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Abstract
Background—Hip fracture affects more than 1.6 million persons worldwide and causes
substantial changes in body composition, function, and strength. Usual care (UC) has not
successfully restored function to most patients, and prior research has not identified an effective
restorative program. Our objective was to determine whether a yearlong home-based exercise
program initiated following UC could be administered to older patients with hip fracture and
improve outcomes.

Methods—A randomized controlled trial of 180 community dwelling female patients with hip
fracture, 65 years and older, randomly assigned to intervention (n=91) or UC (n=89). Patients
were recruited within 15 days of fracture from 3 Baltimore-area hospitals from November 1998
through September 2004. Follow-up assessments were conducted at 2, 6, and 12 months after
fracture. The Exercise Plus Program was administered by exercise trainers that included
supervised and independently performed aerobic and resistive exercises with increasing intensity.
Main outcome measures included bone mineral density of the contralateral femoral neck. Other
outcomes included time spent and kilocalories expended in physical activity using the Yale
Physical Activity Scale, muscle mass and strength, fat mass, activities of daily living, and physical
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and psychosocial functioning. The effect of intervention for each outcome was estimated by the
difference in outcome trajectories 2 to 12 months after fracture.

Results—More than 80% of participants received trainer visits, with the majority receiving more
than 3 quarters (79%) of protocol visits. The intervention group reported more time spent in
exercise activity during follow-up (P<.05). Overall, small effect sizes of 0 to 0.2 standard
deviations were seen for bone mineral density measures, and no significant patterns of time-
specific between-group differences were observed for the remaining outcome measures.

Conclusion—Patients with hip fracture who participate in a yearlong, in-home exercise program
will increase activity level compared with those in UC; however, no significant changes in other
targeted outcomes were detected.

Hip fracture is a common problem with devastating consequences. At present, more Than
310 000 hip fractures occur annually in the United States,1 with an estimated cost of
between $14 and $20 billion.2-7 By 2050, the number of hip fractures is expected to in
crease to 700 000 in the United States and almost to 4 million worldwide.8 Between 16%
and 32% of patients die with in a year.9-12 Among survivors, 50% need assistance to walk
and 90% need assistance to climb stairs after 1 year.13 Furthermore, there are substantial
changes in body composition;including loss of bone mineral density (BMD) of 4% to 7%
per year, loss of lean body mass up to 6% within 2 months, and increase in fat mass of 3% to
4% in a year.13-16

On the basis of these findings under conditions of usual hip fracture care, it is important to
identify novel interventions that older patients will comply with to ameliorate significant
postfracture changes in order for gains to be realized beyond the 6-month recovery plateau
observed for most functioning after hip fracture.17 Exercise is generally well tolerated by
older adults after hip fracture with few serious adverse events18-20 and has the potential for
increasing BMD and strength. Research has shown that weight-bearing, aerobic-type
exercises alone or in combination with resistance exercises can slow or halt the rate of BMD
loss in postmenopausal women.21-26 Unfortunately, the success of exercise in hip fracture
rehabilitation, specifically, has varied. It is notable that few previous programs with this
patient group lasted more than a few months,19,20,27 most began late in the recovery
period,18,28 and with few exceptions19,27,29-31 most were gym or clinic based, rather than
home based, which can limit access. Therefore, we designed a yearlong exercise program
that could be delivered in patients’ homes in order to overcome the limitations of an
extended center-based exercise program.

This study was designed to test the feasibility and identify preliminary indications of
efficacy of the Exercise Plus Program, an aerobic and resistive exercise program
administered after fracture by an exercise trainer in the home setting.32 We hypothesized
that those randomized to the intervention, compared with those randomized to usual care
(UC), would experience reduced losses in BMD, muscle mass, and strength; less increase in
fat mass; greater increases in physical activity; improvements in ability to carry out physical
and instrumental tasks of daily living; and increases in physical and psychosocial
functioning.

METHODS
STUDY DESIGN

This randomized clinical trial (RCT) assigned patients with hip fracture to 1 of 2 groups:
home exercise program continuing for 1 year after fracture (Exercise Plus Program) or
UC.32 Women with hip fracture were recruited from 3 hospitals in the Baltimore Hip
Studies (BHS) network between November 1998 and September 2004. Patients were
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screened for eligibility within 15 days of the fracture; those meeting entry criteria had dual
energy x-ray absorptiometry (DXA) and additional measurements within 22 days of
fracture. Participants completing at least 80% of the baseline survey were randomized.
Follow-up data were collected at 2, 6, and 12 months after fracture. Measurement of
outcomes was assessed at 2, 6, and 12 months after fracture to ensure comparability with
other BHS studies on the natural history of recovery. Participants were called monthly to
ascertain information on health care use and adverse events. Institutional review board
approvals were obtained from the University of Maryland School of Medicine and the 3
participating hospitals; enrolled participants provided their own informed consent. A Data
and Safety Monitoring Board met quarterly to review adverse events and safety reports.

PARTICIPANTS
A total of 180 community-dwelling women 65 years or older admitted within 72 hours of a
nonpathological hip fracture receiving surgical repair were enrolled within 15 days of the
fracture. Eligibility was determined through medical chart review, medical assessment, and
cognitive screen. Exclusions included pathologic fracture, cardiovascular, neurologic, and
respiratory diseases that could interfere with exercising independently at home, diseases of
the bone (eg, Paget disease, osteomalacia), metastatic cancer, cirrhosis, end-stage renal
disease, hardware in the contralateral hip, and conditions that increase risk of falling while
exercising independently. Participants also had to be walking without human assistance
prior to the fracture, cognitively intact (ie, score ≤20 on the Folstein Mini-Mental State
Examination),33 and receive orthopedic surgeon clearance to participate. Patients enrolled
were randomly assigned to receive a home exercise intervention or UC.

STUDY GROUPS
Participants in both groups were provided information on bone health and management of
osteoporosis. Their baseline DXA scan was sent to their primary care provider along with
information on interpreting results and the National Osteoporosis Foundation
recommendations for treatment of osteoporosis.34,35 Participants were encouraged to discuss
results with their physicians.

In-Home Exercise Intervention—The Exercise Plus Program consisted of an exercise
component and a self-efficacy based motivational component to help optimize program
adherence throughout the 12-month intervention.36 The Exercise Plus Program, as described
elsewhere,32 was initiated at completion of skilled rehabilitation services by exercise trainers
in participant’s postacute discharge location with more frequent supervised sessions early in
the intervention to ensure safety and build independence. Participants started the program
receiving 3 trainer-supervised exercise sessions per week during the first 2 months and then
received 2 supervised sessions per week for 2 months. The frequency dropped to once a
week and then once every other week for a maximum of 56 supervised sessions by the end
of the protocol. The trainer supplemented the decrease in supervised sessions with telephone
calls to remind participants to exercise and address any questions or concerns.

The exercise sessions combined aerobic exercise using a Stairstep,32 a comprehensive
strengthening program that covered the main muscle groups relevant to hip fracture
recovery, and stretching exercises (20- to 30-minute warm-up and cool down periods).
Participants were expected to perform aerobic activity at least 3 days per week and strength
training 2 days per week for 30 minutes. Each participant started at her own individual level
with regard to time spent in aerobic activities and amount of repetitions and resistance used
in the strengthening program but was advanced to a higher level according to a standard
protocol.32 Participants were assessed at the initial visit to identify an appropriate exercise
prescription tailored to the individual’s medical status and level of conditioning.
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Strength training included a series of 11 exercises for the upper and lower extremities using
Thera-Band products (The Hygenic Corporation, Akron, Ohio) and/or ankle and wrist cuff
weights. The duration of each exercise was increased until the participant could do 3 sets of
10 repetitions on both sides. Intensity was then augmented by increasing the resistance of
exercise bands and/or adding ankle and wrist cuff weights.32 Duration of aerobic stepping
was increased with the goal of completing 30 minutes of continued stepping. Once
participants could perform 20 minutes, light ankle weights were added to increase exercise
intensity.

Usual Care—The UC group received the physician-prescribed postfracture standard of
care for patients with hip fracture in the greater Baltimore, Maryland, region at the time of
study, which included relatively short hospital stays and approximately 2 to 4 weeks of
rehabilitation.

TREATMENT ASSIGNMENT
PC-PLAN software37 was used to randomize participants within blocks of 2 or 10 patients
for each study hospital, depending on estimated number of admissions, to eliminate
between-hospital differences and ensure that each hospital is equally represented in the same
frequency across the 2 study groups. Randomization occurred a mean (standard deviation
[SD]) of 11 (4.5) days following fracture, which was prior to discharge to the community for
almost all participants. The study coordinator then contacted participants by telephone to
explain their group assignment. Those in the exercise group were told that an exercise
trainer would be calling within 2 days to schedule the first home visit. Study staff
conducting assessments were blind to group assignment.

MEASURES
Outcome Measures—Outcomes were assessed at 2, 6, and 12 months after hip fracture;
most were also obtained prior to randomization with reference to the current, in-hospital, or
prefracture period. Measures were collected on-site at the time of BMD testing at
participating hospitals; when this was not possible or additional sessions were needed,
participants were measured in their own residence.

Primary Outcome—BMD—Bone mineral density at the contralateral femur was
measured using DXA (models QDR-1000 W, QDR-1500; Hologic, Waltham,
Massachusetts). Each participant’s follow-up DXA was obtained on the same machine as
her prerandomization assessment; daily calibration of DXA machines prevented significant
drift in measurements over time.

Secondary Outcomes—Whole-body DXA was performed to measure total lean body
mass and fat mass. Physical activity was assessed using the Yale Physical Activity Scale.38

Both hours spent exercising and kilocalories (participation in hours per week multiplied by
an intensity code [kilocalories per hour]) expended in a week were calculated. The 6-minute
walk test assessed maximal distance walked in 6 minutes on an indoor course.39,40 Lower
extremity performance was measured with the Lower Extremity Gain Scale that evaluated
performance of 9 lower-extremity tasks considered important for patients with hip fracture
and their care providers.41 A single chair rise time and a timed walk were excerpted from
the Lower Extremity Gain Scale and analyzed separately. A measure of gait and global
balance, developed for older patients with hip fracture was used.42,43 Grip strength was
measured with the JAMAR hand-held dynamometer (JAMAR Technologies Inc, Hatfield,
Pennsylvania).44,45 Lower Extremity Physical Activities of Daily Living were assessed
using a modified form of the Functional Status Index,46 revised to specifically address
functional issues relevant to patients after hip fracture.17 Instrumental Activities of Daily
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Living were obtained using a modified version of the Older Americans Resources and
Services Instrument,47 which asks about performance of 7 tasks. The Geriatric Depression
Scale was used to assess participants for depressive symptoms,48-50 and health-related
quality of life was assessed using the 36-Item Short Form Health Survey (SF-36).51

Demographic information and medical history, fracture type, and course of hospitalization
were obtained by abstracting medical charts. Monthly telephone calls were made to
participants to ascertain falls and resultant injuries, outpatient and emergency department
visits, hospitalizations, and deaths.

STATISTICAL ANALYSIS
The intention-to-treat principle was followed in analyses to assess the effect of intervention
on outcome (ie, all randomized participants were included using available data). The
completed trial had from 50 to 70 participants per arm with usable data at 12-month follow-
up, depending on the outcome measurement. For tests on the between-arm change from
baseline at 12 months after fracture, effect sizes ranging from 0.37 to 0.43 SDs were
detectable with 80% power at the 5% significance level, 2-tailed (within-subject correlation
was on the order of 0.7 for most measurements). Thus, the detectable effect sizes are
considered smaller than medium effect sizes according to Cohen.52

Generalized estimating equations53 were used to perform repeated measures analyses.
Model terms included an indicator variable for the intervention and indicator variables for
2-, 6-, and 12-month time points with the prerandomization baseline serving as the
reference. For outcomes without baseline measurement, models were revised to provide
estimates for the 3 follow-up time points only. Time-by-treatment interaction terms were
included in the longitudinal model. This model was used to estimate the mean and standard
error of the outcome measure at each time point for each of the 2 groups. Robust standard
error estimates were obtained using a technique described by Huber.54

The effect of intervention for each outcome was estimated by the difference in mean
changes from baseline during 2 to 12 months after fracture. This approach corrected for
between-group differences at baseline. A global P value for the differences in postran-
domization changes between groups was obtained from a test of the null hypothesis that all
the treatment by time interaction co-efficients were simultaneously zero. Time-specific
differences were transformed to standardized effect sizes by dividing them by the square
roots of the deviance dispersion (a within-group SD) obtained from fitting the generalized
estimating equation model. P<.05 was considered statistically significant.

To investigate potential bias due to missing data, sensitivity analyses were performed using
weighted estimating equations.55 Weights were the inverse estimated probabilities of being
observed at each visit derived from a logistic regression of observed status (yes/no) on time,
group, their interaction, and selected baseline factors. Results from generalized estimating
equations are only unbiased when data are missing completely at random in the sense of
Robins et al55 and Rubin.56

RESULTS
A total of 1276 female patients with hip fracture were screened during the study period
(Figure 1). Of these, 243 (19%) were eligible and 180 (74%) were randomized: 91 to
intervention and 89 to UC group. The 4 most common reasons for ineligibility were
prefracture nursing home residency (24%), prefracture dementia or scoring below 20 on the
Mini-Mental State Examination within 15 days after fracture (13%), chronic atrial
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fibrillation or other cardiac arrhythmia (12%), and having hardware in the contralateral hip
(10%).

The mean (SD) age was 82.4 (7.0) years (Table1). More than 94% of the participants were
white, 31% were married, and 73% had at least a high school education. Participants had a
mean (SD) length of stay in acute care of 4.1 (1.4) days and had a mean (SD) of 1.1 (1.3)
comorbidities. Prior to the fracture, the lowest scores on the SF-36 were reported for the
vitality (57.2), physical functioning (64.0), and role-physical (64.3) subscales, while
reported scores were relatively high on general health (70.3) and mental health (76.8)
subscales. Seven participants in each group (7.7%) provided no follow-up data; the
remaining participants provided data for at least 1 follow-up visit.

FEASIBILITY: DELIVERY OF PROGRAM
Of the 91 participants randomized to receive the exercise program, 75 (82%) were followed
up by an exercise trainer; 16 (18%) refused to participate after being assigned to the
intervention group. Only 1 person refused to participate after receiving a trainer visit. Of the
intervention participants, 51 (56%) started exercising before their 2-month assessment. The
mean time to initiate exercise was 67.8 days after fracture (range, 25-203 days). The mean
number of visits for participants randomized to exercise was 36.2; however, those who
agreed to trainer visits received a mean of 44 of 56 visits (79%) over the postfracture year.

Table 2 gives the proportion of participants affected by adverse events by group over the
year. There were no statistically significant differences between groups in the adverse events
monitored. There was only 1 treatment-related serious adverse event experienced while
exercising in the intervention group; a participant fractured her ulna while doing a chest
stretch during the warm-up exercise.

Figure 2 shows the mean reported time spent engaged in exercise behavior per week, and the
calculated number of kilocalories expended per week as an indication of participation in the
exercise program. The intervention group reported more time spent exercising (Figure 2A):
this amounted to 0.5 9 hours (95% confidence interval [CI], 0.15-1.33 hours) at 2 months
after fracture; 0.77 hours (95% CI, 0.03-1.50 hours) at 6 months; and 0.68 hours (95% CI,
0.05-1.41 hours) at 12 months after fracture. The mean number of kilocalories expended
while engaged in exercise behavior was greater in the intervention group at all follow-
uptime points (Figure 2B): 184.5 kcal more (95% CI, 15.7-353.4 kcal) at 2 months; 249.1
kcal (95% CI, 54.5-443.6 kcal) at 6 months; and 169.9 kcal (95% CI, 31.9-371.6 kcal) at 12
months (global P=.03). Trends for total time and kilocalories spent in all physical activities
were similar to the results for exercise behavior reported above, but the differences were
smaller and not statistically significant (Figure 3).

EFFECTS OF INTERVENTION ON OUTCOMES
Postfracture differences in mean changes were examined for all study outcomes in the same
manner as for time spent exercising; none of the differences comparing the exercise
intervention and UC groups were statistically significant. The weighted effects estimation
analyses (weighted estimating equation) provided no evidence for a systematic difference
between patients responding (or measured) and those lost to follow-up. Time-specific
between-group differences, expressed as standardized effect sizes for select longitudinal
analyses, are shown in Figure 4.

Overall, small effect sizes of 0 to 0.2 SDs were seen for body composition measures
including femoral neck, trochanteric and total hip BMD, and fat mass (Figure 4A). No
pattern of time-specific between-group differences were observed for physical performance
outcomes (Figure 4B), Lower Extremity Physical Activities of Daily Living or Instrumental
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Activities of Daily Living summary scores (Figure 4C), SF-36 subscales (Figure 4D), or
Geriatric Depression Scale (P>.05).

PER-PROTOCOL ANALYSIS
Additional analyses were performed to assess any dose-response relationships comparing
participants in the intervention group who received more than 43 visits from a trainer (the
median number of visits received) vs those receiving 43 or fewer visits. No statistically
significant differences were observed in patient characteristics or study outcomes (data not
shown).

COMMENT
This study demonstrates the feasibility of delivering a year-long, home-based exercise
intervention to older women with hip fractures. The data showed that more than 80% of
participants allowed a trainer to come into their home to provide the intervention over a 12-
month period and that the majority of participants received more than three-quarters (77%)
of protocol visits. The limited number of treatment-related adverse events suggests that the
intervention was safe and well-tolerated. Those assigned to the intervention reported more
physical activity and exercise behavior than those in UC, and a greater amount of energy
expended in these activities, particularly within the first 6 months. This is consistent with
participants receiving approximately 85% of supervised sessions by 6 months after fracture
according to the schedule of visits; however, there is evidence of a sustained effect of the
remaining 15% of trainer visits between 6 and 12 months, with greater time in exercise
reported at 12 months compared with 2 months.

Despite the effectiveness of the delivery system and the reported improvements in exercise
and physical activity, the exercise intervention did not result in clinically important or
statistically significant changes in targeted outcomes, including BMD, compared with
controls. There are very few RCTs testing the impact of exercise interventions on BMD
among older adults and even fewer among people after a hip fracture. A recent meta-
analysis57 of 10 RCTs with postmenopausal women (n=595) reported a trend toward an
increase in femoral neck BMD for exercising subjects compared with controls. However,
studies with participants more similar to patients with hip fracture have shown no or only
moderate improvements in BMD,58,59 even with higher intensity exercise.60,61 Studies that
reported significant improvements in BMD included lower extremity exercises that would
be contraindicated during fracture healing.62-64

Other studies of postfracture exercise for patients with hip fracture have shown that regular
exercise (resistive and/or aerobic) can improve physical performance (eg, gait, strength),65

mobility,27,66 walking speed, and quadriceps strength.18 In a study of a center-based
intervention initiated 6 months after a hip fracture, benefits in muscle strength, walking
speed, balance, and physical performance were found.20 However, a Cochrane Review of 13
trials of 1065 patients comparing exercise interventions concluded that there was insufficient
evidence to determine if physical intervention affected outcome after hip fracture.55 In a
more recent study, participation in physical activity, particularly in the early postfracture
period, was predictive of functional recovery.67

One of the challenges in comparing outcomes of prior studies to those in the present report
is that studies have varied greatly with regard to program content and type of exercises
(aerobic, resistance training, and functional training); delivery site (gym, clinic, or patient’s
home); time of initiation after fracture; intensity and duration of program; level of
supervision; background of trainer or therapist; subject selection; and frailty status of
participants. Furthermore, the dose of the exercises tested in our program may have lacked
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intensity to improve functional tasks65 and lacked the specificity needed to translate into
improvements in outcomes such as balance and rising from a chair. It is possible that our
program may have proved efficacious if tested with a lower functioning group of patients.
Likewise, it is possible that a more intense program that provided more weight-bearing
exercises with increased loads, a higher level of resistive training for strengthening, and
longer aerobic training beyond 6 months would have affected the primary and some of the
secondary outcomes of interest in this higher-functioning group. There are preliminary data
that indicate patients with hip fracture can tolerate more intensive exercise programs and
that such a program can affect aspects of functioning.31

Strengths of the present program include that the intervention was delivered in participants’
homes and that they were visited by certified trainers early in the intervention period; this
may have led to the high level of acceptance and the greater level of activity in the
intervention group. Adherence to the program was high, despite the long duration and the
total number of visits received by participants, suggesting that this program can increase
independent exercise and enhance sustained adherence.

This study was restricted to a select group of female participants recruited from a
representative population of women with hip fractures who had the potential to exercise
safely and independently in the home setting. Participants were healthier than the average
hip fracture patient, as reflected in their high 1-year survival rate (96%) compared with that
of patients with hip fracture overall (68%-84%),9-12 and had greater physical functioning17

and smaller relative decline in BMD14-16 as shown in prior studies. Participants included in
this study may have been functioning at too high a level to benefit from the program being
tested.

The significant losses and impairments that remain after hip fracture are remarkable and
warrant further attention. One of the challenges clinicians will face in the coming decades is
finding ways to deliver rehabilitative and other services to frail older adults over a long
period to maximize recovery from acute events such as hip fracture. Our low-intensity,
home-based exercise program is a feasible delivery strategy and can be used as a model for
developing more home-based services that can enhance adherence and promote
independence after completion of services; however, further research is needed to assess the
overall cost-effectiveness of the program. Additional studies of postfracture exercise and
rehabilitation programs are needed particularly in combination with nutritional and
pharmacologic interventions designed to have an impact on study outcomes.
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Figure 1.
Follow-up data available over 12 months by group. *Patient died before any follow-up
visits. †Patient died after providing follow-up data.
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Figure 2.
Yale exercise time in hours (A) and Yale exercise kilocalories (B) expended over time in the
intervention and control groups. The P value indicated on the graph pertains to a test on the
null hypothesis of no between-group difference in the 2- to 12-month trajectories.
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Figure 3.
Effect of intervention on Yale physical activity measures. Data are given as standard effect
size for exercise relative to control, with 95% confidence intervals.
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Figure 4.
Effect of intervention on bone and muscle (A), activities of daily living (B), performance
measures (C), and 36-Item Short Form Health Survey (SF-36) subscales (D). Data are given
as standard effect size for exercise relative to control, with 95% confidence intervals. BMD
indicates bone mineral density; IADL, Instrumental Activities of Daily Living; LEGS,
Lower Extremity Gain Scale; and LPADL, Lower Extremity Physical Activities of Daily
Living.
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Table 1

Demographic and Medical Characteristics of the Sample

Arch Intern Med. Author manuscript; available in PMC 2011 July 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Orwig et al. Page 17

Table 2

Participants Experiencing Adverse Events by Treatment Group

Event Exercise Group, No. (% With ≥1 Event) (n=91) Control Group, No. (% With ≥1 Event) (n=89) P Valuea

Falls 31 (34) 31 (35) .91

Outpatient visits 81 (89) 74 (83) .26

Hospital admissions 21 (23) 24 (27) .55

ED visits 17 (19) 12 (13) .34

Deaths 3 (3) 4 (4) .72

Abbreviation: ED, emergency department.

a
P values drawn from χ2 tests.
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