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KEYWORDS Abstract

Hip fracture; Background: Individuals commonly experience age-related systemic decreases in skeletal muscle
High-intensity strength, physical function, and mobility, leading to falls and potential associated hip fractures.
interval training; Objective: To evaluate whether intensive exercise can improve physical function, mobility, and
Meta-analysis; independence in activities of daily living (ADL) and shorten the length of hospital stay in older
Physical function adults after hip fracture surgery.

Methods: This systematic review was conducted under the PRISMA guidelines. Searches were
performed on January 5, 2022 in eight databases. Randomized controlled trials (RCTs) were
included. The participants included older adults with hip fracture, and the intervention studied
was intensive exercise. The outcomes were physical function, mobility, ADLs, and the length of
hospital stay. Meta-analyses were conducted using RevMan 5.3.

Results: Fifteen studies were included in this review. After hip fracture surgery, intensive exer-
cise improved participants’ physical function to a greater extent than regular or no exercise
(standardized mean difference [SMD] = 0.74; 95% Cl: 0.25, 1.23). Intensive exercise was particu-
larly more effective for gait speed (SMD = 0.15, 95% CI: 0.01, 0.30), the timed up-and-go test
results (mean difference [MD] = -4.34, 95%Cl: -6.74, -1.94), balance (SMD =0.42, 95% Cl: 0.38,
0.89), and ADLs (SMD = 0.55, 95% ClI: 0.24, 0.87). The quality of the evidence was low due to risk
of bias, inconsistency, and imprecision.

Conclusions: Intensive exercise early post-operation provides potential additional benefits com-
pared to no or regular exercises on older adults after hip fracture surgery.
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Introduction

Statistical reports released by the World Health Organization
show that the incidence of hip fractures in older men and
women worldwide is 6% and 18%, respectively, and that the
number of hip fractures worldwide is expected to increase
to 4.5—6.3 million by 2050." Most older adults who sustain a
hip fracture experience a permanent decrease in physical
functioning. Only 40% of patients exhibit the same func-
tional status as before the fracture, 20% need long-term
care, and approximately 13% are completely disabled.”

In the last two decades, a number of studies have
explored the effects of intensive exercise after surgery in
older adults with hip fracture.®>” However, the effectiveness
of this type of training is debated. For example, some ran-
domized controlled trials have indicated that compared
with regular or no exercise, this type of exercise significantly
improves physical function, the Timed Up-and-Go test
result, patients’ reaction time, and the 6-min walk test
result, and reduces the length of stay in a hospital.””® Con-
versely, some studies have suggested that there are no sig-
nificant differences in physical function, gait speed, or the
Timed Up-and-Go test result between intervention and con-
trol groups.>?1°

A Cochrane systematic review reported that well-designed
exercise programs can improve the physical condition of older
adults after hip fracture surgery, but there is no clear evidence
showing which type of rehabilitation is most effective with
respect to mobility recovery."” An updated Cochrane system-
atic review'? suggested that higher intensity and frequency of
exercise tended to show stronger effects on important out-
comes. Previous systematic reviews have reported that lower-
limb progressive resistance exercise and balance training can
improve patients’ physical functioning, gait performance,
lower-limb strength, performance during tasks, and indepen-
dence in activities of daily living (ADLs). ">

To date, a systematic review examining the effectiveness
of intensive exercise after hip fracture surgery, that includes
search results from PubMed, Embase, Cumulative Index of
Nursing and Allied Health Literature (CINAHL), Cochrane
Library, Chinese Biomedical Literature database (CBM), China
national knowledge infrastructure (CNKI), Wanfang, and
China Science and Technology Journal Database (VIP), has not
been reported. Therefore, we conducted this systematic
review and meta-analysis to determine the effects of inten-
sive exercise among older adults after hip fracture surgery.

Methods

The Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines were followed. "

Search strategy

A comprehensive electronic literature search of PubMed,
Embase, CINAHL, Cochrane Library, and four Chinese

databases (CNKI; CBM; Wanfang; and VIP) was performed by
two authors (F. B. & M. M. L.) to identify relevant publica-
tions that were published before January 5, 2022. The gray
literature in Baidu Academics and Google Academics was
also searched. Additional relevant publications were identi-
fied by searching the reference lists of the identified publi-
cations and existing relevant systematic reviews. The search
strategy was modified for each database. The full search
strategies for all English and Chinese databases are available
in the Supplementary material — Search strategies.

Inclusion criteria

Trials were selected according to the predetermined criteria
based on:

Participants

The study population included older adults who did not
have acute neurological impairment, severe cardiovascu-
lar diseases, unstable chronic or terminal illnesses, major
depression, severe cognitive impairment, or severe mus-
culoskeletal impairment. The start of the intervention
could be in the early post-operation (up to 3 months), sub-
acute (from 3 to 6 months), or late-stage (from 6 months
up to 7 years).

Intervention group
The intensive exercise intervention was defined as a higher
intensity and duration of exercise than regular or no exer-
cise. Specifically, (1) the intensity was higher than 60% of
the 1-repetition maximum, it included more than 3 sets, and
8 repetitions each set were performed; OR (2) the exercises
were performed two to three times per week, and each ses-
sion lasted more than 30 min'® ;OR (3) the frequency was a
minimum of 5 days per week. Functional training including
gait, transfers, balance, and ADLs were performed daily.
Sessions should be between 30 and 60 min duration depend-
ing on patient tolerance."’

The types of intensive exercise included progressive
resistance training, resistance training, weight-bearing,
strength, endurance, balance, power, and aerobic training.

Control group

The control group, which served as the comparator, per-
formed the following forms of regular or no exercise: (1) sat
or laid down and walked for a short duration using parallel
bars or walking aids; (2) continued their usual lifestyle and
maintained their pre-study level of physical activity.

Outcome measures

The primary outcome was physical function, defined broadly
as any measure of overall physical function, including the
modified lowa Level of Assistance score,'® Tinetti perfor-
mance-oriented mobility assessment score,'® modified phys-
ical performance test score,’” Harris hip score,”' Physical
Performance and Mobility Examination,?? 12-item short-
form questionnaire,”* or the medical outcomes of the 36-
item short-form?* health survey. The secondary outcomes
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included (1) mobility (such as the fastest gait speed,?>'?° the
Timed Up-and-Go test result,?” 6-min walk test result,”® and
balance: as rated by the Berg Balance Scale,?” National
Health and Ageing Trends Study,*° or a modified balance
test®'; (2) independence in ADLs, as rated by Barthel index®?
or Nottingham extended activities of daily living scale®; and
(3) the length of hospital stay.

Study design

Only randomized controlled trials (RCTs) where participants
were randomized to an intervention or a control group
were considered eligible for this systematic review. Quasi-
randomized clinical trials and other types of studies were
excluded.

Study selection

All searched records were imported into EndNote X9 to elim-
inate duplicate publications. The two authors (F. B. & M. M.
L.) worked independently to identify studies that met the
inclusion criteria. Preliminary screening was performed by
reading the titles and abstracts. To further evaluate the eli-
gibility of potential publications, full- texts of articles were
evaluated and any disagreements were discussed with the
third author (Z. W. W.).

Data extraction

The following information was extracted from the eligible
studies: authors, publication year, country, sample size, par-
ticipants’ mean age, study settings, intervention start time,
study period, intervention details (e.g., form, intensity,
daily/weekly frequency, duration per session, and duration
of exercise), follow-up times, main outcomes, and the out-
come measures used.

Risk of bias assessment

The quality of the included RCTs was evaluated using the
approach recommended by the Cochrane Handbook for Sys-
tematic Reviews of Interventions.®* The seven recom-
mended items include random sequence generation,
allocation concealment, blinding of the participants and
personnel, blinding of the outcome assessment, incomplete
outcome data, selective reporting, and other bias. The risk
of bias for each item was categorized as ‘low risk’,
‘unclear’, or ‘high risk’. All included studies were assessed
independently, and disagreements between the two
reviewers were resolved by the third reviewer.

Certainty of the evidence

The Grading of Recommendations, Assessment, Develop-
ment, and Evaluations (GRADE) system was utilized to assess
the overall certainty of the evidence.>® From an initial start-
ing point of high-certainty evidence, the level of evidence
was downgraded (to moderate, low, or very low) for each of
the following: risk of bias, inconsistency of results, indirect-
ness, imprecision, and publication bias.

For risk of bias, we downgraded the quality of evidence
by one level if 25% or more of the participants in the compar-
ison were from studies with high risk of bias defined as one or

more criteria classified as high risk of bias in the study. For
inconsistency of results, quality of evidence was down-
graded by one level if by visual inspection the presence of
wide variation of effect estimates was verified or the /? test
was greater than 50%. For indirectness, quality of evidence
was downgraded by one level if more than 50% of partici-
pants varied from the population of interest (e.g. mixed
populations or multiple disorders). For imprecision, we
downgraded the quality of evidence by one level if the sam-
ple analyzed was <400 participants and downgraded by two
levels if the sample analyzed was <200 participants. For
publication bias, we downgraded by one level if publication
bias was identified by visual inspection of funnel plots if
more than 10 studies were included in the comparison.

Data synthesis and analysis

The standardized mean difference (SMD) with the 95% confi-
dence interval (Cl) was used when studies used different
measurement tools, while the mean difference (MD) with
the 95% Cl was used when studies used the same measure-
ment tool. The level of heterogeneity was evaluated by the
I method, and a value of I? > 50% was considered to indicate
significant heterogeneity. A fixed-effects model was used to
calculate the pooled effect size if the data were not signifi-
cantly heterogeneous. Otherwise, a random-effects model
was used. Publication bias was assessed by the visual inspec-
tion of a funnel plot.>® Sensitivity analyses were performed
by excluding one study at a time to confirm the consistency
of the findings. If the significance of the total or combined
results changed when one study was excluded, the results
were considered unstable. RevMan 5.3 provided by Cochrane
Collaboration was used for all statistical calculations.

Subgroup analysis was performed to identify the time the
start of the intensive training would be most beneficial for
patients. In the meta-analysis, the intervention start time
was defined as occurring during early post-operation (up to 3
months postoperatively); subacute (which usually included
programs that started soon after the completion of standard
physical therapy; from 3 months up to 6 months postopera-
tively); or late-stage rehabilitation (from 6 months up to
7 years after fracture).?’

Results

Study selection

A total of 1172 records were retrieved by searching the data-
bases and manually searching the reference lists. After 447
duplicates were removed, an additional 634 records were
removed after the titles and abstracts were screened. In the
end, 15 randomized controlled trials with a total of 1317
participants were included in the meta-analyses (Fig. 1).

Characteristics of included studies

Four studies were conducted in the United States, three
studies were conducted in China, two studies each were con-
ducted in Australia, Norway, and Finland, and one study
each was performed in Denmark and Germany. Seven studies
were conducted in a hospital, four studies took place in a
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Fig. 1

hospital and at home, two studies were conducted in a spe-
cialized gym, one was conducted at home, and another was
conducted in university research facilities.

The following eight types of intensive exercise were
included: (1) resistance training, (2) weight bearing train-
ing, (3) strength training, (4) endurance training, (5) bal-
ance training, (6) power training, (7) progressive resistance
training, and (8) aerobic training. Six studies®?'%3¢% were
based on one form of intensive exercise, and nine>&10:41-44
were based on two or more forms of exercise.

For the control groups, the exercise types for 10 of the 15
studies™®-838-40:4245 coyld be summarized as follows: con-
tinued their usual lifestyle and maintained their pre-study
level of physical activity. For the other five studies®’:%%*!
participants performed the following form of physical ther-
apy: sat or laid down and walked for a short duration using
parallel bars or walking aids.

Eight studies®”>% 16394345 jnitiated the intervention dur-
ing the early post-discharge rehabilitation (up to 3 months
postoperatively), 3 studies®'>“? initiated the intervention

Flow diagram of the study identification, selection, and inclusion processes.

during the subacute rehabilitation (from 3 to 6 months post-
operatively), and 4 studies> ¢4 initiated the intervention
during late-stage rehabilitation (from 6 months up to 7 years
postoperatively).

Detailed characteristics of each study are shown in
Table 1.

Risk of bias

Six studies did not report details on allocation concealment,
which could have caused selection bias. Four of the included
RCTs were judged as having an ‘unclear’ risk of performance
bias and detection bias because these processes were not
reported adequately. All the included RCTs had complete
datasets or reported the number of missing data points, and
the reasons for the missing data were described in detail;
therefore, the risk of attrition bias was judged as being
‘low’. There was no evidence of selective reporting bias or
other bias in any of the included RCTs. An appraisal of the



Table 1

Characteristics of the studies included in the systematic review.

Study,year Country Sample size Mean =+ SD age Settings Intervention Control Follow- Main Measurement tools
(N) IG/CG IG/CG up outcomes
Intervention start Drop Form Frequency/ duration Dosage Form Frequency/duration
time (post-operation) outs
IG/
CG
Mard et al.® 2008 46 (24/22) 7446/ 74+7 Senior gym Within 6 months to 7 1/2 (0O Twice a week/60—90 min 60—80% of 1RM for the @ Not mentioned 12 weeks (06 (06
Finland years per session weaker leg and 50—70%
of 1RM for the stronger
leg
Magaziner et al.*! 210 (105/ 80.3+8.0/ Home 26 weeks 9/4 ®G® Twice-three times a 3 sets of 8 repetitions per ©) 20 min per session 40 weeks O@®® ORWOB®
2019 USA 105) 81.2+8.8 week/>20 min per leg for each of 4
session exercises
Portegijs et al.” 46 (24/22) 73.8+ 6.6/ Senior gym Within 6 months to 7 3/2 (0O Twice a week/60—90 min 60—80% of 1RM for the @ Not mentioned 12 weeks [©) [©)
2008 Finland 741+£7.2 years per session weaker leg
Sylliaas et al.*® 95 (48/47) 82.4+6.5/ Hospital and 24 weeks 3/2 [©) Twice a week Three sets of 10 repeti- @ Not mentioned 12 weeks [060060)
2012 Norway 82.2+5.1 home /45—60 min per session tions at 80% of 1-RM
OEREEOB®
Kimmel et al.” 2016 92 (46/46) 81.3+9.0/ Hospital Within 48 h of surgery 0/0 [©) 7 days per week/60 min Not mentioned ©) 7 days per week/ 24 weeks ®ED® @®@
Australia 81.3+7.5 per session 30 min per session
Hauer et al.” 2002 28 (15/13) 81.7+7.6/ Hospital After discharge 3/1 [0610) 3 days a week/>25 min 70-90% of the individual ©) 3 days a week/60 min 12 weeks O®G®
Germany 80.8+£7.0 per session maximal workload per session
OO0 ®
Lauridsen et al.** 88 (44/44) 60—89 /60—89 Hospital before discharge 24/ QR® Three times per week/ Not mentioned @ 15—30 min per ses- 15-22
2002 13 120 min per session sion/2 h per week days
Denmark
Guo et al.*? 2019 82 (41/41) 72.19+5.42/ Hospital First day after 0/0 @ 7 days per week/ 5 to 6 sets of 10—20 @ Not mentioned 24 weeks ®® (@)
China 72.96+5.84 surgery 25-50 min per session repetitions
Zhang et al.** 2017 60 (30/30) 67.43+2.81/ Hospital First day after 0/0 ®® Five days per week/ 5 sets @ 50 min per session/ 12 weeks ®® [©0)
China 68.27+3.38 surgery twice a day, 70 min per five days per week/
session twice a day
Zhang et al.** 2019 98 (49/49) 77.48+2.32/ Hospital First day after 0/0 @ 7 days per week/ 3 sets of 100—150 @ Not mentioned 12 weeks ®® [O®)
China 77.51+£2.31 surgery 20-60 min per session repetitions
Moseley et al.” 160 (80/80) 84+8/ 84+7 Hospital 14.7149.06/13.41+ 7/3 @ Twice daily/60 min per Repeating five weight- 0} 30 min per day 16 weeks ORE®® O@®
2009 7.55 d post-operation day bearing exercises
Australia
Allegrante et al.** 59 (32/27) 7847/ 77+8 Hospital Fourth or fifth week 1/0 @0 Individualized retraining 60% of 1-RM ©) Not mentioned 24 weeks [©) @)
2007 USA post-operation
Sylliaas et al. 150 (100/ 82.14+6.5/ Hospital and 3months after a 5/7 @ Twice a week/45—60 min Three sets of 1015 rep- @ Not mentioned 12 weeks [000060)
2011 Norway 50) 82.9+5.8 home fracture per session etitions of each exercise
at 70% —80% of 1-RM
OEREEOB®
Mangione et al.® 33 (11/12/ 77.9£7.9/ Arcadia Uni- 19.4+11.7/ 6/1/ @ 1-2 times per week 3 sets of 8 repetitions at ® Not mentioned 12 weeks (000 BB
2005 USA 10) 79.8 £5.6 versity 19.7 + 8.4/ 1 /30—40 min the 80% of 1-RM
research 12.6 + 2.3 weeks
facilities after surgery
Peterson et al.'® 70 (38/32) 7947/ 78+8 Hospital, 14-t4weeks 12/ [006) Twice weekly/60 min per An individualized balance ©) Not mentioned 26 weeks @06 @@
2004 USA home 15 session and gait training program

Note: 1-RM, one-repetition maximum; CG, control group; IG, intervention group. The 8-RM is strongly related to the 1-RM.*’
Interventions: (Dresistance training; (2)weight bearing exercise; (3)strength training; (4)endurance training; (5)balance training; (6)power training; (7) progressive resistance training; (8) aero-

bic training.

Regular or no exercise include: (D)sat or laid down and walked for a short duration using parallel bars or walking aids; (2)continued their usual lifestyle and maintained their pre-study level of

physical activity.

Outcomes: (Dgait speed; (2)6-min walk test (6MWT); (3)independence in activities of daily living (ADLs); (4)balance; (5)Timed Up-and-Go test (TUG); (&)mobility; (7)physical function; (8)length

of stay in a hospital (LOS).

Measurements: (1) Ten-meter fast gait speed; (2)50-ft fast walk; (3)6 min walk test (6MWT); (4)Barthel index; (5)Berg Balance Scale (BBS); (6)Nottingham Extended Activities of Daily Living scale
(NEADL); (7)TUG; (®modified lowa Level of Assistance (mILOA) score; (9)Tinetti performance-oriented mobility assessment (Tinetti’s POMA); @@modified physical performance test (mPPT);
DHarris hip score; @Physical Performance and Mobility Examination(PPME); @3)National Health and Aging Trends Study (NHATS); (9)12-item short-form questionnaire (SF-12); @9the medical

outcomes of the 36-item short-form health survey (SF-36); 6)a modified balance test; (17)10-meter maximum walking speed test.

787001 (£207) L7 Adeiay] 1edisAyd Jo yeusnor ueljizelg
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Risk of bias summary: review authors’ judgements about risk of bias for each item for each included study (A) and risk of bias

for each item presented as percentages across all included studies (B).

methodological quality of the included RCTs is shown in
Fig. 2. The outcome measures and statistical analyses were
appropriate for the type of research design selected.

Certainty of the evidence

GRADE was used to rate the certainty of the evidence. The
overall evidence was low to moderate, which indicated that
further research is likely to significantly change confidence
in the effect estimate. The summary of findings is reported
in Table 2.

Outcome

Effect of intensive exercise on physical function

Eleven studies evaluated the effectiveness of intensive exer-
cise on physical function, as rated by the total score of the
modified lowa Level of Assistance,’ Tinetti performance-ori-
ented mobility assessment,” modified physical performance
test,*? Performance and Mobility Examination,® Harris hip
score,'®3%% 12-item short-form questionnaire,*®“° and the
medical outcomes of the 36-item short-form health
survey.®** As shown in Fig. 3A, there is moderate certainty
of evidence (downgraded due to inconsistency) that inten-
sive exercise improved physical function (SMD =0.74, 95% Cl:
0.25, 1.23, n = 1019, 11 trials, 1= 58.3%) compared to no or
regular exercise group. Moreover, subgroup analyses showed
that the effect of intensive exercise for the early post-oper-
ation group was significant (SMD =0.94, 95% Cl: 0.20, 1.69,
n = 565, 7 trials, 1*= 94%), while no significant differences
were found for the subacute rehabilitation subgroup
(SMD = 0.07, 95% CI: —0.25, 0.39, n = 171, 2 trials, 1>=96%) or
late-stage rehabilitation subgroup (SMD = 0.61, 95% CI

[-0.68, 1.90], n =283, 2 trials, 2= 96%). However, there was
a partial overlap in 95% Cls between early group and the
other two groups.

Subgroup analysis was conducted on the basis of different
intensive exercise based on load or duration. As shown in
Fig. 3B, a significant difference was found for the effect of
intensive exercise for the load group (SMD =0.61, 95% Cl:
0.46, 0.76, n = 777, 9 trials, I*= 93%); no significant differ-
ence was found for the effect of intensive exercise on the
duration group (SMD = —0.06, 95% Cl: —0.31, 0.19, n=242,2
trials, 12= 52%).

Effect of intensive exercise on mobility

Ten RCTs reported mobility outcomes, and 4 indicators were
used to assess mobility: gait speed, the Timed Up-and-Go,
balance, and the 6-min walk test (Supplementary material
— Fig. 4).

Gait speed: Eight studies reported the effectiveness of
intensive exercise on gait speed, as measured by the 10-
meter maximum walking speed test,” %3840 50-ft fast walk
test,”” and 6-min walk test.® There is moderate certainty
evidence (downgraded due to risk of bias) that intensive
exercise improved gait speed (SMD = 0.15, 95% Cl: 0.01,
0.30, n = 742, 8 trials, I*= 0%) compared to no or regular
exercise (Supplementary material — Fig. 4A).

Timed Up-and-Go test result: Six studies reported the
effectiveness of intensive exercises on the time in seconds
for the Timed Up-and-Go test.®”>% %3840 There is moderate
certainty evidence (downgraded due to inconsistency) that
intensive exercise reduced the time to complete the Timed
Up-and-Go test (MD = —4.34 s, 95% Cl: —6.74, —1.94,
n = 477, 6 trials, 1= 80%) compared to no or regular exercise
(Supplementary material — Fig. 4B).
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Summary of findings and quality of evidence (GRADE) for intensive exercise.

Table 2

Quality of

Effect size (95%Cl)

No. of participants

Certainty assessment

evidence

Control

Publication bias Intervention

Indirectness Imprecision

Inconsistency

Study Risk of Bias

No. of

Outcome

design

studies

SEDO

Undetected 533 486 SMD=0.74

Not Serious

Not Serious

Not Serious Serious

RCT

Physical function

Moderate®
SEPO

(0.25, 1.23)
SMD

Not Serious Not Serious Undetected 397 345 =0.15

Not Serious

Serious

RCT

Mobility-gait speed

Moderate®
DDDO

(0.01, 0.30)

MD

RCT Not Serious Serious Not Serious Not Serious Undetected 268 209 =—4.26

6

Mobility- Timed Up-and-Go test

Moderate®
DD

(—6.64, —1.89)

SMD:

160 109 =0.64

Undetected

Serious

Not Serious Not Serious

Serious

RCT

Mobility-balance

Low™*¢

(0.38, 0.89)

MD:

BOCO

Serious Undetected 302 244 =40.80

Not Serious

Serious

Serious

RCT

5

Mobility-distance for the 6-MWT

Very low®®

(—9.37, 90.96)

SMD:

©
Moderate®
[GIPCC)

0.55

265 =

Not Serious Not Serious Not Serious Undetected 312

Serious

RCT

Independence in ADL

(0.24, 0.87)

MD

3.05

Serious Undetected 139 154

Not Serious

Not Serious Serious

RCT

Length of hospital stay

Low®<

(—13.41,7.31)

Note: Cl, confidence interval; MD, mean difference; RCT, randomized controlled trial; SMD, standardized mean difference.

@ Downgraded (—1) due to > 25% participants from studies with low methodological quality.

® Downgraded (—1) due to wide variance of point estimates across studies or the heterogeneity between trials was large (/> > 50%).

¢ Downgraded (—1) due to total number of participants < 400 for each outcome.

Balance: Five studies reported the effects of intensive
exercise on balance, but because the intervention compo-
nents and duration conducted by Mangione et al** were dra-
matically different from the other studies, this article was
removed. Therefore, four studies were included in the
meta-analysis, with the Berg Balance Scale,*®“° National
Health and Ageing Trends Study,*’ and a modified balance
test,” as outcome measures. There is low certainty evidence
(downgraded due to risk of bias and imprecision) that inten-
sive exercise improved balance (SMD =0.42, 95% Cl: 0.38,
0.89, n = 269, 3 trials, 1>= 0%) (Supplementary material —
Fig. 4C) compared to no or regular exercise.

6-min walk test result: Five studies measured the effects
of intensive exercise on the total distance in meters for the
6-min walk test.®%-384041 There is very low certainty evi-
dence (downgraded due to risk of bias, inconsistency, and
imprecision) that intensive exercise had no significant effect
on the 6-min walk test result (MD = 40.80 m, 95% Cl: —9.37,
90.96, n = 546, 5 trials, 1>= 90%) (Supplementary material —
Fig. 4D) compared to no or regular exercise.

Effect of intensive exercise on independence

Six studies reported the effectiveness of intensive exercise
on independence in ADLs, as measured by the Barthel
index*”*%* and Nottingham extended activities of daily
living.>®“° There is moderate certainty evidence (down-
graded due to risk of bias) that intensive exercise improved
independence (SMD = 0.55, 95% CI: 0.24, 0.87, n =577, 6 tri-
als, I>= 68%) (Supplementary material — Fig. 4E) compared
to no or regular exercise.

Effect of intensive exercise on length of hospital stay
Three studies®®** measured the length of hospital stay.
There is low certainty evidence (downgraded due to incon-
sistency and imprecision) that intensive exercise had no sig-
nificant effect on length of hospital stay (MD = —3.05, 95%
Cl: —13.41, 7.31, n = 293, 3 trials, 1*= 78%) (Supplementary
material — Fig. 4F). The sensitivity analysis revealed that
the findings were not significantly influenced by any single
study.

Publication bias

For the meta-analysis of intensive exercise on physical func-
tion, there was no evidence of publication bias according to
the inspection of the funnel plot.

Discussion

This systematic review indicates that intensive exercise can
better improve the physical function, mobility, and indepen-
dence in ADLs of older adults after hip fracture surgery com-
pared to when regular or no exercise are performed. The
results of the subgroup meta-analysis suggest that intensive
exercise may be effective when initiated early (up to 3
months) post-operation, which may not be the case for pro-
grams initiated later than 3 months post-surgery. The result
is consistent with that in a previous study,*® and may due to
the following mechanisms. After hip fractures, the occur-
rence of disuse atrophy increases, muscle mass decreases by
6% and fat content increases by 11%, half of which occurs in
the first two months of the fracture, with a pronounced
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A) Forest plot in effect of intensive exercise on physical function

intervention Control Std. Mean Difference Std. Mean Difference

_Studyor Subgroup Mean  SD Total Mean SO Yotal Weight IV, Random, 95% CI IV, Random, 95% C1

1.3.1 early post.discharge rehabilftation

Allegrante 2007 50 25 32 45 29 27 92% 0.18[-0.33,0.70) = i

Guo 2019 4265 386 41 3194 378 41 88% 278[2.16,339) —

Hauer 2002 256 24 12 207 43 12 76% 1.36[0.45, 2.26)

Kimmel 2016 165 94 46 192 84 46  95% -0.30(0.71,0.11) =

Moseley 2003 93 24 73 9 24 77 98% 0.08(-0.24, 0.40) T

Znang 2017 9703 156 30 9247 32 30 88% 1.79(1.18,2.39) ——

zhang 2019 7371 1398 49 6002 1574 49  95% 0.91 (0.50, 1.33) ——

Subtotal (95% CI) 283 282 632% 0.94 [0.20, 1.69] -

Heterogeneity: Tau?= 0.94; Chi*= 98.93, df= 6 (P < 0.00001), P= 94%

Testfor overall effect Z= 2.47 (P=0.01)

1.3.2 post.acute rehabilitation

Mangione 2005 575 243 11 48 189 10 77% 0.42[-0.45,1.28) -

Sylliaas 2011 456 59 100 455 54 50 97% 0.02[-0.32,0.35) 5

Subtotal (95% CI) i1 60 17.5% 0.07 [-0.25, 0.39] L 4

Heterogeneity. Tau*=0.00; Chi*=0.70,df= 1 (P=040); "= 0%

Testfor overall effect Z= 0.44 (P = 0.66)

1.3.3 late stage rehabilitation

Magaziner 2019 2086 74 91 209 78 97 99% -0.04 [-0.33, 0.25) = B

Sylliaas 2012 522 21 48 488 31 47 94% 1.28(0.83,1.72) -

Subtotal (95% CI) 139 144 19.3% 0.61(.0.68, 1.90] i

Heterogeneity. Tau™= 0.83, Chi*= 23.92, df= 1 (P < 0.00001), F= 96%

Testfor overall effect Z= 0.92 (P = 0.36)

Total (95% CI) 533 486 100.0% 0.7410.25, 1.23] -

Heterogeneity: Tau?= 0.62; Chi* = 132.25, df= 10 (P < 0.00001); = 92% iy t 3 p

Testfor overall effect Z= 2.95 (P = 0.003)
Testfor subarouo differences: Chi*= 4.80. ¢f= 2 (P = 0.09). P= 58.3%

-2
Favours [control]  Favours [experimeantal)

B) Forest plot in effect of intensive exercise with load or duration on physical function

Experimental Control Std. Mean Difference Std. Mean Difference
u 1bqrov a 1 n 1| i WV, Fixed, 95% CI IV, Fixed, 95% Cl
9.3.1 load
Allegrante 2007 50 25 32 45 29 27 87% 0.18[0.33,0.70) —
Guo 2019 4265 386 41 3194 378 41 61% 2.78[2.16,3.39) -
Hauer 2002 256 24 12 207 43 12 28% 1.36(0.45, 2.26) —
Magaziner 2019 206 74 91 209 78 97 281% -0.04 (-0.33,0.25) .
Mangione 2005 575 243 11 48 189 10 31% 0.42[-0.45,1.28) —
Sylliaas 2011 4586 59 100 455 54 50 20.0% 0.02-0.32,0.36) I
Sylliaas 2012 522 21 48 488 31 47 11.7% 1.28(0.83,1.72) _—
Zhang 2017 97.03 156 30 9247 32 30 6.3% 1.79[1.18,239) ——
zhang 2019 73.71 1398 49 6002 1574 49 132% 0.91 [0.50, 1.33) ——
Subtotal (95% CI) 414 363 100.0% 0.61[0.46,0.76) <&
Heterogeneity: Chi*= 110.11, df = 8 (P < 0.00001), I"= 93%
Test for overall effect Z= 7,90 (P < 0.00001)
9.3.2 duration
Kimmel 2016 165 94 46 192 84 46 378% -0.30(-0.71,0.11) —T
Moseley 2009 93 24 73 a1 24 77 622% 0.08[-0.24, 0.40) :_
Subtotal (95% CI) 19 123 100.0% -0.06 [.0.31,0.19)
Helerogeneity. Chi*= 2.08,df= 1 (P=0.15), "= 52%
Testfor overall efect Z= 0.48 (P=063)
-2 -1 1 2

Testfor suberoup differences: Chi*= 20.06. df = 1 (P < 0.00001). "= 85.0%

Fig. 3

decrease in quadriceps muscle mass in the affected limb.*
According to Wolff’s law,*® types of exercise impact bones
differently and induce site-specific adaptations. Further-
more, some studies have recommended that the intensity of
exercise for patients with hip fracture should be higher than
normal levels to promote physiological adaptation (nerve
supplementation or hypertrophy), which can result in train-
ing responses.“>° Intensive exercise with more load showed
greater improvements in muscle strength, balance, and
functional ability.”" There were relatively few studies look-
ing at different intervention start time, so the results that
intensive exercise is effective only when started early should
be interpreted cautiously, but does appear to make sense
physiologically.

In the meta-analysis, intensive exercise was better than
regular or no exercise for outcomes of mobility and indepen-
dence in ADLs. For mobility, a significant difference was
found for gait speed, the Timed Up-and-Go test, and balance

Favours [expanmental] Favours [control)

Effect of intensive exercise on physical function after hip fracture surgery(A), effect of different intensive exercise based on
load or duration on physical function after hip fracture surgery(B).

ability, but not on the 6-min walk test. Magaziner et al.”?
reported that gait was restored within 6—9 months postop-
eratively. In the meta-analysis, gait speed was measured 6
to 9 months after discharge, so the meta-analysis showed a
small statistically significant difference; and the 6-min walk
test distances were all measured 6 months or more after the
hip fracture occurred, the participants showed the greatest
improvement in gait performance, so no significant differ-
ence was shown. The intensive exercise group took less time
to complete the Timed Up-and-Go test, which is important
for predicting bone mineral density and fall risk, and this
result is consistent with that in a previous study.’> Regarding
the balance ability, sensitivity analysis shows a statistically
significant effect of intensive exercise on balance when the
study conducted by Mangione et al. is removed. After read-
ing the article again, we found that the intervention compo-
nents and duration of this study are quite heterogeneous
from other studies.”> Therefore, this article was not
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included in the meta-analysis. For independence in ADLs, a
RCT by Huusko et al.>* showed that greater independence in
ADLs can be recovered in 3 months in a group of individuals
undergoing intensive geriatric rehabilitation compared with
a control group.” One year later, there was no significant
difference between the two groups. Therefore, patients
should perform individualized intensive exercise early after
hip fracture, as it can restore their ability to live indepen-
dently as quickly as possible.

However, the intensive exercise and control groups
showed no significant difference in the length of hospital
stay. Perhaps there were no rehabilitation targets for dis-
charging patients, there is a lack of uniform and clear dis-
charge criteria, and there are differences in patient’s
disease characteristics and intervention methods.> In this
meta-analysis, there were two studies®** with high drop-out
rates, mainly due to complications, dementia, and death.
Disease characteristics also have an impact on the length of
hospital stay.

Limitations

There are some limitations of our systematic review. First,
some RCTs did not describe the blinding and allocation con-
cealment processes in detail, which may have affected the
accuracy of the overall results. Second, in the inclusion cri-
teria, older adults with moderate to severe cognitive
impairment were not included in the study, conclusions
about the training results may not be extended to these pop-
ulations. Third, this review only included RCTs in English or
Chinese. Finally, the review was not registered.

Conclusion

Intensive exercise performed in older adults during the early
post-operation stage with more load after hip fracture (up
to 3 months postoperatively) have potential benefits and
may improve physical function, mobility, and independence
in ADLs more than when only regular or no exercises are
done. It is suggested that individualized and supervised
intensive exercise programs be performed in the early post-
operation rehabilitation stage after surgery for hip fracture.
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