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Commentary: The hormone replacement–
coronary heart disease conundrum: is this the
death of observational epidemiology?
Debbie A Lawlor, George Davey Smith and Shah Ebrahim

Under its definition for the word ‘hindsight’ the Oxford English
Dictionary includes the following statement ‘hindsight is always
better than foresight’ (http://dictionary.oed.com/), and the slogan
of a private survey and evaluation company, ingeniously called
Hindsight, is ‘remember hindsight is always 20/20!’ (http://www.
hndsight.com/). We have the benefit of the ‘hindsight’ from
randomized controlled trials (RCT) when we comment on this
meta-analysis of observational studies, but whether the con-
flicting results between the trial and observational evidence on
the association between hormone replacement therapy (HRT) use
and coronary heart disease (CHD) will lead to 20/20 vision remains
to be seen.

The disparity between findings from observational studies
and RCT of the effects of HRT on CHD,1–4 has created
considerable debate among researchers, practitioners and
postmenopausal women. The authors of the meta-analysis
reprinted in this issue of the International Journal of
Epidemiology concluded that the pooled estimate of effect from
the best quality observational studies (internally controlled
prospective and angiographic studies) inferred a relative
reduction of 50% with ever use of HRT and stated that
‘overall, the bulk of the evidence strongly supports a
protective effect of estrogens that is unlikely to be explained
by confounding factors’.4 By contrast, recent randomized
trials among both women with established CHD and healthy
women have found HRT to be associated with slightly
increased risk of CHD or null effects.1,2 For example, the large
Women’s Health Initiative (WHI) randomized trial found that
the hazards ratio for CHD associated with being allocated to
combined HRT was 1.29 (95% CI: 1.02, 1.63), after 5.2 years
of follow-up.1

These marked differences between observational findings and
trials are important for two reasons. First, and foremost, is the
clinical impact. As another commentator on the same subject
remarked:

‘Does HRT decrease or increase the risk of heart disease?
At least every woman, every gynecologist and every primary care
doctor want to know the “correct” answer.’5

Second, is the broader implication for observational epidemio-
logy. Prior to the publication of the WHI it was suggested that
well conducted observational studies produced similar estimates
of treatment effects as RCT, and that the notion of a hierarchy
of evidence with the RCT on top could not be supported.6,7

The differing results between observational studies and RCT in the
association between HRT and CHD throw this idea into question
and may signify the death of observational epidemiology.8 It is
important, therefore, to determine why the results from the
trials and observational studies are so different.

A number of explanations have been suggested for these
disparities. Whilst some have suggested that the results of the trials
were biased because of contamination, and in the case of the WHI,
early termination of the arm assessing the effect of combined HRT,
the consistency across a number of trials of a null effect make
these explanations unlikely. More plausible explanations are that
women who participated in the trials were importantly different
from those who participated in the observational studies, or that
the observational study results were confounded.

Changing goalposts
Once a hypothesis is shown to be shaky, the protagonists have
several options: either dismiss the new evidence as inadequate,
re-adjust the focus of the hypothesis, re-adjust their original
data in order to fit with the new evidence or exceptionally, drop
the hypothesis. Soon after publication of the RCT demonstra-
ting no CHD benefits from taking HRT, re-analyses of the
observational epidemiological data began to appear in attempts
to demonstrate that the observational studies were not flawed
but showed, essentially the same findings as the trials. 

In one of their original publications, prior to the trial evidence,
investigators from the Nurses’ Health Study showed that the
protective effect of HRT was stronger among women who were at
highest risk.9 In June 1990, the FDA Advisory Committee were
considering a request by drug companies to approve a label change
that would permit prevention of heart disease to be included as an
indication for hormone replacement use. Elizabeth Barrett-Connor
told the committee that the label change should not be agreed
without trial evidence. However, Meir Stampfer told the committee
'I believe that the data are quite substantial in showing a protective
effect of estrogens for heart disease, and I believe that it is a cause
and effect relationship'. The label change was approved
(http://www.curedisease.com/internal_medicine.pdf, page 15-16;
last accessed 19 May 2004).

Following publication of the Heart and Estrogen/progestin
Replacement Study (HERS) (a secondary prevention trial), in
1998,2 showing a 52% increased risk of CHD in the first year of
use, the Nurse’s Health Study investigators re-analysed their data
examining effects of short-term use of HRT among 2489 women
(drawn from the total sample of 121 700) with a prior history of
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cardiovascular disease and found a higher rate of recurrent events,
the opposite of what they had claimed earlier, but now fitting with
the trial data.10 Co-incident with publication of the WHI1 a re-
analysis of observational data demonstrated an almost identical
increased relative risk (1.28) for a total cardiovascular incidence
endpoint (CHD and stroke) as was found in the trial.11

These shifting goalposts, however, fail to explain why earlier
claims from observational studies were so strongly supportive of
a protective effect of HRT.

Were trial participants importantly
different from women studied in
observational studies?
Women in the WHI trial were older than the typical age at which
women take HRT and were more obese than the women who have
been included in the observational studies.1 These women may be
more likely to have established atherosclerosis than younger and
leaner women and therefore may be more prone to the pro-
thrombotic effects of HRT.5 HRT may be protective for the general
population of women but detrimental in sub-groups at higher risk
of atherosclerosis. The results from the Framingham data, com-
mented on in detail by Stampfer and Colditz,4 provide some
support for a differential effect by age, with increased risk in older
age groups. But Stampfer and Colditz also point out that other
studies found the opposite age effect and yet other studies found no
differential effect by age. Further, there was no evidence of inter-
actions of treatment assignment with age, prior hormone use, or
body mass index, for any cardiovascular outcomes in the WHI.1,12

One of the commonest reasons for women seeking HRT at the
time that most observational studies included in this review were
conducted was that they had unpleasant menopausal symptoms;
in the UK this continues to be one of the commonest reasons for
use of HRT.13,14 A potentially important difference between trial
participants and women included in observational studies is that
the latter will have included many women with symptomatic
menopauses who want treatment whereas the former are, by
definition, women who are prepared to take a 50:50 chance of
being allocated to HRT. It is plausible therefore that if menopausal
symptoms are a good indicator of relative or absolute oestrogen
deficiency, and that this is associated with increased CHD risk,
HRT may be protective against CHD in such women but not in
those who are asymptomatic. However, menopausal symptoms
are affected by a wide range of social, psychological and cultural
factors and are not necessarily a good reflection of hormonal
status. Further, the role of oestrogen as an important determinant
of CHD is unclear.15,16

Were observational studies confounded?
One of the interesting things about the Stampfer and Colditz paper4

is their assertion that the protective effect of oestrogen ‘. . . is
unlikely to be explained by confounding factors’. This is based
on their comparison of behavioural and physiological risk
factors for CHD among HRT users and non-users, with no
mention of possible confounding by socioeconomic position.
Despite the fact that use of HRT is strongly socially patterned,17

and that socioeconomic position is associated with CHD,18 in
many observational studies adjustment for adult socioeconomic
position has failed to have a marked impact on the HRT–CHD

association.19,20 We have recently shown that indicators of
childhood socioeconomic position are associated with HRT use,
independently of adult socioeconomic position, behavioural
and physiological risk factors.21 Further, we found a cumulative
effect of socioeconomic position from across the life course
(Figure), indicating that not only does life course socioeconomic
position need to be accounted for in observational studies of
HRT–CHD, but that a single measure of socioeconomic posi-
tion is unlikely to be adequate. Finally, we found that whilst
use of HRT was associated with reduced odds of CHD in simple
age-adjusted analyses, and remained protective with additional
adjustment for four measures of adult socioeconomic position
and behavioural and physiological risk factors, when we adjusted
for all measures of socioeconomic position across the life course
there was a slightly higher risk of CHD associated with HRT use,
consistent with RCT evidence.21 We concluded that the pro-
tective effect of HRT found in previous observational studies
was likely to be influenced by residual confounding. Inadequate
adjustment for socioeconomic position from across the life
course would be one source of this residual confounding.20,21

Other factors such as the tendency for doctors to select those
women who are already at low risk of CHD for HRT will also be
important.22

Why were the observational and RCT
results consistent for other outcomes?
One issue which remains intriguing in this debate is that the
conflict between observational and RCT evidence is specific for
CHD. For other health outcomes such as breast cancer, colon
cancer, hip fracture, and stroke, results from observational studies
and trials were similar, suggesting that if confounding explains the
apparent protective effect of HRT against CHD, the associations
with these other outcomes were not similarly confounded. Poor
socioeconomic circumstances are not strongly associated with

Figure Fully adjusted (for adult behavioural and physiological CHD
risk factors*) prevalence (95% confidence interval) of ever use of HRT
by cumulative score of life course socioeconomic position

* Fully adjusted association: systolic blood pressure, high density
lipoprotein cholesterol, triglyceride levels, insulin resistance-diabetes,
body mass index, waist to hip ratio, age at menopause,
hysterectomy/oophotectomy, physical activity, smoking
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breast and bowel cancer and therefore life course socioeconomic
position, and risk factors associated with socioeconomic position, are
probably not important confounders for these associations.23–25

Fewer studies have assessed the association of socioeconomic
position with hip fracture and results are inconsistent, but one
large community-based case-control study suggests that measures
of adult adverse socioeconomic position are associated with
increased risk of hip fracture.26 If childhood socioeconomic
position is not independently (of adult socioeconomic position and
behavioural risk factors for hip fracture such as smoking)
associated with hip fracture then adjustment for adult social class
and behavioural risk factors may provide adequate adjustment for
the HRT–hip fracture association.

Although results have been inconsistent, on the whole obser-
vational studies have not found an association between HRT
with stroke.3 Clearly, if studies are not finding a protective effect
with respect to stroke then one cannot begin to argue about the
role of residual confounding in explaining this (non-existent)
association. However, the fact that observational studies tended
to find no consistent effect of HRT on stroke whilst in the same
studies a protective effect against CHD is found requires further
consideration, given the similarities between these two conditions
with respect to risk factor profiles.3,26 Interestingly, in their
discussion of the paper by Thompson et al., which used a
combined endpoint of myocardial infarction and stroke, Stampfer
and Colditz hint at finding this combination problematic and
indeed decrease the weight of this study in their pooled estimate
because of the inclusion of strokes in the overall outcome.
However, they make no comment about why they felt including
strokes with CHD might underestimate the overall effect of HRT
on their main outcome come of interest—CHD.

An important difficulty with respect to epidemiological studies
of stroke is the ability to distinguish between stroke sub-types,27

and any differential associations between HRT and stroke sub-
types may obscure the real picture. Indeed, in the WHI trial,
exactly this differential pattern of increased risk of ischaemic
stroke (i.e. a similar association to that found for CHD in this trial,
as one would expect from their similar pathophysiology) and
decreased risk of haemorrhagic stroke was found,28 suggesting
that this is a plausible explanation. Attempts to assess the asso-
ciation of HRT with stroke sub-types in observational studies have
yielded inconsistent results between studies for both sub-types.27

Heterogeneity between studies may in part reflect the differing
extent of misclassification of stroke sub-type in these studies since
routine death certificate classifications tend to be inaccurate and
clinical diagnoses will only have reasonable accuracy where there
has been widespread use of scans.27 In the WHI trial strokes were
classified as ischaemic or haemorrhagic based on brain imaging.

Should we call it a day for observational
epidemiology?
Well-conducted RCT have the clear advantage over observational
studies in that they control for both known and unknown or
unmeasured confounding factors, such as life course socioeconomic
position and doctor selection practices. However, they are not
always feasible, and because of the expense and ethical concerns of
randomized trials, it is important that observational studies are
used to effectively direct investigators to the interventions most
appropriately assessed by trials. Abandoning observational studies

for RCT would not therefore be a panacea. A more careful
approach to the design and analysis of observational
epidemiological studies should ensure that they remain a useful
methodology for generating and testing hypotheses that ultimately
may improve the health of the public. Future observational studies,
in this and other areas, should aim to collect (even retrospectively)
information on socioeconomic circumstances from across the life
course in order to be able to adjust as fully as possible for potential
confounding factors. Sensitivity analyses to assess the possibility of
residual confounding should also become routine practice.30,31 In
addition, specificity of association should be considered.30,32 As
long ago as 1986 Diana Petitti and colleagues showed that HRT
was apparently equally protective against accidental and violent
deaths in an observational study as it was against cardiovascular
disease deaths.33 They pointed out that given the lack of any
biologically plausible link between HRT and these external causes
of death both associations should be suspected of suffering from
residual confounding.33 We discuss approaches to strengthening
inferences from observational studies in more detail
elsewhere.34–36
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