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Abstract. Most published studies on the role of muscle produced interestingly different conclusions, but few have

strength in the maintenance of bone mineral density (BMD)}argeted postmenopausal Japanese women specifically [2,

focused on the relationship between specific muscle group4]. In this cross-sectional study, we investigated the rela-

and adjacent bones, mostly in young and premenopaus#bnship between muscle strength and the risk of low BMD

women. This study examined the influence of grip strengthin this clinically important population.

on BMD of the metacarpal index in postmenopausal Japa-

nese women. Subjects included 1168 postmenopausal

women aged 40-70 years. BMD measurement was don®ubjects and Methods

with computed X-ray densitometry (CXD) by analyzing X- _

ray films of the right second metacarpal index. Grip strengthThe study was performed from September 1996 to March 1997 in

was measured in both the dominant and nondominant hand@araki prefecture, Japan through the Prefectural Osteoporosis

using a squeeze dynamometer. Grip strength (0.2474;P ~ >creening Program. The program is a population-based study un-
— 0.0001) and age (= —0.5443;P = 0.0001) signifi- dertaken to investigate potential risk factors for osteoporosis in

; ge (= ) ’ g gnit Ibaraki prefecture, Japan. Subjects included 1688 women gathered

cantly correlated positively and negatively, respectively,iough 14 prefectural community health centers.

with BMD. Physical activity (r= 0.1318;P = 0.0001) also

correlated positively with BMD. Breastfeeding @

—0.1658;P = 0.0001), however, correlated negatively with gycjusion Criteria

BMD. Subjects with a history of regular physical activity

had higher grip strengths and BMD, than those with nogxclusion criteria for the final study population were renal disease,

physical activity. Adjustment for age, physical activity, cal- insulin-dependent diabetes, liver disease, rheumatoid arthritis, ma-

cium |In;[ake,' Efjl\/ll,tb(rjeastfee.(%i]ngr,ﬁt((astlpg s(,jlte, grg)% 1r2;ano4ignanc|:)t/_, or ?htrr?nic dist?]ase'sd tr:ﬁt m_ié;ht aéfet%t theOI skelletoln; gb-
ausal e indicated a significar® for trend = O. normalities of the parathyroid, thyroid, and the adrenal glands;

Bositive y&i)ssociation of gri% strength with BMD. Subjects surgical conditions such as partial or total gastrectomy, and hys-

with stronger grip strengths had a decreased risk for lowjérectomy with or without oophorectomy; long-term immobiliza-
BMD. ion, history of ammenorrhea and alcoholism; and prior use of

estrogen replacement therapy (ERT), corticosteroids, diuretics, cy-
) . . . totoxic drugs, anabolic steroids, bisphosphonates, calcitonin, and

Key words: Grip strength — bone mineral density — POSt- \jiamin D. Subjects who reported no menstruation for at least a
menopausal — Japanese women — Lifestyle. year before the study without any medical reason were classified
as natural menopausal. Of the 1688 participants, 520 women who
were still premenopausal were excluded and those who had un-
dergone surgical menopause £n 133) were adjusted for in the
In the past 20 years, various methods of bone densitometr{;ﬂ“al analysis. A self-administered questionnaire and interviews

i

; : i« Were used to collect data on lifestyle, physical activity reproduc-
have been introduced to evaluate the risk of osteoporosis i Ve history, and previous health conditions [22]. A physical ac-

gdu_lts [154]. Most ofﬁh_ese methﬁds' e_sp?ciarl]ly Iineabr ra’[ivity question included type, frequency, and duration of activities,
liation absorption techniques such as single photon absorng specifically, questions on footsports (walking, running, jog-
flom(‘?‘tg{ (tSPA) and dual phé)ton %bsorpﬂgm?gf?{t(%g]p\)hhavegmg, and brisk walking); ball games (volleyball, lawn tennis, table
Ow radiation exposure and good reproducidllity |5f; NOW- tennis, gateball or croquet, badminton, softball, basketball, and
ever, these methods are of only moderate value in predictingolf); stretching (radio/TV stretching, weight and muscle training,
the future risk of low bone mineral density (BMD) and and yoga); dancing (aerobic dance, traditional Japanese dance, jazz
subsequent fractures [5]. This is probably du)é t(o the f)act thagance, and western folk dance); martial arts (kyuudo, kendo, ka-
measurements of BMD look at only the end results of bondate, and taichi-chuan); and other sports (boating, canoeing, cy-
loss without taking into account the material _charapteristicé’g;‘géﬁls('e'gg\;vgped irgcgjrgtpe}lquersﬂ%jgczté?/v]'e\péhﬁrt]eer\(/?erv?/ggstt)?rt]rna?gg p
of the skeletal segments, such as mechanical St'm.uI""t'c"f]tfssearch assistants or public health nurses for further information.
elasticity, and protection against twisting and bending [5,

6]. Studies of the effects of muscle strength on BMD have

Bone Densitometry
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Table 1. Age-specific frequencies of subjects according to levels of metacarpal index BMD

Bone density level BMD (mmAI) 40-49 50-59 60-69 70 & over Total

Low <2.3 6 122 232 74 434

High =23 52 440 222 20 734
Total 58 562 454 94 1168

Tokyo, Japan) were used to analyze X-ray films of the right second able 2. Correlation§ between covariates and metacarpal index
metacarpal index finger. Two densitometers were used at all thBMD in natural menopausal women

screening facilities. Reliable calibration and stability of both den-
sitometers were ensured by daily phantom measurements. The n r P-value
coefficient of variation (CV) for repeated measures (same techniz

cian examined the same X-ray film phantom 6 times) and daily9¢ (Yéars) 1034 -0.5443 0.0001
(same technician examined tkye sampe X-ray film pha)ntom for dorip strength (kg) 1034 0.2474 0.0001
days) was 0.70% and 1.45%, respectively. The inter-assessors (tihysical activity (yes/no) 1033 0.1318 0.0001
technicians) reliability was 1.04% (CV). To examine tinevivo Breastfeeding (yes/no) 940 -0.1658 0.0001
reliability, 15 normal subjects were analyzed: Theivoprecision ~ Body mass index (kg/R) 1034 -0.0476 NS
was 1.31% (CV). Based on standards proposed by the health ar@alcium intak& 1034 -0.0179 NS

welfare ministry of Japan, subjects with BMD < 2.3 mmAl were —
considered to have low BMD [6, 7]. All measurements were doneNS: not significant _ o

by two trained technicians and assisted by three public healt§ Spearman rank correlation coefficient

nurses. Detailed description of the densitometry methods can b&Retrospective estimation of intake based on frequency of cal-
found elsewhere [8-10]. cium-rich foods (Cauley et al [17]).

Muscle Strength Measurements

tures (BMD = 2.38 = 0.28; grip strength= 23.97 £ 4.72
Muscle strength was measured as grip strength of both the domkg). Table 4 shows adjusted odds ratios for the risk of low
nant and the nondominant hands using the DM-100N squeezBMD according to categories of grip strength. The risk for
dynamometer (Yagami Ltd., Tokyo, Japan). Three grip strengthow BMD decreased with increasing grip strength. Subjects
measurements were made for each hand and the mean of the thiga higher grip strengths had the lowest risk for low BMD.
measurements was recorded. For the final analysis, only gri ven after adjustment for potential confounding factors

strength of the right hand was used. The CV for repeated gri _ . .
strength measurements is within the 2.0-4.5% range for both chisUch as ageR for trend = 0.0002) physical activity, cal-

dren and adults. All analyses were done with the statistical analysigium intake, BMI, breastfeeding, testing site, and meno-
software (SAS) [21]. pausal typeR for trend = 0.0013), increasing grip strength

was still associated with a decreased risk for low BMD.

Results
Discussion and Conclusions

Table 1 shows age-specific frequencies of subjects accord-

ing to levels of BMD. Four hundred thirty-four women had We found a significant decrease in the risk for low BMD
BMD < 2.3 and 734 had BMD=2.3. A greater proportion among subjects with increased grip strengths. Not surpris-
of the women were in their 50s and 60s. We found noingly, most of the subjects with decreased risks for low
significant variations in most of the covariates with respectBMD also displayed a history of regular physical activity,
to the category of BMD level. However, Spearman rankindicative of a role for muscle stimulation through physical
correlation coefficient (Table 2) indicated a significant activity in the maintenance of BMD [13-16]. Measurement
negative and positive correlation of metacarpal index BMDof grip strength is less costly, less invasive, and in combi-
with age (r= 0.5443;P = 0.0001) and grip strength & nation with metacarpal BMD measurements could provide a
0.2474;P = 0.0001), respectively. Previous physical activ- feasible way of predicting BMD with little discomfort to the
ity (r = 0.1318;P = 0.0001) and breastfeeding € subjects. The positive association of grip strength with
-0.1658;P = 0.0001) also correlated significantly with metacarpal index BMD makes physiological sense because
BMD. Table 3 shows age-specific means of BMD and gripit takes into account the synergistic roles of muscle and
strength (kg) according to history of physical activity. Mean bone in building the adult peak bone mass [5-8, 13-16].
BMD and grip strength for all women was 2.49 + 0.33 Although the metacarpal index is composed mainly of cor-
mmAl and 25.09 + 5.14 kg, respectively. Subjects with atical bone which tends to have a lower bone turnover, sig-
history of regular physical activity tended to have highernificant associations were observed with grip strength and
BMDs and grip strengths compared with those in the ngohysical activity in this and several other pieces of pub-
physical activity category. Both grip strength and BMD lished literature, which also found grip strength to be an
tended to decrease with increasing age in both categories afdependent predictor of BMD [13—-17]. Compared with
physical activity. There were significant variations in BMD those who had no history of fall-related fractures, we also
and grip strength with respect to the various types of physiebserved that subjects who had reported history of fall-
cal activity (x> = 54.23; P = 0.001). Subjects with a related fractures had slightly decreased grip strength and
history of fall-related fractures had slightly lower BMD and BMD, a trend that was equally evident in all the age groups
grip strength (BMD= 2.26 + 0.29; grip strength= 22.48 (data not shown). The observations in this study offer a
+ 3.93 kg) than those who had reported no fall-related fractreminder that improved muscle strength through regular
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Table 3. Age-specific BMD' and grip strengths (kg) of the 1168 subjects according to

history of physical activity

40-49 50-59 60-69 70+
(n = 58) (n = 562) (n = 454) (n = 94)
No physical activity
Grip strength 27.39+4.48 2455+490 23.24+529 19.89+3.37
BMD 2.75+0.25 2.51+0.29 2.26 £0.22 2.08 £0.26
Regular physical activity
Grip strength 28.19+4.76 25.65+4.71 23.51+4.27 22.16+4.18
BMD 2.77+0.21 2.57+0.26 2.28+0.25 2.16+0.28
All women
Grip strength 27.92+472 2522+480 23.33+4.73 20.66+4.33
BMD 2.77+0.23 2.54+0.28 2.27+0.24 2.09+0.26

2Values in mmAl

Table 4. Multiply adjusted odds ratios and 95% confidence intervals for low BMD according

to grip strength

Grip strength n Odds ratios (95% €I) Odds ratios (95% C¥)
<20 kg 172 1 1

20-25 kg 456 0.96 (0.65-1.41) 0.99 (0.67-1.47)
25-29 kg 397 0.75 (0.50-1.13) 0.79 (0.53-1.21)
=30 143 0.33 (0.18-0.58) 0.36 (0.19-0.66)
P-value for trend 0.0002 0.0013

2 Adjusted for age only

P Adjusted for age, physical activity, BMI, breastfeeding, calcium intake, testing site, and

menopausal type (i.e., natural or surgical)

physical activity may be a good protection against the future 4.
risk of low BMD in this population. Stronger muscles
through physical activity might also improve balance,
physical strength, and flexibility thereby making falls and
subsequent fractures less likely [14—16]. The cross-sectional
nature of this study may require caution in interpreting the g
results. However, the association of muscle strength (grip
strength) with a reduced risk for low metacarpal index
BMD, may be of considerable importance in assessing the6.
risk for low BMD in postmenopausal women, and merits
further study.

AcknowledgmentsMany thanks to the Ibaraki Prefectural govern-
ment for allowing us access to the 14 community health centers, to
Mr. Kouichi Kasagi of the University of Tsukuba Medical Com-
puting Center for his help with data transfer, and to the University
of Tsukuba Department of Epidemiology and Biostatistics for their
help with this project.

10.

References

1. Sanada T, Otsuka N, Fukunaga M, Togawa H (1994) A fun-11.

damental study of a computed x-ray densitometry system for
bone mineral measurement in the second metacarpal bone.

Radiat Med 12(3):143-146 12.

2. Matsumoto C, Kushida Y, Yamazaki K, Imose K, Inoue T
(1994) Metacarpal bone mass in normal and osteoporotic

Japanese women using computed X-ray densitometry. Calcit3.

Tissue Int 55(5):324-329
3. Devlin J, Lilley J, Gough A, (1986) Clinical associations of

dual-energy X-ray absorptiometry measurement of hand boné4.

mass in rheumatoid arthritis. Br J Rheumatol 35(12):1256—
1262

Goto S, Shigeta H, Hyakutake S, Yamagata M (1996) Com-
parison between menopause-related changes in bone mineral
density of the lumbar spine and the proximal femur in Japa-
nese female athletes: a long-term longitudinal study using
dual-energy x-ray absorptiometry. Calcif Tissue Int 59:461—
465

Schonau E, Werhahn E, Schniedermaier U (1996) Influence of
muscle strength on bone strength during childhood and ado-
lescence. Horm Res 45(suppl 1):63—-66

Elderly Health Division. The Health and Welfare Ministry of
Japan (1993) A preventive manual for bedridden osteoporosis.
Osteoporosis Foundation (in Japanese)

. Elderly Health Division, The Health and Welfare Ministry of

Japan (1995) Osteoporosis screening manual based on the
Elderly Health Guidelines (in Japanese) Nihon-iji Shinposha

8. Carl TB, Fisher SRJ, Levine ES (1996) The biochemical path-

way mediating the proliferative response of bone cells to a
mechanical stimulus. J Bone J Surg 178-A(9):1337-1347

9. Health Promotion and Nutrition Division, The Health and

Welfare Ministry of Japan (1994) Recommended dietary al-
lowance for the Japanese, 5th ed (in Japanese) Tokyo Dai-ichi
Shuppan

Matsumoto C, Kushida K, Inoue T, Yoshida M (1991) A new
microdensitometry method using computed X-ray densitom-
eter. Bone 5(3):53-58

Denda M, Kusida K, Sumi Y (1992) A study of the second
metacarpal bone density of normal Japanese males and hemo-
dialysis males. Ther Res 13(1):649-655

Matsumoto C, Kushida K, Inoue T (1990) Development of
computed X-ray densitometry and its applications. Osteopo-
rosis 1990. Proc 3rd Int Symp on Osteoporosis) 772-775
Taaffe DR, Pruitt I, Lewis B, Marcus R (1995) Dynamic
muscle strength as a predictor of bone mineral density in
elderly women. J Sports Med Phys Fitness 35(2):136-142
Kritz-Silverstein D, Barrett-Connor E (1994) Grip strength
and bone mineral density in older women. J Bone Miner Res
9(1):45-51



266

15. Calmes P, Vico L, Alexandre C, Minaire P (1995) Cross-19.
sectional study of muscle strength and bone mineral density in
a population of 106 women between the ages of 44 and 87
years: relationship with age and menopause. Eur J Appl Phys-
iol 70(2):180-186

16. Preisinger E, Alacamlioglu Y, Saradeth T (1995) Forearm
bone density and grip strength in women after menopause?1.
with and without estrogen replacement therapy. Maturitas
21(1):57-63 22.

17. Lindsey RW, Fenison AT, Doherty BJ (1994) Effects of re-
tained diaphyseal plates on forearm bone density and grip
strength. J Orthop Trauma 8(6):462-467

18. McMurdo ETM, Mole AP, Paterson RP (1997) Controlled 23.
trial of weight-bearing exercise in older women in relation to
bone density and falls. Br Med J 314:569

D. Osei-Hyiaman: Muscle Strength and BMD

Ari Heinonen, Pekka Kannus, Harri Sievanen, (1996) Ran-
domized controlled trial of the effect of high-impact exercise
on selected risk factors for osteoporotic fractures. Lancet 348:
1343-1347

20. Hammami MM (1996) Physical activity and bone mass. Ann

Intern Med 124(7):692

Users guide: procedures, version 6, 4th ed. (1990) SAS Insti-
tute Inc, Cary NC, pp 3—44

Kano K (1997) An epidemiological study on the association

between exercise and bone mineral density among peri- and
postmenopausal women (in Japanese) Minzoku Eisei 63(1):
43-53

Cauley JA, Gutai JP, Kuller LH (1988) Endogenous estrogen
levels and calcium intakes in postmenopausal women. JAMA
260:3150-3155



