_1. 179.

 18. Folstein MF, Folstein SE, McHugh PR. “Mini‑mental state:”. A practical 
method for grading the cognitive state of patients for the clinician. J Psy‑
chiatr Res. 1975;12:189–98. https:// doi. org/ 10. 1016/ 0022‑ 3956(75) 90026‑6.

 19. Hoyl MT, Alessi CA, Harker JO, et al. Development and testing of a 
five‑item version of the geriatric depression scale. J Am Geriatr Soc. 
1999;47:873–8. https:// doi. org/ 10. 1111/j. 1532‑ 5415. 1999. tb038 48.x.

 20. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas‑
sifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis. 1987;40:373–83. https:// doi. org/ 10. 1016/ 0021‑ 
9681(87) 90171‑8.

 21. By the American Geriatrics Society Beers Criteria® Update Expert Panel. 
American Geriatrics Society. Updated AGS Beers Criteria® for poten‑
tially inappropriate medication use in older adults. J Am Geriatr Soc. 
2019;2019(67):674–94. https:// doi. org/ 10. 1111/ jgs. 15767.

 22. Abellan van Kan G, Rolland YM, Morley JE, Vellas B. Frailty: toward a clini‑
cal definition. J Am Med Dir Assoc. 2008;9:71–2. https:// doi. org/ 10. 1016/j. 
jamda. 2007. 11. 005.

 23. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL) 
predicts outcomes in middle aged African Americans. J Nutr Health 
Aging. 2012;16:601–8. https:// doi. org/ 10. 1007/ s12603‑ 012‑ 0084‑2.

 24. Mahoney FI, Barthel DW. Functional evaluation: the Barthel Index. Md 
State Med J. 1965;14:61–5.

 25. Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel Index 
for stroke rehabilitation. J Clin Epidemiol. 1989;42:703–9. https:// doi. org/ 
10. 1016/ 0895‑ 4356(89) 90065‑6.

 26. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance 
battery assessing lower extremity function: ssociation with self‑reported 
disability and prediction of mortality and nursing home admission. J 
Gerontol. 1994;49:M85‑94. https:// doi. org/ 10. 1093/ geronj/ 49.2. m85.

 27. Lee WJ, Liu LK, Peng LN, Lin MH, Chen LK, ILAS Research Group. Compari‑
sons of sarcopenia defined by IWGS and EWGSOP criteria among older 
people: results from the I‑Lan longitudinal aging study. J Am Med Dir 
Assoc. 2013;14:528.e1‑7. https:// doi. org/ 10. 1016/j. jamda. 2013. 03. 019.

 28. Sousa‑Santos AR, Amaral TF. Differences in handgrip strength protocols 
to identify sarcopenia and frailty – a systematic review. BMC Geriatr. 
2017;17:238. https:// doi. org/ 10. 1186/ s12877‑ 017‑ 0625‑y.

 29. Rezaei‑Shahsavarloo Z, Atashzadeh‑Shoorideh F, Gobbens RJJ, Ebadi A, 
Ghaedamini HG. The impact of interventions on management of frailty in 
hospitalized frail older adults: a systematic review and meta‑analysis. BMC 
Geriatr. 2020;20:526. https:// doi. org/ 10. 1186/ s12877‑ 020‑ 01935‑8.

https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1111/j.1532-5415.2009.02137.x
https://doi.org/10.1111/j.1532-5415.2009.02137.x
https://doi.org/10.1111/jnu.12397
https://doi.org/10.1159/000235653
https://doi.org/10.1186/s12877-018-0823-2
https://doi.org/10.1001/jama.2010.1568
https://doi.org/10.1111/j.1532-5415.1994.tb04978.x
https://doi.org/10.1111/j.1532-5415.1994.tb04978.x
https://doi.org/10.1111/j.1532-5415.2008.02023.x
https://doi.org/10.1111/j.1532-5415.2008.02023.x
https://doi.org/10.1111/j.1532-5415.2000.tb03866.x
https://doi.org/10.1111/j.1532-5415.2000.tb03866.x
https://doi.org/10.1056/NEJM199505183322006
https://doi.org/10.1136/bmj.b50
https://doi.org/10.3390/geriatrics3030059
https://doi.org/10.1016/j.cger.2020.06.005
https://doi.org/10.2147/CIA.S139230
https://doi.org/10.1111/ggi.12827
https://doi.org/10.1155/2014/357857
https://doi.org/10.1093/geront/9.3_part_1.179
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1111/j.1532-5415.1999.tb03848.x
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.1007/s12603-012-0084-2
https://doi.org/10.1016/0895-4356(89)90065-6
https://doi.org/10.1016/0895-4356(89)90065-6
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1016/j.jamda.2013.03.019
https://doi.org/10.1186/s12877-017-0625-y
https://doi.org/10.1186/s12877-020-01935-8


Page 8 of 8Chang et al. BMC Geriatrics          (2022) 22:608 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Ahlund K, Back M, Oberg B, Ekerstad N. Effects of comprehensive geriatric 
assessment on physical fitness in an acute medical setting for frail elderly 
patients. Clin Interv Aging. 2017;12:1929–39. https:// doi. org/ 10. 2147/ CIA. 
S1496 65.

 31. Dent E, Morley JE, Cruz‑Jentoft AJ, et al. Physical frailty: icfsr inter‑
national clinical practice guidelines for identification and manage‑
ment. J Nutr Health Aging. 2019;23:771–87. https:// doi. org/ 10. 1007/ 
s12603‑ 019‑ 1273‑z.

 32. Woo J, Leung J, Morley JE. Comparison of frailty indicators based on clini‑
cal phenotype and the multiple deficit approach in predicting mortality 
and physical limitation. J Am Geriatr Soc. 2012;60:1478–86. https:// doi. 
org/ 10. 1111/j. 1532‑ 5415. 2012. 04074.x.

 33. Ibrahim K, Howson FFA, Culliford DJ, Sayer AA, Roberts HC. The feasibility 
of assessing frailty and sarcopenia in hospitalised older people: a com‑
parison of commonly used tools. BMC Geriatr. 2019;19:42. https:// doi. org/ 
10. 1186/ s12877‑ 019‑ 1053‑y.

 34. Gleason LJ, Benton EA, Alvarez‑Nebreda ML, Weaver MJ, Harris MB, 
Javedan H. FRAIL questionnaire screening tool and short‑term outcomes 
in geriatric fracture patients. J Am Med Dir Assoc. 2017;18:1082–6. https:// 
doi. org/ 10. 1016/j. jamda. 2017. 07. 005.

 35. Nozaki K, Kamiya K, Hamazaki N, et al. Validity and utility of the ques‑
tionnaire‑based FRAIL scale in older patients with heart failure: findings 
from the FRAGILE‑HF. J Am Med Dir Assoc. 2021;S1525–8610(21):00245. 
https:// doi. org/ 10. 1016/j. jamda. 2021. 02. 025.

 36. Morley JE. Rapid geriatric assessment: Secondary prevention to stop age‑
associated disability. Clin Geriatr Med. 2017;33:431–40. https:// doi. org/ 10. 
1016/j. cger. 2017. 03. 006.

 37. Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits. 
J Gerontol A Biol Sci Med Sci. 2007;62:722–7. https:// doi. org/ 10. 1093/ 
gerona/ 62.7. 722.

 38. Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty states 
among community‑living older persons. Arch Intern Med. 2006;166:418–
23. https:// doi. org/ 10. 1001/ archi nte. 166.4. 418.

 39. Covinsky KE, Pierluissi E, Johnston CB. Hospitalization‑associated dis‑
ability: “She was probably able to ambulate, but I’m not sure.” JAMA. 
2011;306:1782–93. https:// doi. org/ 10. 1001/ jama. 2011. 1556.

 40. Garber CE, Blissmer B, Deschenes MR, et al. American college of sports 
medicine position stand. Quantity and quality of exercise for developing 
and maintaining cardiorespiratory, musculoskeletal, and neuromotor fit‑
ness in apparently healthy adults: guidance for prescribing exercise. Med 
Sci Sports Exerc. 2011;43:1334–59. https:// doi. org/ 10. 1249/ MSS. 0b013 
e3182 13fefb.

 41. Ahlund K, Ekerstad N, Oberg B, Back M. Physical performance impair‑
ments and limitations among hospitalized frail older adults. J Geriatr Phys 
Ther. 2018;41:230–5. https:// doi. org/ 10. 1519/ JPT. 00000 00000 000127.

 42. Hamaker ME, van den Bos F, Rostoft S. Frailty and palliative care. BMJ 
Support Palliat Care. 2020;10:262–4. https:// doi. org/ 10. 1136/ bmjsp 
care‑ 2020‑ 002253.

 43. Quisenberry AJ, Snider SE, Bickel WK. The return of rate dependence. 
Behav Anal (Wash D C). 2016;16:215–20. https:// doi. org/ 10. 1037/ bar00 
00042.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.2147/CIA.S149665
https://doi.org/10.2147/CIA.S149665
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1111/j.1532-5415.2012.04074.x
https://doi.org/10.1111/j.1532-5415.2012.04074.x
https://doi.org/10.1186/s12877-019-1053-y
https://doi.org/10.1186/s12877-019-1053-y
https://doi.org/10.1016/j.jamda.2017.07.005
https://doi.org/10.1016/j.jamda.2017.07.005
https://doi.org/10.1016/j.jamda.2021.02.025
https://doi.org/10.1016/j.cger.2017.03.006
https://doi.org/10.1016/j.cger.2017.03.006
https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.1001/archinte.166.4.418
https://doi.org/10.1001/jama.2011.1556
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1519/JPT.0000000000000127
https://doi.org/10.1136/bmjspcare-2020-002253
https://doi.org/10.1136/bmjspcare-2020-002253
https://doi.org/10.1037/bar0000042
https://doi.org/10.1037/bar0000042

	Association of frailty and functional recovery in an Acute Care for Elders unit: a prospective observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and setting
	Study population
	Data collection
	Baseline clinical and demographic characteristics
	Assessment of frailty
	Outcome measures
	ADL
	SPPB
	Grip strength

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


