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Background: Care of elderly patients after hip fracture
is not well established.

Methods: We enrolled 173 patients with acute hip frac-
ture who were 65 years or older (79.2% women; mean
age, 84 years; 77.4% living at home). Using a factorial
design, we randomly allocated patients to extended phys-
iotherapy (PT) (supervised 60 min/d during acute care
plus an unsupervised home program) vs standard PT (su-
pervised 30 min/d during acute care plus no home pro-
gram; single-blinded), and to cholecalciferol therapy, 2000
vs 800 IU/d (double-blinded). Primary outcome was rate
of falls; secondary outcome was rate of hospital readmis-
sions during the 12-month follow-up. All analyses in-
cluded 173 individuals and used multivariate Poisson re-
gression analyses.

Results: At baseline, 50.9% of participants had 25-
hydroxyvitamin D levels of less than 12 ng/mL and 97.7%
of less than 30 ng/mL. We documented 212 falls and 74
hospital readmissions. Because this was a factorial de-

sign trial, all analyses tested the main effect of each treat-
ment while controlling for the other in 173 partici-
pants. Extended vs standard PT reduced the rate of falls
by 25% (95% confidence interval [CI], −44% to −1%).
Cholecalciferol treatment, 2000 vs 800 IU/d, did not re-
duce falls (28%; 95% CI, −4% to 68%), but reduced the
rate of hospital readmissions by 39% (95% CI, −62% to
−1%).

Conclusions: Extended PT was successful in reducing
falls but not hospital readmissions, whereas cholecalcif-
erol treatment, 2000 IU/d, was successful in reducing hos-
pital readmission but not falls. Thus, the 2 strategies may
be useful together because they address 2 different and
important complications after hip fracture.

Trial Registration: clinicaltrials.gov identifier:
NCT00133640
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B Y THE NINTH DECADE OF LIFE,
1 of every 3 women and 1 of
every 6 men will have sus-
tained a hip fracture.1 The
consequences are severe. In

the first 12 months after the fracture, 10%
fracture their other hip, 30% are readmit-
ted to acute care, 50% are left with per-
manent functional disabilities, 25% re-
quire long-term care, and 10% to 25%
die.2-5 Despite the high frequency of ad-
verse events, evidence to support specific
interventions to reduce these outcomes is
limited.6

Supplemental cholecalciferol (700-
1000 IU/d) reduces falls7 and nonverte-
bral fractures8 in community-dwelling and
institutionalized older individuals. Thus,
patients with hip fracture may benefit from
cholecalciferol supplementation, but may
need a higher dose of cholecalciferol to cor-
rect their severe vitamin D deficiency.9-11

Cholecalciferol may also reduce morbid-
ity via multiple mechanisms.12-14

Secondary prevention may also in-
clude physiotherapy (PT) applied as an in-
structed unsupervised home program; sev-
eral studies of older individuals found a
reduction of falls with exercise.15-17 How-
ever, the benefit of such a program has not
been evaluated after acute hip fracture.

The goal of this randomized con-
trolled trial was to determine the addi-
tive benefit of extended PT and cholecal-
ciferol therapy, 2000 IU/d, on the rate of
falls and hospital readmissions in the first
12 months after acute hip fracture.

METHODS

DESIGN OVERVIEW

In this 12-month trial, participants were ran-
domized to PT (extended or standard) and to
vitamin D3 therapy (2000 or 800 IU/d; 800 IU/d

Author Affiliations are listed at
the end of this article.
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was considered the standard of care) in a factorial design trial.
The primary end point was the rate of falls. The secondary end
point was health care utilization measured as the rate of hos-
pital admissions.

SETTING AND PARTICIPANTS

We studied patients with acute hip fracture 65 years or older
from a large hospital center (Triemli City Hospital). Partici-
pants had to reach a Folstein Mini-Mental State Examination
score of at least 15,18 have no prior hip fracture at the newly
fractured hip, undergo surgical repair of the fracture, under-
stand German, have no metastatic cancer or chemotherapy in
the last year, have no severe visual or hearing impairment, have
creatinine clearance of more than 15 mL/min (to convert to
milliliters per second, multiply by 0.0167), be able to walk at
least 3 m before their hip fracture, and have no kidney stone
in the past 5 years, no hypercalcemia, and no primary hyper-
parathyroidism or sarcoidosis. Participants were advised to main-
tain their usual diets and to avoid taking calcium and chole-
calciferol supplements on their own throughout the study.

SCREENING AND RANDOMIZATION

We prescreened all 667 patients with acute hip fracture 65
years or older admitted from January 1, 2005, through
December 31, 2007. Of these, 327 did not meet our inclusion
criteria (Figure). Of 341 patients eligible after prescreening,
173 agreed to participate. The prescreening and trial protocols

were approved by the Kantonal Ethics Committee at the Uni-
versity of Zurich, and written informed consent was obtained
from each participant.

Computer-based randomization was performed by the study
statistician (E.J.O.). Randomization for the dosage of chole-
calciferol was double-blinded, whereas randomization for PT
was single-blinded (all study staff except the treating physio-
therapist who instructed the home program were blinded to
the PT treatment allocation).

INTERVENTIONS

Physiotherapy

Participants were randomly assigned to standard PT (30 min/d
during acute care with no home program) or to extended PT.
The extended PT program included an additional 30 minutes
of home program instruction each day during acute care. The
additional instructions prepared subjects for the home pro-
gram, using the following simple components: standing on both
legs and then standing on 1 leg while holding a handrail (simple
balance component), pulling a rubber band while sitting for
arm strength training, getting in and out of a chair, and going
up and down stairs (functional mobility). At discharge, the ex-
tended PT group also received a leaflet that illustrated the home
program with our recommendation to follow the home pro-
gram for 30 minutes each day (all material available on re-
quest from the authors).

Analyzed: main effect of extended (n = 87) vs standard (n = 86) PT173

Patients ≥65 y with acute hip fracture assessed for eligibility667

Analyzed: main effect of cholecalciferol 2000 IU/d (n = 86) 
vs 800 IU/d, (n = 87)

173

Lost to follow-up11
Death6
Illness/decline2
Overwhelmed2
Discontinued study medication1

Lost to follow-up12
Death4
Illness/decline1
Overwhelmed5
Discontinued study medication2

Lost to follow-up11
Death6
Illness/decline1
Overwhelmed1
Discontinued study medication3

Lost to follow-up11
Death4
Illness/decline2
Overwhelmed2
Discontinued study medication3

Randomized173

Received 2000 IU/d cholecalciferol
+ standard PT

42 Received 800 IU/d cholecalciferol
+ standard PT

44Received 2000 IU/d cholecalciferol
+ extended PT

44 Received 800 IU/d cholecalciferol
+ extended PT

43

Excluded494
Did not meet inclusion criteria327

Refused to participate167

(59.6%) MMSE score <15195
(4.6%) Conservative treatment15
(4.6%) Unable to communicate in German15
(5.5%) Severe hearing or visual impairment18
(3.1%) Death prior to inclusion10
(4.0%) Unwilling or unable to take study medication13
(2.8%) Early complications or transfer to intensive care9
(2.8%) Previous hip fracture at the same hip9
(2.4%) Plans to leave the city or country after surgery8
(2.1%) No hip fracture (femur fracture)7
(3.7%) Chemotherapy in the last year or bone metastases12
(2.1%) Unable to walk prior to hip fracture7
(1.8%) Increased alcohol intake6
(0.6%) Creatinine clearance <15 mL/min2
(0.3%) Epilepsia1

Figure. Randomization of participants in the study. MMSE indicates Mini-Mental State Examination; PT, physiotherapy.
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One physiotherapist conducted the home program instruc-
tion while another physiotherapist, blinded to treatment as-
signments, conducted all assessments of strength and func-
tion at baseline and at the 6- and 12-month follow-up visits.
To maintain the blinding of our study staff to the PT group,
we assessed adherence to the home program (at least once per
week vs less) only at the 12-month follow-up visit or by tele-
phone call.

Cholecalciferol Therapy

For breakfast and at bedtime, participants took a tablet con-
taining 400 IU of cholecalciferol and 500 mg of elemental cal-
cium as calcium carbonate (Nycomed, Wädenswil, Switzer-
land). Also, with breakfast, participants took a study capsule
containing 1200 IU of cholecalciferol or placebo, identical in
appearance and taste. The study capsules were prepared in a
single batch (Streuli AG, Uznach, Switzerland); an assay con-
firmed that the dose was 1269 IU of cholecalciferol.

OUTCOMES AND FOLLOW-UP

Baseline assessments were performed after hip fracture sur-
gery, during acute care (mean [SD], 4.2 [2.2] days after hip frac-
ture surgery; range, 1-12 days). Clinical visits were at 6 and 12
months. Falls, fall-related injuries, and hospital readmissions
were assessed by monthly telephone calls and a patient diary.
In addition, a telephone hotline was provided to report these
events at any time. Unique fall events were identified by com-
paring the date and circumstances of each report from differ-
ent ascertainment methods. All admission records were re-
viewed by 3 blinded coinvestigators (H.A.B.-F., A.E., and N.J.M.)
to determine the main cause of readmission.

Falls were defined as “unintentionally coming to rest on the
ground, floor, or other lower level.” Coming to rest against fur-
niture or a wall was not counted as a fall.19 The primary analy-
sis included the total number of falls per person. We trun-
cated the total number of falls for 1 person from 36 to 9, the
next highest fall frequency observed. Comorbid conditions were
assessed at baseline with the Charlson comorbidity index.20

Functional assessment at baseline and 6 and 12 months in-
cluded knee extensor and flexor strength for the leg undergo-
ing operation and the other leg, grip strength, and the timed
Up & Go test. All tests showed good reproducibility in an ear-
lier trial of frail elderly individuals.21

Fasting venous blood was collected between 7 and 10 AM at
baseline and the 6- and 12-month follow-up visit for measure-
ment of levels of 25-hydroxyvitamin D (25[OH]D) (using a ra-
dioimmunoassay from Diasorin, Inc, Stillwater, Minnesota), cal-
cium corrected for albumin, and creatinine. Creatinine clearance
was calculated using the Cockcroft-Gault formula.22

STATISTICAL ANALYSES

All analyses were based on intent to treat and included 173 in-
dividuals. We used Poisson regression to evaluate the effect of
extended PT compared with standard PT and the effect of 2000
vs 800 IU/d dosages of cholecalciferol on the rates of falling
and hospital readmissions during the 12-month follow-up visit.
The appropriateness of the Poisson model in terms of overdis-
persion was checked using the ratio of the model deviance to
its degrees of freedom and found to be excellent for readmis-
sions (1.03) and reasonable for falls (1.80). Because this was a
factorial design trial, we tested and confirmed our assumption
of no interaction between the 2 treatment strategies. Thus, all
analyses test the main effect of each treatment while control-
ling for the other treatment strategy.

The multivariate analyses for rates of falls and hospital re-
admissions controlled for age in years, sex, baseline body mass
index, baseline plasma 25(OH)D level, baseline height, living
situation before the hip fracture (home, assisted living, or nurs-
ing home), and exposure time (days in the trial). To account
for the reduced exposure time among patients who died or with-
drew from the study, we used an offset in the Poisson regres-
sion for the number of days in the study.

For our predefined subgroup analyses comparing the rate
of hospital readmissions due to fall-related injury, infection,
and other causes, the Poisson regression controlled for trial de-
sign (both treatment strategies), living situation before the hip
fracture (home, assisted living, or nursing home, to capture sig-
nificant frailty), and exposure time (days in the trial), again using
the offset for the number of days in the study. These adjust-
ments were also used for the adjusted risk of death and new
nursing home admission by treatment strategy. Because of the
limited number of events in the subgroup analyses, it was not
possible to include additional covariates in these regression mod-
els. To evaluate a benefit of extended PT and 2000 IU/d of vi-
tamin D3 on measured strength and functional mobility at 6
and 12 months, we used repeated-measures linear regression
analyses controlling for baseline strength/function, time, age,
sex, and body mass index. The mixed linear regression model
included all of the other covariates listed, as well as the main
effects of PT and the dose of vitamin D.

Analyses were conducted with SAS statistical software (ver-
sion 9.1; SAS Institute Inc, Cary, North Carolina). All P values
are 2 sided. Unless otherwise specified, data are expressed as
mean (SD).

RESULTS

PATIENT CHARACTERISTICS
AND STUDY ADHERENCE

The baseline characteristics of the 173 subjects by treat-
ment group are shown in Table 1. Mean age was 84
(range, 65-99) years at randomization; 79.2% of sub-
jects were women; and the mean Folstein Mini-Mental
State Examination score was 24.7 (3.7). We docu-
mented 212 falls (154 by monthly telephone calls, 92 by
patient diary, 65 by fall hotline, and 34 by other sources
[several falls were reported by �1 method]) with a rate
of 1.43 falls per observed patient-year and 74 hospital
readmissions with a rate of 0.5 per observed patient-
year. Mean follow-up (observation time) was 312 (129)
days.

During the trial, 45 participants dropped out after a
mean follow-up of 118 (112) days; of these, 20 died, 10
stopped for personal reasons (ie, they were over-
whelmed or lost interest), 6 withdrew because of illness
and overall decline, and 9 withdrew because they wanted
to discontinue the study medication therapy. Subjects who
discontinued their study medication therapy were en-
couraged to return for all subsequent follow-up evalua-
tions. Patients with incomplete follow-up were in-
cluded in all analyses for rates of falls and hospital
readmission, controlling for observation time.

The reported adherence, assessed by monthly calls,
was 92.2% for the combined cholecalciferol plus cal-
cium and 93.6% for the study capsule containing 1200
IU cholecalciferol or placebo. The adherence-adjusted dos-
age of cholecalciferol correlated significantly with the mea-
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sured 25(OH)D levels at the 6-month (correlation coef-
ficient, 0.48; P� .001; 117 participants) and 12-month
(correlation coefficient, 0.44; P � .001; 116 partici-
pants) follow-up visits.

Mean days of PT during acute care were 7.6 (95% con-
fidence interval [CI], 6.3-8.9) in the standard group and
7.2 (95% CI, 6.4-8.0) in the extended PT group; total min-
utes of PT were 176 (95% CI, 144-208; 23 min/d) with
standard PT and 292 (95% CI, 259-326; 41 min/d) with
extended PT. Sixty-five of 87 persons randomized to ex-
tended PT were reached for the 12-month visit or a tele-
phone call. Of those, 45 (69%) reported having per-
formed the home program at least once a week; of these,
4 (9%) answered that the home program did not make them
stronger or more mobile, 24 (53%) answered that the pro-
gram made them somewhat stronger and somewhat more
mobile, and 17 (38%) answered that the home program
made them a lot stronger and a lot more mobile.

RATE OF FALLS

We documented 212 falls in 92 participants (38 [41%]
fell once, 24 [26%] fell twice, 17 [18%] fell 3 times, and
13 [14%] fell �3 times). Extended PT reduced the rate
of falls significantly by 25% (adjusted relative rate dif-
ference,−25%; 95% CI, −44% to −1%; Table 2). In an
efficacy analysis based on participation in the home pro-
gram at least once a week (n=45), the rate of falls was
reduced by 36% (adjusted relative rate difference, −36%;
95% CI, −55% to −9%) compared with individuals who
did not participate in the home program at least once a
week or were randomized to standard PT (n=128).

Although there was no significant difference in func-
tional outcomes by PT group assignment, persons who
engaged in the home program at least once a week per-
formed significantly better in 3 of 4 functional tests mea-

sured at the 6- and 12-month follow-up visits compared
with those who did not engage in the home program or
were randomized to standard PT, independent of their
baseline strength/function, age, sex, and body mass in-
dex. We found an 8% higher knee extensor strength
(P=.02), a 37% higher grip strength (P=.004), and a 39%
better functional mobility (quicker performance in the
timed Up & Go test; P=.047), but no significant benefit
for knee flexor strength (−3%; P=.96).

The 2000- vs 800-IU/d dosages of cholecalciferol did
not reduce the rate of falls or improve strength or func-
tion. The nonsignificant increase in the overall rate of falls
in the 2000-IU/d group (Table 2) was driven to a large
extent by patients with hip fracture who experienced mul-
tiple falls; however, even when we restricted the com-
parison to those who fell and did not fall, there was no
benefit of the higher dosage of cholecalciferol.

RATE OF HOSPITAL READMISSION

We documented 74 hospital readmissions in 54 of the
original 173 participants (38 [70%] had 1 readmission,
12 [22%] had 2 readmissions, and 4 [7%] had 3 read-
missions). The 2000- vs 800-IU/d dosage of cholecalcif-
erol reduced the rate of hospital readmissions signifi-
cantly by 39% (adjusted relative rate difference, −39%;
95% CI, −62% to −1%), whereas extended vs standard
PT did not (Table 2). In an efficacy analysis based on the
multivariate analysis for estimated daily cholecalciferol
dose (dose�reported adherence in monthly telephone
calls), the rate of hospital readmissions was reduced by
55% by the 2000-IU/d dosage of cholecalciferol (adjusted
relative rate difference, −55%; 95% CI, −79% to −2%). As
shown in Table3, the overall reduction of the rate of hos-
pital readmissions with the 2000-IU/d dosage of cholecal-
ciferol was primarily driven by fewer readmissions due to

Table 1. Baseline Characteristics of Study Participants According to Treatment Strategya

Treatment Strategy

Cholecalciferol Therapy PT

2000 IU/d
(n=86)

800 IU/d
(n=87) P Value

Extended
(n=87)

Standard
(n=86) P Value

Women 68 (79) 69 (79) .97 68 (78) 69 (80) .74
Age, mean (SD), y 84.1 (7.0) 84.4 (6.8) .78 83.4 (7.2) 85.1 (6.5) .10
BMI, mean (SD) 24.2 (4.3) 24.2 (4.3) .83 24.6 (4.5) 24.1 (4.2) .40
Height, mean (SD), m 1.61 (0.09) 1.61 (0.08) .82 1.61 (0.09) 1.61 (0.08) .84
Living situation before hip fracture

Home 69 (80) 65 (75)
.15

72 (83) 62 (72)
.17Assisted living 15 (17) 14 (16) 10 (11) 19 (22)

Nursing home 2 (2) 8 (9) 5 (6) 5 (6)
Baseline 25(OH)D level, mean (SD), ng/mL 13.2 (8.1) 12.3 (7.7)

.41

14.0 (8.8) 11.5 (6.8)

.03
�12 42 (49) 46 (53) 41 (47) 47 (55)
12-19 24 (28) 27 (31) 24 (28) 27 (31)
20-30 18 (21) 12 (14) 18 (21) 12 (14)
�30 2 (2) 2 (2) 4 (5) 0

Charlson comorbidity index, mean (SD) 2.6 (1.8) 3.0 (2.0) .22 2.6 (1.8) 3.0 (2.0) .12
Glomerular filtration rate, mean (SD), mL/min 53.0 (24.7) 51.7 (19.8) .70 53.9 (24.0) 50.7 (20.6) .35

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of the height in meters); 25(OH)D, 25-hydroxyvitamin D;
PT, physiotherapy.

SI conversion factor: To convert 25(OH)D to nanomoles per liter, multiply by 2.496.
aUnless otherwise indicated, data are expressed as number (percentage) of patients. Percentages have been rounded and may not total 100.
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fall-related injury (−60%) and by fewer infections (−90%).
Extended PT also reduced admissions due to fall-related
injury (−47%), but not significantly.

25(OH)D LEVELS

Participants allocated to 2000-IU/d dosage of cholecal-
ciferol achieved 17% higher 25(OH)D levels at the
6-month follow-up and 21% higher levels at the
12-month follow-up (P� .001; Table 4). Severe vita-
min D deficiency (25[OH]D level �12 ng/mL) (to con-
vert to nanomoles per liter, multiply by 2.496) was
eradicated by both dosages, whereas, at 12 months, 42
(70%) of the participants in the 800-IU/d group and 54
(93%) in the 2000-IU/d group reached desirable levels
of at least 30 ng/mL.

SAFETY, REFRACTURE, AND MORTALITY

In the 800-IU/d group, mean albumin-corrected serum
calcium levels were 9.0 (0.5) mg/dL at baseline, 9.6 (0.5)
mg/dL at 7 to 10 days after treatment start, and 9.5 (0.5)
mg/dL at the 6-month follow-up visit (to convert to mi-
cromoles per liter, multiply by 0.25). In the 2000-IU/d
group, albumin-corrected serum calcium levels were 9.0
(0.7) mg/dL at baseline, 9.4 (0.5) mg/dL at 7 to 10 days
after treatment start, and 9.4 (0.5) mg/dL at the 6-month
follow-up visit. There were 3 cases of mild hypercalce-
mia (defined as a level between 10.8 and 11.6 mg/dL) at
7 to 10 days of follow-up (2 with 800 IU/d, both with
10.8 mg/dL, and 1 with 2000 IU/d at 10.9 mg/dL). There
were 3 cases of mild hypercalcemia at the 6-month fol-
low-up (1 with 800 IU/d at 11.6 mg/dL, and 2 with 2000

Table 2. Rates of Falls and Hospital Readmission by Treatment Strategya

Treatment Strategy

Cholecalciferol Therapy PT

2000 IU/d
(n=86)

800 IU/d
(n=87)

Crude Relative
Rate Difference

(95% CI)

Adjusted Relative
Rate Difference

(95% CI)
Extended
(n=87)

Standard
(n=86)

Crude Relative
Rate Difference

(95% CI)

Adjusted Relative
Rate Difference

(95% CI)

Primary end point
Rate of falls per observed patient-year 1.63 1.25 30 (−1 to 70) 28 (−4 to 68) 1.21 1.66 −28 (−45 to −5) −25 (−44 to −1)

Secondary end point
Rate of hospital readmission

per observed patient-year
0.40 0.59 −35 (−59 to 5) −39 (−62 to −1) 0.50 0.51 1 (−37 to 59) 7 (−33 to 73)

Abbreviations: CI, confidence interval; PT, physiotherapy.
aEffect sizes are based on Poisson regression models, controlling for treatment strategies, sex, age, living situation before the hip fracture (home, assisted

living, or nursing home), Charlson comorbidity index, body mass index, height, baseline 25-hydroxyvitamin D levels, and exposure time (days in the trial) in the
multivariate analyses. The crude relative rate difference controls for treatment strategies only.

Table 3. Hospital Readmission After Hip Fracture by Reason and Treatment Strategya

No. of Hospital
Readmissions, Reason

Treatment Strategy

Cholecalciferol Therapy PT

2000 IU/d
(n=86)

800 IU/d
(n=87)

Adjusted Relative
Rate Difference

(95% CI)
Extended
(n=87)

Standard
(n=86)

Adjusted Relative
Rate Difference

(95% CI)

Fall-related injury 7 18 −60 (−83 to −3) 9 16 −47 (−77 to 20)
Any nonvertebral fracture 7 15 7 15
Hip fracture 3 6 2 7
Soft-tissue injury 0 3 2 1

Infection 1 10 −90 (−99 to −13) 7 4 102 (−42 to 605)
Hip prosthesis infection 1 2 1 2
Pneumonia 0 1 1 0
Bronchitis 0 1 1 0
Colitis 0 2 2 0
Sepsis 0 3 1 2
Infected indwelling catheter 0 1 1 0

Other 18 13 45 (−29 to 198) 16 15 −3 (−52 to 96)

Abbreviations: CI, confidence interval; PT, physiotherapy.
aThe adjusted relative rate difference is based on Poisson regression analyses, controlling for trial design (the other treatment strategy), living situation before

the hip fracture, and exposure time (days in the trial). With respect to number of patients with these events, 7 patients were readmitted with fall-related injuries in
the 2000-IU/d dosage group vs 13 in the 800-IU/d dosage group, 8 in the extended PT group, and 12 in the standard PT group. One patient was readmitted with
infection in the 2000-IU/d dosage group vs 7 in the 800-IU/d dosage group, 6 in the extended PT group, and 2 in the standard PT group. All subsequent
refractures were treated in inpatient care: the rate of refracture per observed patient-year was 0.10 in the 2000-IU/d group (n=7) compared with 0.19 in the
800-IU/d group (n=15) and 0.09 in the extended PT group (n=7) compared with 0.21 in the standard PT group (n=15). For refractures, the adjusted relative rate
difference was −52% for the 2000-IU/d vs 800-IU/d dosage group (95% CI, −0.80% to 19%; P=.11) and −56% for the extended vs standard PT group
(−82% to 9%; P=.08).
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IU/d at 10.8 and 11.2 mg/dL). Of these, 2 of 3 returned
to normal levels with treatment at 12 months of follow-
up. Creatinine clearance did not differ significantly be-
tween groups at baseline or at 7 to 10 days, or 6 and 12
months of follow-up. There was no report of nephroli-
thiasis throughout the trial period.

The rate of subsequent refracture is presented in
Table 3. The rate of death per observed patient-year was
0.14 for the 2000-IU/d group (n=10) and 0.13 for the
800-IU/d group (n=10), 0.12 for extended PT (n=9), and
0.15 for standard PT (n=11). The adjusted odds ratio of
death was 0.20 for the 2000- vs 800-IU/d group (95% CI,
0.02-2.71; P=.23) and 0.26 for extended vs standard PT
(0.02-3.66; P=.32).

The rate of new nursing home admissions per ob-
served patient-year was 0.30 for the 2000-IU/d group
(n=17), 0.38 for the 800-IU/d group (n=22), 0.34 for
extended PT (n=21), and 0.34 for standard PT (n=18).
The adjusted odds ratio of new nursing home admis-
sion was 0.66 for the 2000- vs 800-IU/d group (95% CI,
0.31-1.41; P=.28) and 1.02 for extended vs standard PT
(2.18-0.48; P=.95).

COMMENT

Our results show a differential benefit of extended PT and
a dosage of 2000 IU/d of vitamin D3 in the first year after
hip fracture. The easy-to-implement PT home program
reduced the rate of falls by 25% compared with stan-
dard PT but did not reduce hospital readmission, whereas
2000 IU/d of cholecalciferol reduced the rate of hospital
readmissions by 39% compared with 800 IU/d of chole-
calciferol but did not reduce the rate of falls.

The benefit of fall reduction with our extended PT pro-
gram is consistent with a randomized trial by Campbell
and colleagues,17 which showed a reduction in falls among
community-dwelling elderly women 80 years or older with
an unsupervised home program. The gain in strength and
functional mobility found in participants adherent to the
home program provides mechanistic evidence, and their
more pronounced fall reduction of 36% compared with

25% in the intent-to-treat analysis indicates the efficacy
of the program. Consistent with the overall reduction in
the rate of falls with extended PT, there was a sugges-
tion that extended PT may reduce the rate of hospital re-
admissions due to fall-related injuries, although this was
not significant.

To our knowledge, this is the first randomized con-
trolled trial to test and show a benefit of cholecalciferol
supplementation on hospital readmissions after hip frac-
ture. In a recent meta-analysis of double-blind random-
ized controlled trials, antifracture efficacy was reported
to be dose-dependent and enhanced with a higher dos-
age of vitamin D supplementation or a serum 25(OH)D
level beyond 30 ng/mL,8 which may explain the ob-
served benefit for fall-related injuries, primarily refrac-
ture, leading to hospital readmission with the 2000 com-
pared with 800-IU/d dosage of cholecalciferol.
Furthermore, the emerging recognition of the role of cho-
lecalciferol in the immune response to infectious agents,
such as tuberculous bacteria23 or viral and bacterial in-
fections of the respiratory tract,24,25 could explain the re-
duction in infections that lead to hospital readmission
with the 2000-IU/d dosage of cholecalciferol. However,
these findings are based on small numbers in the sub-
group analyses for hospital readmission and need con-
firmation in a larger trial.

Although we expected cholecalciferol supplementa-
tion to reduce the overall rate of falls, as shown in sev-
eral randomized trials among institutionalized and com-
munity-dwelling older individuals and summarized in a
recent meta-analysis,8 this could not be confirmed in pa-
tients with acute hip fracture for comparison of 2000-
and 800-IU/d dosages of cholecalciferol. One explana-
tion may be that most of the benefit of cholecalciferol on
muscle strength and fall prevention is achieved at a dose
of 800 IU/d,8 which was the experimental dosage in ear-
lier trials. Also, the most recent meta-analysis of double-
blind randomized controlled trials suggested a fall-
prevention threshold of 24 ng/mL, a level that most people
achieve with a supplement dosage of 800 IU/d.7 Alter-
natively, frailty in our study was greater than in other

Table 4. Percentage of Patients With Hip Fracture by 25-Hydroxyvitamin D (25[OH]D) Category and Dosage of Cholecalciferol
at Baseline and the 6- and 12-Month Follow-up Visitsa

Dosage Group
25(OH)D Level,

Mean (SD), ng/mL

25(OH)D Level, ng/mL

�12 12-19 20-30 �30

Baseline
800 IU/d (n=87) 12.1 (8.0) 46 (53) 18 (21) 11 (13) 2 (2)
2000 IU/d (n=86) 13.1 (8.2) 43 (50) 23 (27) 18 (21) 2 (2)
P value .41

6-mo follow-up
800 IU/d (n=67) 37.7 (9.6) 0 3 (4) 10 (15) 54 (81)
2000 IU/d (n=62) 45.4 (8.7) 0 0 2 (3) 60 (97)
P value �.001

12-mo follow-up
800 IU/d (n=60) 35.4 (10.1) 1 (2) 2 (3) 15 (25) 42 (70)
2000 IU/d (n=58) 44.7 (10.4) 0 0 4 (7) 54 (93)
P value �.001

SI conversion factor: To convert 25(OH)D to nanomoles per liter, multiply by 2.496.
aUnless otherwise indicated, data are expressed as the number (percentage) of patients.
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double-blinded trials with cholecalciferol, which may have
overridden the benefit of cholecalciferol. However, our
subgroup analyses suggested a lower rate of hospital re-
admissions due to fall-related injuries, primarily refrac-
tures, with the 2000- vs 800-IU/d dosage of cholecalcif-
erol. Thus, a higher dosage of cholecalciferol supplement
may be important for the prevention of falls with injury,
which is consistent with the higher fracture prevention
threshold of 30 ng/mL of 25(OH)D suggested in a re-
cent meta-analysis.8 In our trial, more than 90% of par-
ticipants randomized to 2000-IU/d dosage of cholecal-
ciferol reached a threshold of at least 30 ng/mL at 6 and
12 months of treatment.

There are several strengths of this trial. With the high
level of frailty after acute hip fracture, our trial was pow-
ered for the end points investigated despite its moderate
size, and adverse event rates were consistent with the lit-
erature.2-5 Furthermore, the trial was designed to com-
pare 2 optimized treatment strategies against current treat-
ment strategies in a largely unselected sample of patients
with hip fractures. Moreover, the efficacy analyses showed
an enhanced treatment effect for the rate of falls with ad-
herence to the extended PT program and for hospital re-
admissions by received dose of cholecalciferol, which
would be expected if there is a true treatment effect.

Because clinical interventions in elderly hip fracture
patients are not well established, our findings may have
important clinical implications. The interventions are
practical, well tolerated in elderly patients with hip frac-
tures and multiple comorbidities, and relatively low in
cost. The effect sizes demonstrated on falls and hospital
readmission are clinically meaningful, especially if the
frequency and severity of the events prevented are con-
sidered. Finally, our subgroup findings of reduced hos-
pital readmission due to fall-related injury, primarily re-
fracture, and infections may stimulate future research to
test these end points in a larger trial.

In conclusion, extended PT and supplementation with
cholecalciferol, 2000 IU/d, had differential benefits in care
after hip fracture. Extended PT reduced falls but not hos-
pital readmissions, and supplementation with 2000 IU/d
of cholecalciferol reduced hospital readmission but not
falls. Thus, the 2 strategies may be useful together be-
cause they address 2 different and important complica-
tions after hip fracture.
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