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Abstract
Objectives: To review evidence of positive exercise effects on BMD in early postmenopausal women
(0.5–8 years postmenopausal) by summarising existing studies in this area.
Data sources: MEDLINE search using the terms “exercise” AND “BMD” AND “osteoporosis”, later
than 1970, plus the bibliographies of the studies identified by the MEDLINE search.
Study selection: Nine studies were identified and included in this review. All the studies included a
non-training control group, half of them were randomised.
Data extraction: Exercise effects on bone mineral density at the hip and the spine were qualitatively
compared predominantly based on the type of exercise and study duration. A quantitative analysis
was not possible due to the inhomogeneity of the studies.
Data synthesis: 5 out of 7 studies (6 out of 9 exercising subgroups) demonstrated significant positive
exercise effects defined as BMD differences in the exercise versus control group at the lumbar spine,
and 3 out of 6 at the proximal femur. Intervention periods of all studies showing no positive results
were shorter than nine months. However, only 3 studies showed significant positive BMD changes in
the exercise group alone. All of these studies used mixed exercise regimes using high impact
exercises and resistance training.
Conclusion: The results suggest that in particular exercise programmes with high impact and
resistance training lasting longer than a year help to maintain or even improve BMD at the lumbar
spine and hip in early postmenopausal women. Keywords: osteoporosis, BMD, exercise, training,
early postmenopause
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the current literature, in particular as a wide
variety of exercise regimen has been used.
Introduction
The effect of the oestrogen decline during the
early postmenopausal years is complex. As
oestrogen receptors are abundant throughout
the body many organ systems are affected 1.
One consequence of oestrogen depletion is
accelerated bone loss 2. Hormone replacement
therapy (HRT), which is still widely used as a
major prevention strategy, has recently
become a controversial treatment, in particular,
because of negative cardiovascular effects 3.
Thus different preventive approaches are
gaining wider attention. One option is
adequate physical activity or exercise.
There is some evidence that during the early
menopausal years exercise may compensate
at least some of the negative effects caused by
hormone depletion. In healthy men and
premenopausal women positive exercise
effects on bone mineral density (BMD) were
demonstrated in numerous studies 4-11.
However, in early postmenopausal women
results are ambivalent. When for example
comparing given exercise programmes in preand (early) postmenopausal women positive
effects were observed in the pre- but not in the
early postmenopausal cohort 12,13.
This effect can possibly be explained by using
the set point theory 14,15 according to which
oestrogen (E) or oestrogen receptors (ER)
modulate the adaptive response of bone to
mechanical strain 16. Therefore mechanical
strains may trigger a response of bone under
premenopausal hormonal conditions but may
no longer do so once the adaptive threshold
has increased with hormone depletion. As a
consequence exercise may have to be
adapted to the targeted population but it is
difficult to summarise recommendations from
68

This article reviews the current literature with
respect to the following questions: what are the
general effects of “exercise” in early
postmenopausal women and which particular
exercise regimes do positively affect BMD.
Further, the authors want to increase the
reader’s awareness of methodological
problems that may severely limit the
interpretation of exercise studies.

Methods
Identification of eligible studies
A MEDLINE search was conducted using the
terms “exercise” AND (“BMD” OR bone
mineral density) AND “osteoporosis” in the
title, key words and abstract between 1970
until 2003. There were no limits with respect to
age, gender, or type of publication. From the
results the interventional studies were filtered
out. The bibliographies of thee publications
were also screened for articles not found in
MEDLINE. For this review, all studies that
investigated early postmenopausal cohorts or
subgroups were used. Early postmenopause
was defined in agreement with the literature as
0.5-8 years after the last menstrual bleeding 1719
. Publications that did not include the time
range since menopause, or did not focus on
BMD, were excluded. Further, studies that did
not include a non-training control group or did
not report the results of the control group
separately were also excluded.

Results
The table (Table 1) shows details of the nine
studies identified. Five of them were
randomised 20-24 and four non-randomised
trails 13,25-27. The size of the exercise groups
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varied from 5 22 to 50 subjects 26. In terms of
the WHO criterion 28 osteopenic subjects were
included exclusively in one of the studies 26
and predominantly in the study by Sugiyama et
al.13. Attendance rates varied from 50% 21 to
90% 20. Two studies exclusively employed
aerobic 24 or jumping exercises 21, three
studies on resistance training 20,23,27, and four
studies used mixed training protocols with
aerobic, resistance, and jumping exercises.
Intervention periods varied from six 13,20 to 24
months 23,26. Calcium was supplemented in
three studies 20,24,26 to ensure a total calcium
intake of ≥1500 mg/d. Eight studies employed
dual photon (DPA) 22,24,27 or dual xray
absorptiometry (DXA) 13,20,23,25,26 to measure
BMD at the lumbar spine (LS) (n = 8) and/or
the proximal femur (n = 6). Two studies
additionally 26 or exclusively 21 used
quantitative computed tomography (QCT) at
the lumbar spine or the proximal femur.

6 months

9 months

BMD results measured by DXA or DPA are
summarised in Figure 1 for the lumbar spine
and in Figure 2 for the hip. In the spine the
BMD changes are in particular heterogeneous
in the exercise groups ranging from –2.0% in
six months 13 to +2.5% in nine months 25. In the
control group (CG) there was always a loss but
the difference among the studies was even
larger than among the exercise groups. If the
net exercise effect is defined as the difference
between EG and CG, two studies showed no
exercise effect while five studies (i.e. seven out
of nine exercise subgroups) demonstrated at
least a positive net effect after exercise
intervention. In six out of nine subgroups this
effect was significant (p<0.05). One study 26
that used QCT showed a +7.0% (p< 0.001)
difference for trabecular and a +4.8%
difference (p< 0.001) for cortical BMD of the
lumbar spine.

12 months

24 months

Figure 1: BMD changes at the lumbar spine. #: randomised studies
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9 months

12 months 24 months

Figure 2: BMD changes at the hip regions. 1 comparable data for the femoral neck. 2 no data given for
total hip or femoral neck. 3 Cheng et al. 21 QCT of the proximal femur (intertrochanteric area). #:
randomised studies.
As expected in the proximal femur overall
changes were smaller. Fewer studies showed
significant differences between exercise and
control groups but it should be pointed out that
Figure 2 shows results for three different
regions, the total hip, the neck, and the
trochanter, thus care must be taken when
comparing study results at the proximal femur.
In the total hip region net exercise effects
varied from +0.4% 20 to +1.4% 13, in the neck
from –1.9% 27 to +1.9% 26, and for the
trochanter the only study reported a net effect
of +2.3%. 23. Using QCT at the proximal femur
a 3% difference (n.s.) was found after 12
months 21.

Discussion
A coherent interpretation of exercise effects in
early postmenopausal women is difficult due to
three major and several minor reasons. The
major reasons are: (1) the number of existing
studies is small and their design is very
70

heterogeneous. (2) As it can be seen from
Table 1 the exercise regimens vary largely, (3)
the number of study subjects per group is most
often small (< 20) and the intervention periods
rarely extend beyond 12 months.
Using the definition of early menopause as
0.5-8 years after the last menstrual bleeding,
the authors identified nine interventional
studies. As is well known, the most relevant
reductions in bone density occur around the
menopause 2,29, a narrower window of 0.5-3
years may be more appropriate, but for this
period there is only one study 23; the other
eight studies include women of a significantly
broader postmenopausal age range. A
comparison of studies including subjects of
different menopausal age ranges is difficult. An
additional problem in Heikkinen’s study is that
only BMD data of the trochanter is included,
but no data is provided for the spine or the
total femur.
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Apart from menopausal age the bone status at
the start of a study may play a major role in the
outcome 30-32. This has been demonstrated in
a study comparing exercise effects on BMD in
healthy, osteopenic, and osteoporotic women
33
. Significant differences were found at the
femoral neck for the osteopenic and
osteoporotic groups (+1.3%) when compared
to the healthy group (-1.0%). At the spine there
were no differences between the groups.
These results should be kept in mind when
trying to summarise the results of exercise.
From Table 1 it can be seen that one study
exclusively recruited osteopenic women 26. A
second study recruited predominantly
osteopenic women 13. Furthermore, an
inadequate calcium and Vitamin D intake can
impact on the results, in particular if osteopenic
or osteoporotic women are investigated. From
the nine studies included in this review, Ca
was supplemented in only three 20,24,26 and
Vitamin D in two studies 24,26.
A general problem in the comparison of
exercise studies is the great variation of
exercise regimen. In addition the description of
the exercise regimen is often incomplete. This
applies to all age ranges, not only to early
postmenopausal women. For example, effects
of swimming, jumping, and running on bone
are very different 34-36. In the nine studies listed
in the table exercise regimen included fast
walking, running, low and high impact aerobic,
jumping, and isometric and/or dynamic
resistance training in various combinations. In
addition the exercise quantity, typically
described in terms of strain rate, strain
magnitude, strain-frequency, and cyclenumber varied greatly among the studies.
Despite this large variety five out of seven
studies demonstrated significant positive net
effects on BMD at the lumbar spine and three
out of six at the hip. The variety of exercise
regimen is more evident when looking at the
BMD loss or gain of the exercise and control
groups separately.
It must be emphasised that the intervention
periods were different. Obviously one cannot
simply scale the results in Figures 1 and 2
linearly to 6 months, the shortest period used.
But in those studies with longer follow-up times
exercise effects increase over time, at least
during the first 12 months. This can be easily
understood as the cancellous activationresorption-formation remodelling sequence of
bone takes approximately 200 days 37. Thus
apart from the three older studies 22,24,27 the net
exercise effects of the remaining exercise
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studies are comparable. The three older
studies also used DPA, a predecessor of DXA,
to measure BMD, and the number of subjects
per sub-group was always less thanh 20.
Further, the decrease in the control groups
assessed in these three studies was much
larger than the average of 1-2% at the spine
and 1-1.5% at the hip reported for women
during in early menopause 2,29,38. The BMD
loss in the control groups in the other 5 studies
is more in line with the expectations for normal
or osteopenic women of that postmenopausal
age.
Drawing conclusions about the most
favourable type of exercise optimising effects
on BMD from the nine studies is a daunting
task, even if the three older studies are not
considered. Depending on exercise intensity,
rate, and volume, all exercise types employed
are potentially bone anabolic 7,9,39. Resistance
training with high strain magnitude is known to
affect bone 39,40, despite the fact that Bemben
et al. 20 could neither demonstrate positive
effects at the LS in their high- nor in their lowintensity exercise groups. Probably the
intervention period was too short; also the subgroups were extremely small.
Jumping exercises, which produce high strain
magnitudes and rates, increase bone strength
at the lower limbs and the lumbar spine in
rodents 36,41-43. In premenopausal women,
jumping exercises also showed positive effects
on BMD of the hip 12,13,44 and the lumbar spine
12,44
. However, in Bassey’s and Sugiyama’s
studies identical exercise regimen failed to
demonstrate the same effects in (early)
postmenopausal women. This is in contrast to
animal studies. For example, with jumping
exercises the same effects in osteopenic
ovarectomised and Sham-operated rats were
obtained 45,46.
The osteoanabolic relevance of walking is still
under discussion. There are some reports that
brisk walking affects lumbar spine BMD in
osteopenic women 47,48 but there is even more
evidence that in healthy women with normal
physical activity ground reaction forces
induced by walking (1-1.5 x body weight with
low strain rates 49,50) are too low to increase
BMD 51-53. These data are also supported by
the results of Martin et al. 24 which observed a
1.7% reduction of LS-BMD after walking at 7085% HFmax.
All those studies listed in the table that used
mixed exercise regimens with high impact
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exercises (3-5 x body weight) and resistance
training 21,22,25,26 demonstrated positive effects
on BMD of the lumbar spine and the hip. We
think that this is the most favourable regimen
and we also used it in our studies. However, it
must be stated that, based on the nine studies
analysed in this review, this thesis cannot be
fully proven, although it is obviously supported
by the data. Criticism has been raised that high
impact exercises 54 and prolonged heavy
loading 9 may unfavorably affect osteoarthritis
and low back pain. Contrarily, in our ongoing
five year exercise study from which we only
used the published two year data for this
review 26,55 even after four years a significant
pain reduction at the spine and no change at
the joints was observed. The authors attribute
this fact to their exercise design, with a
prolonged phasing in period during the first
seven study months, and regenerational
periods following each heavy loading period.
Thus their results suggest that bone
maintenance and pain reduction are not
conflicting endpoints as claimed by Turner 56.
As can be seen from Table 1 and Figures 1
and 2, there is no evident difference between
the five randomised and the four studies not
randomised. While the double blind
randomised design is mandatory in
pharmaceutical trails there is some ambiguity
in exercise studies because these cannot be
blinded. There are conflicting data on the bias
introduced by different motivation levels in
non-randomised controlled exercise studies.
Wolff et al. 11 concluded in their meta-analysis
that non-randomised controlled studies
showed an exercise effect twice as high
compared to randomised studies while the
meta-analysis published by Kelley 8 showed
the opposite effect (effect size: 1.08 vs. 0.44).
One point of critique should be mentioned here
with respect to randomised exercise trials. It is
most often not clear whether authors included
subjects that refuse to take part in the study
after randomisation but before the actual start
of the exercise sessions in their reported
dropout rates. The subjects may not like the
group they have been randomised to and quit
right away. To which degree this effect offsets
randomisation has to the authors’ knowledge
not been investigated yet. Thus all exercise
studies should report dropout rates between
recruitment and actual start of the exercise
program and separately dropout, attendance
and compliance rates during the intervention
period. Also, exercise and physical activity
levels outside the study intervention in
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particular in the control group must be carefully
monitored.
There are several other confounding factors
that may clutter exercise effects on bone and
that are often not carefully monitored. This
makes it extremely difficult to interpret exercise
studies. Important confounding factors are:
• Diseases or medication affecting bone
metabolism. Most studies exclude
subjects at baseline but often they do
not control these factors during the
study.
• Weight changes affect bone mineral
density and should be carefully
monitored.
• Nutritional changes, in particular diets
or changes in the Ca and Vitamin-D
intake may also impact on bone
mineral density.

Conclusion
So far nine studies analysed exercise effects
with respect to bone (BMD) in early
postmenopausal women. Due to the
inhomogeneities in their design, exercise
regimen and results presented it is very difficult
to compare them and to extract exercise
recommendations. Overall, regimes with high
impact and resistance exercises were most
favourable. There is a need for studies with
longer follow up times (> 12 months) and
larger well defined populations that are
carefully monitored for confounding factors.

Address for correspondence:
Dr Wolfgang Kemmler, Institute of Medical
Physics, University of Erlangen,
Krankenhausstr. 12, 91054 Erlangen,
Germany
Tel.: +49 (9131) 8523999, Fax: +49 (9131)
8522824
Email: wolfgang.kemmler@imp.unierlangen.de

Official Journal of FIMS (International Federation of Sports Medicine)

Exercise in postmenopausal women

International SportMed Journal, Vol.5 No.1, 2004
http://www.ismj.com

13.

References
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

73

Lobo RA. Menopause management for
the millenium. Medscape Womens
Health 1999; 1.
Okano H, Mizunuma H, Soda M, et al.
The long-term effect of menopause on
postmenopausal bone loss in
Japanese women: results from a
prospective study. J Bone Miner Res
1998; 13:303-309.
WHI-Writing-Group. Risk and benefits
of estrogen plus progestin in healthy
postmenopausal women. JAMA 2002;
288:321-333.
Bemben DA. Exercise interventions for
osteoporosis prevention in
postmenopausal women. J Okla State
Med Assoc 1999; 92:66-70.
Berard A, Bravo G, Gauthier P. Metaanalysis of the effectiveness of
physical activity for the prevention of
bone loss in postmenopausal women.
Osteoporos Int 1997; 7:331-337.
Ernst E. Exercise for female
osteoporosis. A systematic review of
randomised clinical trials. Sports Med
1998; 25:359-368.
Kelley GA. Exercise and regional bone
mineral density in postmenopausal
women: a meta-analytic review of
randomized trials. Am J Phys Med
Rehabil 1998; 77:76-87.
Kelley GA, Kelley KS, Tran ZV.
Exercise and bone mineral density in
men: A meta-analysis. J Appl Physiol
2000; 88:1730-6.
Vuori IM. Dose-response of physical
activity and low back pain,
osteoarthritis, and osteoporosis. Med
Sci Sports Exerc 2001; 33:S551-S586.
Wallace BA, Cumming RG. Systematic
review of randomized trials of the
effect of exercise on bone mass in preand postmenopausal women. Calcif
Tissue Int 2000; 67:10-18.
Wolff I, van Croonenborg JJ, Kemper
HC, et al. The effect of exercise
training programs on bone mass: A
meta-analysis of published controlled
trials in pre- and postmenopausal
women. Osteoporos Int 1999; 9:1-12.
Bassey EJ, Rothwell MC, Littlewood
JJ, et al. Pre- and postmenopausal
women have different bone mineral
density responses to the same highimpact exercise. J Bone Miner Res
1998; 13:1805-1813.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

Sugiyama T, Yamaguchi A, Kawai S.
Effects of skeletal loading on bone
mass and compensation mechanism
in bone: A new insight into the
"mechanostat" theory. J Bone Miner
Metab 2002; 20:196-200.
Frost HM. The role of changes in
mechanical usage set points in the
pathogenesis of osteoporosis. J Bone
Miner Res 1992; 7:253-261.
Turner CH. Homeostatic control of
bone structure: An application of
feedback theory. Bone 1991; 12:203217.
Lanyon LE, Skerry T. Postmenopausal
osteoporosis is a failure of bone's
adaption to functional loading: A
hypothesis. J Bone Miner Res 2001;
16:1937-1947.
Mazess RB. On aging bone loss. Clin
Orthop 1982; 165:239-252.
Ettinger B. Prevention of osteoporosis:
Treatment of estradiol deficiency.
Obstet Gynecol 1988; 72:1-6.
Riggs BL, Khosla S, Melton LJ, 3rd. A
unitary model for involutional
osteoporosis: Estrogen deficiency
causes both type I and type II
osteoporosis in postmenopausal
women and contributes to bone loss in
aging men. J Bone Miner Res 1998;
13:763-73.
Bemben DA, Fetters NL, Bemben MG,
et al. Musculoskeletal responses to
high- and low-intensity resistance
training in early postmenopausal
women. Med Sci Sports Exerc 2000;
32:1949-1957.
Cheng S, Sipila S, Taaffe DR, et al.
Change in bone mass distribution
induced by hormone replacement
therapy and high-impact physical
exercise in post-menopausal women.
Bone 2002; 31:126-135.
Grove KA, Londeree BR. Bone density
in postmenopausal women: high
impact vs low impact exercise. Med
Sci Sports Exerc 1992; 24:1190-1194.
Heikkinen J, Kyllönen E, KurttilaMatero E, et al. HRT and exercise:
effects on bone density, muscle
strength and lipid metabolism: A
placebo controlled 2 year prospective
trial on two estrogen-progestin
regimens in healthy postmenopausal
women. Maturitas 1997; 26:139-149.
Martin D, Notelovitz M. Effects of
aerobic training on bone mineral

Official Journal of FIMS (International Federation of Sports Medicine)

Exercise in postmenopausal women

25.

26.

27.

28.

29.

30.
31.

32.
33.

34.

35.

74

density of postmenopausal women. J
Bone Miner Res 1993; 8:931-936.
Kemmler W. Einfluß unterschiedlicher
Lebensabschnitte auf die
belastungsabhängige Reaktion
ossärer Risikofaktoren einer
Osteoporose (In German) Dtsch Z
Sportmed 1999; 50:114-119.
Kemmler W, Engelke K, Lauber D, et
al. Impact of intense exercise on
physical fitness, quality of life, and
bone mineral density in early
postmenopausal women. Year 2
results of the Erlangen Fitness
Osteoporosis Prevention Study
(EFOPS). Arch Int Med 2003;
accepted for publication.
Pruitt LA, Jackson RD, Bartels RL, et
al. Weight-training effects on bone
mineral density in early
postmenopausal women. J Bone
Miner Res 1992; 7:179-185.
World Health Organization.
Assessment of osteoporotic fracture
risk and its application to screening for
postmenopausal osteoporosis.
Geneva: World Health Organization,
1994. WHO Technical Report Series
No. 843.
Recker R, Lappe J, Davies K, et al.
Characterization of perimenopausal
bone loss: a prospective study. J Bone
Miner Res 2000; 15:1965-1973.
Branca F. Physical activity, diet and
skeletal health. Public Health Nutr
1999; 2:391-396.
Snow-Harter C, Marcus R. Exercise,
bone mineral density, and
osteoporosis. Exerc Sport Sci Rev
1991; 19:351-88.
Forwood MR, Burr DB. Physical
activity and bone mass: Exercise in
futility. Bone Miner 1993; 21:77-83.
Kemmler W, Riedel H. Einfluß eines
intensiven 9monatigen körperlichen
Trainings auf Knochendichte,
Gesamtkalzium und
Wirbelkörperbreite bei Frauen mit
Osteoporose, Osteopenie und
Knochengesunden (In German).
Osteologie 1998; 7:203-210.
Hoshi A, Watanabe H, Chiba M, Inaba
Y. Bone Density and mechanical
properties in femoral bone of swim
loaded aged mice. Biomed Environ Sci
1998; 11:243-250.
Notomi T, Okazaki Y, Okimoto N,
Saitoh S, Nakamura T, Suzuki M. A
comparison of resistance and aerobic

International SportMed Journal, Vol.5 No.1, 2004
http://www.ismj.com

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

training for mass, strength and
turnover of bone in growing rats. Eur J
Appl Physiol 2000; 83:469-74.
Singh R, Umemura Y, Honda A, et al.
Maintenance of bone mass and
mechanical properties after short-term
cessation of high impact exercise in
rats. Int J Sports Med 2002; 23:77-81.
Baron RE. Anatomy and ultrastructure
of bone. In: Baron RE (Ed.).
Osteoporosis: Fundamentals of clinical
practice. New York: Lippincott-Raven,
1997:3-10.
Pouilles JM, Tremollieres F, Ribot C.
Variability of vertebral and femoral
postmenopausal bone loss: A
longitudinal study. Osteoporos Int
1996; 6:320-324.
Layne JE, Nelson ME. The effects of
progressive resistance training on
bone density: A review. Med Sci
Sports Exerc 1999; 31:25-30.
Sheth P. Osteoporosis and exercise: a
review. Mt Sinai J Med 1999; 66:197200.
Kodama Y, Umemura Y, Nagasawa S,
et al. Exercise and mechanical loading
increase periosteal bone formation
and whole bone strength in C57BL/6J
mice but not in C3H/Hej mice. Calcif
Tissue Int 2000; 66:298-306.
Notomi T, Lee SJ, Okimoto N, et al.
Effects of resistance exercise training
on mass, strength, and turnover of
bone in growing rats. Eur J Appl
Physiol 2000; 82:268-274.
Umemura Y, Ishiko T, Yamauchi T,
Kurono M, Mashiko S. Five jumps per
day increase bone mass and breaking
force in rats. J Bone Miner Res 1997;
12:1480-1485.
Heinonen A, Kannus P, Sievanen H, et
al. Randomised controlled trial of
effect of high-impact exercise on
selected risk factors for osteoporotic
fractures. Lancet 1996; 348:13431347.
Honda A, Umemura Y, Nagasawa S.
Effects of high-impact and lowrepetition training on bones in
ovarectomized rats. J Bone Miner Res
2001; 16.
Honda A, Sogo N, Nagasawa S, et al.
High-impact exercise strengthens
bone in osteopenic ovariectomized
rats with the same outcome as Sham
rats. J Appl Physiol 2003; 95:10321037.

Official Journal of FIMS (International Federation of Sports Medicine)

Exercise in postmenopausal women

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

75

International SportMed Journal, Vol.5 No.1, 2004
http://www.ismj.com

Hatori M, Hasegawa A, Adachi H, et
al. The effects of walking at the
anaerobic threshold level on vertebral
bone loss in postmenopausal women.
Calcif Tissue Int 1993; 52:411-414.
Iwamoto J, Takeda T, Otani T, Yabe
Y. Effect of increased physical activity
on bone mineral density in
postmenopausal osteoporotic women.
Keio J Med 1998; 47:157-161.
Nilsson J, Thorstenssen A. Ground
reaction forces at different speeds of
human walking and running. Acta
Physiol Scand 1989; 136:217-227.
Whalen RT, Carter DR. Influence of
physical activity on the regulation of
bone density. J Biomech 1988;
21:825-837.
Jakicic JM, Winters C, Lang W, et al.
Effects of intermittent exercise and use
of home exercise equipment on
adherence, weight loss, and fitness in
overweight women: A randomized trial.
JAMA 1999; 282:1554-1560.
Humphries B, Newton RU, Bronks R,
et al. Effect of exercise intensity on
bone density, strength, and calcium
turnover in older women. Med Sci
Sports Exerc 2000; 32:1043-1050.
Nelson ME, Fisher EC, Dilmanian FA,
et al. A 1-y walking program and
increased dietary calcium in
postmenopausal women: Effects on
bone. Am J Clin Nutr 1991; 53:13041311.
Marcus R. Exercise: moving in the
right direction. J Bone Miner Res
1998; 13:1793-1796.
Kemmler W, Weineck J, Hensen J, et
al. Exercise in the early menopause
prevents bone loss and reduces CHD
risk factors: 3 year results of the
Erlangen Fitness Osteoporosis
Prevention Study (EFOPS). Ann Int
Med 2003; submitted.
Turner CH. Exercise as a therapy for
osteoporosis: The drunk and the street
lamp, revisited. Bone 1998; 23:83-85.

Official Journal of FIMS (International Federation of Sports Medicine)

Exercise in postmenopausal women

International SportMed Journal, Vol.5 No.1, 2004
http://www.ismj.com

Table 1: Characteristics of exercise studies for the prevention of bone loss in early-postmenopausal
women

Author

Bemben
20
2000

Cheng
21
2002

Grove
22
1992

Heikkinen
23
1997

Kemmler
25
1998

Kemmler
26
2003

YsM

1-7 y
(41-60)

0.5-5 y
(50-55)

1-8 y
(49-64)

0.5-3 y
(49-55)

1-8 y
(47-59)

1-8 y
(46-61)

Longitudinal
Calcium Calcium
Exercise
control of
intake
suppleintervenevariables
baseline mentation tion
affecting
bone
Warm-up,
resistance
900
training (all
mg/d
major
(EG 1)
up to 1500 muscle
yes no
?
1570
mg/d
groups)
mg/d
High (EG
(CG)
1) vs. low
(EG 2)
intensity
High
impact
exercises,
resistance
no
training (3yes medication ?
?
no
4
diseases?
exercises
for the
upper
trunk)
Warm-up,
aerobic
training
no
(weight
diseases,
bearing),
yes no
?
?
no
resistance
exclusion of
exercises
HRT
(nonweightbearing)

Diseases,
Number
medication
Rmwith
affecting
ised
data
bone at
baseline

Exercise
descrip-tion

Compliance,Drop-out,
Comm-ents

EG:
10/7
CG: 8

3*60 min/w 8
exercises
3
sets (EG 1) 8
reps. with 80%
1RM vs. (EG 2)
16 reps. with
40% 1RM; 6
months

Attendance:
≈90%,
Drop-out: 29%
(EG)

6*(2*joint
sessions)/w
≈200
jumps/session.,
(GRF: 3-5times
body weight),
description
resistance
training?; 12
months

Attendance?
(joint session
≈50%),
Drop-out: 40%
(EG)

EG:12
CG: 15

EG: 5/5
CG: 5

EG: 13
CG: 12

EG: 15
CG: 18

EG: 50
CG: 33

76

yes no

no

no

no

no

?

yes

yes

3*60 min/w, 20
min of aerobic
training: (low
(LI) vs. high
impact (HI));
12 months

no

2*60 min/w
Resistance resistance
training (?) training (?); 24
months

≈1350
mg/d

no

Endurance
exercises,
Aerobic,
isometric
and
dynamic
resistance
exercises

≈1000
mg/d

Endurance
exercises,
low and
high
impact
aerobic,
up to 1500 multimg/d
directional
jumps,
dynamic
and
isometric
resistance
exercises

?

4*/w., 20 min
aerobics at
70% Hfmax, 1215 isometric
exercises 2-3
sets; 3-4
dynamic
exercises, 2-4
sets 10-15
reps; 9
months
4*/w. 20 min
aerobics at
70% Hfmax, 80
jumps (GRF: 35 times body
weight), 10-13
resistance
exercises, 2-4
sets 3-10 reps
at 70-90% 1
RM 24 months
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Attendance:
≈81%,
Drop-out: 10%
(EG)

Compliance?,
Drop-out: 4%
(EG + CG)
Poor exercise
description
Compliance:
≈70%,
Drop-out: ≈5%
(EG)
CG not
exclusively early
postmenopausal

Compliance:
≈70%,
Drop-out: 18%
(EG)
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Martin
24
1993

Pruitt
27
1992

1-6 y

EG:
20/16
CG: 19

1-7 y
(55±1) EG: 17
(M±SE) CG: 9

Sugiyama ?-5 y
13
2002
(48-55)

EG:13
CG: 13

yes no

no

no

no

?
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?

?

?

812
mg/d
(EG)
1008
mg/d
(CG)

?

?

Aerobic
training
(fast
1000 mg/d
walking on
treadmill)

3*30 min or 45
min/w. at 7085% Hfmax,
(data taken
together); 12
months

Attendance:
81%,
Drop-out: 31%
(EG)

no

Warm-up,
resistance
training (all
major
muscle
groups)

3*60 min/w 11
exercises 1 set
with 10 reps.
(voluntary
maximum) ; 9
months

Attendance:
83%
Drop-out: 0%
(EG)

no

Vertical
jumping
exercises

2-3*w
rope
Compliance:
skipping: 100
82%
jumps/session;
Drop-out: ?
6 months

Key: YsM: years since menopause; Rm-ised= randomised; EG: exercise group: CG: control group; w:
week; d: days, min/w: minutes; Hfmax: maximum heart frequency; reps: repetitions; 1 RM: 1 repetition
maximum; Ca: Calcium; suppl.: supplementation
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