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Exercise and bone mineral density in men: a meta-analysis
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Kelley, George A., Kristi S. Kelley, and Zung Vu Tran.
Exercise and bone mineral density in men: a meta-analysis. J
Appl Physiol 88: 1730–1736, 2000.—The purpose of this
study was to use the meta-analytic approach to examine the
effects of exercise on bone mineral density (BMD) in men. A
total of 26 effect sizes (ES) representing 225 subjects from 8
studies met the criteria for inclusion. When BMD sites
assessed were specific to the sites loaded during exercise,
increases of ,2.6% (2.1% in the exercisers and 20.5% in the
controls) were found. These results were statistically signifi-
cant (ES 5 0.213, 95% bootstrap confidence interval 5
0.007–0.452). Statistically significant ES changes were found
for older (.31 yr) but not younger (,31 yr) adults, with
differences between groups statistically significant (P 5
0.04). Statistically significant changes were also observed at
the femur, lumbar, and os calcis sites. The results of this
study suggest that site-specific exercise may help improve
and maintain BMD at the femur, lumbar, and os calcis sites in
older men. However, the biological importance of the small
changes observed for most outcomes, quality of studies, and
limited data pool prevent us from forming any firm conclusion
regarding the use of exercise for maintaining and/or improv-
ing BMD in men. Clearly, a need exists for additional studies.

men; osteoporosis; systematic review; review; physical activ-
ity

OSTEOPOROSIS AND LOW BONE mass are major public
health problems affecting ,23,000,000 women $50 yr
of age in the United States (28). However, osteoporosis
and low bone mass are also a major public health
problem among men, affecting ,5,000,000 individuals
$50 yr of age in the United States (28). Approximately
5% of white, Asian, Hispanic, and American-Indian
men 50–79 yr of age have osteoporosis, whereas 3.5% of
black men 50–79 yr of age have the disease (28). For
those individuals $80 yr of age, these numbers in-
crease to ,24% among white men, 17% among black
men, and 5% among Asian, Hispanic, and American-
Indian men (28). In addition, it has been estimated that
osteoporosis-related fractures represent 3% of all Medi-
care costs and that the lifetime risk of an osteoporotic
fracture for white men $50 yr of age is ,13% (33).

However, this lifetime risk may be an underestimate,
inasmuch as a recent study in Australia found that the

residual lifetime fracture risk in 60-yr-old men with
average life expectancy was 29% (18).

Exercise has been recommended as a nonpharmaco-
logical approach for maximizing bone mineral density
(BMD) during the younger years as well as improving
bone density by increasing and/or preventing the loss of
bone during the older years (35). Exercise may be
especially appropriate, since it is a low-cost interven-
tion that is available to most of the general public.
However, training studies examining the effects of
exercise on BMD in men have led to conflicting results
(2, 4–6, 13, 23–25, 31, 36). For example, of the 10
studies previously cited, only 39% of the sites assessed
were reported as statistically significant and positive
compared with a control group. One of the possible
reasons for the lack of statistically significant results
may be the small sample size that comprised many of
these trials. As a result, the ability to detect meaningful
differences may have been compromised. Meta-analy-
sis is a quantitative approach in which individual study
findings addressing a common problem are statistically
integrated and analyzed (8, 14, 16, 29). It has been
shown to be more accurate than the vote-counting
approach (15) and may be especially useful when the
number of studies is small and/or the sample sizes
within each study are small (29). Although several
meta-analyses have been conducted on the effects of
exercise on bone density in women (3, 19–21, 37), we
are not aware of any meta-analytic work dealing with
the effects of exercise on BMD in men. Given the
health-care consequences of low BMD in men and the
potential for exercise to improve BMD, a need exists to
use a quantitative approach to examine the effects of
exercise on BMD in this population. Thus the purpose
of this study was to use the meta-analytic approach to
examine the effects of exercise on BMD in men.

METHODS

Data Sources

Computerized literature searches of articles indexed be-
tween January 1966 and December 1998 were performed
using MEDLINE, Current Contents, Sport Discus, and Disser-
tation Abstracts International databases. The following key-
words were used alone or in various combinations for com-
puter searches: bone, exercise, physical activity, men, males,
physical fitness, fitness, and osteoporosis. The titles and
abstracts of studies identified in the computerized searches
were examined to exclude any that were clearly irrelevant.
The full text of the remaining articles was retrieved, and each
paper was read to determine whether it contained informa-
tion on the topic of interest. Because computer searches have
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been shown to yield fewer than two-thirds of relevant articles
(9), the reference lists from original and review articles were
also reviewed to identify any studies that had not been
previously identified and appeared to contain information on
the topic of interest. Hand searching of selected journals was
also performed. Furthermore, three experts on exercise and
BMD (Dr. Charlotte Sanborn, Dr. David Nichols, and Dr.
Christine Snow) reviewed our reference list and coding sheet
for thoroughness and completeness.

Study Selection

Inclusion criteria for this study were as follows: 1) random-
ized or nonrandomized trials that included a comparative
nonexercise control group, 2) exercise as the only interven-
tion, 3) adult men (mean study age $18 yr) as subjects, 4)
journal articles, dissertations, and masters theses published
in the English-language literature, 5) studies published and
indexed between January 1966 and December 1998, 6) BMD
(relative value of bone mineral per measured bone area)
assessed, and 7) training studies lasting $16 wk. Only
information that met the above criteria was included in our
analysis. Thus, for example, if BMD was also assessed in
women, we did not include this information, since it did not
meet our inclusion criteria. Because dissertations may even-
tually become full-length journal articles, we cross-referenced
between the two to avoid duplication. We did not include
abstracts and conference papers from national meetings
because of the paucity of data provided as well as the inability
to obtain complete data from the authors. Studies published
in foreign language journals were also not included because of
the potential error in the translation and interpretation of
findings. Studies that met our inclusion criteria were also
examined to ensure that the same subjects were not included
in more than one study (11). For the two studies that met our
inclusion criteria but did not provide appropriate information
on changes in BMD (4, 23), personal contact was made with
the authors to retrieve such information.

Data Extraction

Coding sheets that could hold 242 items were developed
and utilized in this investigation. In addition, coding instruc-
tions that described how to code each item on the coding sheet
were developed and utilized. To avoid inter- and intracoder
bias, all data were independently extracted by two authors.
The authors then met and reviewed every data point for
accuracy and consistency. Disagreements were resolved by
consensus. The major categories of variables coded included
study characteristics, physical characteristics of subjects, and
primary and secondary outcomes.

Statistical Analysis

Primary outcomes. The primary outcome in this study was
changes in BMD. Because of the various ways in which the
authors reported data on changes in BMD and because we
also wanted to maximize the number of studies and outcomes
that could be included in our analysis, we used the standard-
ized difference approach as our effect size (ES) measure. This
measure provides one with a statistic similar to a z-score.
Each ES was calculated by subtracting the change outcome
(percent or absolute) in the exercise group from the change
outcome in the control group and then dividing this difference
by the pooled standard deviation of the exercise and control
groups (16). The ES was then corrected for small-sample bias
(16). For those studies that did not report change outcome
variances, these were estimated using previously developed
methods (12). In general, an ES of 0.20 is considered a small

effect, 0.50 a moderate effect, and 0.80 a large effect (7). An ES
of 0.50, for example, means that the exercise group differed
from the control group by 0.5 SD in favor of the exercise
group. By use of a z-score table, this means that the exercise
group would do better than ,69% of the control group.
Although the first metric of choice should be the one that has
the most meaning to the reader, in this case, the percent
change difference, we were unable to use this metric because
of insufficient reporting of data for calculating within-group
percent change variances for each study. However, to enhance
interpretation, we also calculated percent change differences
for each study. Because of the small sample size in this study,
especially for subgroup analyses, bootstrap resampling (5,000
iterations) was used to generate 95% bootstrap confidence
intervals (BCI) around mean ES changes for BMD (10). The
bootstrap technique is a computer-intensive, nonparametric
method of estimating the reliability of the original sample
estimate, in this case, ES changes in BMD. By randomly
drawing from the available sample, with replacement, samples
the same size as the original are generated. Each time an
observation is selected for a new sample, each of the elements
of the original sample has an equal chance of being selected.
This is similar to replicating each member of a sample 5,000
times (iterations). The main advantage of this approach is
that the estimate desired is not based on some theoretical
distribution but, rather, on the sample itself. This approach
frees one from the constraints of the central limit theorem.
The number of iterations chosen was based on previous
research demonstrating that improvement of estimation accu-
racy was limited beyond 5,000 iterations (38). If the 95%
confidence interval included zero (0.00), it was concluded that
there was no statistically significant effect of exercise on
BMD.

Heterogeneity of ES changes in BMD was examined using
the Q statistic (16). A random-effects model was used if
changes were significantly heterogeneous (P # 0.05), whereas
a fixed-effects model was used in the absence of significant
heterogeneity (26).

For studies that included multiple outcomes because of
more than one group, net changes were initially treated as
independent data points. However, to examine the influence
(sensitivity) of each study on the overall results, analyses
were performed with each study deleted from the model.

Publication bias (the tendency for journals and/or authors
to publish studies that yield statistically significant results)
was examined using Kendall’s t statistic (1). A statistically
significant result (P # 0.05) was considered to be suggestive
of publication bias. In addition, we used a semiquantitative
approach (funnel plot) to examine potential publication bias
(22). This was accomplished by plotting the sample size on the
vertical axis and changes in blood pressure on the horizontal
axis. Usually, smaller studies will be more dispersed at the
bottom of the funnel, whereas larger studies will be more
congregated at the top. A gap at the bottom of the funnel on
the left side indicates that small studies yielding null or
negative results may be missing.

Study quality was assessed using a three-item question-
naire designed to assess bias, specifically, randomization,
blinding, and withdrawals/dropouts (17). The number of
points possible ranged from a low of 0 to a high of 5. All
questions were designed to elicit yes (1 point) or no (0 points)
responses. The questionnaire took ,10 min/study. The ques-
tionnaire has been shown to be valid (face validity) and
reliable (researcher-interrater agreement, r 5 0.77, 95%
confidence interval 5 0.60–0.86) (17).

Subgroup analyses. Subgroup analyses for primary out-
comes were performed using ANOVA-like procedures for
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meta-analysis (16). These procedures provide statistics for
within (Qw)- and between (Qb)-group differences. If statisti-
cally significant within-group (Qw) heterogeneity existed (P ,
0.05), a random-effects model was used. If no statistically
significant within-group (Qw) heterogeneity existed, a fixed-
effects model was used. ES changes in BMD were initially
examined when the data were partitioned according to
whether the BMD sites assessed were specific to the sites
loaded during the exercise protocol. Subgroup analysis was
also performed when the data were partitioned according to
the age of the subjects (#31 vs. .31 yr of age), limited to those
results in which the BMD sites assessed were specific to the
sites loaded. We chose 31 yr of age as our cut point because it
has been reported that peak bone mass is attained as late as
,30 yr of age (32). Further analyses were performed on
site-specific results for older subjects in relation to specific
assessment location (femur, lumbar, os calcis) and study
design (randomized controlled trial vs. nonrandomized con-
trolled trial). Bootstrap resampling (5,000 iterations) (10)
was used to generate 95% confidence intervals around ES
changes for all subgroups. Randomization tests (5,000 itera-
tions) were used to generate probability values for between-
group differences (30). Randomization tests using 5,000 itera-
tions can detect a probability as low as 0.002 (30).

Regression analysis. Potential associations between ES
changes in BMD and initial BMD and length of training were
examined using regression procedures previously described
by Hedges and Olkin (16).

Secondary outcomes. Secondary outcomes (changes in body
weight, body mass index, percent body fat, lean body mass,
maximum oxygen consumption, resting heart rate, calcium
intake) were calculated as the difference (exercise minus
control) of the changes (initial minus final) in these mean
values. The original metric was used for all secondary out-
comes. For those studies in which variance estimation was
necessary, these were accomplished using the same proce-
dures used to estimate variances for BMD (12). Fixed- and
random-effects models were used following the same proce-
dures described for BMD.

Unless otherwise noted, values are means 6 SD. The a-level
for statistical significance was set at P # 0.05. Bonferroni
adjustments were not made because of the increased risk of a
type II error.

RESULTS

Study Characteristics

A total of 3,141 titles and abstracts were reviewed.
From those, 26 ES representing a total of 225 subjects
(135 exercise, 90 control) and 18 groups (10 exercise, 8
control) from 8 studies met the criteria for inclusion
(2, 5, 6, 13, 24, 25, 31, 36). The per person time to code
each study once ranged from 0.67 to 2.63 h (1.04 6
0.66 h). Two studies were not included because we were
unable to obtain data necessary for the calculation of an
ES (4, 23). Thus our percent loss that met our inclusion
criteria was 20. One study (34) was not included
because it contained some of the same subjects from
another study that met our inclusion criteria (24). We
chose to include the latter study because more complete
data were available for extraction. A general descrip-
tion of the studies is shown in Table 1. Four studies
were conducted in the United States (5, 24, 25, 36), two
in Australia (2, 31), and one each in Japan (13) and the
United Kingdom (6). For the five studies that reported

such information (2, 6, 24, 31, 36), percent dropout,
defined as the number of subjects who did not complete
the study, ranged from 0 to 31% in the exercise groups
(10 6 12%) and from 0 to 22% in the control groups (5 6
10%). The number of subjects in which pre- and post-
BMD measures were assessed and included in our
analysis ranged from 3 to 28 in the exercise groups
(14 6 8) and from 7 to 21 in the control groups (11 6 6).
Study quality ranged from 0 to 3 (1 6 1). Compliance,
defined as the percentage of exercise sessions attended,
was .90% for the two studies that reported this
information (13, 24). Reliability for BMD assessment
(coefficient of variation) ranged from 0.4 to ,5.0%
(1.5 6 1.0%).

Physical Characteristics of Subjects

A description of the physical characteristics for the
exercise and control groups may be found in Table 2.
Only one study reported that calcium supplementation
was given to subjects (13). For the four studies that
reported such information, three reported that none of
the subjects was taking any type of pharmacological
intervention other than calcium that could affect BMD
(2, 6, 13), and one (5) reported that subjects were taking
drugs that could affect BMD. For the two studies that
reported information on cigarette smoking, one re-
ported that none of the subjects smoked cigarettes (24),
and another reported that some of the subjects smoked
(13). Three studies reported that subjects had not been
physically active before participation in the study (5,
13, 24), whereas it appeared that another study in-
cluded subjects that had been previously active (2). The
two studies that reported information on previous
fractures reported that subjects had not had previous
fractures at the site(s) assessed before participation in
the study (24, 25). None of the studies reported informa-
tion on the alcohol intake of the subjects.

Primary Outcomes

Individual ES changes for primary outcomes (changes
in BMD) are shown in Table 3. Approximately 39% of
the 26 ES were reported as statistically significant and
positive by the authors. Initial BMD values for all sites
assessed ranged from 0.700 to 1.400 g/cm2 in the
exercise groups (1.120 6 0.188 g/cm2) and from 0.670 to
1.290 g/cm2 in the control groups (1.078 6 0.168 g/cm2).
With use of a random-effects model because of statisti-
cally significant heterogeneity (Q 5 45.01, P 5 0.008),
overall ES changes were not statistically significant
(ES 5 0.028, 95% BCI 5 20.166 to 0.230). ES changes
were equivalent to an exercise-minus-control improve-
ment of 2% (1.6% increase in the exercising subjects
and 0.4% decrease in the controls). With each study
deleted from the model once, ES changes ranged from a
low of 0.028 (95% BCI 5 20.166 to 0.230) to a high of
0.199 (95% BCI 5 20.131 to 0.489). Although there was
no quantitative evidence supporting publication bias
(r 5 20.23, P 5 0.10), funnel plot analysis was sugges-
tive of this potential form of bias.
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Subgroup Analyses

When data were partitioned according to whether
the BMD sites assessed were specific to the sites loaded
during the exercise protocol, statistically significant
within-group changes were found when the sites as-
sessed were specific to the site loaded (ES 5 0.213, 95%
BCI 5 0.007–0.452) but not when the sites assessed
were not specific to the sites loaded (ES 5 20.205, 95%

BCI 5 20.613 to 0.219). ES changes in BMD were
equivalent to exercise-minus-control increases of ,2.6%
(2.1% in the exercisers and 20.5% in the controls) when
the sites assessed were specific to the sites loaded and
,0.3% (20.06% in the exercisers and 20.3% in the
controls) when the sites assessed were not specific to
the sites loaded. Although it was not statistically
significant, there was a trend for between-group changes
to be greater when the sites assessed were specific to
the sites loaded (Qb 5 3.02, P 5 0.10). Further subgroup
analyses were then performed by limiting analyses to
only those sites in which the assessment of BMD was
specific to the sites loaded. These are shown in Table 4.
Within-group analysis demonstrated that statistically
significant increases were found for older but not
younger adults and that the differences between groups
were statistically significant. These changes were
equivalent to an exercise-minus-control improvement
of ,6.7% for older subjects (4.2% increase in exercise
groups and 2.5% decrease in controls) and 0.4% in-
crease in younger subjects (1% increase in exercisers
and 0.6% increase in controls). When the one study that

Table 1. General description of included studies

Study Design/Subjects Intervention BMD Assessment

Bennell et al. (2) CT that included 2 different male
exercise groups (27 power ath-
letes, 31 endurance athletes) and
27 male controls 17–26 yr of age

12 mo of participation in power
(sprinting, jumping, multievents)
or endurance (middle- or long-
distance) sports

DEXA (Hologic QDR 1000W)
at upper limb, lumbar spine
(L1–L4), femur, and tibia/fibula

Braith et al. (5) RCT consisting of 16 male heart
transplant patients assigned to
exercise (n58, 5666 yr) or con-
trol (n58, 52610 yr) group

6 mo of lumbar extension exercises
1 day/wk and 2 days/wk of upper
and lower body resistance
training consisting of 1 set of
10–15 repetitions at 50% of 1 RM
for each exercise (10 exercises
total)

DEXA (Lunar) at femoral neck,
lumbar spine (L2–L3), and total
body

Cohen et al. (6) CT consisting of 17 male novice col-
lege oarsmen (age 19.562.4 yr)
and 8 age- and gender-matched
controls (19.361.6 yr)

7-mo training program consisting
of rowing (8 h/wk), weight
training (1 h/wk), and running
(1 h/wk)

DEXA (Lunar DPX) at lumbar
spine (L1–L4), femoral neck,
greater trochanter, and Ward’s
triangle

Fujimura et al. (13) CT consisting of 15 previously sed-
entary male subjects (23–31 yr)
assigned to an exercise (n58,
24.662.83 yr) or control (n57,
26.463.17 yr) group

4 mo of resistance training per-
formed 3 times/wk and consisting
of 2–3 sets of 10 repetitions at
60–80% of 1 RM for 7–8 exer-
cises/session

DEXA (DCS-3000) at lumbar spine,
femoral neck, midradius, and
total body

Menkes et al. (24) CT consisting of 18 previously sed-
entary male subjects (50–70 yr)
assigned to exercise (n511,
5967.2 yr) or control (n57,
5562.65 yr) group

4 mo of resistance training per-
formed 3 times/wk and consisting
of 1 set of upper body and 2 sets
of lower body exercises performed
for 15 repetitions for each
exercise

DEXA (Lunar DPX) at lumbar
spine (L2–L4), femoral neck,
and total body

Michel et al. (25) CT that included 10 male runners
(65.367.91 yr) and 10 age- and
gender-matched controls
(64.567.27 yr)

5 yr of running partitioned by
groups that decreased their
mileage by .20% vs. ,20% over
5-yr period

QCT (GE9800) at lumbar spine

Pritchard et al. (31) RCT that included 40 overweight
male subjects assigned to exer-
cise (n521, 44.966.5 yr) or con-
trol (n519, 43.364.5 yr) group

1 yr of aerobic exercise of choice
(walking, jogging, swimming, sta-
tionary cycling) performed $3
times/wk for 30 min at 65–75%
of maximum heart rate

DEXA (Hologic QDR 1000W)
of total body

Williams et al. (36) CT consisting of 20 exercising men
(38–68 yr, mean 49.2) and 10
male controls (41–58 yr,
mean 47.0)

9 mo of a marathon training pro-
gram partitioned into groups that
ran ,21.9 and 10 miles/wk,
respectively

SPA at right central os calcis

Values are means 6 SD. BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry; SPA, single-photon absorptiometry; QCT,
quantitative computed tomography; CT, controlled trial; RCT, randomized controlled trial; RM, repetition maximum.

Table 2. Initial physical characteristics

Variable

Exercise Control

n Mean6SD n Mean6SD

Age, yr 10 40.8617.9 8 41617.0
Height, cm 9 176.264.2 7 174.663.7
Weight, kg 9 76.066.4 7 78.169.2
BMI, kg/m2 9 24.662.6 7 25.763.4
Fat, % 5 17.067.6 4 21.166.7
LBM, kg 5 60.664.7 4 58.965.25
Calcium, mg/day 4 1,0906259 3 892695

n, Number of groups reporting data; BMI, body mass index; LBM,
lean body mass.
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yielded two ES from heart transplant patients in the
older group was deleted from the model, statistically
significant within-group effects were again observed for
older (ES 5 0.442, 95% BCI 5 0.207–0.799) but not
younger (ES 5 0.066, 95% BCI 5 20.158 to 0.333)
subjects. However, no statistically significant differ-
ences were observed between groups (Qb 5 2.26, P 5
0.23). ES changes were equivalent to exercise-minus-

control improvements of ,4.0% in older subjects (2%
increase in exercisers and 2% decrease in controls).
With ES results limited to only older adults, statisti-
cally significant within-group ES were found at the
femur, lumbar, and os calcis sites, with no statistically
significant between-group differences observed. ES
changes in BMD were equivalent to exercise-minus-
control improvements of ,5.9% at the femur site (4%
increase in exercisers and 1.9% decrease in controls),
10.7% at the lumbar site (5.8% increase in exercisers
and 4.9% decrease in controls), and 1.6% at the os calcis
site (2.1% increase in exercisers and 0.5% increase in
controls). With the one study in heart transplant
patients deleted, there was an exercise-minus-control
improvement of ,6.1% in lumbar BMD (1.0% in exercis-
ers and 25.1% controls). Statistically significant within-
group ES increases in BMD were also found when data
were partitioned by study design. This was equivalent
to exercise-minus-control improvements of ,13.5% for
randomized trials (9.8% increase in exercisers and
3.7% decrease in controls) and 4.2% for nonrandomized
trials (2% increase in exercisers and 2.2% decrease in
controls). However, the percent changes found for ran-
domized controlled trials were derived from the one
study in heart transplant patients. No statistically
significant ES differences were observed between
groups.

Regression Analysis

No statistically significant associations were found
between ES changes in BMD and length of training or
initial BMD.

Secondary Outcomes

No statistically significant differences were found for
any of the secondary outcomes. These included body
weight (20.3 kg, 95% BCI 5 22.2 to 0.79 kg), body
mass index (20.9 kg/m2, 95% BCI 5 20.9 to 0.1 kg/m2),
and lean body mass (0.3 kg, 95% BCI 5 20.2 to 0.6).
Insufficient data were provided to assess changes in
percent fat, maximum oxygen consumption, resting
heart rate, and calcium intake.

Table 3. Individual ES from studies

Study Sites Assessed
No.

Assessed ES(d) Var(d)

Bennell et al. (2) Upper limb (power
athletes) 42 20.185 0.096

Lumbar spine L1–L4
(power athletes) 42 0.844 0.107

Femur (power ath-
letes) 42 0.042 0.095

Tibia/fibula (power
athletes) 42 20.222 0.096

Upper limb (endur-
ance athletes) 49 20.199 0.084

Lumbar spine L1–L4
(endurance athletes) 49 0.344 0.085

Femur (endurance
athletes) 49 20.343 0.085

Tibia/fibula (endur-
ance athletes) 49 0.034 0.083

Braith et al. (5) Total body 16 0.877 0.282
Femoral neck 16 0.705 0.271
Lumbar spine L2–L3 16 1.569 0.353

Cohen et al. (6) Lumbar spine L1–L4 25 0.879 0.207
Femoral neck 25 20.257 0.186
Greater trochanter 25 20.568 0.194
Ward’s triangle 25 20.265 0.186

Fujimura et al. (13) Total body
Lumbar spine

15
15

20.025
20.141

0.268
0.269

Femoral neck 15 20.203 0.270
Midradius 15 0.807 0.297

Menkes et al. (24) Total body 16 20.126 0.255
Lumbar spine L2–L4 16 0.099 0.254
Femoral neck 16 0.270 0.257

Michel et al. (25) Lumbar spine L1
(,20% decrease) 13 0.858 0.465

Pritchard et al. (31) Total body 40 21.010 0.118
Williams et al. (36) Os calcis (22 miles/wk) 17 1.048 0.284

Os calcis (10 miles/wk) 23 0.260 0.179

No. assessed, sum of exercise and control subjects in which BMD
was assessed; ES(d), effect size (ES) corrected for small sample bias;
Var(d), variance of ES(d); ,20%, ,20% decrease in running mileage
over course of study.

Table 4. Subgroup analyses

Variable
No. of

Studies
No.

Assessed
No. of

ES ES(d) 95% BCI Qb

Age1site specific
Older (,31 yr) 4 85 7 0.605 0.324 to 1.032 5.89 (0.04)*
Younger (#31 yr) 4 131 13 0.066 20.157 to 0.312

Location1site specific (older only)
Femur 2 32 2 0.482 0.270 to 0.705 0.32 (0.86)
Lumbar 3 45 3 0.749 0.099 to 1.327
Os calcis 1 40 2 0.565 0.260 to 1.048

Design1site specific (older only)
RCT 2 56 2 1.082 0.705 to 1.569 1.98 (0.24)
CT 3 69 5 0.442 0.204 to 0.799

No. assessed, sum of exercise and control subjects in which BMD was assessed; BCI, bootstrap confidence interval; Qb, differences between
groups, with P values in parentheses. *Statistically significant, P , 0.05.
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DISCUSSION

The results of this study suggest that site-specific
exercise may help improve and maintain BMD in older
men. These results also support the notion that changes
in BMD are specific to the sites loaded during exercise
in older men. However, these results should be inter-
preted with caution, inasmuch as they were based on a
very limited data pool. Perhaps little change was seen
in BMD among younger subjects because subjects
already possessed optimal levels of BMD and/or the
loss of BMD generally occurs during the later, rather
than during the younger, years. In addition, it may also
be that more subjects in the older group had been
sedentary for a longer period or were not able to
ambulate very much. This may be especially true for
the one study that included heart transplant patients,
because when we deleted this study from our subgroup
analysis the increase in BMD in the exercise group
decreased from ,6% to 1% (5).

The fact that exercise is an inexpensive, nonpharma-
cological approach that is available to most of the
general public makes this form of treatment appealing,
especially given the other physiological and psychologi-
cal benefits that may be derived from participation in
exercise. However, it is important to realize that ,60%
of adults in the United States do not regularly partici-
pate in adequate amounts of physical activity (27).
Furthermore, only 16% of the US population between
the ages of 18 and 64 yr report that they regularly
participate in progressive-resistance exercise (27). In
addition, one must also consider the potential adverse
effects of exercise, e.g., arthritis, injury, and cardiac
events. Unfortunately, we were unable to determine
any potential adverse effects of exercise in this meta-
analysis because only one study, limited to heart trans-
plant patients, reported such information (5). The
authors concluded that the exercise intervention was
safe because it was not associated with an increase in
rejection (5). Thus, although participation in a regular
exercise program may be efficacious for improving
and/or maintaining BMD in men, it may not be very
effective in the ‘‘real world.’’ Consequently, alternative
nonpharmacological and pharmacological interven-
tions for increasing and/or maintaining BMD may be
necessary.

Despite the positive results observed in this study,
the biological importance of these small changes might
not be sufficient to recommend exercise alone as a
nonpharmacological intervention. Because the primary
reason for improving and/or maintaining BMD is to
reduce fracture risk, one would like to know how much
of an increase or prevention of loss in BMD is necessary
to reduce the incidence of fracture. A recent longitudi-
nal study has shown that femoral neck BMD in men
was 24% lower in those with hip fractures and 12%
lower in those with fractures of the vertebrae and upper
limb (28a). The study also found that a decrease of 1 SD
in femoral neck BMD was associated with a 2.3, 1.9,
and 1.5 increase in the odds of fracture at the hip,
vertebrae, and upper limbs, respectively (28a). The

smaller results observed in our study suggest that if
exercise is recommended, it should be done only in
conjunction with other types of nonpharamcological
and/or pharmacological interventions. Furthermore,
we are not aware of any consensus as to how exercise-
induced increases in BMD affect bone strength. For
example, the implications of bone mass laid down on
periosteum vs. endosteum may differ in relation to
altering bone strength.

A second factor that warrants caution in the interpre-
tation of our results is the relatively low quality of the
studies included in our analysis. For example, only one
study received a score of 3 while the remaining studies
received scores ranging from 0 to 2. In addition, the
different types of exercise interventions varied consider-
ably. Furthermore, the fact that our funnel plot analy-
sis was indicative of publication bias suggests that the
results of this study may be an overestimate of the
effects of exercise on BMD in men. Ideally, to examine
the efficacy and effectiveness of exercise on BMD in
men, it is suggested that future studies 1) randomize
subjects to an exercise and control condition, 2) blind
the person responsible for the assessment of BMD to
the treatment assignment of subjects, 3) limit participa-
tion to only subjects who have been previously seden-
tary, 4) include weight-bearing exercise protocols that
are reflective of those in which the population will be
able to participate, 5) assess BMD at the sites that were
loaded during the exercise protocol, and 6) include
efficacy as well as effectiveness (intention-to-treat)
analysis. In addition, it would be beneficial to examine
any changes in BMD that might occur on cessation of
exercise. Furthermore, it is critical that authors submit
and be allowed to publish well-designed studies that
yield null results. Consequently, we will be able to form
a more valid conclusion regarding the true effects of
exercise on BMD in men. Given the prevalence of low
BMD in men $50 yr of age, it may be especially
important to focus on this population (28).

Another factor that warrants caution in the interpre-
tation of our results was the availability of data.
Although meta-analysis is more quantitative than tra-
ditional narrative reviews, potential problems exist.
The meta-analytic review, like any review, is limited by
the available data. One potential problem in this
investigation was the small number of ES available for
some of the subgroup analyses. For example, ES changes
in BMD at the specific sites we were able to examine
(femur, lumbar, os calcis) were limited to two or three
outcomes per site.

Despite our resampling approach because of the
small sample sizes available for many of the analyses,
additional studies in this area are needed before any
firm conclusions can be made regarding the efficacy and
effectiveness of exercise as a nonpharmacological inter-
vention for improving and/or maintaining BMD in men.
In addition, insufficient information was available to
examine results according to the impact of the exercise
protocols on the BMD sites assessed. Future studies
need to provide a complete description of the exercise
intervention.
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In conclusion, the results of this study suggest that
site-specific exercise may help increase and/or main-
tain BMD at the femur, lumbar, and os calcis sites in
older men. However, the biological importance of the
relatively small changes observed for most outcomes,
quality of studies included, and limited data pool
prevent us from forming any firm conclusion regarding
the use of exercise for maintaining and/or improving
BMD in men.
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