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Summary. The purpose of this study was to determine the 
optimal intensity of exercise necessary to prevent the post- 
menopausal bone loss on the basis of anaerobic threshold 
(AT). Thirty-three postmenopausal women were random- 
ized to control (group C: n = 12) or two exercise groups 
(group H and group M). All women performed a treadmill 
exercise test, and the AT was measured by expired gas anal- 
ysis. The exercise regimen consisted mainly of walking at a 
speed that kept the exercise heart rate above the AT (group 
H: n = 12) or below the AT (group M: n = 9). Exercise was 
performed for 30 minutes, three times a week for 7 months. 
The bone mineral density (BMD) of the lumbar vertebrae 
was measured using dual energy X-ray absorptiometry. The 
BMD level in group C decreased by 1.7 + 2.7%, but there 
was a significant increase of t. 1 --- 2.9% in group H. In group 
M there was a decrease of 1.0 -+ 3.1% which did not differ 
from group C. In group C, serum osteocalcin and urinary 
hydroxyproline excretion were significantly increased, but 
no changes were seen in either of the exercise groups. Uri- 
nary calcium significantly decreased in the exercise groups. 
We conclude that short-term (7 months) exercise with inten- 
sity above the AT is safe and effective in preventing post- 
menopausal bone loss. 

Key words: Menopause - Bone density - Exercise - Anaer- 
obic threshold. 

Osteoporosis is a widespread bone disorder that primarily 
affects postmenopausal women. Bone loss usually begins in 
the third decade, and accelerates after menopause. The rate 
of bone loss in postmenopausal women 3-5 years following 
menopause is 4.5% of spinal trabecular mineral density per 
year [1]. Exercise has been demonstrated to either retard 
bone loss or to increase bone mass in postmenopausal 
women [2--4]. However, it is not yet clear which type and 
intensity of physical exercise is effective in maintaining bone 
density and in preventing the development of osteoporosis. 
We performed walking training, using an exercise regimen 
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designed on the basis of the anaerobic threshold (AT), to 
determine the optimal intensity of exercise in maintaining 
bone mineral density, The AT is defined as the level of ex- 
ercise oxygen consumption above which aerobic mecha- 
nisms are supplemented by anaerobic mechanisms, leading 
to increased lactate production. Therefore, exercise inten- 
sity below the AT is consistent with aerobic exercise with a 
balanced oxygen supply-demand relationship. 

Materials and Methods 

Subjects 

Thirty-five healthy women, aged 45-67 years, participated in a con- 
trolled trial for 7 months. Twenty-three women entered the exercise 
program, and 12 served as controls. All subjects were postmeno- 
pausal and had no history of oophorectomy. In addition, they were 
placed on ordinary diets without supplements of calcium, vitamin D, 
thiazide diuretics, or estrogen. 

Measurement of  Anaerobic Threshold 

The subjects performed cardiopulmonary exercise testing to obtain 
an exercise prescription. A treadmill exercise test was performe~ 
using our ramp protocol which has been previously described [5]. 
12-lead electrocardiogram and the heart rate were recorded contin- 
uously (STS-7000, Nibon Kohden, Tokyo). Systemic blood pressure 
was measured every minute with cuff sphygmomanometry. The ex- 
ercise end points were symptoms of muscle fatigue, hyperpnea, and 
Borg's indices greater than 17 (very hard) [6]. Ventitatory volumes 
and gas exchange were measured with an automated breath-by- 
breath system on a Metabolic Monitor 2L01 (NEC Sanei, Tokyo). 
The AT was identified as the value of oxygen uptake (~rO z) at which 
the linear relationship between minute ventilation (~rE)and ~zO z was 
lost, whereas the relationship between t8 E and carbon dioxide pro- 
duction remained unchanged [7]. 

Exercise Prescription 

The exercise group was randomly divided into two groups: a mod- 
erate/ntensity group and a high intensity group. The heart rate at the 
work load of anaerobic threshold was determined by cardiopulmo- 
nary exercise testing. Moderate exercise means the work intensity 
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Table 1. Baseline characteristics from control and exercise groups of healthy postmenopausal 
women 

Exercise intensity 

Control Moderate High 

No. of subjects 12 9 12 
Age (years) 58 - 8 58 • 5 56 • 4 
Years since menopause 8.9 -+ 7.6 5.8 • 4.3 7.5 • 4.8 
Height (cm) 151.1 -+ 5.2 151.4 • 4.9 151.5 • 3.4 
Weight (kg) 53.9 • 6.0 53.4 • 6.8 54.0 + 5.0 
BMI (kg/m 2) 24.6 • 3.3 23.5 • 2.4 23.3 +- 2.3 
Lumbar spine density (g/cm 2) 0.83 • 0.14 0.83 • 0.18 0.85 • 0.14 
AT (mlYmirdkg) 22.2 • 6.0 18.8 • 3.0 20.3 • 5.1 

below the AT (about 90% of the heart rate at the AT). High exercise 
means the work intensity above the AT (about 110% of the heart rate 
at the AT). The exercise program consisted of stretching of the legs, 
torso, and arms followed by 30 minutes of walking on flat grass- 
covered ground, three times a week for 7 months. The walking 
speed performed was that which maintained the heart rate at each 
exercise intensity. The women were instructed in techniques of tak- 
ing their own heart rate at the radial artery. The heart rate was 
recorded immediately after each walk. Ambulatory electrocardio- 
graphic monitoring was performed on a calibrated Kenz recorder 
(Suzuken Medical Inc., Japan) to confirm whether or not the sub- 
jects achieved the target heart rate and to monitor for serious ar- 
rhythmia. 

Measurement of Bone Mineral Density 

The bone density of the lumbar spine (L2-L4) was measured by 
dual-energy X-ray absorptiometry (QDR-1000, Hologic Co. USA), 
according to instructions. The coefficient of variation of these mea- 
surements was 0.4%. All bone mineral values were determined by 
one author who had no knowledge of the group assignment of the 
subjects. Data were reported as bone mineral density (BMD) in 
grams per square centimeter. 

Biochemical Analysis 

Serum ionized calcium, inorganic phosphate, alkaline phosphatase, 
and serum and urinary creatinine were measured by automated 
methods. Serum osteocalcin was measured with an OC.I-125 kit 
obtained from the Midori-jyuji Institute. Serum calcitonin was mea- 
sured by radioimmunoassay (calcitonin kit Mitsubishi-yuka). Uri- 
nary hydroxyproline was measured by high-pressure liquid chroma- 
tography (HPLC) analysis of the phenylisothiocyanate derivative 
and expressed relative to creatinine levels. 

The variables were determined prior to the start of the trial and 
after 7 months. 

Statistical Analysis 

The comparability of the three groups at baseline was tested by 
one-way analysis of variance. The unpaired Student's t-test was 
used to test for differences between the control and the exercise 
groups. Changes from baseline in biochemical variables were com- 
pared by paired t-tests. The results were expressed as the mean • 
SD, and differences were considered significant at the level of P < 
0.05. The body mass index (BMI) in kg/m z was calculated from the 
height and weight of the patient. 

Results 

Twenty -one  w o m e n  comple t ed  the trial wi thout  adverse  
events ,  and two  failed to comple te  the  program because  of  
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Fig. 1. Percentage changes of the bone mineral density in the exer- 
cise and control group from baseline to 7 months. Q,  high intensity 
group; (3, moderate intensity group; A, control group. Values are 
given as the mean (SD) from the values before the beginning of the 
trial. *Significantly different from the control group (P < 0.05). 

lack of  time. Table  1 gives the details of  three groups of  
women  who comple ted  the study. There  was no significant 
difference in mean  age, t ime since menopause ,  or  B M I  
among the three groups. The A T  was 22.2 - 6.0 ml/minute/  
kg in the control  group, 18.8 - 3.0 ml/minute/kg in the mod- 
erate intensity group, and 20.3 -+ 5.1 ml/minute/kg in the high 
intensity group. There  was no significant difference among 
groups,  and all had good exercise  capaci ty  for their  age. 
There  was no significant difference in B M D  among the three 
groups prior to the study. The  mean  heart  rate during exer-  
cise, measured  by Hol te r  e lect rocardiogram,  was 126 bpm in 
the high intensity group and 113 bpm in the modera te  inten- 
sity group. The  walking speed calculated f rom the record  of  
Hol ter  monitoring was on average 7.2 km/hour  in the high 
intensity group and 6.2 kin/hour in the modera te  intensity 
group. 

Seven  months  after exercise ,  the B M D  in the high inten- 
sity group showed an increase of  1.1 -+ 2.9%, whereas  a 
decrease  of  1.7 --- 2.8% was found in the control  group.  This 
difference was statistically significant (P < 0.05). In the 
moderate  intensity group the BMD decreased  by 1.0 --- 3.1% 
during the 7-month period,  but  the loss of  B M D  was less 
than that  of  the control  group (not significant, Fig. 1). The  
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Table 2. Serum and urinary biochemical indexes before and after 7 months of exercise 
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Control 

Before After 

Exercise intensity 

Moderate High 

Before After Before After 

Serum 
Calcium 9.0 -+ 0.2 9.2 -+ 0.2 a 
Phosphorus (mg/dl) 3.6 -+ 0.3 3.8 -+ 0.4 
Alkaline phosphatase 

(U/liter) 167 -+ 29 181 -+ 36 
Calcitonin(pg/ml) 30.7 -+ 2.3 36.8 +- 7.1 
Osteocalcin(ng/ml) 11.8 +- 2.6 14.9 -+ 2.6 b 

Urine 
Hydroxyproline: 

Creatinine 19.5 + 3.1 25.1 -2-- 6.9 ~ 
Calcium: Creatinine 0.18 -+ 0.11 0.16 -+ 0.11 

9.2 +- 0.4 9.0 + 0.6 9.4 +-- 0.5 9.3 -+ 0.5 
3.5 - 0.3 3.7 --- 0.2 a 3.7 -2-_ 0.5 3.7 -+ 0.4 

177 +- 30 205 -- 39 a 196 --- 37 212 -+ 38 
35.4 -+ 10.6 39.9 +- 11.5 34.5 -+ 14.7 42.6 +- 15.8 
12.0 +- 2.3 13.3 -+ 3.5 11.6 +- 2.4 12.8 -+ 1.8 

17.6 - 6.9 20.4 +- 6.9 17.5 + 4.1 20.2 -+ 5.8 
0.20 -+ 0.10 0.14 -+ 0.10 a 0.26 - 0.07 0.20 - 0.10 a 

Values are mean --- SD 
Urinary hydroxyproline was measured in mM/liter, and creatinine in ixM/liter 
a p < 0.05, bp < 0.01 for the comparison with the baseline 

clinical data before and after the study are shown in Table 2. 
There were no significant differences among the three 
groups. After exercise, the control group showed significant 
increases in serum osteocalcin (from 11.8 - 2.6 to 14.9 +- 2.6 
ng/ml, P < 0.01), and in urinary hydroxyproline-creatinine 
ratio (from 19.5 -+ 3.1 to 25.1 - 6.9, P < 0.05). On the other 
hand, there were no significant increases in serum osteocal- 
cin and urinary hydroproline-creatinine ratio after exercise 
in the exercise groups. Urinary output of calcium signifi- 
cantly decreased in the high intensity group from 0.26 -+ 0.07 
to 0.20 --- 0.10 and in the moderate intensity group from 0.20 
--- 0.10 to 0.14 -+ 0.10 (P < 0.05). 

Discussion 

Previous studies have suggested that exercise or physical 
activity of various types may increase bone mass by increas- 
ing the muscular stress placed upon bone [2, 8, 9]. However, 
the threshold level of exercise required to elicit an increase 
in bone mass has not been defined with reference to fre- 
quency, duration, and intensity. 

Several groups have reported that walking programs 
alone do not prevent bone loss [10-12], but exercise was 
performed below the AT in these studies. Our study showed 
walking above the AT was effective in increasing BMD, 
whereas exercise below the AT was not. Dalsky et al. [13] 
have shown that weight-bearing exercise at 70 to 90% of 
maximal oxygen uptake leads to significant increases in bone 
mineral content [13]. Their exercise intensity is above the 
AT, as the AT generally corresponds to 60 to 70% of maxi- 
mal oxygen uptake. Chow et al. [14] have similarly reported 
an increase in bone mass as a result of aerobic exercise at 
80% of the maximum heart rate during treadmill exercise. 
Beverly et al. [15] found that brief periods of stressful exer- 
cise have increased grip strength and BMC in the forearm. 
Their exercise regimen was the squeezing of a tennis ball as 
hard as possible for 30 seconds each day for 6 weeks. These 
results support the concept that high intensity of exercise 
may result in an increase in bone mass even after short pe- 
riods of training. In the present study, the difference of ef- 
fects between the two exercise groups may depend not only 
on the intensity with which the exercises were carried out 
but also on the total work. Weltman et al. [16] recently re- 

ported that endurance training above the AT amplified the 
pulsatile release of growth hormone (GH), whereas no 
changes were observed within the AT. As GH affects bone 
metabolism through plasma insulin-like growth factor-l,  ex- 
ercise above the AT may have an effect on bone formation. 

In postmenopausal women, increased bone turnover 
leads to increased bone loss. In this phase, the relative or 
absolute increase in resorption exceeds formation. Bone re- 
sorption is reflected by an increased urinary output of hy- 
droxyproline and calcium [17, 18]. Serum osteocalcin has 
been used as a biochemical marker of osteoblastic activity 
and an indicator of the rate of bone turnover [19, 20]. The 
results of our 7-month study showed that serum osteocalcin 
and the ratio of urinary hydroxyproline to creatinine signif- 
icantly increased in the control group, whereas there was no 
significant change in the exercise groups. The excretion of 
urinary calcium significantly decreased in the exercise 
groups. These results suggest that both exercise programs 
relatively suppress the rate of increased turnover against 
control and improve an uncoupling of bone resorption and 
bone formation. The duration of our study may be too short 
to evaluate the effects of moderate intensity exercise. Fur- 
ther, the long-term studies are needed to establish the opti- 
mal intensity in preventing bone loss. 

In conclusion, our 7-month trial showed that postmeno- 
pausal women increased significantly in bone mass by doing 
exercise with intensity above the AT. 
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