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TABLE VI—Age adjusted risk of hip fracture according to time since last
taking postmenopausal oestrogen

Time since last
Study centre taking oestrogen (vears) Relative risk

Case-control studies
Seattle"™* Current
1-2
3-S
=6

Never

T o T N

Los Angeles™ Current
1-2

35

6-9

=10
Never

“F
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20 N 00 ) 4=

<

Prospective studies

Los Angeles™ 0-1

2-14

=15

Never
Framingham® 0-2
>2

Never

- TS
DN

S N

*Risk of hip or forearm fracture.  tData provided by author.

few years after stopping hormone replacement therapy.
This is consistent with the results of two randomised
trials of oestrogen replacement and bone density,
which showed that a period of rapid bone loss occurred
after stopping oestrogen replacement, similar in
magnitude to the rapid postmenopausal bone loss in
the controls, who did not take oestrogen.”* Eight
years after oophorectomy bone mineral density was
only slightly greater in women who took oestrogen for
the first four years than in women who had never taken
oestrogen.™

With protection lost so soon after stopping hormone
replacement, taking oestrogen for only a few years after
the menopause can have little effect on reducing the
risk of hip fracture. Even if oestrogen was taken to the
age of 70 there would be little protective effect in
women over the age of 75, in whom over 80% of
hip fractures occur (including almost all those compli-
cated by loss of mobility and need for institutional
care). Hormone replacement therapy is likely to have
an appreciable impact on the public health problem of
hip fracture only if it is continued indefinitely after the
menopause. Such a policy would be a radical departure
from current practice in Britain, and assessment of the
advantages and disadvantages would be complex. For
oestrogen alone the protection against ischaemic heart
disease seems substantial while the increase in breast
cancer is small.® However, if combined (oestrogen
plus progestogen) preparations are to be preferred
because of their lower risk of endometrial cancer the
indefinite prolongation of menstrual bleeding with
current preparations could be unacceptable to women,
and the effect of progestogen on the risk of cardio-
vascular diseases has not been established.

Oral contraceptives in current use seem to have
little effect on bone density, but previously used
preparations with higher oestrogen content may have
increased bone density.*®*"!

STOPPING SMOKING

Cross sectional studies have shown that among
premenopausal women bone density is similar in
smokers and non-smokers, but that some years
after the menopause a lower bone density becomes
apparent in smokers.”” Smoking accelerates the rate
of postmenopausal bone loss.” Table VII lists risk
estimates from 10 observational studies of smoking
and hip fracture: Four of the studies recruited only
women®™* ™ 7; the others recruited men and women,
and there was no significant sex difference in the effect
of smoking on the risk of hip fracture. The risk
increases with the amount smoked, but the median
relative risk estimate is 1-4. This suggests that a woman

who stops smoking before the menopause would, on
average, reduce her risk of eventual hip fracture bv
about a quarter (from 1-4 to 1-0), and that in a
community where one third of postmenopausal women
smoke about an eighth of all hip fractures are attri-
butable to smoking. For heavier smokers stopping
smoking could halve the risk.

As the prevalence of smoking among older women
has increased over the past few decades smoking is
likely to have been a contributing factor, albeit a minor
one, in the doubling of the incidence of hip fracture, at
least in women. For vertebral body fractures there is a
higher relative risk—about threefold —in smokers.™

The lower bone density of older smokers is partly
due to their lower body weight,” thin people having
less dense bones on average. The relative risk estimate
for smokers in the Connecticut study, unadjusted for
body weight, was 1-5 (table VII), but this reduced to
1-3 if the lower body weight of smokers was allowed
for.™ In the Seattle study the unadjusted relative risk
estimate was 1-4 and the adjusted estimate 1-2.%
People who give up smoking should ideally, on general
health grounds, maintain their lower body weight,
albeit at the expense of an increased risk of hip
fracture. The greater part of the effect of smoking on
bone density and the risk of hip fracture is, however,
independent of body weight and likely to be mediated
through other mechanisms.” The suggestion that
smoking merely counteracts the protective effect of
postmenopausal exogenous oestrogen replacement™ is
inconsistent with the effect of smoking on incidence of
hip fracture in the Southampton study (table VII), in
which only 3% of the subjects had ever taken post-
menopausal oestrogen.

EXERCISE

Exercise increases peak bone mineral density in
youth. Cross sectional studies have shown greater bone
mineral density and greater cortical bone mass in
sportsmen and sportswomen, athletes, and dancers
than in age matched controls.** Measurements
before and after intense physical training have shown
increases in bone mineral content and cortical area.**
In six clinical trials in postmenopausal women (mean
age between 51 and 63), exercise programmes
increased bone density, reversing the normal post-
menopausal loss of bone seen in the randomised or
matched control women who did not exercise.** Two
trials in elderly people (over 70) showed the same
effect.”* Cross sectional studies have shown that
women who exercised at least three times a week had

TABLE VII — Results of studies of effect of cigarette smoking on risk of

hip fracture
Relative risk v
never smokers
' (95% confidence
Study centre Smoking category interval)*
Case-control studies
Los Angeles™ 1-10 Cigarettes/day after
menopause 1-1%
=11 Cigarettes/day after
menopause 20
Connecticut™ Ever smokers 1-5t
Seattle® Ever smokers 1-4(1-0 to 2-0)t||
Hong Kong™ Ever smokers 1-33(1-0t0 1I'7)F
Oxford™ Ever smokers 1-2
Southampton® 1-9 Pack years 1-2(0-8 10 1-9)%§
- 10-19 Pack years 2:8(1-8104-6)
=20 Pack years 16 (1-0t02-6)
Prospective studies
Los Angeles* 1-10 Cigarettes/day 0-7t02:2)t§

1-3(
=11 Cigarettes/day 2:1(1'51t03-0)
Britain (DHSS survey)” Smoker at time of interview  5:6 (1:8 t0o 177)
Framingham™ Smoker at time of interview  1:2(0-8t0 1-6)
San Diego™ Smoker at time of interview  1-1f

*Not available for all studies.

tAdjusted for the effect of other risk factors but not body mass index.
$Adjusted for the effect of other risk factors including body mass index.
§Data supplied by author.

|[Calculated by us from published data.
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TABLE VIII — Results of studies of effect of regular exercise on risk of hip
fracture

Relative risk
(95% confidence
Study centre Extent of habitual exercise interval)
Case-control studies
Los Angeles* Frequency of active outdoor
games:

Low 1-0

Medium 0-5*

High 03
Hong Kong™ Habitual walking uphill:

<Once/day 1-0

=Once/day 0-6(0-5t00-9)*

Southampton™**

Physical activity:
<2 Hours/week
3-4 Hours/week

1-0
06 (04 10 0:9)*+
0-4(

0

=5 Hours/week 0-3100-7)
Previous occupation:

Sedentary 1-

Intermediate 0-3(0:2100-6)*t

Weight bearing 0-3(0-2100-5)
Oxford™ Past activity:

Very inactive 1-0

Moderately inactive 070410 1-2)%

Active 0-5(0-3t00-8)

Prospective studies
Los Angeles* Active exercise:

<!> Hour/day 1-0

Y2-1 Hour/day ©0:7(0:6t00-9)*

= 1 Hour/day 0:6(0-5t00-7)
Britain (DHSS)” Outdoor activity:

Low 1-0

Moderate 1-1(0-3 t0 4-3)*t

High 0-3(0-04 10 1+4)

*Adjusted for the effoct of ather risk factors.
{Data supplied by author.
}Calculated by us from published data.

higher bone density than sedentary women at all ages

“from 20 to 80"; that habitual exercise, physical fitness,

and muscle strength were all correlated with bone
density in premenopausal and postmenopausal women
and in men aged from 31 to 75°*"; and that physical
fitness and muscle strength were independent deter-
minants of femoral neck bone density.” In elderly
people exercise is also likely to reduce the risk of
falling.”

Table VHI lists estimates of the relative risk of hip
fracture according to habitual exercise from six obser-
vational studies. The effect of regular exercise was
substantial, reducing the risk of hip fracture by about
half. Five of the studies recruited men and women, and
recorded similar estimates for both sexes. The protec-
tion is likely to be permanent as the effect of occupation
was apparent years after retirement.” The effect of
exercise on bone’ density is not localised to the
exercised limb,* ¥ and many different types of activity
have been shown to increase bone density or reduce
risk of hip fracture, although weight bearing exercise is
probably preferable.” Brisk walking alone did not
seem to prevent bone loss,” ' although an observa-
tional study suggested a modest protective effect
against hip fracture.®

Reduction in habitual physical activity is likely to be
the major reason for the doubling of rates of hip
fracture over the past 30 years or so. With increased
mechanisation our lives have become less physically
demanding. This is shown by the decline in average
calorie intake in Britain—from 11-9 MJ (2840 kcal) per
person per day in 1965 t0 9-8 MJ (2350 kcal) in 1985."*
Other factors cannot readily account for this decline—
there is no indication that people have become thinner,
and the effect of the slightly higher mean age of the
population in 1985 is trivial—and the 2-1 M] (490 kcal)
fall in energy expenditure over the 20 years reflects a
substantial reduction in physical activity. A simple
calculation allowing 6-3 MJ (1500 kcal) to sustain
resting metabolic rate suggests a fall of about a third in
energy expenditure for physical activity (from 5-6 MJ
to 3-5 M]J (1340 kcal to 850 kcal) per day).

As exercise is a major protective factor against hip

fracture, conversely, immobilisation is an important |
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cause. Immobilisation leads directly to a reduction in
bone density, particularly in weight bearing bones
such as the femur, and the decline in muscle mass
consequent on immobilisation further reduces bone
density.”" A historv of immobilisation for more than
three weeks in the previous 10 years was associated
with a twofold increased incidence of hip fracture in
one study,” and permanently impaired mobility was
associated with a fourfold to fivefold increased inci-
dence.” ' The potential for recovery is lost after a few
months, and prolonged immobilisation produces irre-
versible loss of bone." Immobilisation should be
avoided if at all possible; exercises may be useful if it is
unavoidable.

ALCOHOL

Alcoholics have low bone density'™'* and a con-
siderably increased risk of hip fracture—fourfold and
eightfold increases in two case-control studies.**
Cross sectional studies of healthy postmenopausal
women, however, have shown no deleterious effect of
moderate alcohol consumption on bone density.*®”'%
There is an increased risk of hip fracture of about
30% associated with moderate alcohol consump-
tion® #* %7 ¥ but this need not imply an effect on bone
density; alcohol taken before the fracture could have
predisposed to the fall.

CALCIUM SUPPLEMENTATION

The value of calcium supplementation of the diet
has recently been discussed at length, but with no
consensus.'®"® Interpretation of the evidence is
complex. Peak bone density seems to be associated
with dietary calcium intake in childhood."*"" There-
after, in both premenopausal and postmenopausal
women some observational studies have shown an
association of dietary calcium with bone density or
rates of bone loss,""! while others failed to do so.™ 7 %"
However, six randomised trials of the effect of pharma-
ceutical preparations of calcium on bone density in
postmenopausal or elderly women have all shown a
reduction in the rate of bone loss in the femur':'*
or forearm™*!'*'" (although the reduction was less
certain in the spine' '?). The effecr in the trials was
definite but modest—less than half thar produced by
oestrogen replacement®*'® and less pronounced in
women with higher dietary calcium content.'"* The
failure of some of the observational studies to show
the weak association may be attributable to the im-
precision inherent in estimating calcium intake from
food frequency questionnaires'” and to the variable
absorption of dietary calcium."* The randomised trials
must be given greater evidential weight, and on the
basis of these there is evidence that calcium supple-
mentation has a small beneficial effect on bone density.

Observational studies on dietary calcium and hip
fracture are also inconclusive, perhaps for the same
reasons. A study from Hong Kong showed a significant
inverse association, but the average calcium intake was
only about a quarter of that typical of Western
countries.” Of five American and British studies,
only one showed a significant association” and four
suggested very little or no association.”* %7 Despite
these inconclusive results calcium supplementation
must offer some protection against hip fracture
because it reduces postmenopausal bone loss; but the
degree of protection is likely to be small as the effect on
bone density is only modest and a large protective
effect against hip fracture would have been detected by
the observational studies taken collectively. Also, as
with oestrogen replacement, the protection against hip
fracture would probably be lost rapidly after calcium
supplementation had stopped, so that to maintain
prophylaxis supplementation would have to be con-
tinued indefinitely.
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Costs are an important consideration. The trials of
calcium supplementation and bone density used an
average dose of over 1g a day, much more than could be
provided by simple dietary supplementation. Pharma-
ceutical preparations of calcium are expensive (because
simple preparations are poorly absorbed and chewable
or effervescent preparations are needed'*); they cost
more than the cheaper forms of hormone replacement.
To treat all women aged over 50 in Britain the annual
cost would be over £500 million—about 15% of the
total NHS drug expenditure. Unlike the other inter-
ventions, calcium supplementation lacks other proved
health benefits (though it may lower blood pressure).
The likely effect on risk of hip fracture is too small
to justify recommending that postmenopausal and
elderly women should take calcium supplementation.

Conclusions

Hip fracture is an important cause of morbidity and
contributes considerably to the cost of health care in
the Western World. Several strategies could help
reduce the loss of bone density that underlies hip
fracture. Among these, a substantial body of evidence
indicates that physical activity is the most important,
and it is a method of prevention that can be enjoyable
and sociable. Regular exercise would reduce the risk of
hip fracture by at least half, thereby preventing some
20000 cases of hip fracture each year in Britain.
Stopping smoking is also important, and a woman who
stops smoking before the menopause will reduce her
risk by about a quarter. Both these policies can be
adopted by both sexes and continued into old age.
Postmenopausal oestrogen replacement more than
halves the risk of hip fracture, but the loss of this
protection within a few years of stopping treatment
limits its utility. Oestrogen replacement would need to
be continued almost indefinitely if it were to do more
than reduce the incidence of hip fracture in younger
age groups, in whom hip fracture is uncommon and
recovery generally uncomplicated. General calcium
supplementation is not justified as the likely benefit is
too small.

These preventive measures need to be directed
towards the entire population. Their selective use,
together with drugs, in a minority of the population
identified by measurement of bone mineral density as a
screening test is likely to have little impact on the
incidence of hip fracture —the detection rate of such a
test is too low and the false positive rate too high. Even
if a more effective screening test were available, the
preventive measures have the additional advantage of
being of general health benefit, protecting against
ischaemic heart disease in particular, and there is no
good reason to confine them to women judged as being
at high risk of hip fracture.

We thank the following investigators who gave us un-
published data for referenced studies: Professor A Paganini-
Hill,**¢ Dr C Cooper,* and Dr C Wickham.*”” We also
thank Dr C Cooper, Dr T Spector, and Professor ] Garrow for
their comments on the manuscript and Christopher Frost for
statistical advice.
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