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Abstract
Summary This study examined whether 24 months of
weight training exercises enhanced the effectiveness of
risedronate, calcium, and vitamin D in maintaining or
improving bone mineral density (BMD) in 223 postmeno-
pausal breast cancer survivors. Subjects who were ≥50%
adherent to exercise had no improvement in BMD but were
less likely to lose BMD.
Introduction This study examined whether (1) postmeno-
pausal breast cancer survivors (BCS) with bone loss taking
24 months of risedronate, calcium, and vitamin D had
increased bone mineral density (BMD) at the total hip,
femoral neck, L1-L4 spine, total radius and 33% radius, and
decreased bone turnover; (2) subjects who also participated
in strength/weight training (ST) exercises had greater
increases in BMD and greater decreases in bone turnover;
and (3) subjects who also exercised were more likely to
preserve (at least maintain) BMD.
Methods Postmenopausal BCS (223) were randomly
assigned to exercise plus medication or medication only

groups. Both groups received 24 months of 1,200 mg of
calcium and 400 IU of vitamin D daily and 35 mg of
risedronate weekly, and the exercise group additionally had
ST exercises twice weekly.
Results After 24 months, women who took medications
without exercising had significant improvements in BMD
at the total hip (+1.81%) and spine (+2.85%) and
significant decreases in Alkphase B (−8.7%) and serum
NTx (−16.7%). Women who also exercised had additional
increases in BMD at the femoral neck (+0.29%), total hip
(+0.34%), spine (+0.23%), total radius (+0.30%), and
additional decreases in Alkphase B (−2.4%) and Serum
NTx (−6.5%). Additional changes in BMD and bone
turnover with exercise were not significant. Subjects who
were ≥50% adherent to exercise were less likely to lose
BMD at the total hip (chi-square [1]=4.66, p=0.03) and
femoral neck (chi-square [1]=4.63, p=0.03).
Conclusion Strength/weight training exercises may pre-
vent loss of BMD in postmenopausal BCS at risk for bone
loss.
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Introduction

In 2009, an estimated 192,569 United States women will be
diagnosed with breast cancer, and approximately 75% of
these women will be long-term survivors of their disease
[1]. However, breast cancer survivors (BCS) are at risk for
another debilitating disease, osteoporosis, due to premature
ovarian failure and treatment with glucocorticoids, aroma-
tase inhibitors, and bone-wasting agents such as doxorubi-
cin, cyclophosphamide, and methotrexate [2–7]. In
addition, postmenopausal BCS are, generally, not candi-
dates for hormone replacement therapy due to concerns
about cancer recurrence [6]. Although breast cancer is the
disease most feared by women, more women die from
consequences of osteoporosis than from breast, endometri-
al, and ovarian cancer combined [1, 8].

To prevent osteoporosis and fractures, postmenopausal
BCS are encouraged to increase intake of calcium and
vitamin D and to participate in strength/weight training
(ST) exercises [9]. Treatment with bisphosphonates is
recommended as first-line therapy for postmenopausal
women with BMD T-scores of −2 or less or T-scores
of −1.5 or less with other risk factors for bone loss [10].
Numerous randomized controlled trials (RCT) have sup-
ported the effectiveness of calcium, vitamin D, and
bisphosphonates in maintaining and improving bone min-
eral density (BMD) in postmenopausal women [11–14].
However, findings of studies on the impact of ST exercises
on BMD have been inconsistent. Strength/weight training
exercise interventions designed to increase BMD usually
result in modest gains of 2–8.8% of bone mass after 1 to
2 years of training, while controls often lose 1% [15–17].

Bergstrom et al. [16] reported preservation of total hip
BMD in postmenopausal women with bone loss random-
ized to 12 months of weight training. Women were between
the ages of 45 and 65, had no history of breast cancer, and
had T-scores of ≤−1 at the hip or spine. All women were
given a supplement of calcium and vitamin D, and no
women were taking bisphosphonates. In the Bergstrom et
al. study, patients less than 50% adherent to training were
not included in the per protocol analysis. While women in
the training group who were ≥50% adherent to exercises
had less than 1% (+0.58%) increase in total hip BMD;
women in the control group (calcium and vitamin D but no
weight training) had a 0.36% decrease in BMD at the hip.

In their study of 164 postmenopausal women, Uusi-Rasi
et al. [18] found no improvement in BMD with 12 months
of weight-bearing jumping exercises. However, subjects

who exercised did have improved bone structure (as
measured by peripheral quantitative computed tomography)
at some of the most heavily loaded sites.

This is a report of the analysis of 24 month data
collected in a federally-funded (2002–2007) RCT, testing a
multicomponent intervention (calcium, vitamin D, risedro-
nate, and ST exercises) for prevention or treatment of bone
loss in 223 postmenopausal BCS with either osteopenia or
osteoporosis. The 223 BCS were randomized to exercise
plus medication (n=110) or medication only (n=113)
treatment groups, and randomization was stratified by years
of post menopause (<5 years; ≥5 years). Both groups
received 24 months of 1,200 mg of calcium and 400 IU of
vitamin D supplements daily and 35 mg of risedronate
weekly. Exercise subjects also performed ST exercises
twice weekly for upper and lower extremities and the
spine. Institutional Review Board approval was obtained
prior to the RCT, and informed consent was obtained from
subjects at the time of their enrollment.

Purposes of this 24-month analysis were:

1. To examine whether over 24 months, subjects on
medications alone (risedronate, calcium, and vitamin
D but no ST exercises) had increases in BMD at the
total hip, femoral neck, L1-L4 spine, total radius and
33% radius, and decreases in serum markers for bone
resorption (serum NTx) and formation (Alkphase B);

2. To examine whether over 24 months, subjects in the
exercise plus medication group had greater increases in
BMD and greater decreases in serum markers for bone
resorption (NTx) and formation (Alkphase B) com-
pared to subjects on medications alone;

3. To examine whether over 24 months, subjects in the
exercise plus medication group were more likely to
preserve (maintain or improve), BMD (Dual Energy X-
ray Absorptiometry, DXA) at the total hip, femoral
neck, and L1-L4 spine compared to subjects on
medications alone.

To promote bone health, the American College of Sports
Medicine recommends that individuals perform resistance
training 2–3 times per week with 2–3 sets [19]. Effects of
ST exercises are more pronounced if exercises are site-
specific, high intensity, and when combined with calcium
and vitamin D intake [17–21]. A 24-month ST exercise
intervention is important because a bone turnover cycle
takes 200 days [22]. Resistance training should last at least
twice as long (400 days) to ensure the training effect on
BMD can be measured.

Strength/weight training exercises impact both nonskel-
etal (impaired balance, muscle weakness, and falls) and
skeletal (bone loss) causes of fractures. Numerous studies
have documented the effectiveness of weight training in
improving muscle strength and balance [19, 20]. In their
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study of elderly women, Swanenburg et al. reported an 89%
reduction of falls due to improved muscle strength and
balance with ST exercises [20]. Strength/weight training
exercises are believed to prevent bone loss due to the
positive relationship between muscular and bone strength.
Increased muscular strength results in greater demands on
bones and reduces the imbalance between bone resorption
and formation [16].

Methods

Sample

The sample size for the RCT was 223 subjects. According
to power calculations, a sample size of 218 subjects or 109
participants per treatment group provided 85% power to
detect a difference in the true means of major outcome
variables of 0.4 standard deviations (SD) [23].

Women could be aged 35 to 75; had completed breast
cancer treatment (except tamoxifen and aromatase inhib-
itors) at least 6 months earlier; had amenorrhea for at least
12 months; had a BMD T-score of −1 standard deviation or
lower; and had physician agreement for participation. They
were excluded for conditions that prevented ST exercises,
risedronate, calcium, or vitamin D intake. More specific
eligibility criteria were reviewed elsewhere [24].

Recruitment procedures and participant flow are
shown in Fig. 1. A total of 708 postmenopausal BCS
were recruited through media ads, support group meet-
ings, and clinician offices. Of the 708 women, 249 met
screening criteria, were enrolled in the study and random-
ized to the two treatment groups. The 24 month analysis
included 223 women (exercise: n=110 and medication
only: n=113). Challenges in recruitment are described
elsewhere [25].

Mean (SD) subject age was 58.69 (7.5) years, time since
menopause was 7.52 (7.7) years, and time since completion
of breast cancer treatment (surgery, radiation therapy, and/
or chemotherapy) was 5.95 (6.1) years. Ninety-eight
percent of the subjects had breast cancer surgery, 68%
had cancer chemotherapy, and 45% had radiation therapy.
Women were 98.7% Caucasian. Two subjects were African-
American, and one subject was American Indian. At
baseline, 158 of the subjects had a diagnosis of osteopenia
and 65 had a diagnosis of osteoporosis.

In addition to breast cancer treatments, other variables
have been found to impact bone loss, and these include age,
time since menopause, body mass index (BMI), hours of
hard activity (jogging 3–5 mph, dancing, and heavy house
work) per week, calcium intake, cigarette smoking, and use
of tamoxifen or aromatase inhibitors [26–29]. There were no
differences in these selected subject variables when compar-

ing exercise plus medication and medication only subjects.
See Table 1.

This study was conducted at four sites, both rural and
urban, across 500 miles in one Midwestern state. Strength/
weight training exercises were performed in subjects’
homes using free weights, the first 9 months of the study,
and at fitness centers, the last 15 months. Outcomes (except
serum NTx and Alkphase B) were obtained and analyzed at
laboratories and diagnostic centers at each of the four sites.
All serum NTx and Alkphase B analyses were conducted at
one regional research center.

ST exercises

Strength/weight training exercises were chosen to load
bones at the hip, spine, and forearm and were modified with
permission from exercises in Nelson’s (1997) book entitled
Strong Women Stay Young [30]. For the first 9 months,
participants exercised twice weekly for 30–45 min in their
home, and they were not to lift beyond a 20-pound hand or
ankle weights due to safety concerns. From 10 to
24 months, subjects exercised using weight machines at a
nearby fitness center. A monthly stipend was provided to
the fitness center for each exercise subject. Upper extremity
exercises included biceps curl, overhead triceps or press
and upward row, and lower extremity exercises included
back and knee extensions, side hip raise, and hip flexion
and extension. Subjects performed two sets of each exercise
with 8–12 repetitions. After two consecutive training
sessions at the maximum set and repetition, more weights
were added. Potential goals for progressive training were
increases in weights of 20% the first 3 months of exercises,
10% at 6 and 9 months, 5% at 12, 15, and 18 months, and
3% at 21 and 24 months. However, subjects increased
weights based on individual response to training. In
addition to exercises that required lifting weights, subjects
performed two balance exercises without weights—toe
stand and heel stand.

Long-term adherence to exercises in postmenopausal
women is generally low [21]. Thus, facilitative strategies
incorporating education, goal-setting, feedback, and symp-
tom management, organized around Bandura’s (1997) self-
efficacy theory [31] were used by research nurses and
exercise trainers (ETs) to promote adherence to medications
and ST exercises. Certified ETs demonstrated exercises to
subjects and safety precautions in performing exercises,
monitored performance in exercises, instructed subjects
how to progressively increase weights lifted, and assisted
subjects to transition from home-based to fitness center
exercises. Exercise trainers made home or fitness center
visits to subjects every 2 weeks at the beginning of home-
based and fitness center exercises and every 2 months for
the remainder of the 24 month study. Adverse effects of
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Characteristic Med only (n=113; %) Exercise (n=110; %) p

Age ≤60 years 61 55 0.40

>60 years 39 45

Postmenopause ≤60 months 51 52 0.84

>60 months 49 48

Body mass index ≤25 34 42 0.21

>25 66 58

Calcium intake ≤1,000 mg/day 75 72 0.61

>1,000 mg/day 25 28

Ever smoked cigarettes Yes 41 43 0.76

No 59 57

On aromatase inhibitors Yes 12 08 0.38

No 101 102

On tamoxifen Yes 37 31 0.46

No 76 79

Total hard activity ≤30 h/week 57 51 0.36

>30 h/week 43 49

Table 1 Baseline characteristics
by randomization to strength/
weight training exercises
(n=223)

Withdrew prior to 24 
month testing (n= 13) 
Insufficient time = 5 
Cancer = 4 
Didn’t want exercise= 3 
Moved = 1 

Med change = 1 

Randomized (N=249) 

 
Excluded (n=393):  
Meds affecting bone = 136 
BMI > 34.9= 66 
Current Exercise = 46 
Contraindication to exercise = 28 
Stage III/IV or recurrence = 42 
Not postmenopausal = 20 
Distance = 11 
No physician support =7 
Not 6 mos. post-treatment = 12 
Medical history precludes = 5 
Age>75 = 5   
Refused to participate = 15 

Medication Only: n = 125

Screening Consent (n= 315) 
for DXA, Spinal X-Ray, 
Serum (FSH &TSH)  

 
Excluded (n= 66) 
Normal BMD = 57 

  Serum (FSH/TSH) indicated  
premenopausal=6 

 Acute spinal fracture = 3 

Exercise: n = 124

Withdrew prior to 24 month 
testing  (n= 12) 
Wants exercise = 5 
Intolerant meds = 3 
Cancer = 1 
Continuing health problems=2  
Insufficient time = 1 

Medication Only subjects 
analyzed:  n = 113 

Exercise subjects 
analyzed: n = 110 

708 Women Initially Screened for Eligibility 
Fig. 1 Recruitment procedures
and participant flow
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exercises generally involved temporary muscle soreness for
up to 2 days following initiation of exercises or increase in
weights lifted. If subjects complained of discomfort beyond
the expected muscle soreness, exercises were not performed
until the discomfort resolved. There were no serious, long-
term, adverse effects from exercises for any of the 110
women exercising.

Measures

During the RCT, measures of BMD, bone formation and
resorption, muscle strength, and balance were obtained at
baseline and every 6 or 12 months. However, data reported
in this study only compares baseline measures to those
obtained at 12 and 24 months.

In this study, BMD (gm/cm2) at the total hip, femoral
neck, L1-L4 spine, total radius, and 33% radius were
measured by Dual Energy X-ray Absorptiometry (DXA)
using Hologic QDR1000+™, Hologic QDR2000™, and
GE Lunar Prodigy machines. All DXA results were
interpreted by one research team radiologist. Dual Energy
X-ray Absorptiometry results provide the most accurate and
precise measure of quantity of BMD [32], and the preferred
site for diagnosis of osteoporosis are BMD measures at the
total hip or femoral neck [33].

Bone resorption (nmol/L BCE) was assessed using
serum NTx assay, which measures the excretion of cross-
linked N-telopeptides of type I collagen. Bone formation
(U/L) was assessed using bone-specific alkaline phospha-
tase (Alkphase B) serum assay [34, 35]. Numerous studies
have correlated serum levels of Alkphase B and NTx with
loss of BMD and fracture risk [35, 36]. In one study, after
12 weeks of resistance training in postmenopausal women
randomly assigned to exercise or control groups, bone
resorption (NTx) decreased by 14.5% (p<0.05) in exercise
women [36].

Physical activity (light, moderate, hard, or very hard)
was evaluated by the 7 Day Physical Activity Record-
Adapted (7PAR-A) which has an acceptable 2-week test–
retest reliability (r=0.90) [37]. Scores have been correlated
(r=0.62) with perceived levels of physical activity among
older adults [38]. Physical activity data were used in this
study to assess group differences of more than light activity
at baseline and to monitor exercise outside the exercise
study protocol in both groups.

Muscle strength (peak torque/body weight at 60 degrees;
knee, hip, and wrist flexion and extension) was assessed
using Biodex™ velocity spectrum evaluation (Medical
Systems, Inc., 1993). Intraclass correlation coefficients for
reliability have been reported as 0.99 to 1.00 for the Biodex
3 measures across trial-to-trial and day-to-day reliability
[39]. Dynamic balance was assessed using the timed
backward tandem walk. Significant repeat measurements

with a 1 week interval (r=0.94; p=0.001) have been
reported [40].

Adherence rates to risedronate, calcium, and Vitamin D
were calculated using ratios of reported to desired frequency
of medication intake for each month of the study. Medi-
cations were dispensed to subjects in monthly medication
calendar cards, and frequency of medication intake was
measured using pill counts from the calendar cards.
Adherence to ST exercises was calculated using ratios of
reported-to-desired number of exercises performed. Subjects
documented ST exercises and weights in their journals, and
journals were monitored by ETs.

Data analysis

For the primary analysis, intent to treat paradigm was used
where data from all participants were analyzed according to
randomized assignment regardless of protocol adherence.
Data were analyzed using a SPSS 15.0 statistical package.
Descriptive statistics were used to describe the sample of
BCS, and independent t tests were used to determine if
there were differences between groups at baseline. The
generalized estimating equation (GEE) method (SAS
version 9.1) with an exchangeable structure for repeated
measures data was used to fit a generalized linear model to
examine factors associated with muscle strength, balance,
BMD, and bone turnover including time of testing
(baseline, 12 and 24 months) and group assignment
(exercise or medication only) [41]. Pair wise tests were
conducted if the overall test was significant to determine
differences. Differences in number of subjects who pre-
served (maintained or improved) BMD in exercise and
medications only groups were analyzed using chi-square. A
p value of ≤0.05 was considered to be statistically
significant.

Results

For all 223 subjects, average 24 month adherence to
risedronate was 96.2% (7.9) and to calcium/vitamin D
supplements, 93.7% (10.0), and there were no differences
in adherence rates based on randomization to ST exercises.
Average 24-month adherence to ST exercises for the 110
women was 69.4% (24.0).

Muscle strength and balance

For the 110 subjects performing 24 months of resistance
training, average gains in muscle strength were 9.5% and
28.5% for hip flexion and extension, 21.1% and 11.6% for
knee flexion and extension, and 48.6% and 18.1% for wrist
flexion and extension. Improvements in muscle strength of
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the magnitude of 10% to 20% are considered meaningful
and related to improved function and fewer falls [39].
Additional findings on muscle strength and balance, as well
as more details on the ST exercises used in this RCT are
described elsewhere [24]. The remaining results were
organized to respond to study purposes:

To examine whether over 24 months subjects on
medications alone (risedronate, calcium, and vitamin
D, but no ST exercises) had increases in BMD at the
total hip, femoral neck, and L1-L4 spine and
decreases in serum markers for bone resorption
(serum NTx) and formation (Alkphase B).

Women who took risedronate, calcium, and vitamin D
but did not exercise demonstrated significant mean
increases from baseline to 24 months in BMD at the total
hip (+1.81%) and L1-L4 spine (+2.85%). Over 24 months,
BMD at the femoral neck increased (+0.63%), and BMD
decreased at both the total radius (−0.57%) and 33% radius
(−0.16%). Bone mineral density results at the femoral neck,
total radius, and 33% radius were not significant. Over
24 months, subjects in the medication only group had
significant decreases in Alkphase B (−8.7%, p<0.001) and
serum NTx (−16.7%, p<0.001). See Table 2.

To examine whether over 24 months, subjects in the
exercise group had greater increases in BMD and
greater decreases in serum markers for bone resorp-
tion (NTx) and formation (Alkphase B) compared to
subjects on medications alone.

Compared to the nonexercise group, women who took
the medications and also exercised over 24 months had
additional increases in BMD of +0.29% at the femoral
neck, +0.34% at the total hip, +0.23% at the spine, +0.30 at
the total radius, and a decrease of −0.02 at the 33% radius.
While changes in BMD were greater in exercise than in
medication only subjects, these changes based on treatment
group were not significant. At 24 months, exercise group
women had a 2.4% greater mean decrease in Alkphase B
and a 6.5% greater mean decrease in serum NTx than
medication only group women. Although different, the
mean decreases were not significant. See Table 2.

To examine whether over 24 months subjects in the
exercise group were more likely to preserve (at least
maintain) BMD (DXA) at the total hip, femoral neck,
and L1-L4 spine compared to subjects on medications
alone.

Preservation of BMD over 24 months was operationally
defined as no decrease in BMD from baseline greater than
least significant change (LSC) [33]. The formula for LSC
(1.96 SD/0.7071) was based on SDs calculated for Hologic
and Lunar DXA machines at each study site. Over
24 months, 2.8% of subjects in the exercise group lost
BMD at the total hip compared to 8.6% of subjects in the
medication only group, and this difference approached
significance (chi-square [1]=3.36, p=0.06).

A per protocol analysis was also performed that included
the 81 of 110 exercise subjects who averaged 50% or
greater adherence to the 24 months of ST exercises. With

Table 2 Changes in BMD and serum markers of bone turnover by participation in strength/weight training exercises (n=223)

Variables Exercise Percentage change baseline to 12mo Percentage change baseline to 24mo

M (SD) p M (SD) p

BMD (gm/cm2)

Femoral neck hip No (n=113) 0.39 (0.38) 0.30 0.63 (0.42) 0.14

Yes (n=110) 0.16 (0.41) 0.69 0.92 (0.50) 0.06

Total hip No 1.40 (0.30) <0.0001 1.81 (0.36) <0.0001

Yes 1.69 (0.30) <0.0001 2.15 (0.28) <0.0001

L1-L4 spine No 2.35 (0.33) <0.0001 2.85 (0.40) <0.0001

Yes 2.53 (0.39) <0.0001 3.08 (0.44) <0.0001

Radius (33%) No 0.45 (0.36) 0.20 −0.16 (0.56) 0.77

Yes −0.28 (0.40) 0.48 −0.18 (0.41) 0.66

Total radius No −0.38 (0.44) 0.38 −0.57 (0.61) 0.35

Yes −0.35 (0.56) 0.52 −0.27 (0.60) 0.66

Serum markers

Alkphase B No −20.70 (1.8) <0.001 −08.70 (2.6) <0.001

Yes −20.60 (2.1) <0.001 −11.10 (2.3) <0.001

Serum NTx No −16.90 (2.6) <0.001 −16.70 (3.3) <0.001

Yes −18.30 (2.7) <0.001 −23.20 (2.8) <0.001
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the per protocol analysis, only 1.2% of exercise plus
medication subjects lost BMD at the total hip compared
to 8.6% of medication only subjects (chi-square [1]=4.66,
p=.03). In addition, only 12.3% of exercise plus medication
subjects lost BMD at the femoral neck compared to 26.7%
of medication only subjects (chi-square [1]=4.63, p=.03).
See Table 3.

Discussion

Although an adherence rate to exercises of 69.4% is far
from optimal, adherence to exercises in this study was
higher than the 55% adherence reported by Von Stengel et
al. [21] in their 24-month study of weight training for
postmenopausal women. Adherence in this study may
have been impacted by facilitative strategies used to
promote ST exercises. Lack of adherence to long-term
lifestyle interventions such as weight training remains an
ongoing health care concern. Even the twice weekly ST
exercises prescribed in this study may not be adequate for
maintaining or improving bone health in postmenopausal
women. A meta-analysis of effect sizes for 140 studies
concluded that three times weekly creates a more effective
dose response on strength than either one or two times
weekly [42].

Subjects in our study who took 24 months of risedro-
nate, calcium, and vitamin D without exercising had
increased BMD at the hip and spine and decreased bone
resorption. Implications are that bisphosphonates, calcium,
and vitamin D are effective treatments for postmenopausal
BCS with bone loss at the hip and spine. Other studies have
documented risedronate as effective in preventing bone
resorption in postmenopausal women. Studies have
reported 0.2% to 6.6% increases in BMD over 24 months

in women prescribed with 5 mg of risedronate daily as
compared to women taking placebos [23].

After 24 months, subjects who exercised had greater
improvements in muscle strength and balance than medi-
cation only subjects. These results are consistent with
findings of Swanenberg et al. [20] and Karinkanta et al.
[43]. In our study, using intention to treat analysis, fewer
subjects in the exercise plus medication group lost BMD at
the total hip, and this difference between exercise and
medication only subjects approached significance (p=0.06).
With per protocol analysis (including only subjects with an
average 24-month adherence to exercises of 50% or
greater), significantly fewer subjects in the exercise plus
medication group lost BMD at the total hip and femoral
neck. Bergstrom et al. [16] also reported preservation of
total hip BMD in postmenopausal women with bone loss
who were at least 50% adherent to 12 months of weight
training. Maintaining BMD at the hip and improvements in
balance and muscle strength at the knee and hip are critical
for prevention of hip fractures. Of all osteoporotic fractures,
hip fractures have the greatest morbidity and economic
consequences. Magaziner et al. [44] reported that at 12 and
24 months following a hip fracture, 50% of elderly patients
continued to be disabled.

While at 24 months, the percentage of subjects who lost
BMD at the hip was small in both exercise plus medication
and medication only groups, this small number was most
likely due to all subjects concurrently taking calcium and
vitamin D supplements and a bisphosphonate (risedronate).
The small percentage of subjects who were not exercising
and who lost BMD on bisphosphonate therapy is still of
importance because of the large population of postmeno-
pausal BCS in the United States on bisphosphonates. Even
a small percentage of this large population would translate
into a large number of women.

BMD (gm/cm2) Exercise Decreased (%) Maintained (%) Improved (%) p

Intention to treat analysis

Total hip No (n=113) 8.6 57.1 34.3 0.06
Yes (n=110) 2.8 56.5 40.7

Femoral neck hip No 26.7 37.1 36.2 0.34
Yes 18.5 43.5 38.0

L1-L4 spine No 6.7 43.3 50.0 0.64
Yes 4.6 39.8 55.6

Per protocol analysis: ≥50% adherent to ST exercises

Total hip No (n=113) 8.6 57.1 34.3 0.03
Yes (n=81) 1.2 58.0 40.7

Femoral neck hip No 26.7 37.1 36.2 0.03
Yes 12.3 45.7 42.0

L1-L4 spine No 6.7 43.3 50.0 0.19
Yes 3.7 38.3 58.0

Table 3 Percentage of subjects
who preserved (maintained or
improved) BMD at 24 months
by strength/weight training
exercises (n=223)
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Limitations

Women in this study were mostly Caucasian and thus,
findings cannot be generalized to minority populations
of women. An adherence rate to ST exercises of 69.4%
was not optimal, and this was a limitation when
assessing efficacy of exercises. Adherence problems
are generally observed in long-term weight training
studies. However, the use of per protocol analysis
where subjects who are nonadherent to exercises are
excluded from the analysis may induce a positive bias
favoring the effect of the exercises [18]. Thus, use of per
protocol analysis should be considered a limitation of the
study. One way to address the problem of subject
nonadherence would be to select subjects for the study
who would be more adherent to ST exercises. However,
this selection process would limit generalizability of
results of the study [18].

Conclusions

While participation in ST exercises over 24 months did not
result in statistically significant improved BMD in BCS
with bone loss over medications alone, there was a trend for
postmenopausal BCS who participated in ST exercises to at
least maintain BMD at the total hip. Also, with per protocol
analysis, subjects who were 50% or greater adherent to
exercises were significantly less likely, than subjects on
medications alone, to lose BMD at the total hip and femoral
neck. For postmenopausal BCS with normal BMD or mild
osteopenia who are at risk for further bone loss, prevention
of loss of BMD may be a satisfactory outcome of treatment.
Additional study is needed.

Future studies

More studies should be conducted with three times weekly
ST exercises. Also, consideration should be given to
recruitment of postmenopausal BCS who are likely to be
adherent to ST exercises. Future studies could examine the
effectiveness of ST exercises in preserving BMD in BCS
with bone loss that cannot or will not take bisphosphonate
therapy.

In the Uusi-Rasi study [18], while weight-bearing
jumping exercises had no effect on BMD, subjects who
exercised did have improved bone structure. There was a
mean increase of 3.6% (95% confidence interval (CI), 0.3–
7.1%) in bone strength index at the distal tibia site and a
mean increase of 3.7% (95% CI, 0.1–7.3%) in the ratio of
cortical bone to total bone area (cortical thickening). Thus,
future studies testing the effectiveness of ST exercises in
preventing fractures should include measures of bone
structure along with measures of BMD and bone turnover

and should include follow up of women participating in the
exercises to document fractures.
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