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PAPERS AND SHORT REPORTS

Effect of two randomised exercise programmes on bone mass
of healthy postmenopausal women

RAPHAEL CHOW, JOAN E HARRISON, CATHY NOTARIUS

Abstract

The effect of two str d ise progr on the bone
mass of 48 healthy p p 1 white aged 50-62
was studied after one year. Vol were domised to
group 1{ '), group 2( bic exercise), or group 3 (aerobic
and Befi and after the training

pmgﬂmme each suh|ect had wa.lut:ons of bone mass (deter-
mined by neutron activation analysis and expressed as calcium
bone index) and maximum oxygen uptake attained on a multistage
exercise treadmill test.

After one year both exercise groups had higher levels of fitness
and greater bone mass than controls. Mean values (2 SEM) for
changes in the calcium bone index were —0-011 (0-037), 0-039
{0-035), and 0-066 (0-036) for groups 1, 2, and 3, respectively.
Analysm of va.mmce on the observed data and analysis of

changes to the initial mean value for the
w!mle group showed significant differences between each
ex:rnse group and the controls but no d.l.ﬂ'ertnce between the
ps th Ilves. Both groups sh a

slgmﬁcant p in i oxygen uptal

This study suggests that exercise may modify bone loss in
healthy postmenopausal women.

Introduction

Osteoporosis is a common crippling bone disease affecting mainly
postmenopausal white women. It is a multfactorial condition
associated with loss of bone to a level at which it is at risk of
fracture.' Mechanical forces have been implicated as a contributing
factor affecting bone homoeostasis.*
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Changes in bone mass have been found to be related to physical
activity. Immobilisation from prolonged bed rest or lack of activity
is known to be associated with reduction in bone mineral content.”
Physical activity, on the other hand, may have a positive effect on
bone mass. Studies have shown that exercise may prevent bone loss
in postmenopausal women as well as in women with osteoporosis.**
Nevertheless, the benefits of long term intensive physical activity on
bone mass remain unclear.” Some studies have shown that athletes
and people who are cngaged in lifelong physical labour have higher
bone density.*® Drinkwater et al, however, found that young
athletes with amenorrhoea had low vertebral bone density."! Many
unanswered questions remain about the types of physical activity
and optimal amount of exercise needed to prevent bone loss,

We report a randomised study evaluating the effect of two
controlled structured exercises for healthy postmenopausal women,
The study determined {a) the subjects’ compliance, (b) the
complications of exercise, and (¢} the magnitude and variation of
bone mass changes measured by neutron activation analysis.

Subjects and methods

Subjects eligible for the study were healthy postmenopausal white women
who had no hmclrjlI of fractures; metabolic bone disease; renal, liver, or
thyroid d lcoholism; or of taking oestrogen or other
drugs that might aﬁnct bone mmbohsm Sixry eight eligible volunteers aged
50-62 were m an adver ina spaper. They were
cither houscwives or white collar workers. Their average dietary calcium
intake was 0-5-1-0 g daily.

After the subjects had given wrirten, informed consent their histories were
taken and they were given a physical exarnination. All had a normal blood
count; normal fasting blood glucose and serum calcium, phosphorus, total
protein, and electrolyte concentrations; normal liver function; and normal
results on urine analysis.

MEASUREMENTS

Bone mass was measured before and after the study by neutron activation
analysis; aerobic capaciry was determined by an exercise treadmill test.
These tests were p i blind and pleted within six weeks before
the study and within eight weeks after termination of the study at one
year. The mean interval between the fwo sets of measurements was
14-0 (SEM 0-3%) months.
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Neutron activation analysis was carried out a3 described” and measured
total calcium in the trunk and upper thighs. These arcas contain a high
proportion of trabecular bone, which is most at risk of osteoporouc
fractures. After exposure to neutron flux from plutonium and beryllium
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EXERCISE PROTOCOL

The aerobic exercise consisted of 5-10 munutes of strerching and
callisthenc warm up exercises followed by 30 minutes of acrobic activities,

sources the stable isotope calcium-48 was converted in part to radi

which ¢ i of walking, jogging, and various dance routines choreo-
phed to music. T that the subject achieved the training heart rate

calcium-49, In the process of decay 31 MeV y ray was emirted and d
in a total body counter. The result is expressed as the calcium bone index,
which relates an individual value to the mean value for normal people of the
same body size, based on maximum height and arm span. Reproducibility of
the method is within 5%.

(80% of the functional maximum heart rate recorded during the graded
exercise treadmill test) pulses were taken every 10 minutes during rthe
30 minutes of acrobics. [n addition to the aerobic exercise subjects in
group 3 had an extra 10-15 minute session of low intensity strength training.

TABLE \—Individual charactensncs of 10 subjects not entered in study and [0 subjects who left study (drop outs} and mean (SEM ) values in study groups, including calcium bone

mdex and maximum oxygen uptake in groups 1, 2, and 3 minally and after one year

Calcium bone index Maxi gen uptake (ml/kg/min)
Age Years Weight Height
(years} postmendgausal (gl (cm} lnutialty After one year Tnivially After one year
Subyects excluded from smudy:
1 53 3 53 164 6l b3 ]
1 54 5 B 163 75 8
3 55 3 &7 168 72 88
4 36 3 56 156 070 133
5 58 10 i3 163 T4 244
& 58 9 7 [0 a9 33
7 & 10 82 Im 060 233
B &l 1 61 160 LECE] 31
Ll &2 12 a2 169 o6 15-0
1] 62 13 E 162 069 233
Drrop outs:
11 S 1] L3 163 052 284
11 5l 1] Bl 165 104 i
13 51 12 E 158 (9] A0
14 53 13 62 167 [g-+4 s
L3 54 [H] 75 167 &b 254
L& 54 14 56 145 73 233
17 5% 15 5l 152 L3 A
1% 58 [H] 47 155 101 520
19 a0 n & 162 o9 335
20 &2 4 kL 156 056 183
Group | (n=15} 56-33(0-85) B 39{168) 5647 (1-44) L5887 (6 54) 092 (0-04) 091 (0-03) 3317 (2-03) 3317 (1'81)
Group 2 (0=17) Sa-69 (0-83) B 31 {099 6229 (2-85) 15901 (824 095 (0-07) 99 (0-03) 32409 (1-41) 40-03* (1-70)
Group 3 (n=16) 5377 (102} 691 {1'2%) 6088 (3-26) 15838 (6:27) 038 (0-03) 095 (0-03) 3100 (265 95 (2-35)

Signuficance of difference from witsal value (paired 1 test) p<0-001.

Aerobic capacity was determined by maximum exercise resting on a
treadmill. Each subject performed 4 graded exercise test. Subjects walked at
zero gradient for three minutes at 4'8 km'h, the treadmill gradient then
being raised 4% for cach successive three minutes of walking untl they
could no longer continue. Heart rate, blood pressure, and a 12 lead
clectrocardiogram were recorded at rest, at the end of cach three minute
stage of exercise, and every three minutes in the postexercise period. The
maximum workload achieved corresponded toe the highest three minute
stage at which the subject had performed for ac least two minutes and
reached 2 steady state. Maximum oxygen uptake, a measurc of acrobic
capacity, was calculated from the i workload by using the
conversion formula of the American College of Sports Medicine." This
method allows an estimation of oxygen uptake which falls within 10% of
values obtained by direct methods ™

FANDOMISATION

After the initial bone mass measurements 10 women with a low calcium
bone index {=0-75) opted for medical reatment and were excluded from the
study. The remaining 58 subjects were randomly assigned to ome of
the folkuwmg three groups: group | (control, n=19); group 2 {aerobic
ucrmc, n-I9), group 3 (mbn: plus strmgthc.m cxtrtlu:s‘ a=20).
R was by op g sealed by the
coordinator (RC) of the studyand prepared fmm rnndomnumber rables. All
subjects continued with their usual diets and avoided taking medicines
containing calcium, vitamin D, or oestrogen throughour. Conrrols were
askad 10 continue their daily routine activities and to refrain from any regular
firness exercises. They were contacted by telephone about four times during
the study year. Women in groups 2 and 3 were enrolled in the exercise classes
held in the hospital gymnasium three times a weck for one year. The
exercises were conducted by a certified exercise fitness leader and supervised
by RC.

This consisted of isometric and isotonic contractions of the various muscle
groups in the limbs and trunk, using frec weights attached to wrists and
mk.l.cs Sub|ects pﬂfcrmad 10 repenuom for each muscle group at 10
or weight which the muscle can

liftd:.roughmng:ofmoﬁon 10 times).

COMPLIANCE AND FOLLOW UP

Of the 58 women assigned 1o the study groups, 48 (83%) completed the
repeat measurcments at one year. Four of the controls refused the follow up
tests; two women in group 2 left the study because of lack of time (one) or
pain and swelling in the knec as a result of the exercise (one); and four in
group 3 left the siudy because of knee pain (two) or back pain (one}
aggravated by the exercises or lack of interest {one). Thus there were
15 women in group 1, 17 in group 2, and 16 i group 3 who completed the
study. The overall average attendance at the exercise classes during the year
was 70%.

SAMPLE SIZE AND STATISTICAL ANALYSIS

The standard deviation of the difference between two measurements of
calcium bone index was 0-05. Byscmngalpbnntﬂlﬁ{rypelumr)andbﬂm
at 020 (ype I1 error) and ing a normal d we calculated that
fnrluungdxugmﬁcanc:ofmcmcmdlﬁ'mbﬂwmnmmplﬁm
should need 15 subjects in each group

Analysis of variance on observed calcium bone index data was used 0
compare the three groups. As changes in bone mass depend on initial
calcium bone index values, adjusting for prescores was investigated by using
analysis of covariance.” Pearson's coefficient of correlation was used 10
determine the relarion berween changes in calcium bone index and changes
in maximum oxygen uptake.
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Results

Table | gives the details of the three groups of women who completed the
study and also lists the individual characteristics uft.h: 20 women who either
were excluded from the study initially or dropped out before its completion.
“The inirial mean values of bone mass and acrobic capacity of subjects in the
three groups who completed the study were within the normal m\gcs
(table [). After one year of training both exercise groups showed a
increase {p<0-001) in acrobic capaciry (rable [). Mean values (2 SEM) for (he
changes 10 bone mass (calcium bone index) were —0-011 (0-037), 0-039
(0035, and 0-066 (0-036) for groups 1, 2, and 3, respectively. By analysis of
variance on the observed data the increase in calcium bone index for group 3
compared with the controls was significant at p=0-0035 and for group 2
significant only ar p=0-058 {figure).

-4

T

Change wn CalCium bom ndek
",

=006 -

Gt 1 Group 2 Growp 3 Broup 1 Group 2 Growp 3
tentrall lagrobecs)  |amrobecy ol leontralh  laerobics]  Jaerobics plus
wrmngthmag) strangeheaing]

Mean values for changes in calcrum bone index in the three study groups. Error
bars are 2 SEM and give roughly 95% confidence intervals.
Lefr (anabysis of vanance on observed dataj}—Difference from control group:
group 2 p=0-058, group 3 p=0-005. Difference between groups 2 and 3 not
signuficant (p={-28), Ryght (analysis of covariance adjusting changes to initial
mean value for whole group}—Difference from conrrol group: group 2 p=0-038,
group 3 p=0-008, Diffcrence between groups 2 and 3 not significant (p=0-511.

Table IT shows the analysis of covariance when adjusting for prescores.
The adjusted mean values (2 SEM) for changes in calcium bone index were
=011 (0-037), 0-044 (0033}, and 0-061 (0-036) for groups 1, 2, and 3,
respecuvely (figure). There was a significant difference between groups 1
and 2 (p=0-038) and between groups 1 and 3 (p=0-008) and no difference

TABLE [1—Analysis of covarance (SAS Tnstitute* gemeral linear models procedure)
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between groups 2 and 3 (p=051). {If we reject the hypothesis thar there
was no diff the rwo groups and the control
group the type [ error rate (the chance that one or more of the treatments
docs not work) based on Bonferroni inequality™ would be estimated as
0-0375+0-0083=0-0458.)

The cor fficient between changes in caleium bone index and
changes in maximum oxygen uptake in the 48 subjects was significant
(r=044; p<0-01),

Discussion

Mechanical factors that affect bone remodelling include muscular
contraction and gravity. Lanyon found that bone responds in
proportion to the amount of stress placed on it.! Abramson
and Delagi showed that weight bearing and muscle contractions
generate stress on bone necessary to prevent bone loss.™

The relation berween physical activity and bone mass has been
studied by various investigators. Sinaki er al found a significant
positive correlation between bone mineral density of the lumbar
vertebrac measured by dual photon absorptiometry and back
extensor strength.® Other studies have shown a significant positive
correlation berween bone mass of the axial skeleton (determined by
either neutron activation analysis or dual photometry) and aerobic
capacity.”® In this study we found a positive correlation berween
the increase in bone mass (calcium bone index) and improvement in
aerobic capacity {maximum oxygen upuk:} (r=044; p==0-01).

The neutron activation procedure is considered more reliable
than the various density measurements.” Our neutron activation
procedure measures bone mineral directdly and includes all the
central parts of the skeleton that are most at risk of osteoporotic
fracture. These are also weightbean'ng areas which are subjected
to gravitational forces and repcnu\re muscular actions during
conditioning or muscle ing exercises. We are therefore
encouraged that both this procedure and density measurements on
distal forearm’ and lumbar spine*" have detected a significant
improvement in bone mineral mass after exercise.

Exercise has been shown to prevent bone loss in the elderly.
Krolner er af compared the bone mineral content of the lumbar
spine d by dual ph y in a controlled study of healthy
women aged 50-73 who were assigned to either a control or exercise
group. The exercise group performed one hour of walking and a
range of motion exercises rwice a week for eight months. The bone

Dependent variable: difference

Multiple
Degrees of Sum of correlation Coefficient of
Source freedom squares Mean square F Value p=F coefficicnt variation
Model ] 006167121 002055741 405 00126 0216206 I TaT4
Error 4 0212357570 000508127
Roor mean SE Difference, mean
Corrected rotal 47 r 28514792 07 28 300 0-03229167
Degrees of Type [ sum Degrees of Type LI sum
Source freedom of squares F Value p=F freedom of squares F Value p=F
Trearment 2 0-4772311 +70 00142 ] 004273582 [3] 00213
Prescore 1 00139481 1 7 01047 1 OULIHILL 7 01470
Least squares mean
Null hypothesis: least squares {groups 1, 2, 3}=null
p= 1 Dnstribution. p== 1 Distributis P i5: Jeast sqUAres mean (COMPAring groups)
[nfference (least SE (least squares MNull hypothesis: least Groups |, 2, ¥ 3 3
Group squares mean); mean) squares mean=> comparing groups 1
1 = 001083354 i} 840766 05592 1 00378 0083
1 (4360357 01752792 0167 2 00375 5078
H 06070054 01813277 Lt 3 0003 05073

*SAS Insttute [ne, Cary NC 27511,

USA, PO Box 3000. [SAS User's Guide, SAS Mamual.|
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mineral content of the lumbar spine increased by 3-5% in the
exercise group, whereas in the controls it decreased by 2-7%.* Aloia
and coworkers studied healthy postmenopausal women {mean
age 53) over one year and found an increase in total body calcium
(determined by total body neutron activation analysis) in the
exercise group, who performed exercises recommended by the
President’s Council on Physical Fitness® three times a week,
compared with a control group.

In this study we found a decrease in body calcium in the axial
skeleton of controls, Both exercise groups showed a significantly
mcreased bone mass compared with controls. In add:uon, the
exercise groups had a significant imp in oxygen
uptake as a training effect after one year. Other studies have
also shown an improvement in aerobic endurance with training
in women.”* The aerobic exercises consisted of dynamic weight-
bearing activities that placed stress on the trunk and lower
extremities.

The muscle strengthening cxercise in this study was a submaximal
training session. Bone mass changes may be affected by weight-
bearing acrobic activities and by forces generated by muscle
contraction, In our series the supplementary muscle strengthening

programme {group 3) had no obvious additive effect on bone mass.
We were unable to detect improvements in muscle strength in the
exercise groups as most of the women could not tolerate muscle
testing using frce weights in the bench press and leg press. We are
now, however, designing a stady to e the effect of a weight
training programme on the bone massofpmtmenopsusa] women.

There were several limitations in our study. Firstly, the subjects
were vol s who responded to a newspaper adverd:
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We conclude that postmenopausal bone loss can be prevented by
exercise. In this study both exercise groups showed a significant
inerease in bone mass and aerobic capacity after one year of training
as compared with controls. The therapeutic efficacy of muscle
strengthening plus acrobic exercises was not significantly different
from that of aerobic exercise alone.

This h was d by the G gy Research Council of
Ontario, grant G84-3, We are grateful to Bernadette Abromaitis for help in
preparing the manuscript and to Dr Allan Detsky and Keith O"Rourke,
department of health administration and medicine, University ofTomum
for statistical help.
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