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fractures by the age of 50, and the proportion rises to
half by the age of 75.3 Fractures are a major cause of both
mortality and morbidity in old women.4

Oestrogen-replacement treatment certainly prevents loss
of bone in the first decade after the menopause; this has been
shown in both prospective studies5-8 and a careful retrospective
case-control study. 9 Such treatment is not, however, free
from drawbacks. Firstly, its effectiveness is far greater if
replacement is started soon after the menopause.9 Secondly,
when treatment is stopped loss of bone accelerates for a period
so that treated patients may eventually be no better off than
those who received no treatment at all.8 Furthermore, all the
prospective studies have been short term (up to 10 years),
and the benefits (in terms of reduced risk of osteoporosis and
a lower incidence of fractures) have yet to be shown to be
maintained into old age. The acceleration of bone loss after
treatment is stopped implies that if oestrogen replacement is
once started the patient is committed to continuing the treat-
ment to the end of her life-on average some 30 years or so.
We are asking for the patient's full compliance throughout
this long period, for if each time treatment is stopped there is
a period of increased bone loss erratic treatment might well
do more harm than good in terms of skeletal mass.
The risks and inconveniences of treatment must, therefore,

be very small if they are to be spread over such a prolonged
period of time. The most publicised is endometrial hyperplasia,
which carries an increased risk of endometrial carcinoma.10 11

Endometrial hyperplasia may be substantially reduced by
giving cyclical progestogens with the oestrogen,10 but the
risks of even low-dose oestrogens in younger women are now
well substantiated, and the progestogens given with low-dose
oestrogens may be associated with increased risk of stroke
and ischaemic heart disease.'2 The dangers of oral contra-
ceptive pills rise with age in premenopausal women, so that
the risks of combined treatment with oestrogen and a
progestogen after the menopause need to be assessed very
carefully. An alternative approach is to use other anabolic
steroids which do not stimulate the endometrium but do
prevent loss of bone.'3 Use of such an agent would remove
the need for cyclical administration and thus for menstrual
periods to continue throughout life-a price for prevention
which many elderly women might find unacceptable.
The present evidence is still insufficient for a final decision

whether treatment with oestrogen should be offered to all
women from the time of the menopause for the rest of their
lives in order to protect against osteoporosis and fracture in
old age.'4 Such treatment should not therefore be offered
indiscriminately but studied carefully in further long-term
clinical trials.

Adlin EV, Korenman SG. Endocrine aspects of aging. Ann Intern Med
1980 ;92 :429-3 1.

2 Barrett-Connor E, Brown WV, Turner J, Austin M, Criqui MH. Heart
disease risk factors and hormone use in postmenopausal women.
3rAMA 1979;241 :2167-9.

3 Greenblatt RB, Nezhat C, Rocsel RA, Natrajan PK. Update on the male
and female climacteric. J Amii Ger-iatr Soc 1979;27:481-90.

Gallannaugh SC, Martin A, Millard PH. Regional survey of femoral
neck fractures. Br Med J 1976;ii:1496-7.

Nachtigall LE, Nachtigall RH, Nachtigall RD, Beckman EM. Estrogen
replacement therapy I: a 10-year prospective study in the relationship
to osteoporosis. Obstet Gynecol 1979;53:277-81.

Lindsay R, Hart DM, Aitken JM, MacDonald EB, Anderson JB,
Clarke AC. Long-term prevention of postmenopausal osteoporosis by
oestrogen. Lancet 1976;i:1038-40, 41.

Meema S, Bunker ML, Meema HE. Preventive effect of estrogen on
postmenopausal bone loss. A followv-up study. Ar-ch Intern AMcd
1975 ;135:1436-40.

Lindsay R, MacLean A, Kraszewski A, Hart DM, Clark AC, Garwood J.
Bone response to termination of oestrogen treatment. Latncet 1978;i:
13215-7.

9 Hutchinson TA, Polansky SM, Feinstein AR. Post-menopausal oestrogens
protect against fractures of hip and distal radius. A case-control study.
Lancet 1979 ;ii :705-9.

10 Thom MH, Studd JWW. Oestrogens and endometrial hyperplasia.
BrJ Hosp Med 1980;23:506-13.

Hammond CB, Jelovsek FR, Lee KL, Creasman WT, Parker RT. Effects
of long-term estrogen replacement therapy. II. Neoplasia. Am J
Obstet Gynecol 1979 ;133 :537-47.

12 Meade TW, Greenberg G, Thompson SG. Progestogens and cardio-
vascular reactions associated with oral contraceptives and a comparison
of the safety of 50- and 30-j,g oestrogen preparations. Br Med Jf
1980 ;280:1 157-61.

13 Lindsay R, Hart D McK, Kraszewski A. Prospective double-blind trial
of synthetic steroid (Org OD 14) for preventing postmenopausal
osteoporosis. Br Med_J 1980;280:1207-9.

14 Ryan KJ, Barrett-Connor E, Federman DD. Estrogen use and post-
menopausal women: National-Institutes-of-Health Consensus Develop-
ment Conference. Ann Intern Med 1979;91 :921-2.

How does smoking harm
the heart?
Cigarette smoking doubles the mortality from coronary heart
disease,"-3 but the mechanism is unknown. This gap in
knowledge may reflect our considerable uncertainty about the
precise pathological processes underlying deaths attributed
to coronary heart disease.4 Many such deaths, sudden and
unheralded, are probably due to arrhythmias; these patients
are found to have severe coronary atheroma but no thrombotic
luminal occlusion. Though microembolism has been postu-
lated, the precipitating cause of the terminal event is un-
known. Transmural myocardial infarction, on the other hand,
is associated with both severe coronary atheroma and throm-
botic luminal occlusion. Death after the initial infarction may
be due to pump failure or to arrhythmia. The increase in
overall mortality from coronary heart disease produced by
cigarette smoking could, therefore, be mediated by an un-
favourable effect on atheroma, on thrombosis, or on the target
organ itself by an alteration in the heart's susceptibility to
arrhythmias or pump failure.

All of these mechanisms have been suggested as possible
explanations. Increased coronary atheroma has been reported
in smokers,5 while abnormalities have also been observed
which in theory could produce an enhanced thrombotic
tendency. These have ranged from changes in platelet survival6
and aggregation7 to raised plasma concentrations of fibrinogen
and of coagulation factors.8 Finally, an increase in target-organ
sensitivity has been reported in the form of the heart's ability
to produce arrhythmias in response to catecholamines.9
These explanations have drawbacks, however. If, for

example, smoking operates through a general effect on
atheroma or thrombosis, why does it not act consistently on
limb gangrene, cerebral infarction, and myocardial infarction ?
All are associated with severe atheroma of the supplying artery
and with thrombotic luminal occlusion, but they show widely
different patterns in their relation to cigarette consumption.'0
Stroke, for example, is more closely linked with hypertension
than with the other single risk factors such as hyperlipidaemia
and smoking, which are powerful predictors for coronary
heart disease. Even within the stroke group there is a differen-
tial association with cigarette smoking: in the Framingham
study, men who smoked heavily had a threefold risk of
developing a stroke, whereas in women no relation was found
between smoking and the risk of stroke.11 Finally, if smoking
increased the risk of vascular disease by enhancing thrombosis
directly, rather than through an effect on atheroma, one would
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have expected that venous thromboembolism would also be
more common in cigarette smokers. When the confounding
effects of other smoking-associated variables (such as social
class, obesity, and the use of oral contraceptives) are removed,
however, no association remains between smoking and
venous thrombosis.12 We just do not understand how smoking
appreciably enhances coronary, cerebral, and limb artery
disease but does so to a different degree in each territory while
apparently leaving the risk of venous thrombosis unchanged.

Ifwe do not know what cigarette smoke does we cannot even
begin to work out how it does it. At different times interest has
centred on the ability of tars and nicotine to modify atheroma,
thrombosis, or sensitivity of the target organ, and on the
suggestion that the carbon monoxide in cigarette smoke might
be the crucial factor. On the basis of enhanced formation of
"atheroma" in cholesterol-fed rabbits exposed to cigarette
smoke Astrup13 and his group suggested that formation of
carboxyhaemoglobin was the crucial harmful link. Later work
has shown that this effect cannot be observed in rabbits with
normal serum concentrations of cholesterol,14 and in any
event the cholesterol-fed rabbit is a dubious model for athero-
thrombotic disease in man.15 Nevertheless, these studies led to
observations in man and to claims that concentrations of
carboxyhaemoglobin predicted the risk of arterial disease
better than the smoking history.16 These results may, however,
simply reflect the inherent unreliability of the smoking history
and indicate that an objective measurement is more valuable,
rather than showing that the carbon monoxide itself is the
malign influence; and they have yet to be confirmed in other
groups.'7 We must, therefore, continue to emphasise to our
patients the need to curtail total cigarette consumption as such
rather than allowing them to be confused by predictions based
on the independent constituents ofthe smoke.
Might cigarette smoking be a marker for some other hidden

risk factor rather than being a causal agent in its own right?
Proof of causation can be established beyond doubt only when
persons matched in every particular other than their continuing
or stopping smoking prove to have different death rates. So far,
survivors of myocardial infarction who give up smoking have
been shown to improve their life expectancy,18 19 but similar
evidence has not yet been shown in survivors of stroke.
Those survivors of infarction who are able to give up smoking
will differ, however, from those who cannot-and in ways
which may alter their subsequent risk. We need further
evidence on this aspect, together with information on the
speed with which the apparent benefit emerges, since changes
in thrombotic tendency and sensitivity of the target organ are
likely to occur more quickly than effects on atheroma.
With so much work to be done on the association between

smoking and vascular disease, all concerned in such studies
need to present their results clearly and unambiguously.
Unhappily this precept is not always followed in practice: a
recent study on the association between smoking and myo-
cardial infarction in patients under 40 divided them into those
with "normal coronary arteriograms" and those with "ob-
structed coronary arteries."20 An arteriogram could be classi-
fied as "normal" if no part of the coronary tree was narrowed
by more than half. If "normal" means free from disease, then
to label any degree of stenosis as normal seems inappropriate;

alternatively, if the authors are saying that many 40-year-olds
can show 5000 narrowing, this may indeed be the "norm" but
one would hesitate to call it "normal." What emerged from
the study was that of eight men and two women with previous
infarction and less than 50%' coronary stenosis, nine were
cigarette smokers; and that they and the remaining non-
smoking patient had no other risk factors. Of 19 men and 11
women with infarction and more severe coronary disease,
however, 25 were hypercholesterolaemic, 22 were smokers,
and eight were hypertensive. The authors suggest that throm-
bosis can be provoked in -a "normal" coronary artery by
smoking and that smoking can be an additive factor to other
risk factors in provoking thrombosis in "abnormal" coronary
arteries. What they cannot exclude, since their angiograms
were done up to 52 months after the index infarct, was that
some transient event such as spasm or an embolus had initiated
the myocardial necrosis.

Clinicians not engaged in research may be forgiven for
feeling baffled by the number and complexity ofthe unresolved
questions. Even so, until such time as the harmful components
in cigarette smoke are identified, the clear advice to our patients
in respect of smoking must be "Don't start," or "Stop." We
should not allow public attention to be diverted from this
simple message by suggesting that the publication of league
tables of tar, nicotine, or carbon monoxide yields will enable
them to choose a "safer cigarette."
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