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Abstract

This systematic review and meta-analysis was performed to assess effectiveness of home-
based exercise compared with control interventions for functional rehabilitation in elderly
patients after hip fracture surgery. Comprehensive literature search was performed on
PubMed, EMBASE, Web of Science, Cochrane library, and Clinicaltrails.gov to identify
eligible randomized controlled trials (RCTs). Standard mean difference (SMD) and risk ratio
(RR) with 95% confidence interval (Cl) was calculated. The certainty of evidence of each out-
come was assessed by using Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach. A total of 28 articles reporting 21 unique RCTs (n = 2470)
were finally included. Compared with control interventions, home-based exercise signifi-
cantly improved Berg balance scale (BBS, SMD = 0.28, 95%Cl: 0.03 to 0.53, P = 0.030),
timed-up-and-go test (TUG, SMD = -0.28, 95%Cl: -0.50 to -0.07, P = 0.009), Short Fort-36
physical component score (SF-36 PCS, SMD = 0.49, 95%CI: 0.28 to 0.70, P<0.001), and
knee extensor strength (SMD = 0.23, 95%ClI: 0.09 to 0.37, P = 0.001). No significant
improvement was observed in gait speed, 6-minute walking test, short physical performance
battery performance (SPPB), activities of daily living (ADL), or fear of falling in the home
exercise group. Risk of adverse events, including emergency department visits, hospital
readmissions, and falls, did not differ between both groups. According to GRADE, the overall
certainty of evidence was moderate for usual gait speed, SPPB, ADL, fear of falling, and SF-
36 PCS, and was low or very low for the other outcomes. Our meta-analysis demonstrated
home-based exercise had positive effect on physical function after hip fracture surgery.
Home-based rehabilitation might be recommended for rehabilitation of fractured patients
after hospital discharge.

Introduction

Hip fracture is a major traumatic injury and a devastating disease for older adults, and the inci-
dence increases with age in older population aged 65 or above [1-3]. The number of hip
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fractures each year is expected to increase to 4.5 million by 2050 [4]. Hip fracture limits the
independence of activities of daily living (ADL) and significantly reduces physical activity and
quality of life during inpatient period and for a long time after discharge [5]. It is associated
with high disability and mortality in older adults with a 1-year mortality rate of approximately
14-30% [6]. Despite surgical treatment, only 40-60% of fractured patients restore their pre-
fracture level of mobility, and 40-70% recover level of ADL’S independence [7]. The impact of
hip fractures on physical function and quality of life is long-lasting, and many patients still
need long-term nursing care in an institution or at home after hip fractures [8].

Structured post-surgery rehabilitation is critical for the recovery of physical function and
self-care ability. Recent meta-analyses demonstrated that postoperative exercise significantly
improved mobility, ADL, muscle strength and balance in older adults after fracture surgery
[9, 10]. However, due to the shortage of beds and high cost for supervised institution-based
exercise, most of fractured patients will eventually return home. Thus, apart from acute or sub-
acute in-hospital rehabilitation, post-discharge exercise is still warranted for long-term func-
tional recovery. More and more attention is given to home-based rehabilitation programs to
extend rehabilitation guidance from the hospital to the home. Home-based exercise with high
feasibility, low cost, and incorporation with daily-life function, is recommended as an alterna-
tive for rehabilitation and is suitable for frail patients who cannot attend training programs
outside the home [11]. Yet, the effectiveness of home-based exercise in older adults after hip
fracture surgery is still in controversy. Several randomized controlled trials (RCT's) showed
superior performance of home-based exercise than control interventions by reducing hospital
stay and fear of falling, and improving physical activity, mobility, and independence of ADL
[12-16]. The other trials failed to find significant differences of functional recovery between
home-based rehabilitation and control interventions such as standard care or active controls
(17, 18].

Considering the conflicting results of published RCT's, we performed the present systematic
review and meta-analysis to investigate the effectiveness of home-based exercise on balance,
mobility, independence in ADL, lower extremities strength, quality of life, and fear of falling in
older adults after hip fracture surgery.

Methods
Literature search and selection

This meta-analysis was conducted in compliance with the Preferred Reporting Items for Sys-
tematic review and meta-analysis guideline (S1 Checklist) [19]. Electronic literature databases,
including PubMed, EMBASE, Web of Science, Cochrane library, and Clinicaltrials.gov, were
comprehensively searched from inception to June 31st, 2023 to identify potentially relevant
articles. The following search terms were used: (hip fracture™ OR femoral fracture™) AND
(home-based OR in-home OR home) AND (rehabilitation OR exercise OR physiotherapy OR
training). The reference lists of relevant reviews, meta-analyses and research articles were man-
ually reviewed to identify additional eligible articles. There was no language restriction.

Eligible studies were selected according to PICOS framework as follows. Participant (P):
older adults after hip fracture surgery. Intervention (I): home-based rehabilitation. Control (C):
other exercise, rehabilitation or usual care. Outcome (O): mobility, balance, activities of daily
living (ADL), muscle strength, quality of life, and adverse events including emergency depart-
ment visits, falls, and hospital readmissions. Study design (S): RCTs. Reviews, case reports,
studies with incomplete or missing data or inappropriate controls, and non-randomized stud-
ies were all excluded.
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Outcome measurements

Balance was measured by Berg balance score (BBS) and timed-up-and-go test (TUG). Inde-
pendence in ADL was assessed using Barthel index and instrumental ADL. Mobility indexes
included fast and usual gait speed, 6-minute walking test (6MWT), short physical performance
battery (SPPB), and walking outdoors. Fear of falling was assessed by falls efficacy scale. Knee
extensor strength was measured for muscle strength. Quality of life was assessed using Short
Form-36 (SF-36) questionnaire physical component score (PCS) and mental component score
(MCS). Adverse events included emergency department visits, falls, and hospital readmissions.

Risk of bias assessment

The Cochrane Collaboration’s tool for assessing risk of bias (RoB) was used to assess the risk
of bias in terms of random sequence generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, incomplete outcome data, selective

reporting, and other bias. The risk of bias of each domain was judged as low, unclear or high.

Data extraction

The following information of each study included in meta-analysis was extracted: first author,
publication year, country, sample size, mean age, percentage of females, activities and compo-
nent of home-based rehabilitation and control, initiation time and duration of interventions,
time points of outcome assessment, and outcome measurements. Two independent authors
performed literature search and selection, risk of bias assessment, and data extraction. Discrep-
ancies, if occurring, were resolved by further discussion.

Statistical analysis

Statistical analysis was conducted by using STATA 16.0 (Stata Corporation, TX, USA). The
heterogeneity was assessed by using I” statistic and Q test. I* < 50% and P value of Q

test > 0.10 indicated low between-study heterogeneity, and a fixed-effect model was used for
quantitative synthesis. Otherwise, a random-effect model was used for meta-analysis with high
heterogeneity. Standard mean difference (SMD), measured by cohen’s d, with 95% confidence
interval (CI) were calculated for pooled effect size of continuous variables. The effect size of
SMD was categorized as small (0.1 to 0.4), medium (0.5-0.7) or large (0.8 or greater) [20]. Risk
ratio (RR) with 95%CI was calculated to assess the association strength between home-based
exercise and categorical variable outcomes including walking outdoors, emergency depart-
ment visits, falls, and hospital readmissions. We noted that several trials measured outcomes
repeatedly at different time point during follow-up. Thus, the outcome measurements of the
longest follow-up were synthesized for overall analysis. Besides, outcomes measured at a time
point of < 6 months of follow-up were pooled for short-term effect analysis, whereas those
measured at a time point of > 6 months of follow-up were synthesized for long-term effect
analysis. Further subgroup analysis were performed according to intervention initiation time
after surgery (<3 months, >3 months), intervention duration (<3 months, >3 months), and
rehabilitation type (multicomponent, exercise only). Here, “multicomponent home-based
rehabilitation” was defined as programs including components of exercise, education, and
evaluation and modification of environment while “exercise only” was defined as those includ-
ing only home exercise [21]. Sensitivity analysis applying a Leave-One-Out method was per-
formed to evaluate the robustness of pooled results [22-24]. Potential publication bias was
assessed by funnel plot and Egger’s test. P value < 0.05 was considered statistically significant.
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Certainty of evidence

Two independent authors assessed the certainty of evidence of pooled results using the Grad-
ing of Recommendations Assessment, Development and Evaluation (GRADE) approach [25].
The overall certainty of evidence was graded as very low, low, moderate, and high by evaluat-
ing the certainty in terms of study design, risk of bias, inconsistency, indirectness, imprecision
and publication bias. Conflicts were resolved by further discussion.

Results

Baseline characteristics of trials included in meta-analysis

As shown in Fig 1, 1433 articles were retrieved from literature search, and 59 full-text articles
were further reviewed for eligibility. After excluding trials with inappropriate controls (n = 8),
trials without outcomes of interest (n = 6), meta-analysis (n = 4), non-randomized studies

(n = 6), and protocols of randomized trials (n = 7), 28 articles reporting 21 unique RTCs were
finally included for meta-analysis [12-18, 26-46] (S1 Table). A total of 1291 older adults after
hip fracture surgery were assigned to home-based exercise group and 1179 patients were
assigned to the control group. Five articles reported the primary or original outcomes of 5
unique RCTs [14, 16, 17, 36, 42], and 7 articles reported the long-term follow-up outcomes or
secondary outcomes of interest of these 5 RCTs [33, 35, 37-39, 41, 45]. For control interven-
tions, two trials used in-hospital rehabilitation [12, 17], two used active controls [18, 44], and
the others used usual care. The time to initiate home-based exercise ranged from immediately
after discharge to at average 7 months after fractures, with 13 trials initiating home exercise
early after surgery (<3 months) [12-16, 26, 29, 32, 34, 35, 40, 42, 46] and 7 initiating interven-
tion late after surgery (>3 months) [18, 27, 28, 30, 31, 43, 44]. The home-based exercise dura-
tion of included trials varied between 1 month and 12 months, with 10 trials administering <3
months of intervention and 11 providing >3 months of exercise. Nine trials implemented
multicomponent home-based rehabilitation programs [12, 14, 16-18, 29, 32, 35, 42], and the
others applied only home exercise. Three trials had 2 arms of home-based exercise [28, 31, 36],
and another trial had 2 arms of home-based exercise as well as 2 arms of control interventions
[15]. The baseline characteristics of all trials included in meta-analysis were summarized in
Table 1. The reported outcomes and time points of outcome assessment of each trial were
listed in S2 Table. The extracted analytic data are presented in S3 and S4 Tables.

Risk of bias

Since blinding of physiotherapists and patients was impossible, the bias of blinding of partici-
pants and personnel (performing bias) of all included RCT's was deemed as unclear risk. One
trial reported the outcome assessors were not blinded to assignment, and therefore had high
risk of detection bias [28]. Four trials were considered to have unclear risk of bias of selective
reporting, as they reported the primary or original outcomes and other secondary outcomes in
different articles [14, 17, 35-37, 39, 41, 42, 45]. The quality assessment of risk of bias was
shown in Figs 2 and 3.

Balance

Five trials, including 326 patients in home exercise group and 324 in control group,
reported BBS outcome after intervention [12-14, 26, 29]. Meta-analysis using a random-
effect model demonstrated a significantly improved BBS score in home exercise group than
the control group (SMD = 0.28, 95%CI: 0.03 to 0.53, P = 0.030, I? = 50.6%, Fig 4). TUG was
measured in 5 trials comprising 170 patients in home exercise group and 177 in control
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Fig 1. Flowchart of literature search and selection.

https://doi.org/10.1371/journal.pone.0315707.g001

group [12, 15, 16, 26, 40]. Using a fixed-effect model, quantitative synthesis yield a SMD of
-0.28 (95%CI: -0.50 to -0.07, P = 0.009, Fig 5), indicating a significantly improved balance
of home exercise group than control group. However, the SMD effect sizes of both balance

measurements were small.

Mobility

Fast gait speed was measured in 5 RCT's involving 172 individuals in home exercise group and
168 in control group [17, 18, 25, 30, 44]. Usual gait speed was reported in 9 RCTs including
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Table 1. Baseline characteristics of randomized trials included in the meta-analysis.

Study Country | Sample | Age, Female, Home-based activities Time to initiation Control activities Exercise
size mean N (%) duration
+SD
Sherrington, | Australia 1: 20 1: 80.0 I:12 Weight-bearing exercise Average 7 months Usual care 1mo
1997 C:20 +8.1 (60.0) after fractures
C:77.1 C:19
+8.2 (95.0)
Tinetti, 1999 USA I: 148 1: 80.5 I: 121 Strength and balance training, Immediately after Usual care 12mo
C: 156 +7.0 (71.8) occupational therapy, environmental discharge
C:794 | C:126 modifications
+7.8 (8.08)
Hauer, 2002 Germany L1 I: 81.7 I: 15 High-intensity progressive resistance 6-8 weeks after | Motor placebo activities 6mo
C: +7.6 (100) training and functional training surgery (calisthenics, games,
C: 80.8 C:13 memory tasks whilst
+7.0 (100) seated)
Crotty, 2002 Australia I: 34 I: 81.6 I: 21 ADL-related training, environmental Average 10 days Routine hospital care 4mo
C: 32 (78.2, (61.8) assessment and modifications after surgery and rehabilitation
854)" | C:24
C:83.5 (75.0)
(76.6,
85.5)"
Sherrington, Australia 11:40 | 11:80.1 I1: 30 11: weight-bearing exercise Average 153 days No intervention 4mo
2004 12: 40 +7.5 (75.0) I12: non-weight bearing exercise after fractures
C:40 | I2:79.1 12: 31
+8.9 (77.5)
C:77.2 C:34
+8.9 (85.0)
Mangione, USA I1:12 | 11:79.8 I1: 8 I1: Aerobic training Average 19.7 weeks Receiving biweekly 12wk
2005 12:11 5.6 (66.7) I2: Resistance training after surgery mailings on a variety of
C: 10 12:77.9 12:7 nonexercise topics
+7.9 (63.6)
C:77.8 C:8
+7.3 (80.0)
Tsauo, 2005 China I: 13 I: 74.1 I: 10 Strengthening, range-of-motion, balance, | Immediately after Continue exercise 3mo
C: 12 +12.0 (76.9) and functional exercise, practice of safe discharge program given at
C:71.9 C: 10 and efficient transfer techniques, bedside before discharge
+12.5 (83.3) adjustment of walking aids, adaption and
modification of the home environment
Ziden, 2008 Sweden 1:48 1:81.2 1: 29 ADL-related training, technical aids, Average 1 month Usual care 3wk
C: 54 +5.9 (60.4) information about surgical treatment and after discharge
C:82.5 C:42 prognosis, support self-efficacy
+7.6 (77.8)
Mangione, USA I:1 1:79.6 I:12 Progressive resistance exercise Average 6 months Conventional TENS 10wk
2010 C: +5.9 (85.7) after fractures
C: 82.0 C:9
+6.0 (75.0)
Orwig, 2011 USA I: 91 1: 82.5 I: 91 Aerobic exercise, strength training, a self- | Within 15 days of Usual care 12mo
C: 89 +7.1 (100) efficacy based motivational component. the fractures
C:82.3 C: 89
+6.9 (100)
Shyu, 2013 China I1:101 I1: I1: 68 I1: interdisciplinary care (geriatric 1st day after Usual care 12mo
12: 99 76.17 (67.3) consultation, rehabilitation focusing on surgery
C: 99 +6.65 12: 59 | relieving pain, enhancing range of motion,
12: (59.6) balance challenges, and aerobic capacity,
76.46 C: 64 discharge planning with post-hospital
+7.14 (64.6) services)
C:76.91 I2: comprehensive care (nutrition
+8.20 consultation, depression management, fall
prevention, interdisciplinary care)
(Continued)
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Table 1. (Continued)

Study Country | Sample | Age, Female, Home-based activities Time to initiation Control activities Exercise
size mean N (%) duration
+SD
Latham, 2014 USA 1: 120 1. 77.2 1: 83 Functional exercise, weight-bearing Within 24 months Nutrition education 6mo
C: 112 +10.2 (69.2) exercise after fractures
C:78.9 C:77
+9.4 (68.8)
Salpakoski, Finland I: 40 1: 80.9 I: 31 Promotion Mobility rehabilitation 44 to 239 days after Standard care 12mo
2014 C:41 +7.7 (77.5) program (ProMo), including fractures
C:79.1 C: 32 strengthening and stretching exercises,
+6.4 (78.0) balance training, function exercises,
evaluation and modification of
environmental hazards, guidance for safe
walking
Karlsson, Sweden I: 107 1:83.2 I: 79 Functional strength and balance training, NR Conventional care and 10wk
2016 C: 98 +7.0 (73.8) modifications of home environment, pain rehabilitation
C: 82.6 C: 68 management, nutrition advice
+6.4 (69.4)
Williams, UK I: 29 1: 80.9 I: 23 Physical exercise, patient-held information | Average 18.8 days Usual care 12wk
2016 C:32 +6.6 (79.3) workbook, goal-setting diary after surgery
C:78.0 C:23
483 (71.9)
Stemmle, Switzerland | I11:43 | 11:832 | 11:34 I1: simple home exercise program + 800 Within 12 days CI: Standard 12mo
2019 12: 44 +7.4 (79.1) IU/d vitamin D3 after surgery physiotherapy + 800 IU/
Cl:44 | 12:83.5 12: 34 12: simple home exercise program + 2000 d vitamin D3
C2: 42 +7.1 (77.3) 1U/d vitamin D3 Cl: Standard
C1:855| Cl1:35 physiotherapy + 2000
+6.0 (79.5) 1U/d vitamin D3
C2:84.6 | C2:34
+6.9 (81.0)
Magaziner, USA I: 105 1:80.3 1: 80 Strength exercise, plantar flexion exercise, Average 13.8w Active range-of-motion 16wk
2019 C: 105 +8.0 (76.2) | endurance exercise, nutritional counseling after exercises, sensory-level
C:81.2 C:81 hospitalization TENS
+8.8 (77.1)
Taraldsen, Norway I: 70 1: 84.9 I: 54 Weight-bearing exercise Average 4 months Usual care 10wk
2019 C:73 +6.6 (77.1) after surgery
C:82.7 C: 56
457 (76.7)
Soukkio, Sweden I:61 1: 83+6 1: 50 Strength, balance, mobility, and function | Within 2 weeks of Usual care 12mo
2021 C:60 | C:80+7 | (82.0) exercise; counseling on physical activity; discharge from
C:41 brief advice on nutrition hospital
(68.3)
Huang, 2023 USA I: 17 1:78.6 |I:7(41.1) | Strength, balance, and function exercises | Average 116 days | Active range-of-motion 16wk
17 +7.3 C:6 after exercises, TENS
C:77.8 (35.3) hospitalization
+7.8
Taylor, 2023 Australia I: 20 1: 78+9 I: 10 Moderate-intensity walking intervention Average 82 days Standard care 12wk
C:18 C: 8049 (50.0) after fractures
C:13
(72.2)

* Median (quartiles)

C: control group; I: intervention group; mo: months; NR: not reported; TENS: transcutaneous electrical nerve stimulation; wk: weeks.

https://doi.org/10.1371/journal.pone.0315707.t001

420 cases in home exercise group and 411 in control group [17, 18, 27, 29-31, 43, 44]. The

SMD of fast gait speed was 0.29 (95%CI: -0.08 to 0.66, P = 0.120, Fig 6), which was not statisti-
cally significant. Similarly, there was no significant difference of usual gait speed between both
groups (SMD = 0.07, 95%CI: -0.06 to 0.21, P = 0.302, Fig 6).
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Pooled analysis of 5 trials showed no significant difference of SPPB performance between
the home exercise group and the control group (SMD = 0.30, 95%CI: -0.10 to 0.69, P = 0.138,
S1 Fig). Additionally, meta-analysis demonstrated home exercise did not have significantly
impact on 6MWT (SMD = 0.37, 95%CI: -0.19 to 0.92, P = 0.199, S2 Fig) and walking outdoors
(RR = 1.0, 95%CI: 0.83 to 1.21, P = 0.975, S3 Fig) compared to control group.

Independence in ADL

Five RCTs including 202 fractured older adults in each group reported Barthel’s ADL, which
showed no significant difference of ADL between both groups (SMD = 0.05, 95%CI: -0.29 to
0.38, P = 0.792, 54 Fig) after pooling analysis using a random-effect model. Similarly, instru-
mental ADL did not differ between home exercise group and control group (SMD = 0.15, 95%
CI: -0.06 to 0.36, P = 0.159, S5 Fig).

Quality of life

SF-36 PCS was measured in 4 trials and SF-36 MCS was reported in 2 trials. Using a fixed-
effect model, meta-analysis demonstrated a significantly improved SF-36 PCS in home exer-
cise group than control group (SMD = 0.49, 95%CI: 0.28 to 0.70, P<0.001) but no MCS differ-
ence between both groups (SMD = 0.08, 95%ClI: -0.15 to 0.31, P = 0.486, Fig 7). The SMD
effect size of SF-36 PCS was moderate.

Muscle strength

Knee extensor strength was measured in 7 trials [13, 15, 26-29, 32], which included 417 and
385 patients in home exercise group and control group, respectively. The SMD was 0.23 (95%
CI: 0.09 to 0.37, P = 0.001, Fig 8), indicating a significantly improved strength in home exercise
group than control group. However, the effect size of SMD was small.

Fear of falling

Pooling analysis of 6 trials reporting falls efficacy scale demonstrated no significantly improved
fear of falling in patients receiving home-based exercise than those in control group
(SMD = 0.32, 95%CI: -0.07 to 0.71, P = 0.110, S9 Fig).
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Home exercise Control Standard mean difference Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Tinetti, 1999 148 31.25 11.92 156 30.89 11.74 —h— 0.03[-0.19, 0.26] 31.70
Hauer, 2002 12 134 1.2 12 122 2.7 i 0.57[-0.24, 1.39] 7.65
Crotty, 2002 34 434 141 32 36.3 147 —— 0.49[ 0.00, 0.98] 16.11
Latham, 2014 94 456 10 85 404 114 —— 0.49[ 0.19, 0.78] 26.55
Salpakoski, 2014 38 44.81 6.14 39 44.15 992 —W—— 0.08 [-0.37, 0.53] 17.99
Overall S 0.28[ 0.03, 0.53]
Heterogeneity: 7 = 0.04, I° = 50.62%, H> = 2.03
Test of 6, = 6;: Q(4) =8.10, p = 0.09
Testof 6=0:z=2.18, p=0.03

Random-effects DerSimonian-Laird model
Fig 4. Forest plot of meta-analysis of Berg balance scale.
https://doi.org/10.1371/journal.pone.0315707.g004

Adverse events

There was no significant risk difference in terms of emergency department visits (RR = 0.85,
95%CI: 0.51 to 1.42, S6 Fig), hospital readmissions (RR = 0.87, 95%CI: 0.70 to 1.10, S7 Fig), and
falls (RR = 0.98, 95%CI: 0.83 to 1.16, S8 Fig) between home exercise group and control group.

Subgroup analysis

Subgroup analyses according to follow-up duration were performed to explore the short-term
(<6 months) and long-term (>6 months) effect of home-based exercise in older adults after

Home exercise Control Standard mean difference Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Hauer, 2002 12 261 17.8 12 269 9.8 l| -0.06 [-0.86, 0.74] 7.04
Crotty, 2002 34 238 13.7 32 29.6 18.6 —— -0.36 [-0.84, 0.13] 19.04
Ziden, 2008 48 249 154 54 30.8 16 — B -0.38[-0.77, 0.02]  29.30
Williams, 2016 12 129 6 15 136 6.1 L -0.12[-0.88, 0.64] 7.81
Stemmle, 2019 (M vs C1) 32 138 7.8 33 195 12 —l—— -0.56 [-1.06,-0.07] 18.34
Stemmle, 2019 (I2vs C2) 32 17.6 11.1 31 17 11.1 —— 0.05[-0.44, 0.55] 18.47
Overall 2D -0.28 [-0.50,-0.07]
Heterogeneity: I* = 0.00%, H® = 0.76
Test of 6, = 6;: Q(5) = 3.80, p = 0.58
Testof 6 =0:z=-2.62, p=0.01

. . . .

Fixed—effects inverse—variance model
Fig 5. Forest plot of meta-analysis of timed-up-and-go test.

https://doi.org/10.1371/journal.pone.0315707.9g005
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Home exercise Control Standard mean difference Weight
Study N Mean SD N Mean SD with 95% CI (%)
Fast gait speed
Hauer, 2002 12 0.72 0.28 12 0.49 0.15 _— 1.02[ 0.17,1.87] 1.83
Mangione, 2010 14 1.11 022 12 0.89 0.24 —_— 0.96[ 0.15,1.77] 2.00
Karlsson, 2016 67 074 03 68 075 0.27 -0.04 [-0.37, 0.30] 11.67
Magaziner, 2019 62 0.82 027 59 0.8 0.29 1 0.07 [-0.29, 0.43] 10.44
Huang, 2023 17 098 0.32 17 0.94 0.21 B 0.15[-0.53, 0.82] 2.93
Heterogeneity: 7 = 0.09, I = 56.45%, H® = 2.30 - 0.29 [-0.08, 0.66]
Test of 6, = 6;: Q(4) =9.18, p = 0.06
Usual gait speed
Sherrington, 1997 20 051 034 20 0.5 0.35 0.03[-0.59, 0.65] 3.46
Tinetti, 1999 148 0.47 0.12 156 0.47 0.12 I 0.00[-0.22, 0.22] 26.26
Mangione, 2005 (I11) 12 0.79 026 5 0.65 0.23 0.55[-0.51, 1.61] 1.18
Mangione, 2005 (I2) 11 0.71 0.28 5 0.65 0.23 0.22 [-0.84, 1.28] 1.18
Tsauo, 2005 13 038 024 12 037 024 ———p— 0.04 [-0.74, 0.83] 2.16
Mangione, 2010 14 0.81 0.17 12 0.67 0.21 B E— 0.74 [-0.06, 1.54] 2.09
Karlsson, 2016 68 0.49 0.19 70 0.48 0.17 0.06 [-0.28, 0.39] 11.92
Magaziner, 2019 62 0.77 0.28 59 0.74 0.26 0.11 [-0.25, 0.47] 10.44
Taraldsen, 2019 55 0.63 0.27 55 0.61 0.32 0.07 [-0.31, 0.44] 9.50
Huang, 2023 17 0.72 0.18 17 0.72 0.2 0.00[-0.67, 0.67] 2.94
Heterogeneity: © = 0.00, I = 0.00%, H* = 1.00 0.07 [-0.06, 0.21]
Test of 6, = 6;: Q(9) = 4.09, p = 0.91

L

Random-effects DerSimonian—-Laird model

Fig 6. Forest plot of meta-analysis of gait speed.
https://doi.org/10.1371/journal.pone.0315707.g006

hip fracture surgery (S5 and S6 Tables). Subgroup analysis demonstrated significant short-
term impact of home exercise on TUG, falls efficacy scale, knee extensor strength, SF-36 PCS,
and risk of emergency department visits. Yet, long-term impact was only observed on SF-36

PCS.

Since there were less than 10 available trials for each outcome, we did not perform meta-
regression analysis to evaluate the association of intervention initiation and duration as con-
tinuous variables with the effect size. Our study revealed that early initiation of home exercise
after surgery (<3 months) was significantly associated with improved BBS, TUG, knee exten-
sor strength and SF-36 PCS and reduced risk of hospital readmission, whereas late initiation
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Home exercise Control Standard mean difference Weight
Study N Mean SD N Mean SD with 95% CI (%)
SF-36 MCS
Crotty, 2002 34 464 158 32 4238 18 0.21[-0.27, 0.70] 10.25
Shyu, 2013 (I1) 92 515 8.11 43 51.64 9.64 -0.02[-0.38, 0.35] 18.32
Shyu, 2013 (12) 92 52.72 10.7 42 51.64 9.64 0.10[-0.26, 0.47] 18.01
Heterogeneity: I* = 0.00%, H® = 0.29 0.08 [-0.15, 0.31]

Testof 6,=6;: Q(2) =0.58, p=0.75

SF-36 PCS

Crotty, 2002 34 383 16.1 32 26.3 24.7 —— 0.58[ 0.09, 1.07] 9.89
Mangione, 2005 (I1) 12 575 243 5 48 189 o 0.41 [-0.64, 1.47] 217
Mangione, 2005 (I2) 11 577 211 5 48 189 = 0.47 [-0.60, 1.54] 2.10
Mangione, 2010 14 56.8 19.6 12 383 192 — 0.95[ 0.14, 1.77] 3.63
Shyu, 2013 (I1) 92 65.92 9.69 43 60.61 11.19 —— 0.52[ 0.15, 0.89] 17.80
Shyu, 2013 (12) 92 64.25 11.19 42 60.61 11.19 1l 0.33[-0.04, 0.69] 17.83
Heterogeneity: I° = 0.00%, H® = 0.44 <o 0.49[ 0.28,0.70]

Testof ;= 6;: Q(5) =2.19, p=0.82

Fixed-effects inverse—variance model

Fig 7. Forest plot of meta-analysis of Short Form-36 physical and mental component scores.

https://doi.org/10.1371/journal.pone.0315707.9007

(>3 months) was only associated with improved knee extensor strength and SF-36 PCS

(S7 Table). Both short (<3 months) and long (>3 months) duration of home exercise showed
improvement in knee extensor strength and SF-36 PCS without significant between-subgroup
differences (S7 Table).

Regarding rehabilitation types, exercise-only rehabilitation exhibited greater improvement
in BBS (0.50 vs 0.11, P = 0.022), fast gait speed (0.63 vs 0.02, P = 0.018), and knee extensor
strength (0.38 vs 0.03, P = 0.015) compared to multicomponent rehabilitation (S7 Table). On
the contrary, multicomponent rehabilitation showed greater improvement in falls efficacy
scale (0.91 vs 0.07, P = 0.002) and reduction in risk of emergency department visit (0.62 vs
1.52, P = 0.012) compared to exercise only (S7 Table).

Sensitivity analysis and publication bias

Sensitivity analysis indicated the pooled effect sizes were not significantly influenced by the
omission of a single study. Egger’s test showed no evidence of potential publication bias in
analyses of all outcomes except fast gait speed and knee extensor strength (P = 0.007 and 0.008,
respectively; S8 Table). Using a trim-and-filled method, there was still significant difference of
knee extensor strength between both groups (SMD = 0.15, 95%CI: 0.02 to 0.28, S9 Fig).
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Home exercise Control Standard mean difference Weight
Study N Mean SD N Mean SD with 95% CI (%)
Sherrington, 1997 20 104 49 20 73 3.7 —_— 0.71[ 0.07, 1.35] 4.81
Tinetti, 1999 148 13.65 5.11 156 13.66 4.75 . B -0.00[-0.23, 0.22] 38.85
Hauer, 2002 12 68 12 12 51 22 —_— 0.96[ 0.11, 1.80] 2.75
Sherrington, 2004 (I1) 32 1529 75.9 18 1129 73 T—— 0.53[-0.05, 1.12] 5.71
Sherrington, 2004 (12) 34 125.6 472 18 1129 73 — 0.22[-0.35, 0.79] 5.99
Tsauo, 2005 13 824 186 12 74.6 20.6 s e— 0.40[-0.39, 1.19] 3.13
Latham, 2014 94 299 129 85 256 14.2 —i— 0.32[ 0.02, 0.61] 22.55
Stemmle, 2019 (1 vs C1) 32 205 48 33 19.2 438 —1— 0.27 [-0.22, 0.76] 8.24
Stemmle, 2019 (I2vs C2) 32 204 48 31 19.1 4.8 —— 0.27 [-0.23, 0.77] 7.98
Overall < 0.23[ 0.09, 0.37]
Heterogeneity: I = 25.59%, H* = 1.34
Test of 6, = 0;: Q(8) = 10.75, p = 0.22
Testof 8 =0:z=3.24, p =0.00

Fixed—effects inverse—variance model

Fig 8. Forest plot of meta-analysis of knee extensor strength.

https://doi.org/10.1371/journal.pone.0315707.g008

Certainty of evidence

According to GRADE approach, there was moderate certainty of evidence for outcomes of
usual gait speed, SPPB, Barthel’s ADL, IADL, falls efficacy scale, and SF-35 PCS (Table 2). The
overall certainty of evidence was graded as low for BBS, TUG, 6MWT, and knee extensor
strength, and was very low for fast gait speed (Table 2).

Discussion

By pooling 21 RCTs with a total sample size of 2470 older adults after hip fracture surgery, this
meta-analysis demonstrates that home-based exercise, compared with control interventions,
significantly improved knee extensor strength, BBS, TUG, and SF-36 PCS. GRADE assessment
shows moderate certainty of evidence for SF-36 PCS and low certainty of evidence for knee
extensor strength, BBS, and TUG. These results indicate that home-based exercise is effective
in improving lower extremity strength, balance, mobility, and quality of life, which can be rec-
ommended for post-discharge functional rehabilitation of older adults after hip fracture
surgery.

The muscle strength, balance, and mobility gradually decline in older adults [47]. Subse-
quent to hip fractures without timely rehabilitation, patients will rapidly lose muscle strength
and physical function. Adequate skeletal muscle strength is vital for maintaining hip function
and balance in postural maintenance and dynamic daily activities [48]. Post-surgery exercise
training, especially those focusing on muscle strength, could significantly improve lower
extremity strength, balance, and mobility [49, 50]. Higher intensity and frequency of exercise
tend to be associated with greater stronger effects of functional improvement [51, 52]. Yet,
whether fractured patients could benefit from home-based exercise, which is usually at a low
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Table 2. Assessment of the certainty of evidence using GRADE approach.

Outcomes (no. of trials) Certainty assessment Effect Certainty
Study design | Risk of bias | Inconsistency | Indirectness | Imprecision | Publication No. of SMD (95%CI)
bias patients
BBS (5) RCT Serious * Serious ° Not serious | Not serious None 326/324 0.28 (0.03,0.53) | @O0
Low
TUG (5) RCT Serious * Not serious Not serious Serious © None 170/177 -0.28 (-0.50, -0.07) | @O0
Low
Fast gait speed (5) RCT Not serious Serious® Not serious Serious © Potential bias 172/168 0.29 (-0.08,0.66) | OO0
Very low
Usual gait speed (10) RCT Serious * Not serious | Not serious | Not serious None 420/411 0.07 (-0.07,0.21) | ®®dQ
Moderate
SPPB (5) RCT Not serious Serious ® Not serious | Not serious None 298/289 0.30 (-0.10,0.69) | ®®dO)
Moderate
6MWT (4) RCT Not serious Serious® Not serious Serious © None 97/81 0.37 (-0.19,0.92) | @O0
Low
Barthel’s ADL (5) RCT Not serious Serious ° Not serious | Not serious None 202/202 0.05(-0.29,0.38) | ®®dO
Moderate
IADL (5) RCT Not serious | Not serious | Not serious Serious © None 172/176 0.15 (-0.06,0.36) | ®®ddO)
Moderate
Knee extensor strength (7) RCT Serious * Not serious | Not serious | Not serious | Potential bias 417/385 0.23(0.09,0.37) | @O0
Low
Falls efficacy scale (6) RCT Not serious Serious ° Not serious | Not serious None 260/253 0.32 (-0.07,0.71) | @0
Moderate
SF-36 PCS (6) RCT Not serious | Not serious | Not serious Serious © None 255/139 0.49 (0.28,0.70) | ®®dO
Moderate

6MWT: 6-minute walking test; BBS: Berg balance score; GRADE: Grading of Recommendations Assessment, Development and Evaluation; IADL: instrumental
activities of daily living; RCT: randomized controlled trial; SF-36 PCS: Short Form-36 questionnaire physical component score; SMD: standard mean difference; SPPB:
short physical performance battery; TUG: timed-up-and-go test;

* Including >25% of patients from studies with low methodological quality.

® Wide variance of estimates across studies or large between-study heterogeneity (I>50%)

© Total number of patients <400.

https://doi.org/10.1371/journal.pone.0315707.t1002

intensity, is unclear. Our meta-analysis demonstrated a small, clinically-meaningful increase
in lower extremity muscle strength (SMD = 0.23, 95%CI: 0.09 to 0.37) and balance (BBS:
SMD = 0.28, 95%CI: 0.03 to 0.53; TUG: SMD = -0.28, 95%CI: -0.50, to -0.07), and a moderate,
clinically-meaningful improvement in quality of life (SF-36 PCS: SMD = 0.49, 95%ClI: 0.28 to
0.70) in home exercise group compared with the control group. Further analyses revealed that
the improvement in quality of life were significant in both short-term and long-term assess-
ments, suggesting that patients may persistently gain benefit for quality of life once starting
home exercise. However, the benefits in improving TUG test, increasing knee extensor
strength, and reducing fear of falling and risk of emergency department visit were only
observed within 6-month follow-up after intervention initiation, which varnished in the long-
term follow-up. More studies regarding the long-term and persistent effect of home-based
exercise are needed.

The first 3 months after surgery is the best period for functional recovery, and timely initia-
tion of rehabilitation training plays a crucial role in restoring muscle strength, improving bal-
ance, and achieving hip function [53]. In addition to benefits in muscle strength and quality of
life in both early initiation (<3 months) and late initiation (>3 months) of home exercise after
surgery, our meta-analysis revealed that early initiation significantly improved balance (BBS,
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TUG) and reduced the risk of hospital admission compared to control interventions (S7
Table). These findings support that fractured patients will gain more benefits if they start
home exercise early after surgery. The exercise duration varied greatly among included trials,
and 6 RCTs implemented a yearlong home-based program [14, 15, 29, 34, 36, 42]. A 12-month
individualized, multicomponent home-based rehabilitation was found to improve mobility
recovery and increase physical activity after hip fractures compared with standard care, and
the effect was still maintained at 1-year follow-up [14, 38, 54]. Another yearlong home-based,
progressive exercise program exhibited favorable functioning and physical performance than
usual care in terms of changes of IADL score, SPPB score and handgrip strength [42, 45].

The rehabilitation component is one of the major concerns affecting the functional recov-
ery after hip fracture surgery [55, 56]. Several trials implemented a multicomponent strategy
that combined home exercise with other components, such as environmental evaluation and
modification, nutrition advice, pain management, and guidance for safe walking, while some
only included exercise component. Multicomponent programs may enhance patient’s motiva-
tion, self-efficacy, and confidence in their ability to function in the environment in which their
injury occurred [12]. As expected, subgroup analysis demonstrated that multicomponent reha-
bilitation exhibited greater reduction in fear of falling and risk of emergency department visit
compared to exercise only. The efficacy of non-exercise components in reducing fear of falling
is also observed in another multicomponent intervention, the community ageing in place,
advancing better living for elders (CAPABLE), which addresses individual capacities and
repairs home environment [57]. Moreover, this program is more effective in improving ADLs
and IADLs [57]. Conversely, we observed greater improvements in BBS, fast gait speed, and
knee extensor strength for exercise-only programs compared to multicomponent rehabilita-
tion. However, these results need to be cautiously interpreted. Most home-based exercises in
our study only applied low-intensity programs while several exercise-only programs used
moderate- or high-intensity exercises. Hauer et al. implemented a high-intensive progressive
resistance training program, which was effective to increase strength and functional perfor-
mance [26]. Mangione et al. found high-intensity resistance training and moderate-intensity
aerobic training both significantly improved low extremity force compared to control inter-
vention [31]. Another moderate-intensity walking program increased daily physical activity
[46]. Yet, the optimal exercise intensity is still debatable, as a previous study found no differ-
ence of knee extensor strength between a high-intensity exercise group and a low-intensity
exercise group [58]. While usual care was used as control intervention in most trials, compari-
son to in-hospital rehabilitation or active control may weaken the efficacy of home-based
exercise. Karlsson et al. observed similar results between multicomponent home-based reha-
bilitation and in-hospital rehabilitation in terms of gait speed and independence in ADL
[17, 41]. Another trials showed comparable efficacy in BBS, TUG, and quality of life when
comparing multicomponent home-based rehabilitation to in-hospital rehabilitation [12].
Magaziner et al., comparing multicomponent program to active control that included active
range-of-motion exercises and transcutaneous electrical nerve stimulation, found no differ-
ence in 6MWT, balance, gait speed [18]. Collectively, the findings of subgroup analyses suggest
that multicomponent home-based rehabilitation with more intensive exercises and initiation
as early as possible after surgery may be more effective and safer for functional recovery.
Future studies are needed to explore the essential rehabilitation components and optimal exer-
cise intensity and duration for developing an effective and standardized multicomponent
home-based rehabilitation program with long-lasting efficacy.

Our meta-analysis has some limitations. Firstly, the majority of included trials have low
methodological quality according the risk of bias assessment. Secondly, several trials have very
small sample sizes (<50), which could results in overestimated effects of home-based exercise.
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Thirdly, the between-study heterogeneity of several outcomes is large, which may be caused by
the difference in exercise duration, intensity, frequency of home-based rehabilitation and fol-
low-up duration. Fourthly, the exercise programs and muscles involved were highly heteroge-
neous across trials, making it challenging to draw a conclusion for the efficacy of a specific
exercise program. Finally, the strength and balance tools varied among trials, which needs to
be unified and standardized in future trials. Therefore, the results of our meta-analysis need to
be cautiously interpreted.

Conclusions

Our meta-analysis shows home-based exercise is effective in improving lower extremity
strength, balance, mobility, and quality of life in older patients after hip fracture surgery. Mul-
ticomponent rehabilitation with more intensive exercises and earlier initiation can be recom-
mended for patients after hip fracture to achieve a better functional recovery. The long-term
effect and the optimal duration, intensity, frequency of home-based exercise need to be investi-
gated in more well-designed, large-scaled RCTs.
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