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Editorial

Exercise Maintains Bone Mass, but Do People
Maintain Exercise?

DOROTHY A. NELSON and MARY L. BOUXSEIN

INTRODUCTION reduced training schedule. After the reduction in training,
the difference in BMC of the nondominant versus dominant
T HAS long been recognized that increased mechanidalimeral shaft was 22% in the young starters, 10% in the old
loading of the skeleton results in bone gain, whereagarters, and 3.5% in control subjects. Although this is good
unloading the skeleton leads to bone loss. This relationshipws for the athletically inclined members of our society,
between loading and bone is implicit in the writings othe critical issue is whether controlled interventions will
Julius Wolff™ who proposed that bone structure, includingesult in similar benefits and, ultimately, translate to a
the distribution and amount of mineral, reflect the custonieduction in the risk of osteoporosis and related fractures.
ary loading patterns that the bone is subjected to. It follows To understand the relationships more thoroughly among
that an increase in weight-bearing physical activity woulthechanical loading, growth, and bone it is essential to
increase bone mass and present a seemingly simple prewdiatinguish between effects on bone size and bone density.
tative strategy for prevention and treatment of osteoporosisontulainen and colleagues represent skeletal benefit in
This seemingly simple strategy has proven difficult téterms of side-to-side differences in humeral BMC. This
achieve in practice, because most exercise interventiondimits the possible interpretations of their findings, because
adults have led to increases in bone mass that are relativBlyIC measurements reflect both bone size as well as bone
small®® However, even if the ideal bone-promoting-exdensity. Before skeletal maturity, the effects of exercise on
ercise regimen was known, one would still be faced with thibe skeleton may be mediated primarily by alterations in
tremendous challenge of motivating individuals to exercidaone size and shaf8 Apparent skeletal benefits resulting
for their health, whether skeletal or otherwise. from alterations in skeletal geometry may be more resistant
In this issue of the Journal, the article by Kontulainen @b subsequent reductions in mechanical loading than skele-
al.® offers some hope for the maintenance of bone gainéal benefits solely because of increased bone density.
through intensive exercise training, even when the level of The precise relationships between skeletal loading, in the
training is subsequently reduced. The subjects in this obsérrm of exercise and skeletal status have yet to be defined.
vational study initially self-selected to participate in rigorStudies of the effects of physical activity on bone vary with
ous racquet sports (tennis or squash) for an average of feaspect to the exercise regimen used, skeletal site assessed,
to five times per week. The authors previously reported thstudy population enrolled, and bone densitometry technique
those women who started training before menarche hadised. As such, it is difficult to generalize about the public
greater skeletal benefit, assessed as the difference in bbealth benefits of exercise interventions for the prevention
mineral content (BMC) between the playing and nonplayingf osteoporosis, although there is general agreement that
arm, than those who started after menar¢h®uring the weight-bearing exercise confers a positive effect on the
5-year follow-up period, the subjects voluntarily reducedkeleton. Growing evidence indicates that impact loading
their playing time to just once or twice each week. Resultmay provide the greatest osteogenic stimulus for the
from the current study suggest that both “young starterskeletorf® 'Y However, despite the potentially positive ef
and “old starters” maintained this skeletal benefit despitefaects of impact loading on bone mass and density, some
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have argued that impact loading may lead to increased righd various psychological and socioeconomic characteris-
of osteoarthritis, thereby suggesting that “what is good faics ?® By logical extension, other relevant factors include
the bones may be bad for the joint$? In the study by body size, previous activity levels, concern about health,
Kontulainen and colleagué$, the loading regime assaci access to resources, and so on. Birge and D&Rkgon
ated with racquet sports is likely to include impact-typeluded that generic programs, ones that are not tailored to
loading. As such, it may not be possible to apply thendividuals’ needs and circumstances, are unlikely to be
conclusions from this study with regard to the maintenanaery successful. From a public health standpoint, this is
of exercise-induced bone gain to alternative exercise prdiscouraging, because it is virtually impossible to develop
grams that do not involve impact loading. individualized programs on a broad scale for prevention of
It remains to be seen whether controlled interventions any disease, including osteoporosis.
exercise regimes with different loading characteristics will A critical question to ask in terms of exercise and skeletal
result in similar benefits. For example, in contrast with thimtegrity is whether exercise either during growth or
Kontulainen study, Dalsky et al. found that in postmendhroughout life will have a beneficial effect on bone in later
pausal women bone mass returned to baseline levels aftf, and, more importantly, will ultimately reduce fracture
cessation of exercisé® In addition, cross-sectional studiesrisk. To date there are no randomized trials showing that
of former athletes suggest that skeletal benefits, either emercise intervention reduces fracture risk. Moreover, it is
terms of increased bone mineral density (BMD) or reducashlikely that such a study will be undertaken because of the
fracture incidence, are not maintained after cessation lafge number of subjects and extended follow-up period that
training*® except possibly in the case of athletes subjectetdould be required. Therefore, one can only hypothesize
to impact-type loading before pubeffy) There are several about the mechanisms by which exercise either in adoles-
possible explanations for the discrepancies between thessce or adulthood or both, may influence fracture risk.
studies. For example, it is possible that the self-select&itst, it is clear that exercise during the period of skeletal
trainees are an elite group whose skeletal status (and musaguisition may allow an individual to achieve their opti-
mass and overall health) is already above the norm, makinal, albeit genetically constrained, peak bone mass—
it possible to gain and sustain an increased bone mass wtiereby putting more bone in the bank to offset the inevi-
a period of intensive training followed by moderate exercisgable withdrawals later in life. Henderson and colleagues
thereafter. Their self-selected diets and other lifestyle hab&aggest that the effect of a 7-8% increase in peak BMD, if
may contribute to their success. Moreover, they may benaaintained throughout the adult years, could translate to a
group who have been interested in physical activity since5-fold reduction in fracture ris? Although plausible, it
childhood, and therefore they may have been more active edimains to be proven that a higher-peak bone mass will
of their lives. As mentioned before, it is likely that individ-indeed reduce fracture incidence some fifty years later.
uals who begin intensive training before puberty enjoy Second, exercise may attenuate bone loss in later {f&rs,
greater effect on bone size and mineral density than thdset, perhaps most importantly, exercise may reduce the
who start later in life. Finally, it may be that the once ofrequency and severity of falls. Although multifaceted in-
twice weekly, impact loading associated with racquet sportsrvention programs may be most effective in reducing falls
provides sufficient osteogenic stimulus to maintain the skéh older adults?® exercises targeted at improving balance
etal benefit. and strength have proven effective at reducing falls in the
Critical evaluations of exercise intervention programslderly®® Furthermore, various exercise interventions have
must include some discussion of problems with complianggoven effective at improving neuromotor skills associated
to the prescribed exercise regimen. Not surprisingly, with increased risk of falling?®2” The strongest evidence
appears that better compliance with an exercise interventithrat among the elderly the positive effects of exercise on
is associated with younger subjects and shorter-term pffoacture risk may be mediated by reducing falls is that
grams. In a 3-year controlled randomized trial of weightwalking, which has minimal effects on BMD, is associated
bearing exercise on BMD in healthy premenopausalith a reduced risk of hip fractur@®2°
women, Sinaki et al. reported a dropout rate of 34% in the A less well-understood factor in the efficacy of exercise
exercise groups and 22% in the contdfIn a 2-year trial in preventing osteoporosis is the impact of genetics, which
of brisk walking in postmenopausal women there was 41%fluence peak bone mass as well as other aspects of skeletal
attrition in both arms of the study” However, in the same health. At least one paper has suggested a role for genetic
age group, the reported compliance was much better inpalymorphisms in the response of bone to exercise inter-
short-term study, ranging from 72% to 80%8. In a long- vention*® Tsuritani et al. found that thebb ” genotype of
term study of elderly women, after 7.7 years, the complthe vitamin D receptor (VDR) gene may confer greater
ance rate for an in-home exercise program was onfgsponsiveness of bone to exercise than the other VDR
36% 19 genotype$®® However, Jarvinen et al. did not find an effect
These observations are more relevant to the real world off the VDR genotype on the osteogenic respdfiBeRe-
osteoporosis prevention than are the observations of phgently, a study of a myostatin-deficient mouse model found
ically active people who are not only self-motivated but arthat despite vastly increased muscle mass, the femora of
interested in intense participation in a particular sport. Sethese mice were not abnormal in size or sh@peThis
eral older studies identify other determinants of motivatiofinding suggests that the bone did not adapt to the increased
and retention in exercise studies, including the physicaluscle mass as would be expected from Wolff's law, per-
condition of the participants, their current levels of activityhaps because these mice have more (genetically deter-
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mined) muscle than is needed for normal activities affecting. Parfitt AM 1994 The two faces of growth: Benefits and risks to
the skeletor®® Thus, as Turner points out in an accompa _ bone integrity. Osteoporos I4382-398. .
nying editorial, the “genetics have superceded the biome?2: Bassey EJ, Ramsdale SJ 1994 Increase in femoral bone density

chanical balance between muscle and b&# These fas in young women following high-impact exercise. Osteoporos
: Int 4:72—75.

cinating data should stimulate further research in this aregy Taaffe D, Robinson T, Snow C, Marcus R 1997 High impact
and a better understanding of the interactions of genes and exercise promotes bone gain in well-trained female athletes.
the environment in relation to skeletal health can only J Bone Miner Red2:255-260.

improve our ability to devise appropriate public healtfl. Welsh L, Rutherford O 1996 Hip bone mineral density is

measures for the prevention of osteoporosis improved by high-impact aerobic exercise in postmenopausal

. . . . women and men over 50 years. Eur J Appl Phy3bis11—
In view of the previous cursory discussion of the many 5,7 y PRl Y

factors that can affect the skeletal benefits of exercise apgl Turner C 1998 Exercise as a therapy for osteoporosis: The
despite the hopefulness of the study by Kontulainen et al. in drunk and the streetlamp revisited. Bo2@&83—86.

this issue of the Journé, the relative utility of exercise 13. Dalsky GP, Stocke KS, Ehsani AA, Slatopolsky E, Lee WC,
intervention in maintaining or increasing bone mass in the Elrge SJJr 1|988 Weight-bearing exercise training a:d Iulmbar
general population is still problematic. For those individuals Moendelgéhgzri_csozné-ent In postmenopausal women. Ann Interm

who are willing and able to be active and stay active, atleagl karisson MK, Linden C, Karlsson C, Johnell O, Obrant K,
moderately, there appear to be multiple benefits of exercise Seeman E 2000 Exercise during growth and bone mineral
in overall fithess, balance, and strength. The importance of density and fractures in old age. Lan@&5:469—470 (letter).

these benefits for preventing falls that might result in frad5. Bass S, Pearce G, Bradney M, Hendrich E, Delmas PD,
ture cannot be emphasized enough. The greatest effects of 1arding A, Seeman E 1998 Exercise before puberty may

hvsical fivit b ¢ duri confer residual benefits in bone density in adulthood: Studies
physical activity on boneé mass appear 10 occur auring ;. gegve prepubertal and retired female gymnasts. J Bone

growth and development. Therefore, it seems reasonable to \iner Res13:500-507.

turn our attention to intervening in the younger populations. Sinaki M, Wahner HW, Bergstralh EJ, Hodgson SF, Offord

in hopes of establishing lifelong exercise habits that maxi- KP, Squires RW, Swee RG, Kao PC 1996 Three-year con-

mize peak bone mass within the limits of one's genetic trolled, randomized trial of the effect of dose-specified loading

potential. In addition, this lifelong exercise may ultimately ~2"d strengthening exercises on bone mineral density of spine

. . and femur in nonathletic, physically active women. Bdrge

reduce fracture risk by attenuating age-related bone loss and 533 544

lowering the incidence and severity of falls. Motivating17. Ebrahim S, Thompson PW, Baskaran V, Evans K 1997 Random-

people, at any age, to get involved and to stay involved in ized placebo-controlled trial of brisk walking in the prevention of

physical activities for their skeletal health is the ultimate postmenopausal osteoporosis. Age Age26@253—260.

challenge. 18. Rikli RE, McManis BG 1990 Effects of exercise on bone

mineral content in postmenopausal women. Res Q Exerc Sport

61:243-249.

19. Kerschan K, Alacamlioglu Y, Kollmitzer J, Wober C, Kaider
A, Hartard M, Ghanem AH, Preisinger E 1998 Functional
impact of unvarying exercise program in women after meno-
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