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Bias File 1. The Rise and Fall of Hormone Replacement Therapy
The story

By the mid-1990s, hormone replacement therapy (HRT) had become one of the most widely prescribed
medications for women, especially in North America. Several observational studies had shown that
women who took long-term estrogen replacement therapy had lower risk of cardiovascular disease. In
the late 1990s, a clinical trial called HERS [Heart and Estrogen-progestin Replacement Study], found that
estrogen therapy increased, rather than decreased, the likelihood that women who already had heart
disease would suffer a heart attack. In 2002, a second trial, the Women's Health Initiative [WHI],
concluded that HRT constituted a potential health risk for all postmenopausal women. Randomized
trials had suddenly over-turned the long-held belief (from observational studies) that HRT was beneficial
for prevention of heart disease. Subsequently, the use of HRT declined worldwide. So, what went wrong
and why?

The study

Several observational studies, including large cohort studies, showed a cardiovascular benefit for HRT.
For example, in the Nurses' Health Study [NHS] (Stampfer et al. 1991), investigators followed 48,470
postmenopausal women, 30 to 63 years old, and who did not have a history of cancer or cardiovascular
disease at base line. During up to 10 years of follow-up (337,854 person-years), they documented 224
strokes, 405 cases of major coronary disease (nonfatal myocardial infarctions or deaths from coronary
causes), and 1263 deaths from all causes. After adjustment for age and other risk factors, the overall
relative risk of major coronary disease in women currently taking estrogen was 0.56 (95 percent
confidence interval, 0.40 to 0.80); the risk was significantly reduced among women with either natural
or surgical menopause. The investigators concluded that "current estrogen use is associated with a
reduction in the incidence of coronary heart disease as well as in mortality from cardiovascular disease."

A widely cited systematic review of several observation studies, published in 1992, by Grady et al,
estimated the pooled relative risk, using meta-analysis, to be 0.65, which translated to about 35%
reduction in coronary heart disease. The authors concluded that "there is evidence that estrogen
therapy decreases risk for coronary heart disease... and hormone therapy should probably be
recommended for women who have had a hysterectomy and for those with coronary heart disease or at
high risk for coronary heart disease."

The bias

Lo Do We Really Know What Makes Us Healthy?
One of the best, clearest descriptions of the HRT ¥ ¥
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HRT and heart disease. The first is called "healthy user bias." As Gary Taubes described nicely, "people
who faithfully engage in activities that are good for them — taking a drug as prescribed, for instance, or
eating what they believe is a healthy diet — are fundamentally different from those who don't. One
thing epidemiologists have established with certainty, for example, is that women who take HRT differ
from those who don't in many ways, virtually all of which associate with lower heart-disease risk: they're
thinner; they have fewer risk factors for heart disease to begin with; they tend to be more educated and
wealthier; to exercise more; and to be generally more health conscious."

Next, there is another subtle component of healthy-user (or "healthy continuer") bias. This is the
"compliance or adherer effect or bias". Individuals who comply or adhere with their doctors' orders
when given a prescription are different and healthier than people who don't. Those who took HRT every
day, in all likelihood, did other things that may have reduced their risk of heart disease (avoid smoking,
daily exercise, better diet, etc.).

The last related issue is lack of adequate adjustment for bias due to socioeconomic status. Observational
studies did adjust for confounding, but probably residual confounding remained. In a BMJ editorial
entitled "The scandal of poor epidemiological research", the authors pointed out that "a protective
effect of HRT was evident in studies that did not control for socioeconomic status, but not in studies that
did (shown in the figure below). Higher socioeconomic position is strongly associated with both more
frequent use of hormone replacement therapy and lower risk of coronary heart disease. In the large
(unconfounded) Women's Health Initiative randomized trial HRT had no beneficial effect on
cardiovascular disease.
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The lesson and the evolving saga

Observational epidemiologic studies should always be interpreted cautiously, because confounding is
almost always likely, and not all studies are able to prevent or adjust for confounding adequately. The
HRT story also reminds us that repeated observational studies can consistently show the same effect,
but all can be consistently biased! Lastly, new therapies and interventions must be subjected to rigorous
randomized controlled trials, before they become widely used. Observational evidence alone may be



inadequate or even misleading. In the case of HRT, the story has evolved since the first RCTs on HRT. A
2009 paper by Vandenbroucke entitled "The HRT controversy: observational studies and RCTs fall in
line" provides a nice snap shot of current thinking on this topic. According to this new paper, "For
coronary heart disease, the results of observational data and trials fell in line, mainly by analysing the
data according to time since start of HRT. For randomised trials, this is the natural analysis because
therapy starts at randomisation. In the Women's Health Initiative and other trials, the first years of
hormone replacement by combined oestrogen-progestin did increase coronary heart disease, which
then waned. The analysis of the observational studies, however, had mostly been a contrast between
current users at the time of enrolment to never users. Most current users were past the window
wherein coronary heart disease risk was increased and were in a phase of decreased incidence. When
cohort data from the observational part of the Women's Health Initiative were reanalysed according to
time since start of therapy, the same pattern emerged of an initial increase in risk, followed by a
decrease. Thus nothing was intrinsically wrong with the observational data; what went wrong was an
analysis that had not taken into account that the effect of HRT might be different over time. The piece of
evidence that closes the case is the recent reanalysis of the Nurses' Health Study on combined
oestrogen-progestin and coronary heart disease, which finds the same pattern of an initial increase in
risk by contrast with the original analysis which showed overall protection."

The re-analysis of NHS, cited by Vandenbroucke, was published by Hernan and colleagues (2008) and
entitled "Observational studies analyzed like randomized experiments: an application to
postmenopausal hormone therapy and coronary heart disease." The WHI investigators found a greater
CHD risk in the estrogen plus progestin therapy arm than in the placebo arm of the trial (hazard ratio:
1.24,95% Cl: 1.00 —1.54). In contrast, the NHS investigators found a lower CHD risk in current users of
combined hormone therapy than in never users (HR: 0.68, 95% Cl: 0.55— 0.83). To reconcile these
differences, Hernan and colleagues reanalyzed the NHS data by using a novel approach that
conceptualizes a follow-up observational study as a sequence of “trials." The reanalysis showed that
there is a short-term increase in CHD incidence after initiation of combined hormone therapy among all
NHS women. The analysis also suggested effect modification of the hazard ratio for combined hormone
therapy by years since menopause. This finding is consistent with the so-called “timing hypothesis,”
which states that the increased CHD risk is concentrated in women who start combined hormone
therapy many years after menopause. The authors of the re-analysis claimed that "discrepancies
between previous NHS and WHI results in regard to the 2 results above appear to be due to the NHS
analytic approach and not to any inherent problems in the NHS data." (Hernan 2008). Their paper
generated heated debate (Hoover 2008; Stampfer 2008; Prentice 2008), and while the dust is yet to
settle, this example illustrates the importance of attempting newer statistical approaches that may
overcome some of the limitations of currently used analytic methods in observational studies.
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POSTMENOPAUSAL ESTROGEN THERAPY AND CARDIOVASCULAR DISEASE
Ten-Year Follow-up from the Nurses’ Health Study

MEIR ]J. STAMPFER, M.D., Granam A. Cororrz, M.B., B.S., WaLTER C. W dtbepy, M.D,,
JOANN E. Manson, M.D., BERNARD RosNer, Pu.D., Frank E. Seeizer, M.D.,
AND CHARLES H. HENNEKENS, M.D.

Abstract Background. The effect of postmenopausal
estrogen therapy on the risk of cardiovascular disease
remains controversial. Our 1985 report in the Joumnal,
based on four years of follow-up, suggested that estrogen
therapy reduced the risk of coronary heart disease, but a
report published simultaneously from the Framingham
Study suggested that the risk was increased. In addition,
studies of the effect of estrogens on stroke have yielded
conflicting results.

Methods. We followed 48,470 postmenopausal wom-
en, 30 to 63 years old, who were participants in the
Nurses’ Health Study and who did not have a history
of cancer or cardiovascular disease at base line. Dur-
ing up to 10 years of follow-up (337,854 person-years),
we documented 224 strokes, 405 cases of major
coronary disease (nonfatal myocardial infarctions or
deaths from coronary causes), and 1263.deaths from all
causes. '

Results. After adjustment for age and other risk fac-
tors, the overall relative risk of major coronary disease in
women currently taking estrogen was 0.56 (95 percent
confidence interval, 0.40 to 0.80); the risk was significantly
reduced among women with either natural or surgical

THE influence of exogenous hormones on the risk
of cardiovascular discase has long been contro-
versial. More than 20 studies published in the past
decade have addressed the issue of postmenopausal
estrogen use and coronary discase.' Our earlier report
of a benefit from estrogen use in terms of the risk of
coronary disease, based on four years of follow-up,?
was accompanied by a report from the Framingham
Study that came to the opposite conclusion.’ These
disparatc findings led to considerable confusion.* We
now report results for both coronary discase and
stroke, based on 10 years of follow-up in the Nurses’
" Health Study, a large cohort study that included
48,470 postmenopausal women with 337,252 person-
years of follow-up.

MEeTHODS
The Nurses’ Health Study Cohort

The Nurses' Health Study began in 1976, when 121,700 female
registered nurses in the United States completed questionnaires
sent to them by mail about their medical history, including previous
cardiovascular disease, menopause, diabetes, hypertension, high se-
rum cholesterol levels, and parental myocardial infarction. We in-
cluded questions on height, weight, smoking, the use of postmeno-

From the Channing Laboratory, Departments of Medicine (M.).S., G.ACC.,
W.C.W, JEM., BR., FES., C.H.H) and Preventive Medicine (B.R.,
C.H.H.), Harvard Medical School and Brigham and Women's Hospital, and the
Departments of Epidemiology (M:J.5.,G.A.C.. W.C.W.). Nutrition (W.C.W.),
Biosuwatistics (B.R.), and Environmental Health (F.E.S.), Harvard School of Pub-
lic Health, al) in Boston. Address reprint requests to Dr. Stampfer at Channing
Laboratory, 180 Longwood Ave., Boston, MA 62115,

Supported by research grants (HL 34594 and CA 40356) from the National
Institutes of Health.

menopause. We observed no effect of the duration of es-
trogen use independent of age. The findings were similar
in analyses limited to women who had recently visited their
physicians (relative risk, 0.45; 95 percent confidence inter-
val, 0.31 to 0.66) and in a low-risk group that excluced
women reporting current cigarette smoking, diabetes, hy-
pertension, hypercholesterolemia, or a Quetelet index
above the 90th percentile (relative risk, 0.53; 95 percent
confidence interval, 0.31 to 0.91 ). The relative risk for cur-
rent and former users of estrogen as compared with those
who had never used it was 0.89 (95 percent confidence
interval, 0.78 to 1.00) for total mortality and 0.72 (95 per-
cent confidence interval, 0.55 to 0.95) for mortality from
cardiovascular disease. The relative risk of stroke when
current users were compared with those who had never
used estrogen was 0.97 (95 percent confidence intarval,
0.65 to 1.45), with no marked differences according to type
of stroke.

Conclusions. Current estrogen use is associated with
a reduction in the incidence of coronary heart disease as
well as in mortality from cardiovascular disease, but it is
not associated with any change in the risk of stroke.
(N Engl J Med 1991; 325:756-62.)

pausal hormones, and the use of oral contraceptives.®* Every two
years, follow-up questionnaires were mailed to obtain updated in-
formation and identify newly diagnosed major illnesses. A dictary
questionnaire was added in 1980.5

Ascertainment of Estrogen Use

In 1976 the women were asked whether they had taken hormone
supplements after menopause, and if 80, for how long. Information
on hormone use, including the type taken, was updated in the subse-
quent questionnaires sent every two years through 1986, with cx-
plicit questions about current use and duration of use in the inter-
vening period. Because no information on current use was explicitly
requested on the 1976 questionnaire, we considered women to have
been current estrogen users for the 1976-1978 period if the dura-
tion of their estrogen use was equal (within 12 months) 1o the
interval between menopause and the date of completion of the
questionnaire. Women whose duration of hormone use was more
than 12 months shorter than this interval were considered former
users. The daily dose of conjugated estrogens was obtained begin-
ning in 1980.

Identification and Confirmation of Cardiovascular End

Points

The study end points included nonfatal myocardi ! infarction,
fatal coronary heart disease, coronary-artery bypass g ifting or an-
gioplasty, fatal and nonfatal stroke, total cardiovascular mortality,
and deaths from all causes after the return of the 1976 questionnaire
but before June 1, 1986. Nurses who reported having a nonfatal
myocardial infarction or stroke on a follow-up questionnaire were
asked for permission for a study investigator to review their medical
records. Nonfatal myocardial infarctions were considered confirmed
by hos[;ilal records il they met the World Health Organization
criteria’ (i.c., symptoms plus either cardiac-enzyme clevations or
diagnostic elcctrocardiographic changes). Myocardial infarctions
that required hospitalization and for which confirmatory informa-
tion was obtained by interview or letter, but for which no medical
records were obtainable, were designated as probable. Thus, infare-
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tions of indeterminate duration discovered on routine examination
were not included. Coronary-artery surgery was ascertained by the
participants’ reports alone.

Nonfatal strokes were consxdered confirmed by a review of medi-
cal records if they were chi- o, terized by a typical neurologic deficit,
rapid in onsct and lastiF, - least 24 hours, and if they met the
criteria of the National Survey of Stroke.? We classified strokes as
ischemic strokes (thrombotic or embolic occlusion of a cerebral
artery), subarachnoid hemorrhages, or intraparenchymal hemor-
rhages. We excluded subdural hematomas and strokes caused by
infection or neoplasia. Strokes reported on the questionnaires that

.required hospitalization and were confirmed by information from a
letter or telephone call, but for which the medical records were
unavailable, were designated as probable.

Most deaths were reported by the participants’ familics. We
used the National Death Index’ 1o 1dcnufy deaths among the
nonrespondents to each two-year questionnaire; the mortality
follow-up was more than 98 percent complete. For all deaths pos-
sibly attributable to cardiovascular causes, we requested permis-
sion from the next of kin (subject to state regulations) to review
the medical records. Deaths were considered to be due to coro-
nary disease if the medical records or autopsy findings confirmed
that a fatal myocardial infarction had occurred. The category of
corgnary death also included cases in which coronary diseas_e was
listed on the death certificate as the underlying cause without
another, more plausible cause and in which the nurse was known
{e.g., on the basis of the hospital record or an interview with her
next of kin) to have had coronary disease before death. In no case
was the cause listed on the death certificate used as the sole cri-
terion for a determination of coronary death. We classified strokes
as fatal if they were documented by autopsy findings or hospital
records or if stroke was listed as the underlying cause of death
‘on the death certificate.

The category of cardiovascular mortality included deaths from
stroke, deaths from coronary disease, sudden deaths (death within
one hour of the onset of symptoms in an apparently healthy wom-

“an), and deaths for which coronary disease was listed as the under-
lying cause and no more plausible cause could be assigned, but for
which confirmation was lacking. Major cardiovascular discase was
defined to include both death from cardiovascular disease and non-
fatal myocardial infarction and stroke. All the interviews and re-
vicws of medical records were conducted without the investigators’
knowledge of the category of estrogen use.

Population for Analysls

Women for whom information on hormone use was missing (3.6
percent of all respondents) were excluded from the analysis. Be-
cause women with diagnosed cardiovascular disease may alter their
hormone use and are also at increased risk for progression of the
disease, their inclusion could distort the results. We therefore ex-
cluded from the analysis all women who reported a diagnosis of any
cardiovascular disease or cancer {(except skin cancer other than
melanoma) on the 1976 questionnaire. Similarly, women who re-
ported such a diagnosis on a subsequent questionnaire were. ex-
cluded from further analysis. Thus, at the start of each two-year
interval, the base population included no women reporting these
diagnoses. For the analyses of mortality from all causes, however,
these women were included, so that deaths due to illnesses lasting
more than two years could be considered.

We classified women as postmenopausal from the time they re-
ported hawing a natural menopause or undergoing hysterectomy
with bilateral cophorectomy. Women who underwent hysterectomy
without bilateral oophorectomy were considered postmenopausal
when they reached the age at which natural menopause had oc-
curred in 80 percent of the cohort (54 years for smokers and 56 for

nonsmokers). The women’s reports of reaching menopause were

highly accurate in this cohort.”

In 1976, a total of 22,950 -postmenopausal women entered the
analysis for the 1976-1978 period. The population was expanded to
include women who became postmenopausal subsequently and
were free of cancer and cardiovascular disease. During the 10-year
period from 1976 through June 1, 1986, we accrued 337,854 person-
years of follow-up among 48,470 women. The follow-up of the co-
hort, calculated as a percentage of the total potential person-years
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of follow-up, was 88.4 percent complete for nonfatal outcomes; for
mortality, it was more than 98 percent complete. Follow-up rates
were quite similar within the different categories of hormone use.

Statistical Analysis

For each participant, person-months were allocated to the catego-
ries of hormone usc according to the data reported in 1976 and
updated at cach two-ycar interval according to information ob-
tained subsequently. Follow-up for a participant ended with a diag-
nosis of cardiovascular discase or death. Il no questionnaire was
returned for a two-year follow-up period, the most recent data were
applied to the subsequent follow-up interval. If a woman's previous
status had been current hormone use, however, she was classified in
the update as having used hormones at some time, but current or
former use was not specified.

We calculated the relative risk associated with_hormone use, de-
fined as the incidence rate of cardiovascular disease among hor-
mone users {estimated as the number of events divided by the per-
son-time of follow-up for the hormone users) divided by the
corresponding rate among women who had never used hormones.
Age-specific.rates of cardiovascular disease for users and nonusers
were calculated in five-year categories and used to compute age-
adjusted relative risks with 95 percent confidence intervals." To
adjust for a number of risk factors simultanecusly, we used propor-
tional-hazards models.'? All P values are two-tailed.

REsuLTs

Women currently using postmenopausal hormones
accounted for 21.8 percent of the total follow-up time
of 337,854 person-years. Former hormone users ac-
counted for 25.2 percent of the time, and women who
had never used hormones 53 percent. In all three
groups, potential risk factors for cardiovascular dis-
case were distributed in generally similar patterns.
Table 1 shows the age-standardized proportions of

Table 1. Distribution of Characteristics and Coronary Risk Factors
Reported by the Women in the Cohort, According to Postmeno-
pausal Hormone Use, with Standardization for Age.*

VanasLe Hormone Use )
CURRENT FORMER NONE
percens of subjects
Parental MLbefore the age of 60 10.6 *10.0 9.3
Hypertension ) 232 25.0 218
Diabetes mellitus CAT7 38 35
High serum cholesterol - 9.9 1.2 76
Current smoker (15-24 1.2 14.7 14.5
cigarettes/day)
Quetelet index =291 9.8 13.3 15.0
Bilateral cophorectomy 50.3 39.3 9.3
Past use of oral contraceptives 34.0 27.6 239
Vigorous physical activity 48.2 43.1 424
=1 time/week} ’
grams per day
Mean dietary intake}§
Saturated fat 27.6 26.2 26.7
Cholesterol 0.32 0.32 0.32
Polyunsaturated fat 8.9 8.7 8.7
Dietary fiber 17.3 17.2 16.8
Alcohol 79 7.5 7.3

*Data are standardized to the age d lslnbuuon of !hc  person-years of follow-up for the cohort,

from 1976 through 1986. M1 denot
1The Quetelet lndcx was calculated by dividing the weight in kilog! by the square of the
height in meters.

tAs assessed in 1980 and standardized to the age distribution of the cohort at that time.
§Adjusted for energy intake.
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Table 2. Relative Risk of Cardiovascular Disease among Current and Former Postmenopausal Hormone Users, as Compared with
Those Who Never Used Postmenopausal Hormones, after Adjustment for Age and Multiple Risk Factors.*

No. or
Person- Mator CoroNary FATAL CaRDIOVASCULAR 5 SUBARACHNOID
Groupt Yeans Disease Disgase 'l_'onL STrOKE IscHEMIC STROKE HEMORRHAGE
NO, oF NO, OF NO. OF NO. OF NO. OF
CASES RR (95% CI) cAses RR (95% CI) CASES RR (3% CI) CASES RR (95% Cl) CASES RR (95% C1)
No hormone use 179,194 250 1.0 129° 1.0 123 1.0 56 1.0 19 1.0
Current hormone use 73,532
Adjusted for age —_ 45 0.51 (0.37-0.70) 21 0.48 0.31-0.74) 39 096 (0.67-1.37) 23 1.26 (0.78-2.02) 5 0.80 (0.30-2.10)
Adjusted for age and -— 0.56 (0.40-0.80) 0.61 (0.37-1.00) 0.97 (0.65-1.45) 1.46 (0.85-2.51) 0.53 (0.18-1.57)
risk factors -
Former hormone use 85.128 .
Adjusted for age _— 110 0.91 (0.73-1.14) S5 0.84 (0.61-1. 15) 62 1.00(0.74-1.36) 34 1.14 (0.75-1 14) 12 1.42 (0.70-2.90)
Adjusted for age and — 0.83 (0.65-1.05) 0.79 (0.56-1.10) 0.99 (0.72-1.36) 1.19 (0.77-1.86) 1.03 (0.47-2.25)
risk factors :
*RR denotes relative risk, and Cf confidence interval.
1anwithwmmmsdmn{mmh%mﬂym.Tlnﬁskfmoﬂimtudodin(hemhivuiucnndekmagc(inﬁmyw ROt ig; king (none,
former, current |1 to 14, IS to 24, and 225 cigarettes per day]), hyp ion (yes, no), dizb (yes, no), high serum cholesterol level (yes, 00), p | myocardial infarction before the age of 60

(yes, no), Quetelet index (in five categorics), past use of oral contraceptives {yes, o), and (i

women who reported various characteristics and coro-
nary risk factors according to their estrogen-use sta-
tus, on the basis of cumulative person-years from 1976
through 1986. Table 1 also shows the mean intake of
various nutrients, with adjustment for energy intake, '
and the proportion of women reporting a period of
vigorous exercise at least once per week, both of which
were ascertained in 1980. Estrogen users were less
likely to have diabetes and more likely to be lean, to
engage in regular, vigorous physical activity, to have
had a surgical menopause, and to have used oral con-
traceptives in the past.

Among the postmenopausal women who reported
no previous cardiovascular disease, we documented
293 nonfatal myocardial infarctions (228 confirmed
and 65 probable), 112 confirmed deaths from coro-
nary diseasc, and 224 strokes (52 fatal and 172 nonfa-
tal; 177 confirmed and 47 probable) during the 10
years of follow-up. Of the strokes, 113 were ischemic
strokes and 36 were subarachnoid hemorrhages; the
remaining strokes were of other or unknown types.
There were 41 other deaths from cardiovascular
causes, for a total of 205 cardiovascular deaths. Coro-
hary-artery surgery or angioplasty was reported by
185 women. In the analyses of total mortality, which
included women in whom illnesses developed during
follow-up, there were 1263 deaths from all causes. No
material differences were observed in any of the analy-
ses between the confirmed and the probable categories
of myocardial infarction and stroke or between the
fatal and. the nonfatal categories of coronary disease
or stroke; we thercfore merged these categories into
two larger categories: major coronary disease (nonfa-
tal myocardial infarction and death from coronary
causes) and total stroke.

Overall, the age-adjusted risk of major coronary
disease among current estrogen users was about half
that of women who had never used estrogen, with
a relative risk of 0.51 (95 percent confidence inter-
val, 0.37 to 0.70; P<0.0001) (Table 2). For former
users, the age-adjusted relative risk was 0.91 (95 per-

ime period (in five two-year periods).

cent confidence interval, 0.73 to0 1.14; P = 0.42). In
contrast, we observed no association between cur-
rent estrogen use and total stroke. The age-adjusted
relative risk was 0.96 (95 percent confidence inter-
val, 0.67 to 1.37) and was virtually unchanged after

further adjustment for other cardiovascular risk fac- -

tors. No material associations were observed for ische-
mic stroke or subarachnoid hemorrhage; there were
too few cases of intraparenchymal hemorrhage for
analysis.

We observed no apparent association between es-
trogen usc and the incidence of coronary-artery sur-
gery. Among the current users, the age-adjusted rela-
tive risk was 1.21 (95 percent confidence interval, 0.84
to 1.73), and for former users it was 0.86 (95 percent
confidence interval, 0.60 to 1.22). Among the former
users, there were no notable trends with regard to
duration of use or time since most recent use. Simulta-
neous adjustment for other risk factors in multivariate
analyses had virtually no effect on these estimates. We
found no evidence to suggest that the degrec of protec-
tion associated with current estrogen use was related
to the duration of use, independent of age, for any of
the end points; among the former users, the period of
time since the cessation of estrogen use was not consis-
tently related to the risk of cardiovascular outcomes
(data available elsewhere*). 7

The study had insufficient statistical power to deter-
mine the effects of specific forms of hormone therapy
other than unopposed oral conjugated estrogen. Of
the 57,570 person-years of follow-up for current hor-
mone users from 1978 through 1986, 71.5 percent in-
volved the use of unopposed oral conjugated estrogen,
11.5 percent other estrogens, 2.7 percent estrogens
with progestin, 2.2 percent other hormones, and 12

*Sec NAPS document no. 04890 for eight pages of supplementary material.
Order from NAPS c/o Microfiche Publications, P.O. Box 3513, Grand Centra}
Station, New York, NY 10163-3513. Remit in advance (in U.S. funds only)
$7.75 for photocopics or $4 for microfiche. Outside the U.S. and Canada add
postage of $4.50 ($1.50 for microfiche postage). There is a $15 invoicing charge
on all onders filled before payment.
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percent hormones of unknown type (or information
was missing). The age-adjusted relative risk of major
coronary disease with current use of unopposed oral
conjugated estrogen was 0.40 (95 percent confidence
interval, 0.26 to 0.62).

Information about the dose of conjugated estrogen
was available for the period from 1980 through 1986.
The only marked difference in the association ob-
served with different dosc levels was an apparent in-
crease in the risk of cororary discase among women
taking more than 1.25 mg per day (relative risk, 2.8;
95 percent confidence interval, 0.9 to 8.2), as com-
pared with the substantial decrcase in risk among
those taking lower doses. The use of estrogen at doses
of more than 1.25 mg per day was very uncommori
(4 percent of the cohort), however, and the relative
risk is based on only three cases.

We assessed whether the inverse association of es-
trogen use with the risk of coronary disease differed
for women with different characteristics. We observed
few marked differences in the associations. The age-
specific relative risk appeared to show a nonsignificant
trend (P = 0.19) toward more protection from coro-
nary disease among younger postmenopausal hor-

“mone users. For the oldest age group, women 60 to 64

years of age, the relative risk was 1.35 (95 percent
confidence interval, 0.65 to 2.82). We noted possible

~ tendencies toward more protection among smokers

than among nonsmokers, among women without a pa-
rental history of myocardial infarction before the age
of 60, and among the leanest women, but these differ-
ences in relative risks were not statistically signifi-
cant.* Among the women who had a natural meno-
pausc, the age-adjusted relative risk of major coronary
disease for current estrogen users was 0.62 (95 percent
confidence interval, 0.39 t0 0.97), not as low as the risk
for women who underwent bilateral oophorectomy
(relative risk, 0.40; 95 percent confidence interval,
0.22 t0 0.73).

To evaluate the effect of estrogen use among women

“at low risk, we defined a subgroup of women who were

not current smokers; had no hypertension, diabetes, or
high serum cholesterol level; and had a Quetelet index
below 32, the 80th percentile for this cohort. For this
group, the age-adjusted relative risk of major coro-
nary disease among current hormone users was 0.53
(95 percent confidence interval, 0.31 to 0.91).

To adjust for the effects of several potential risk
factors simultaneously, we used proportional-hazards
models to estimate the relative risks associated with
current and former use of estrogens, controlling for
age, follow-up period, and the characteristics listed in
Table 1. Because the current estrogen users werc
slightly healthicr, this adjustment attenuated the ap-

* parent benefit slightly. The results (shown as adjusted

for age and risk factors) were similar to those obtained
after adjustment for age alone; for major coronary
disease, the relative risk among current users was
0.56 (95 percent confidence interval, 0.40 to- 0.80)
(Table 2). A model that also included age at ineno-
pause as a continuous variable yielded virtually the
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samc estimates. Similar models that included the
data on dietary intake and physical activity yielded
similar findings, although the estimates were less pre-
cisc because only data for 1980 through 1986 could
be included. .

To assess whether receiving more medical care
might account for the benefit in postmenopausal estro-
gen users, we repeated the analysis, limiting it to wom-
en who reported having visited a physician in 1978 (65
percent of the cohort). The results were similar to
those for the population as a whole: the age-adjusted
relative risks of major coronary heart diseasc were
0.45 (95 percent confidence interval, 0.31 to 0.66) for
current estrogen users and 0.79 (95 percent confidence
interval, 0.60 to 1.05) for former users. For cardiovas-
cular mortality, the age-adjusted relative risks were
0.52 (95 percent confidence interval, 0.40 to 0.69) for
current users and 0.77 (95 percent confidence interval,
0.62 to 0.95) for former users.

In analyzing mortality from all causes, we focused
primarily on women who had used estrogen at any
time, in order to avoid the potential problem created
by shifts in status from current to former use as a result
of a diagnosis of disease. We also éliminated the re-
quirement that the cohort be frec of diagnosed cancer-
and heart disease at the beginning of each two-year
period; this allowed us to include deaths due to ill-
nesses lasting more than two years. Thus, in this anal-
ysis, the cohort was free from diagnosed cancer and
heart disease at base line in 1976 (or at entry into the
analysis, for those who became postmenopausal later)
and was followed until death or the cutofl date of
May 31, 1986. For women who had used estrogens at
any time, the age-adjusted relative risk of mortality
from all causes was 0.81 (95 percent confidence inter-
val, 0.72 to 0.91; P = 0.0004); for cardiovascular mor-
tality, it was 0.68 (95 percent confidence interval, 0.52
to 0.90). Afier adjustment for other risk factors, the
rclative risks were slightly attenuated, but they re-
mained statistically significant; for total mortality, the
risk was 0.89 (95 percent confidence interval, 0.78 to
1.00}, and for cardiovascular mortality it was 0.72 (95
percent confidence interval, 0.55 to 0.95; P = 0.02).
Because in the earlier analyses benefits had been
found to be attributable to current estrogen use, this
analysis underestimated the benefit of estrogen by in-
cluding former users with current users. To remove
this bias in part, we excluded women who had already
discontinued estrogen use at base line but not those
who used estrogen at base line and discontinued it .
later. The exclusion of the latter group would have led

" to an overestimate of the benefit, because estrogen

therapy is often discontinued in women who have po-
tentially fatal illnesses, such as breast cancer.

Discussion

In this prospective study of 48,470 women, we ob-
served that when current postmenopausal estrogen us-
ers were compared with women who had never used
estrogen, they had about half the risk of major coro-
nary disease or fatal cardiovascular dibease and no
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increase in the risk of stroke. The prospective study
design virtually eliminated the biases in recall and
selection that can affect case—control studies. The fol-
low-up rate was high, particularly for fatal outcomes,
reducing the likelihood that differential follow-up
could have affected the results.

Information on exposure to estrogen and other po-
tential risk factors was derived from reports by the
women themselves, but we believe them to be reliable.
The reports have been validated by a review of the
medical records and by direct measurement with re-
spect to several conditions.®'* Also, the risk factors
reported by the subjects were strong predictors of sub-

sequent cardiovascular discase,>*'>'® and the subjects .

were all registered nurses with a demonstrated interest
in medical research.

The most plausible alternative to a cause—effect re-
lation between estrogen use and the reduced risk of
coronary disease is that healthier women are selected
for such therapy. In this cohort, however, the estrogen
users appeared only slightly healthier than the non-
users and were generally similar to them with respect
to most cardiovascular risk factors. The estrogen users
had a much higher incidence of bilateral oophorecto-
my, a coronary risk factor only for women not receiv-
ing estrogen-replacement therapy.'”'® The estrogen
users also tended to be leaner, which may result in
lower levels of estrogen from adipose tissue.'” The
likelihood of lower levels of endogenous estrogen

" in thinner women is consistent with the trend toward

a greater benefit from postmenopausal estrogen with
respect to coronary disease in that group, but the
protection associated with cstrogen use was present
in women in all categories of the Quetelet index.
The stratificd and multivariate proportional-hazards
models indicated only minor overall confounding, as
judged by the similarity of the relative risks after
adjustment for age alone with thosc that took account
of other risk factors. The similar benefit in the
analysis limited to women who reported a recent
visit to a physician suggests that access to medical
care appeared to have little effect on estimates of
the effect of estrogen on the risk of cardiovascular
disease.

The apparent marked benefit of estrogen in reduc-
ing the risk of coronary disease is consistent with pre-
vious evidence. Of 15 other prospective studies, 14

_found decreased risks among estrogen users.' The Fra-

mingham Study alone found an elevated risk,* which
was not statistically significant when women with an-
gina were omitted. A subsequent reanalysis of the Fra-
mingham data showed a nonsignificant protective ef-
fect among younger women but a nonsignificant
adverse cffect among older women.? Similarly, all
three cross-sectional studics of coronary angiography
showed substantially less atherasclerosis among estro-
gen users.?"® A quantitative overview of previous
studies taken together yielded a relative risk of 0.56
(95 percent confidence interval, 0.50 to 0.61); when
only the analytic prospective and angiographic studies
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were considered, the relative risk was 0.50 (95 percent
confidence interval, 0.43 to 0.56).’

The nonsignificant trend in our data toward a de-
creasing benefit of estrogen with increasing age is con-
sistent with the Framingham data,>® but Henderson
et al. found a substantial reduction in risk among
women in their 70s.2 Future follow-up will clarify this
issue, but the weight of the evidence suggests a protec-
tive effect among postmenopausal women of all ages.
In the analysis of women with a favorable risk-facior
profile, the observed age-adjusted relative risk of ma-
jor coronary disease, 0.53, was virtually identical to
that for the whole cohort. This implies that women at
lower risk enjoy the same relative benefit from estro-
gen as women in general. Because rates of coronary
disease were lower among the low-risk women, how-
ever, the same relative decrease corresponded to a
smaller reduction in the number of events.

As in other studies,! we found that the benefit of
therapy was evident primarily among current estrogen
users, and there was no indication of an effect of the
duration of use independent of age. The best-support-
ed mechanism is the markedly favorable effect of es-
trogen on secrum lipids: estrogens raise the level of
high-density lipoprotein cholesterol and lower that of
low-density lipoprotein cholesterol. Although estro-
gen-induced changes in lipid metabolism are sufficient
to cxplain a large reduction in the risk of coronary
disease,?* other plausible mechanisms have been pro-
posed.?”> We observed less benefit, and perhaps an ad-
verse effect, among women taking more than 1.25 mg
of estrogen daily. Such high doses were common in the

- Framingham cohort, which may partly explain their

discrepant results.

The absence of an association between estrogen
use and the incidence of coronary-artery surgery was
unexpected, particularly in view of evidence from
cross-sectional angiographic studies showing a strong
-association of estrogen use with a reduction in athero-
sclerosis.?"® Perhaps women taking estrogens under
closer medical supervision are more likely to undergo
coronary surgery when they have a given level of
symptoms than women not taking ¢éstrogens.

We found no effect of estrogens on the incidence of
total stroke or that of ischemic stroke and subarach-
noid hemorrhage. In the Leisure World Study, Paga-
nini-Hill et al.? did find a decrease in risk, but the
benefit may have been overestimated because patients
with previous cardiovascular disease, who may be -
more prone to strokes and less likely to have estrogen
prescribed, were not excluded. However, this can ex-
plain only part of the observed benefit. The Framing-
ham Study® found an adverse effect of using estrogen
at any time on the risk of stroke, whereas the large,
prospective Copenhagen Study? found little effect ei-
ther way. Both the Copenhagen Study and our own
study included mostly middle-aged women, as com-
pared with the Leisure World Study,? in which the
median age was 73; perhaps the protective effect is
limited to older women. -
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In analyses of total mortality, it is important to
exclude subjects at the start of follow-up who have
life-threatening diseases. Because women with such
diseases (¢.g., breast cancer) are both less likely to be
prescribed estrogen and more likely to dic within a
given period, their inclusion in an analysis would cx-
aggerate any benefit of estrogen. Similarly, an analy-
sis restricted to women who continue to use estrogen
would have the same effect, because women who ac-
quire certain life-threatening conditions may be ad-
vised to cease hormone usc. In our analysis, which
took those considerations into account, we observed
an age-adjusted relative risk of 0.81 (95 percent confi-
dence interval, 0.72 to 0.91) and a multivariate rela-
tive risk of 0.89 (95 percent confidence interval, 0.78
to 1.00). The relative risk of cardiovascular mortality
in women with any estrogen use, after adjustment for
other risk factors, was 0.72 {95 percent confidence in-
terval, 0.55 to 0.95). The benefit with respect to mor-
tality from all causes is likely to be an underestimate,
because the cffects of estrogen-induced protection

 from hip fracture and its associated mortality would

be more pronounced at an older age. Indeed, in the
Leisure World Study, a relative risk of 0.64 (95 per-
cent confidence interval, 0.52 to 0.78) was found for
total mortality among current estrogen users,” but
this was probably an overéstimate of the true benefit,
because women with prevalent disease were not omit-
ted at base line. Bush et al. reported a relative risk of
0.54 among estrogen users for mortality from all
causes,? but their result may also have overestimated
the benefit, for the same reason. Petitti et al. reported
a relative risk of total mortality of 0.8 (95 percent
confidence interval, 0.6 to 1.1) in a follow-up study of
healthy women.® ‘

The consistency of the epidemiologic data, the ap-
parent absence of important confounding or selection
bias, and biologic plausibility?®® all suggest a causal
association between estrogen use and a reduced risk of
coronary disease. Further work is needed to identify

.the women most likely to benefit from hormone thera-

py, as well as the effect of added progestins. Proposed
clinical trials among women with established coronary
disease will be useful. The findings regarding mortal-
ity from all causes as well as risk—benefit analyses®''3
suggest that, overall, the benefits of postmenopausal
estrogen therapy outweigh the risks,** even apart from
the substantial benefits in alleviating menopausal
symptoms. These risks include an increase in the rate
of endometrial cancer, which can be completely or
largely blocked by the addition of a progestin, and
possibly some increase in the incidence of breast
cancer. ,

The risk—benefit assessment will differ according
to a given woman’s medical condition and nonmed-
ical characteristics (including the fear of cancer),
so we make no global recommendations. The deci-
sion must be made by the individual woman and
her physician after they evaluate all the relevant
bencfits and risks.
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Context.— Observational studies have found lower rates of coronary heart dis-
ease (CHD) in postmenopausal women who take estrogen than in women who do
not, but this potential benefit has not been confirmed in clinical trials.

Objective.— To determine if estrogen plus progestin therapy alters the risk for
CHD events in postmenopausal women with established coronary disease.

Design.— Randomized, blinded, placebo-controlled secondary prevention trial.

Setting.— Outpatient and community settings at 20 US clinical centers.

Participants.— A total of 2763 women with coronary disease, younger than 80
years, and postmenopausal with an intact uterus. Mean age was 66.7 years.

Intervention.— Either 0.625 mg of conjugated equine estrogens plus 2.5 mg of
medroxyprogesterone acetate in 1 tablet daily (n=1380) or a placebo of identical
appearance (n=1383). Follow-up averaged 4.1 years; 82% of those assigned to
hormone treatment were taking it at the end of 1 year, and 75% at the end of 3 years.

Main Outcome Measures.— The primary outcome was the occurrence of non-
fatal myocardial infarction (MI) or CHD death. Secondary cardiovascular outcomes
included coronary revascularization, unstable angina, congestive heart failure, re-
suscitated cardiac arrest, stroke or transient ischemic attack, and peripheral arte-
rial disease. All-cause mortality was also considered.

Results.— Overall, there were no significant differences between groups in the
primary outcome or in any of the secondary cardiovascular outcomes: 172 women
in the hormone group and 176 women in the placebo group had Ml or CHD death
(relative hazard [RH], 0.99; 95% confidence interval [CI], 0.80-1.22). The lack of an
overall effect occurred despite a net 11% lower low-density lipoprotein cholesterol
level and 10% higher high-density lipoprotein cholesterol level in the hormone group
compared with the placebo group (each P<.001). Within the overall null effect, there
was a statistically significant time trend, with more CHD events in the hormone
group than in the placebo group in year 1 and fewer in years 4 and 5. More women
in the hormone group than in the placebo group experienced venous thromboem-
bolic events (34 vs 12; RH, 2.89; 95% ClI, 1.50-5.58) and gallbladder disease (84
vs 62; RH, 1.38; 95% ClI, 1.00-1.92). There were no significant differences in sev-
eral other end points for which power was limited, including fracture, cancer, and
total mortality (131 vs 123 deaths; RH, 1.08; 95% CI, 0.84-1.38).

Conclusions.— During an average follow-up of 4.1 years, treatment with oral
conjugated equine estrogen plus medroxyprogesterone acetate did not reduce the
overall rate of CHD events in postmenopausal women with established coronary
disease. The treatment did increase the rate of thromboembolic events and gall-
bladder disease. Based on the finding of no overall cardiovascular benefit and a
pattern of early increase in risk of CHD events, we do not recommend starting this
treatment for the purpose of secondary prevention of CHD. However, given the fa-
vorable pattern of CHD events after several years of therapy, it could be appropri-
ate for women already receiving this treatment to continue.
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MANY OBSERVATIONAL studies
have found lower rates of coronary heart
disease (CHD) in women who take post-
menopausal estrogen than in women not
receiving this therapy.'® This associa-
tion has been reported to be especially
strong for secondary preventionin wom-
en with CHD, with hormone users hav-
ing 35% to 80% fewer recurrent events
than nonusers.®!? If this association is
causal, estrogen therapy could be an

For editorial comment see p 650.

important method for preventing CHD
in postmenopausal women. However,
the observed association between estro-
gen therapy and reduced CHD risk
might be attributable to selection bias if
women who choose to take hormones are
healthier and have a more favorable
CHD profile than those who do not.!*1?
Observational studies cannot resolve
this uncertainty.

Only a randomized trial can establish
the efficacy and safety of postmenopausal
hormone therapy for preventing CHD.
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The Heart and Estrogen/progestin Re-
placement Study (HERS) was a ran-
domized, double-blind, placebo-controlled
trial of daily use of conjugated equine es-
trogens plus medroxyprogesterone ac-
etate (progestin) on the combined rate of
nonfatal myocardial infarction (MI) and
CHD death among postmenopausal wom-
en with coronary disease. We enrolled
women with established coronary disease
because their high risk for CHD events
and the strong reported association be-
tween hormone use and risk of these
events make this an important and effi-
cient study population in which to evalu-
ate the effect of hormone therapy.

METHODS
Study Participants

The design, methods, and baseline find-
ings of the study have been published.!
Briefly, participants were postmeno-
pausal women younger than 80 years with
established coronary disease who had not
had ahysterectomy. Postmenopausal was
defined as age at least 55 years and no
natural menses for at least 5 years, or no
natural menses for at least 1 year and se-
rum follicle-stimulating hormone (FSH)
level more than 40 TU/L, or documented
bilateral oophorectomy, or reported bilat-
eral oophorectomy with FSH level more
than 40 I'U/L and estradiol level less than
92 pmol/L (25 pg/mL). Established coro-
nary disease was defined as evidence of 1
or more of the following: M1, coronary ar-
tery bypass graft surgery, percutaneous
coronary revascularization, or angio-
graphic evidence of at least a 50% occlu-
sion of 1 or more major coronary arteries.

Women were excluded for the follow-
ing reasons: CHD event within 6 months
of randomization; serum triglyceride
level higher than 3.39 mmol/L (300 mg/
dL); use of oral, parenteral, vaginal, or
transdermal sex hormones within 3
months of the screening visit; history of
deep vein thrombosis or pulmonary em-
bolism;history of breast cancer or breast
examination or mammogramsuggestive
of breast cancer; history of endometrial
cancer; abnormal uterine bleeding, en-
dometrial hyperplasia, or endometrium
thickness greater than 5 mm on baseline
evaluation; abnormal or unobtainable
Papanicolaou test result; serum aspar-
tate aminotransferase level more than
1.2times normal; unlikely to remain geo-
graphically accessible for study visits for
at least 4 years; disease (other than
CHD) judged likely to be fatal within 4
years; New York Heart Association
class IV or severe class III congestive
heart failure; alcoholism or other drug
abuse; uncontrolled hypertension (dias-
tolic blood pressure =105 mm Hg or
systolic blood pressure =200 mm Hg);
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uncontrolled diabetes (fasting blood glu-
cose level =16.7 mmol/L [300 mg/dL]);
participation in another investigational
drug or device study;less than 80% com-
pliance with a placebo run-in prior toran-
domization; or history of intolerance to
hormone therapy.

Baseline Measurements

At 2 baseline clinic visits we collected
data on demographic characteristics, re-
productive and health history, risk fac-
tors for CHD, quality of life, and medica-
tion use. Participants had a clinical ex-
amination, including breast examination
and pelvic examination with Papanico-
laou test and endometrial evaluation (en-
dometrial aspiration biopsy if possible or
otherwise transvaginal ultrasound mea-
surement of endometrial thickness), and
a screening mammogram. Standardized
12-lead electrocardiograms (ECGs) were
obtained using the Mac PC (Marquette
Electronics, Milwaukee, Wis) and trans-
mitted electronically to EPICARE
(Wake Forest University School of Medi-
cine, Winston-Salem, NC) where they
were analyzed using computer proto-
cols.!” Fasting total cholesterol, low-den-
sity lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol,
and triglyceride levels were determined
by the Lipoprotein Analytical Labora-
tory at Johns Hopkins Hospital.!®

Randomization and Blinding

The randomization code was prepared
using computer-generated random num-
bers. Eligible participants were as-
signed with equal probability to the 2
treatment groups using tamper-proof
blocked randomization stratified by
clinical center. At each center, women
who met the entry criteria were logged
and assigned the next available sequen-
tial randomized treatment assignment.

Study medication consisted of 1 tablet
daily containing both conjugated equine
estrogens, 0.625 mg, and medroxypro-
gesterone acetate, 2.5 mg (estrogen plus
progestin [Prempro]), or 1 placebo tab-
let of identical appearance. Chemical
analysis of tablets confirmed the compo-
sition of the tablets and the accuracy of
the blinded medication assignment.

With the exception of 3 persons at the
Coordinating Center at the University
of California, San Francisco, who pre-
pared analyses for the Data and Safety
Monitoring Board and for the final
report, investigators and staff at the
clinical centers, Wyeth-Ayerst Re-
search, the Coordinating Center,and the
independent Morbidity and Mortality
Subcommittee were blinded to indi-
vidual participant assignment through-
out the study. To prevent unblinding of
clinical center staff, breast discomfort

and vaginal bleeding were reported di-
rectly to gynecology staff who were lo-
cated separate from the clinical center,
did not communicate with clinical center
personnel about gynecologic symptoms,
and did not participate in ascertainment
of cardiovascular outcomes. Sealed
treatment allocation envelopes were
available to the study center gynecolo-
gist. To determine if endometrial biopsy
was necessary, the gynecologists could
open a treatment assignment envelope
in limited, defined situations with prior
approval of a Coordinating Center phy-
sician. Unblinding in this fashion, gen-
erally toassistin the management of per-
sistent vaginal bleeding, occurred in 34
women (30 in the hormone group, among
whom 1 primary CHD event occurred).

Follow-up

Follow-up visits to the clinical center
occurred every 4 months to assess and
enhance compliance, provide study
medication refills, and obtain outcome
and adverse event data. Annual evalua-
tions at the clinical center included gen-
eral and cardiac examinations, an ECG,
and venipuncture at the first, third, and
final annual visits. Separate annual fol-
low-up visits to the study gynecologist
included repeat breast examination, pel-
vic examination with Papanicolaou test,
screening mammogram, and arepeat en-
dometrial evaluation at the second and
final annual visits.

We used extensive quality assurance
procedures for clinical management and
data collection. All procedures were de-
fined by the Coordinating Center in the
HERS procedure manual, with formal-
ized updates and clarifications. The Co-
ordinating Center monitored the degree
to which procedures at the clinics con-
formed with those described in the pro-
cedure manual during annual site visits.
All data were entered twice and checked
by computer algorithms.

Study treatment was discontinued
(but follow-up continued) for women who
developed any of the following conditions:
simple endometrial hyperplasia without
atypia that did not respond to treatment
with progestin; endometrial hyperplasia
with atypia;endometrial, cervical, breast,
or ovarian cancer; deep vein thrombosis;
pulmonary embolism; prolonged immobi-
lization; or active gallbladder disease.

Outcome Ascertainment

The CHD events (nonfatal MI or CHD
death)that occurred between the date of
randomization and the closeout date
were the primary outcome of the trial;
nonfatal MI could be either symptom-
atic or silent, and CHD death could be a
fatal documented MI, sudden death
within 1 hour of onset of symptoms, un-
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observed death that occurred out of the
hospital in the absence of other known
cause, or death due to coronary revas-
cularization procedure or congestive
heart failure. The diagnosis of nonfatal
MIwasbased onan algorithm! that took
into account 3 categories of clinical in-
formation from the acute event: ische-
mic symptoms, ECG abnormalities, and
elevated cardiac enzyme levels. The di-
agnosis could also be made if there was
evidence of fresh MI at autopsy. All
ECGs obtained electronically were com-
pared with the ECG obtained at baseline
for changes indicating new MI.

Secondary cardiovascular outcomes
included coronary artery bypass graft
surgery, percutaneous coronary revas-
cularization, hospitalization for unstable
angina, resuscitated cardiac arrest, con-
gestive heart failure, stroke or transient
ischemic attack, and peripheral arterial
disease. Other prespecified secondary
outcomes were total mortality; cancer
death; non-CHD, noncancer death;
breast, endometrial, and other cancer;
deep vein thrombosis; pulmonary embo-
lism; hip and other fracture; and gall-
bladder disease.!

The primary and secondary outcomes
of HERS were addressed at each follow-
up contact. Suspected outcome events
were reported within 24 hours to the Co-
ordinating Center, which had primary re-
sponsibility for the outcome database, and
to Wyeth-Ayerst Research as a cross-
check. Clinics obtained and sent to the Co-
ordinating Center specified documenta-
tion that included (depending on the
suspected event) hospital discharge sum-
maries, ECGs, cardiac enzyme levels and
other test results, and reports of tissue pa-
thology, procedures, and x-ray examina-
tions. Data from all deaths and suspected
primary outcome events were reviewed
and classified according to prespecified cri-
teria by an independent Morbidity and
Mortality Subcommittee blinded to treat-
ment assignment. Secondary events were
classified by Coordinating Center physi-
cians blinded to treatment assignment.
Every event (whether primary or sec-
ondary) was classified independently by
2 reviewers, and discordant classifica-
tions were resolved in discussions be-
tween the reviewers. Problematic poten-
tial primary events were discussed on
conference calls or meetings involving the
entire subcommittee.

Vital statusis known for all 2763 wom-
en, and all deaths are included in this
report. We are still in the process of col-
lecting hospital records and adjudicat-
ing recent events. Included in this re-
port are 99% of all primary CHD events
reported to have occurred by the close-
out visit (April-July 1998) and 97% of all
secondary events. Adjudication is final
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for 96% of included primary events (the
remaining classifications are provi-
sional), and it is final for 99% of included
secondary events.

Statistical Power and Analyses

We estimated that we needed to en-
roll 2340 women, assuming a primary
CHD event rate in the placebo group of
5% peryear,acombined non-CHD death
and loss to follow-up rate of 2% per year,
crossovers from active to placebo of 5%,
4%,and 3% inthe first 3years and 2% per
yearthereafter, crossovers from placebo
to active of 1% each year, and average
follow-up of 4.75 years.'® We assumed
that half the reduction in primary CHD
events would operate through nonlipid
mechanisms (and therefore be immedi-
ate), and half would operate through
lipid changes (and therefore begin after
a 2-year lag period). These assumptions
resulted in 90% power at a 2-tailed « of
.05 to detect an intention-to-treat effect
size of 24%. Inthe actual study, the event
rate was only 3.3%, compliance was less
than expected, and treatment duration
averaged 4.1 years. The chief reason for
the shorter-than-expected treatment
duration, despite ending the study at the
planned time, was the fact that most
women were enrolled toward the end of
therecruitment period. The reductionin
power caused by these deviations from
prestudy assumptions was partially off-
set by the fact that we recruited 18%
more participants than planned.

The primary analysis compares the
rate of CHD events among women as-
signed to active medication with the rate
among women assigned to placebo using
an unadjusted Cox proportional hazards
model for time to first CHD event; this is
equivalent tothelogrank test. The analy-
sis was by intention to treat, categorizing
participants according to randomized
treatment assignment regardless of com-
pliance. Participants who asked to drop
out of the study and had not had a nonfa-
tal MI were censored for nonfatal events
at their last visit (this occurred for 31
women in the hormone group and 38
women in the placebo group); however,
vital status was assessed at the end of the
trial for 100% of the cohort, and all deaths
are included in this report.

Secondary analyses used multivariate
proportional hazards models to investi-
gate study findings. Possible confound-
ing was examined by controlling for im-
portant baseline covariates. To identify
potential postrandomization confound-
ers, treatment effect estimates were
compared in nested models with and
without measures of postrandomization
lipid-lowering drug use and lipid change.
These covariates were also included in
an as-treated model, where inclusion in

the risk sets was limited to women in
both treatment groups whose average
pill-count compliance since randomiza-
tion was at least 80%;this modelincluded
74% of the primary events. Relative haz-
ards were estimated by year since
randomization (censoring women with
events in earlier years), and continuous
trend in the log relative hazard was ex-
amined in a companion model. Time-de-
pendent indicators were used to assess
risk by treatment assignment among
women who had recently stopped taking
study medication.

Data and Safety Monitoring Board

Interim monitoring of study events
every 3to 6 months was performed by an
independent HERS Data and Safety
Monitoring Board. Early in the trial the
board noted adverse trends in primary
CHD events, which conflicted with ex-
isting evidence and did not cross the
stopping boundaries.’ In the middle
years of the trial, an increased risk of
venous thromboembolic events in the
hormone-treated group consistent with
existing evidence did cross the stopping
boundaries. As aconsequence, the board
advised HERS investigators to report
the findings regarding increased risk of
venous thrombosis and to institute ad-
ditional measures to reduce risk in
HERS participants.?® Near the end of
the trial, the board noted a trend toward
lower rates of nonfatal MI in the hor-
mone group. At its final meeting in De-
cember 1997, the board recommended
against continuing the study beyond the
scheduled closeout date, because at that
time conditional power estimates for pri-
mary CHD events were low and because
ofuncertainty about whether a sufficient
proportion of women would consent to
continue blinded treatment. The board
recommended closeout at the originally
planned time (April-July 1998), continu-
ation of disease event surveillance, and
rapid publication of the findings to allow
HERS participants to make timely in-
formed decisions concerning their use of
this specific hormone therapy.

RESULTS

Between January 1993 and Septem-
ber 1994, the 20 HERS clinical centers
enrolled 2763 women; 1380 were as-
signed to the hormone group and 1383 to
the placebo group (Figure 1). Partici-
pants ranged in age from 44 to 79 years,
with a mean of 66.7 years (SD, 6.7 years)
at baseline. Most participants were
white (89%) and had completed high
school (80%). Examination of the distri-
bution of these and other variables re-
vealed no significant differences be-
tween the treatment groups at baseline
(Table 1).
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Table 1.—Baseline Characteristics of HERS Participants (n=2763) by Treatment Group*
|

Treatment Group

Estrogen-Progestin Placebo P
Characteristic (n=1380) (n=1383) Value
Demographics
Age, meanSD, y 6717 6717 .32
White, % 88 90 14
Education, mean+SD, y 13+3 13+3 .84
CHD risk factors
Current smoker, % 13 13 .84
Diabetes on oral medication or insulin, % 19 18 44
Systolic blood pressure, mean+SD, mm Hg 135+19 135+19 .88
Diastolic blood pressure, mean+SD, mm Hg 7310 73+10 .89
LDL cholesterol, mean+SD, mmol/L (mg/dL) 3.75+0.96 (145+37) 3.75+0.98 (145+38) .83
HDL cholesterol, mean+SD, mmol/L (mg/dL) 1.29+0.34 (50+13) 1.29+0.34 (50+13) 41
Triglyceride, mean+SD, mmol/L (mg/dL) 1.90+0.72 (168+64) 1.86+0.72 (165+64) .25
Time since last menstrual period, mean + SD, y 18+8 18+8 .31
Body mass index >27 kg/m?, % 57 55 44
Exercise >3 times weekly, % 39 38 .72
No. of drinks per week, mean+SD 1.4+4 1.3+4 .83
General health poor or fair, % 24 24 .94
Postmenopausal estrogen use, %1 24 23 .43
CHD manifestations
Signs of congestive heart failure, %1t 10 9 .38
Q-wave myocardial infarction, % 17 17 .94
Percutaneous coronary revascularization, % 45 45 .96
Coronary artery bypass graft surgery, % 42 41 .64
Medication use
Aspirin, % 78 78 .73
B-Blockers, % 33 32 72
Lipid-lowering medications, % 45 47 .26
Calcium channel blockers, % 55 55 .83
Angiotensin-converting enzyme inhibitors, % 17 18 57
Diuretics, % 28 28 .79
Multivitamins, % 29 30 .45

*HERS indicates Heart and Estrogen/progestin Replacement Study; CHD, coronary heart disease; LDL, low-density
lipoprotein; and HDL, high-density lipoprotein. P values are for difference between treatment groups by t test or x2

TEstrogen use refers to use after menopause but not within 3 months of HERS screening.

FPresence of jugular venous distention more than 8 cm H,O, S; heart sound, rales, or pitting peripheral edema.

At the end of the first year, the pro-
portion who reported taking study medi-
cation was 82% in the hormone group
and 91% in the placebo group; by the end
of the third year, these proportions had
declined to 75% and 81%. Pill counts re-
vealed 79% of the women in the hormone
group to be taking at least 80% of their
study medication at the end of year 1 and
70% to be doing so at the end of year 3
(Figure 2). Among women who stopped
taking HERS medications, 110 (8%) of
those assigned to the placebo group and
36 (3%) of those assigned to the hormone
group reported taking open-label oral or
transdermal estrogen.

Duringthe closeout period (April-July
1998), vital status was ascertained for all
2763 randomized women. Follow-up per-
centages were nearly the same in the 2
randomized groups (Figure 1).

Primary CHD Outcome

Primary CHD events occurred in 172
women in the hormone group (33.1/1000
women per year) and in 176 women in
the placebo group (33.6/1000 women per
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year) (relative hazard [RH], 0.99; 95%
confidence interval [CI], 0.80-1.22)
(Table 2). These primary events were
composed of CHD deaths (RH, 1.24;95%
CI, 0.87-1.75) and nonfatal MIs (RH,
0.91; 95% CI, 0.71-1.17). None of these
differences was statistically significant.
The 71 CHD deaths in the hormone
group and the 58 CHD deaths in the pla-
cebo group were distributed, respec-
tively, as follows: sudden death within 1
hour of onset of symptoms, 19 and 20;
myocardial infarction, 19 and 16; conges-
tive heart failure, 9 and 6; coronary ar-
tery bypass graft surgery, 5 and 2; and
other CHD death, 19 and 14.

Survival curves for the primary CHD
outcome and its components (Figure 3)
correspond with the findings in Table 2.
The curves for CHD death diverged dur-
ing the second year of observation. The
curves for nonfatal MI diverged during
the first year, then converged and crossed
during the third year. This possible
change inthe RH with time since random-
izationis further examinedin Table 3. The
point estimates for the primary outcome

Screening Interview
(N=68561)

Attended First Screening Visit
(n=4830)

Attended Second Screening Visit
(n=3463)

Randomized
(N=2763)

Estrogen Plus
Progestin
(n=1380)

Placebo
(n=1383)

Completed Closeout
Contact (n=1228)

Alive, but No

Completed Closeout
Contact (n=1222)

Alive, but No
Closeout (n=32) Closeout (n=27)
Lost to Follow-up Lost to Follow-up
(n=0) (n=0)
Died (n=123) Died (n=131)

Figure 1.—The Heart and Estrogen/progestin Re-
placement Study trial profile, showing numbers of
participants from screening to closeout.
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Figure 2.—Participants taking protocol medications
and with pill count of 80% or more, as a percentage
of all women at risk for a primary coronary heart
disease event.

in the hormone group compared with the
placebo group are 1.52 in year 1, 1.00 in
year 2, 0.87 in year 3, and 0.67 in years 4
and 5 (P =.009 for trend inlog RH); within
the first year, the RH was 2.30 for the first
4 months, 1.46 for the second 4 months,
and 1.18 for the third 4 months (P = .33 for
trend). The difference over time was most
pronounced for the nonfatal MI compo-
nent of the primary CHD outcome (Table
3 and Figure 3).

In an as-treated analysis limited to
women who had been at least 80% com-
pliant with study medication by pill count,
the RH comparing the primary CHD out-
come in the hormone and placebo groups
was 0.87 (95% CI, 0.67-1.11), lower than
theintention-to-treat analysis but notsta-
tistically significant. For women who
stopped taking HERS medication, risk of
primary CHD events was elevated in the
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first month after stopping use of the medi-
cation. However, there was no difference
by group (RH inhormone group, 7.28;95%
CI, 4.45-11.93; RH in placebo group, 7.40;
95% CI, 4.23-12.95), suggesting that ill-
ness caused both the discontinuation of
medication and the CHD event.

The RH comparing risk of the primary
CHD outcome in the hormone and pla-
cebo groups was similar after adjusting
for the small and nonsignificant differ-
ences betweenthe groupsinage and other
baseline CHD risk factors (RH, 0.95; 95%
CI, 0.76-1.17). We sought to identify dif-
ferential effects of estrogen plus proges-
tin therapy in women classified by base-
line variables such as older age, ill health,
history of MI, and so forth. There was no
clear evidence of differential effects in 86
subgroups categorized by all the variables
presented in Table 1 and others.

Other Cardiovascular Outcomes

There were no statistically significant
differences between the randomized

groups in any of the other cardiovascu-
lar outcomes that we evaluated (Table
2). The survival curve for time to first
occurrence of any coronary revascular-
ization procedure or hospitalization for
definite unstable angina (Figure 4) ap-
peared to diverge, with lower rates in
the hormone-treated group, although
this difference did not achieve statistical
significance (RH, 0.89; P =.15).

Plasma Lipids

By the end of the first year of treat-
ment, mean LDL cholesterol levels had
decreased by 14% frombaseline toalevel
of 3.23 mmol/L (125 mg/dL) in the hor-
mone group and by 3% to 3.62 mmol/L
(140 mg/dL) in the placebo group
(P<.001 for difference between groups)
(Figure 5). During the same period,
mean HDL cholesterol levels had in-
creased by 8% to 1.40 mmol/L (54 mg/
dL)inthe hormone group and decreased
by 2% to 1.27 mmol/L (49 mg/dL) in the
placebo group (p<<.001). Mean triglycer-

Table 2.—Cardiovascular Outcomes by Treatment Group*
]

Treatment Group

Estrogen-Progestin Placebo P
Outcomes (n=1380) (n=1383) RH (95% CI) Value
Primary CHD eventst 172 176 0.99 (0.80-1.22) 91
CHD death 71 58 1.24 (0.87-1.75) .23
Nonfatal Ml 116 129 0.91 (0.71-1.17) .46
Other cardiovascular outcomes
Coronary artery bypass graft surgery 88 101 0.87 (0.66-1.16) .36
Percutaneous coronary revascularization 164 175 0.95 (0.77-1.17) .62
Hospitalization for unstable angina 103 117 0.89 (0.68-1.16) .38
Hospitalization for congestive heart failure 128 112 1.07 (0.84-1.38) .58
Resuscitated cardiac arrest 19 13 1.48 (0.73-3.00) .28
Other CHD event 3 1 3.03(0.32-29.1) .34
Peripheral arterial disease 94 108 0.87 (0.66-1.15) .34
Stroke/transient ischemic attack 108 96 1.13 (0.85-1.48) .40

- __________________________________________________________________|]
*RH indicates relative hazard; CI, confidence interval; CHD, coronary heart disease; and MI, myocardial infarction.
Each row represents the number of women with the designated event; women with more than 1 type of event may

appear in more than 1 row.

tPrimary CHD events include coronary death and nonfatal MI. Among the 245 nonfatal Mls, there were 7 silent
Mils, found on annual electrocardiogram. There were 26 women with nonfatal Ml who subsequently suffered CHD

death.

ide levels had increased by 10% to 2.04
mmol/L (181 mg/dL) in the hormone
group and by 2% to 1.93 (170 mg/dL) in
the placebo group (P<.001).

In proportional hazards analysis, high
LDL cholesterol and low HDL choles-
terol levels at baseline predicted subse-
quent primary CHD events in both uni-
variate and multivariate (controlling for
other baseline risk factors) models, but
high triglyceride levels predicted pri-
mary CHD events only in univariate
analyses. Changes in LDL cholesterol,
HDL cholesterol, and triglyceride levels
over the first year of the study were not
significantly associated with subsequent
primary CHD events, but the point es-
timates were in the expected direction
and there was limited power to examine
this effect.

More womenin the placebo group than
in the hormone group began treatment
with lipid-lowering drugs, primarily
statins, during the trial (22% vs 18%;
P =.004), probably because the higher
LDL cholesterol levels in placebo-
treated women compared with hor-
mone-treated women were noted by the
women’s personal physicians. Adjust-
ment for this difference using regres-
sion analysis did not substantially
change the overall estimate of the be-
tween-group difference in risk of pri-
mary CHD events (RH, 0.94; 95% CI,
0.76-1.17).

Other Secondary Outcomes

Cancer deaths and other deaths were
nearly identical in the 2 study groups.
Total mortality in the hormone group
was not significantly different from that
in the placebo group (131 vs 123 women,;
RH, 1.08; 95% CI, 0.84-1.38) (Table 4;
Figure 6).

Confirmed venous thromboembolic
events occurred in 34 women in the hor-
mone group (6.3/1000 woman-years) and
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Figure 3.—Kaplan-Meier estimates of the cumulative incidence of primary coronary heart disease (CHD) events (left) and to its constituents: nonfatal myocardial
infarction (MI) (center) and CHD death (right). The number of women observed at each year of follow-up and still free of an event are provided in parentheses,
and the curves become fainter when this number drops below half of the cohort. Log rank P values are .91 for primary CHD events, .46 for nonfatal Ml, and .23
for CHD death.
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Table 3.—Outcomes by Treatment Group and Year Since Randomization™
|

Estrogen-
Progestin Placebo
[ 1 [ 1 P
Outcome and Period No. Ratet No. Ratet RH (95% CI) Valuet
Primary CHD event§
Year 1 57 42.5 38 28.0 1.52(1.01-2.29) ]
Year 2 47 37.0 48 37.1 1.00 (0.67-1.49) 009
Year 3 35 28.8 41 33.1 0.87 (0.55-1.37) '
Years 4 and 5 33 23.0 49 34.4 0.67 (0.43-1.04) _|
Nonfatal myocardial infarction
Year 1 42 31.3 29 21.4 1.47 (0.91-2.36) |
Year 2 34 26.8 37 28.6 0.94 (0.59-1.49) o1
Year 3 20 16.5 29 23.4 0.70 (0.40-1.24) ’
Years 4 and 5 20 13.9 34 23.9 0.58 (0.34-1.02) _|
CHD death
Year 1 17 125 11 8.0 1.56 (0.73-3.32) ]
Year 2 19 14.4 13 9.7 1.48 (0.73-2.99) ”
Year 3 18 14.0 16 12.3 1.14 (0.58-2.24) '
Years 4 and 5 17 11.0 18 11.6 0.95 (0.49-1.84) _|
Unstable angina or coronary
revascularizationf
Year 1 101 77.1 94 71.1 1.08 (0.82-1.44) ]
Year 2 52 43.3 85 70.6 0.61 (0.43-0.87) 0
Year 3 69 61.9 56 50.5 1.22(0.86-1.74) '
Years 4 and 5 47 36.6 67 54.2 0.67 (0.46-0.98) _|
Venous thromboembolic event
Year 1 13 9.6 4 2.9 3.29 (1.07-10.08) ]
Year 2 8 6.1 2 15 4.09 (0.87-19.27) 28
Year 3 7 55 3 2.3 2.40 (0.62-9.28) '
Years 4 and 5 6 4.0 3 2.0 2.05(0.15-8.18) _|

____________________________________________________________________________________|]
*RH indicates relative hazard; Cl, confidence interval; and CHD, coronary heart disease.
tEvent rates per 1000 women-years in the estrogen plus progestin or placebo group.
$P values for tests of continuous trend in log-relative hazard.
§Primary CHD events include nonfatal myocardial infarction and CHD death.
fiCoronary revascularization includes coronary artery bypass graft surgery and percutaneous coronary revas-

cularization.

in 12 women in the placebo group (2.2/
1000 woman-years) (RH, 2.89; 95% CI,
1.50-5.58; P =.002) (Table 4). More wom-
en in the hormone group experienced
deep vein thromboses (25 vs 8; P =.004)
and pulmonary emboli (11 vs 4; P =.08);
2 of the pulmonary emboli, both in the
hormone group, were fatal. The RH in
the hormone group relative to the pla-
cebo group remained elevated overthe 4
years of observation but declined some-
what during the study (Table 3).

Gallbladder disease occurred in 84
women in the hormone group and in 62
women in the placebo group (RH, 1.38;
95% CI, 1.00-1.92). Gallbladder surgery
accounted for 89% of these events, and
the rest were symptomatic cholelithia-
sis. None of the gallbladder events was
fatal.

There were no significant differences
between the treatment groups in the
rates of breast cancer, endometrial can-
cer, other cancers, or fracture (Table 4).

COMMENT

In this clinical trial, postmenopausal
women younger than 80 years with es-
tablished coronary disease whoreceived
estrogen plus progestin did not experi-
ence areduction in overall risk of nonfa-
tal MI and CHD death or of other car-
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diovascular outcomes. How can this find-
ing be reconciled with the large body of
evidence from observational and patho-
physiologic studies suggesting that es-
trogen therapy reduces risk for CHD?

Contrast With Findings
of Observational Studies

Observational studies may be mis-
leading because women who take post-
menopausal hormones tend to have a
better CHD risk profile’**'?2 and to ob-
tain more preventive care! than nonus-
ers. The consistency of the apparent ben-
efit in the observational studies could
simply be attributable to the consistency
of this selection bias. The lower rate of
CHD in hormone users compared with
nonusers persists after statistical ad-
justment for differencesin CHD risk fac-
tors,”? but differences in unmeasured
factors remain a possible explanation.

The discrepancy between the findings
of HERS and the observational studies
may also reflect important differences
between the study populations and
treatments. Most of the observational
studies of postmenopausal hormone
therapy enrolled postmenopausal wom-
en who were relatively young and
healthy and who took unopposed estro-
gen.? In contrast, participants in
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Figure 4.—Kaplan-Meier estimate of the cumulative
incidence of definite unstable angina or coronary
artery bypass graft or percutaneous coronary re-
vascularization. The number of women observed at
each year of follow-up and still free of an event are
provided in parentheses, and the curves become
fainter when this number drops below half the
cohort. Log rank P value is .15.
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Figure 5.—Mean change in low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), and triglyceride levels during the
first year of the study, expressed as percent change
+ SEM.

HERS were older, had coronary disease
at the outset, and were treated with es-
trogen plus progestin. However, some
observational studies did examine wom-
en with prior CHD, and all of these re-
ported abeneficial association with post-
menopausal hormone therapy.5? Simi-
larly, some observational studies did ex-
amine the effect of postmenopausal
estrogenplus progestin therapy on CHD
risk in women, and these generally re-
port a lower rate of CHD events in hor-
mone users that is similar to that re-
ported for estrogen alone*>*22-2%; how-
ever, details in these studies about the
specific progestin formulations and dos-
ing regimens used are limited.

Possible Adverse Effects of
Medroxyprogesterone Acetate

Several potential mechanisms whereby
estrogen therapy might reduce risk for
CHD have been proposed, including fa-
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Table 4.—Death and Secondary Noncardiovascular Outcomes by Treatment Group*
___________________________________________________________________________________|]
Treatment Group

Estrogen-Progestin Placebo P
Outcomes (n=1380) (n=1383) RH (95% CI) Value
Death
CHD death 71 58 1.24 (0.87-1.75) .23
Cancer death 19 24 0.80 (0.44-1.46) A7
Non-CHD, noncancer death 37 36 1.04 (0.66-1.64) .87
Unadjudicated death 4 5 e e
Total deaths 131 123 1.08 (0.84-1.38) .56
Venus thromboembolic event
Deep vein thrombosis 25 8 3.18 (1.43-7.04) .004
Pulmonary embolism 11 4 2.79 (0.89-8.75) .08
Any thromboembolic event 34 12 2.89 (1.50-5.58) .002
Cancer
Breast 32 25 1.30 (0.77-2.19) .33
Endometrial 2 4 0.49 (0.09-2.68) 41
Other 63 58 1.10 (0.77-1.57) .60
Any cancer 96 87 1.12 (0.84-1.50) 44
Fracture
Hip 12 11 1.10 (0.49-2.50) .82
Other 119 129 0.93 (0.73-1.20) .59
Any fracture 130 138 0.95 (0.75-1.21) .70
Gallbladder disease 84 62 1.38 (1.00-1.92) .05

________________________________________________________________________________________|]
*RH indicates relative hazard; ClI, confidence interval; and CHD, coronary heart disease. Each row represents
the number of women with the designated event; women with more than 1 type of event may appear in more than

1 row.

vorable effects on lipoproteins, coronary
atherosclerosis, endothelial function, and
arterial thrombosis.®*# Progestins down-
regulate estrogen receptors and may also
have direct, progestin receptor—
mediated effects that oppose these ac-
tions of estrogen®’; medroxyprogester-
one acetate may do this to a greater extent
than other progestins. In the Postmeno-
pausal Estrogen-Progestin Interven-
tions Trial, medroxyprogesterone ac-
etate blunted the estrogen-associated
increase in HDL cholesterol substan-
tially more than did micronized proges-
terone.” Oral medroxyprogesterone ac-
etate appears to significantly attenuate the
beneficial effects of estrogen on coronary
atherosclerosis in nonhuman primates,*
while subcutaneous progesterone does
not.?® Animal data also suggest that me-
droxyprogesterone acetate may inhibit
the beneficial effects of estrogen on en-
dothelial-dependent vasodilation,* but this
hasnot been documented in women.* De-
spite these mechanistic data suggesting
an adverse effect of medroxyprogester-
one acetate, observational studies show
a similar reduction in CHD risk in wom-
en using medroxyprogesterone acetate
plus estrogen as in women taking unop-
posed estrogen.*

Possible Differences
in the Effects of Therapy Over Time

When the results were examined by
year since randomization, the estrogen
plus progestin regimen appeared to in-
crease risk for primary CHD events in
the first year of therapy but to decrease
riskinsubsequent years. This time trend

JAMA, August 19, 1998—Vol 280, No. 7

should be interpreted with caution. It
could simply represent random varia-
tion, although the level of statistical sig-
nificance makes this unlikely. More im-
portantly, between-group contrasts that
exclude the first several years are not
true randomized comparisons, as the re-
maining study groups may no longer be
comparable if, for example, treatment
has caused high-risk individuals to have
events early in the study.

On the other hand, the time trend is
biologically plausible. The early increase
in risk for CHD events might be attrib-
utable to an immediate prothrombotic,
proarrhythmic, or proischemic effect of
treatment that is gradually outweighed
by a beneficial effect on the underlying
progression of atherosclerosis, perhaps
as a result of beneficial changes in lipo-
proteins. In trials of lipid interventions,
the delay before CHD risk is reduced
has ranged from 0 to 2 years.**! After a
lag period, the 11% net reductionin LDL
cholesteroland 10%netincreasein HDL
cholesterol observed in the hormone
group would be expected to reduce the
risk of CHD events®***? and may account
for the trend toward a late benefit ob-
served in HERS.

A pattern of early harm and later ben-
efit could account for part of the discrep-
ancy between the results of this trial and
observational studies of estrogen and
CHD. Attrition of susceptible individu-
als soon after starting estrogen replace-
ment could increase the prevalence of
survivors available for inclusion in ob-
servational studies; most observational
studies are not designed to observe the
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Figure 6.—Kaplan-Meier estimate of cumulative in-
cidence of death from any cause. The number of
women observed at each year of follow-up and still
free of an event are provided in parentheses, and
the curves become fainter when this number drops
below half of the cohort. Log rank P value is .56.

onset of therapy or to detect an early
adverse effect.

Previous Clinical Trial Evidence

The CHD data from previous hormone
trials in women have been summarized*
but are of limited value because the stud-
ies were small, short term, and not de-
signed to examine CHD as an outcome.
The only large prior trial of estrogen
therapy to prevent CHD events was the
Coronary Drug Project, which studied
very high doses of estrogen (5.0 mg or 2.5
mg of conjugated equine estrogen daily)
in men with preexisting CHD. The estro-
gen arms of this trial were stopped early
because of an excess of MIs, thromboem-
bolic events, and estrogenic symptoms in
the 5.0-mg/d group* and the lack of ben-
efit on the CHD end point and estrogenic
symptoms in the 2.5-mg/d group.* The
relevance of this trial of high-dose estro-
gen in men to postmenopausal hormone
therapy in women is uncertain.

Safety and Other
Noncardiovascular Outcomes

Venous thromboembolic events were 3
times more common in the hormone group
than in the placebo group. Recent obser-
vational studies have reported similar
relative risks foridiopathic venous throm-
boembolism among users of both unop-
posed estrogen‘** and estrogen plus pro-
gestin therapy.*™* The excess incidence
of venous thrombotic eventsin HERS was
4.1 per 1000 woman-years of observa-
tion, an order of magnitude higher than
the excess reported in the observational
studies; the higher rate is probably a con-
sequence of the facts that women en-
rolled in HERS were older and had mul-
tiple risk factors for venous thrombosis
and that only idiopathic events were
counted in the observational studies.

Wefound anincreasedrisk of gallblad-
der disease in the hormone group that is

Estrogen Plus Progestin and CHD—Hulley et al 611

©1998 American Medical Association. All rights reserved.
Downloaded from www.jama.com at McGill University Libraries on August 16, 2009


http://jama.ama-assn.org

likely attributable to the estrogen
therapy. Metabolic studies indicate that
estrogen enhances hepatic lipoprotein
uptake and inhibits bile acid synthesis,
resulting inincreased biliary cholesterol
and cholelithiasis.”

Observational studies have suggested
that therapy with postmenopausal es-
trogen for 5 years or less is not associ-
ated with anincreased risk of breast can-
cer but that longer duration of therapy
might be associated withasmallincrease
in risk.”* The HERS trial was not large
enough and therapy did not continue for
long enough to address this issue.

The incidence of fractures in the hor-
mone group was only slightly lower than
in the placebo group. Wide CIs around
the fracture risk estimates reveal inad-
equate statistical power and do not ex-
clude areductioninrisk of hip fracture of
as much as 51% or a reduction in risk of
other fracture of as much as 27%.

Strengths and Limitations of the Trial

The CHD risk factor profile of women
enrolled in HERS is similar to that of a
random sample of US women with prob-
able heart disease, suggesting that the
findings of HERS may be generalized to
that population.”” However, HERS did
not evaluate the effect of estrogen plus
progestin therapy in women without
CHD, and it is not known whether our
findings apply to healthy women. It is
also not known whether use of a differ-
ent progestin or of estrogen alone would
have been beneficial.

HERS exceeded the recruitment goal
by 18%, carried out a successful random-
ization, collected objective, blindly adju-
dicated disease outcome data, and
achieved 100% vital status ascertainment.
Compliance with hormone treatment,
while lower than projected, was sufficient
to produce LDL and HDL cholesterol
changesthat compare favorably with pre-
vious studies.?! The 95% CIs for the effect
of treatment assighment on primary
CHD events (RH, 0.99; 95% CI, 0.80-1.22)
makeit unlikely that HERS missed aben-
efit of more than 20% for the overall 4.1-
year period of observation. However, this
statistic doesnot address the possible late
benefit of treatment suggested by the
time trend analysis, which is plausible
based on the finding of a 1- to 2-year lag
period observed in lipid trials**!; alonger
study would be more definitive for inves-
tigating this possibility.

Future Directions

HERS is the first large trial of the ef-
fect of postmenopausal estrogen plus
progestin therapy on risk for CHD
events. The findings differ from those of
observational studies and studies with
surrogate outcomes, emphasizing the
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importance of basing treatment policies
on randomized controlled trials.?® Other
randomized trials of postmenopausal
hormone therapy are likely to answer
some of the questions raised by HERS.
The Women’s Health Initiative Ran-
domized Trial*includes a group of wom-
en who have undergone hysterectomy
and receive unopposed estrogen as well
aswomen with intact uterus whoreceive
the same estrogen plus progestin regi-
men used in HERS. Participants are not
required tohave CHD and are generally
younger than the HERS cohort. The
Women’s Health Initiative Randomized
Trial plans to enroll 27 500 women and to
report the resultsin 2005 after 9 years of
treatment. Furtherinformation will also
emerge from HERS as we continue dis-
ease event surveillance.

Several interventions have been
proven toreduce risk for CHD events in
patients with coronary disease, includ-
ing aspirin, B-blockers, lipid lowering,
and smoking cessation.? The need for en-
couraging these interventions for women
with coronary diseaseisillustrated by the
facts that 90% of the HERS cohort had
LDL cholesterol exceeding 2.59 mmol/L
(100 mg/dL) at baseline and that only 32%
were receiving B-blockers.

Conclusions

First, in the population studied in
HERS, ie, postmenopausal women with
established coronary disease and an av-
erage age of 66.7 years, daily use of con-
jugated equine estrogens and medroxy-
progesterone acetate did not reduce the
overall risk for MI and CHD death or
any other cardiovascular outcome dur-
ing an average of 4.1 years of follow-up.
This therapy did increase the risk of ve-
nous thromboembolic events and gall-
bladder disease.

Second, we did not evaluate the car-
diovascular effect of treatment with un-
opposed estrogen, commonly used in
women who have had a hysterectomy, or
other estrogen plus progestin formula-
tions. We also did not study women with-
out coronary disease.

Third, based on the finding of no over-
all cardiovascular benefit and a pattern
of early increase in risk of CHD events,
we donot recommend starting this treat-
ment for the purpose of secondary pre-
vention of CHD. However, given the fa-
vorable pattern of CHD events after
several years of therapy, it could be ap-
propriate for women already receiving
hormone treatment to continue. Ex-
tended follow-up of the HERS cohort
and additional randomized trials are
needed to clarify the cardiovascular
effects of postmenopausal hormone
therapy.
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HE WOMEN’S HEALTH INITIA-

tive (WHI) focuses on defin-

ing the risks and benefits of
strategies that could poten-

tially reduce the incidence of heart dis-
ease, breast and colorectal cancer, and
fractures in postmenopausal women.
Between 1993 and 1998, the WHI en-
rolled 161 809 postmenopausal women
in the age range of 50 to 79 years into
a set of clinical trials (trials of low-fat
dietary pattern, calcium and vitamin D
supplementation, and 2 trials of post-
menopausal hormone use) and an ob-
servational study at 40 clinical centers
in the United States.! This article re-
ports principal results for the trial of
combined estrogen and progestin in
women with a uterus. The trial was
stopped early based on health risks that
exceeded health benefits over an aver-
age follow-up of 5.2 years. A parallel
trial of estrogen alone in women who
have had a hysterectomy is being con-
tinued, and the planned end of this trial
is March 2005, by which time the av-
erage follow-up will be about 8.5 years.
The WHI clinical trials were de-
signed in 1991-1992 using the accu-
mulated evidence at that time. The pri-
mary outcome for the trial of estrogen
plus progestin was designated as coro-
nary heart disease (CHD). Potential car-
dioprotection was based on generally

For editorial comment see p 366.
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Context Despite decades of accumulated observational evidence, the balance of risks
and benefits for hormone use in healthy postmenopausal women remains uncertain.

Objective To assess the major health benefits and risks of the most commonly used
combined hormone preparation in the United States.

Design Estrogen plus progestin component of the Women's Health Initiative, a ran-
domized controlled primary prevention trial (planned duration, 8.5 years) in which 16 608
postmenopausal women aged 50-79 years with an intact uterus at baseline were re-
cruited by 40 US clinical centers in 1993-1998.

Interventions Participants received conjugated equine estrogens, 0.625 mg/d, plus
medroxyprogesterone acetate, 2.5 mg/d, in 1 tablet (n=8506) or placebo (n=8102).

Main Outcomes Measures The primary outcome was coronary heart disease (CHD)
(nonfatal myocardial infarction and CHD death), with invasive breast cancer as the
primary adverse outcome. A global index summarizing the balance of risks and ben-
efits included the 2 primary outcomes plus stroke, pulmonary embolism (PE), endo-
metrial cancer, colorectal cancer, hip fracture, and death due to other causes.

Results On May 31, 2002, after a mean of 5.2 years of follow-up, the data and safety
monitoring board recommended stopping the trial of estrogen plus progestin vs placebo
because the test statistic for invasive breast cancer exceeded the stopping boundary for
this adverse effect and the global index statistic supported risks exceeding benefits. This
report includes data on the major clinical outcomes through April 30, 2002. Estimated
hazard ratios (HRs) (nominal 95% confidence intervals [Cls]) were as follows: CHD, 1.29
(1.02-1.63) with 286 cases; breast cancer, 1.26 (1.00-1.59) with 290 cases; stroke, 1.41
(1.07-1.85) with 212 cases; PE, 2.13 (1.39-3.25) with 101 cases; colorectal cancer, 0.63
(0.43-0.92) with 112 cases; endometrial cancer, 0.83 (0.47-1.47) with 47 cases; hip frac-
ture, 0.66 (0.45-0.98) with 106 cases; and death due to other causes, 0.92 (0.74-1.14)
with 331 cases. Corresponding HRs (nominal 95% Cls) for composite outcomes were
1.22 (1.09-1.36) for total cardiovascular disease (arterial and venous disease), 1.03 (0.90-
1.17) for total cancer, 0.76 (0.69-0.85) for combined fractures, 0.98 (0.82-1.18) for total
mortality, and 1.15 (1.03-1.28) for the global index. Absolute excess risks per 10000 person-
years attributable to estrogen plus progestin were 7 more CHD events, 8 more strokes, 8
more PEs, and 8 more invasive breast cancers, while absolute risk reductions per 10000
person-years were 6 fewer colorectal cancers and 5 fewer hip fractures. The absolute ex-
cess risk of events included in the global index was 19 per 10000 person-years.

Conclusions Overall health risks exceeded benefits from use of combined estrogen
plus progestin for an average 5.2-year follow-up among healthy postmenopausal US
women. All-cause mortality was not affected during the trial. The risk-benefit profile
found in this trial is not consistent with the requirements for a viable intervention for
primary prevention of chronic diseases, and the results indicate that this regimen should
not be initiated or continued for primary prevention of CHD.

JAMA. 2002;288:321-333 www.jama.com
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Figure 1. Profile of the Estrogen Plus
Progestin Component of

the Women's Health Initiative

‘ 373092 Women Initiated Screening ‘
I

18845 Provided Consent and
Reported No Hysterectomy

16608 Randomized

8506 Assigned to 8102 Assigned to
Receive Estrogen Receive Placebo
+ Progestin

I I
Status on April 30, 2002 Status on April 30, 2002

7968 Alive and Outcomes 7608 Alive and Outcomes
Data Submitted in Data Submitted in

Last 18 mo Last 18 mo
307 Unknown Vital 276 Unknown Vital
Status Status

231 Deceased 218 Deceased

supportive data on lipid levels in inter-
mediate outcome clinical trials, trials in
nonhuman primates, and a large body
of observational studies suggesting a
40% to 50% reduction in risk among
users of either estrogen alone or, less
frequently, combined estrogen and pro-
gestin.*? Hip fracture was designated as
a secondary outcome, supported by ob-
servational data as well as clinical tri-
als showing benefit for bone mineral
density.®" Invasive breast cancer was
designated as a primary adverse out-
come based on observational data.>® Ad-
ditional clinical outcomes chosen as
secondary outcomes that may plausi-
bly be affected by hormone therapy in-
clude other cardiovascular diseases; en-
dometrial, colorectal, and other cancers;
and other fractures.>®®

The effect of hormones on overall
health was an important consider-
ation in the design and conduct of the
WHI clinical trial. In an attempt to sum-
marize important aspects of health ben-
efits vs risks, a global index was de-
fined as the earliest occurrence of CHD,
invasive breast cancer, stroke, pulmo-
nary embolism (PE), endometrial can-
cer, colorectal cancer, hip fracture, or
death due to other causes. Compared
with total mortality, which may be too
insensitive, this index assigns addi-
tional weight to the 7 listed diseases.
Procedures for monitoring the trial in-
volved semiannual comparisons of the

322
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estrogen plus progestin and placebo
groups with respect to each of the el-
ements of the global index and to the
overall global index.

This report pertains primarily to
estrogen plus progestin use among
healthy postmenopausal women, since
only 7.7% of participating women re-
ported having had prior cardiovascu-
lar disease. During the course of the
WHI trial, the Heart and Estrogen/
progestin Replacement Study (HERS)
reported its principal results.'® HERS
was another blinded, randomized con-
trolled trial comparing the same regi-
men of estrogen plus progestin with pla-
cebo among women with a uterus;
however, in HERS, all 2763 participat-
ing women had documented CHD prior
to randomization. The HERS findings
of no overall effect on CHD but an ap-
parent increased risk in the first year
after randomization seemed surpris-
ing given preceding observational stud-
ies of hormone use in women with
CHD.? Subsequent to HERS, some in-
vestigators reanalyzed their observa-
tional study data and were able to de-
tect an early elevation in CHD risk
among women with prior CHD'""* but
not in ostensibly healthy women,*
prompting speculation that any early
adverse effect of hormones on CHD in-
cidence was confined to women who
have experienced prior CHD events.

The WHI is the first randomized trial
to directly address whether estrogen
plus progestin has a favorable or unfa-
vorable effect on CHD incidence and
on overall risks and benefits in pre-
dominantly healthy women.

METHODS
Study Population

Detailed eligibility criteria and recruit-
ment methods have been published.
Briefly, most women were recruited by
population-based direct mailing cam-
paigns to age-eligible women, in con-
junction with media awareness pro-
grams. Eligibility was defined as age 50
to 79 years at initial screening, post-
menopausal, likelihood of residence in
the area for 3 years, and provision of writ-
ten informed consent. A woman was

considered postmenopausal if she had
experienced no vaginal bleeding for 6
months (12 months for 50- to 54-year-
olds), had had a hysterectomy, or had
ever used postmenopausal hormones.
Major exclusions were related to com-
peting risks (any medical condition likely
to be associated with a predicted sur-
vival of <3 years), safety (eg, prior breast
cancer, other prior cancer within the last
10 years except nonmelanoma skin can-
cer, low hematocrit or platelet counts),
and adherence and retention concerns
(eg, alcoholism, dementia).

A 3-month washout period was re-
quired before baseline evaluation of
women using postmenopausal hor-
mones at initial screening. Women with
an intact uterus at initial screening were
eligible for the trial of combined post-
menopausal hormones, while women
with a prior hysterectomy were eli-
gible for the trial of unopposed estro-
gen. This report is limited to the 16608
women with an intact uterus at base-
line who were enrolled in the trial com-
ponent of estrogen plus progestin vs
placebo. The protocol and consent
forms were approved by the institu-
tional review boards for all participat-
ing institutions (see Acknowledgment).

Study Regimens, Randomization,
and Blinding

Combined estrogen and progestin was
provided in 1 daily tablet containing
conjugated equine estrogen (CEE),
0.625 mg, and medroxyprogesterone
acetate (MPA), 2.5 mg (Prempro,
Wyeth Ayerst, Philadelphia, Pa). A
matching placebo was provided to the
control group. Eligible women were
randomly assigned to receive estrogen
plus progestin or placebo after eligibil-
ity was established and baseline assess-
ments made (FIGURE 1). The random-
ization procedure was developed at the
WHI Clinical Coordinating Center and
implemented locally through a distrib-
uted study database, using a random-
ized permuted block algorithm, strati-
fied by clinical center site and age
group. All study medication bottles had
a unique bottle number and bar code
to allow for blinded dispensing.

©2002 American Medical Association. All rights reserved.
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Initially, the design allowed women
with a uterus to be randomized to re-
ceive unopposed estrogen, estrogen
plus progestin, or placebo. After the re-
lease of the Postmenopausal Estrogen/
Progestin Intervention (PEPI) trial
results'” indicating that long-term ad-
herence to unopposed estrogen was not
feasible in women with a uterus, the
WHI protocol was changed to random-
ize women with a uterus to only estro-
gen plus progestin or placebo in equal
proportions. The 331 women previ-
ously randomized to unopposed estro-
gen were unblinded and reassigned to
estrogen plus progestin. These women
are included in the estrogen plus pro-
gestin group in this report, resulting in
8506 participants in the estrogen plus
progestin group vs 8102 in the pla-
cebo group. Analysis of the data ex-
cluding the women randomized be-
fore this protocol change did not affect
the results. Considerable effort was
made to maintain blinding of other par-
ticipants and clinic staff. When re-
quired for safety or symptom manage-
ment, an unblinding officer provided
the clinic gynecologist, who was not in-
volved with study outcomes activities,
with the treatment assignment.

Follow-up

Study participants were contacted by
telephone 6 weeks after randomiza-
tion to assess symptoms and reinforce
adherence. Follow-up for clinical events
occurred every 6 months, with annual
in-clinic visits required. At each semi-
annual contact, a standardized inter-
view collected information on desig-
nated symptoms and safety concerns,
and initial reports of outcome events
were obtained using a self-adminis-
tered questionnaire. Adherence to study
interventions was assessed by weigh-
ing of returned bottles. The study pro-
tocol required annual mammograms
and clinical breast examinations; study
medications were withheld if safety pro-
cedures were not performed, but these
participants continued to be followed
up. Electrocardiograms were col-
lected at baseline and at follow-up years
3 and 6.

©2002 American Medical Association. All rights reserved.
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Data Collection, Management,

and Quality Assurance

All data were collected on standard-
ized study forms by certified staff ac-
cording to documented study proce-
dures. Study data were entered into a
local clinical center database devel-
oped and maintained by the Clinical
Coordinating Center and provided to
each site in the form of a local area net-
work connected to the Clinical Coor-
dinating Center through a wide area
network. Data quality was ensured
through standard data entry mecha-
nisms, routine reporting and database
checks, random chart audits, and rou-
tine site visits.

Maintenance/Discontinuation
of Study Medications

During the trial, some flexibility of the
dosages of both estrogen and proges-
tin was allowed to manage symptoms
such as breast tenderness and vaginal
bleeding. Vaginal bleeding was man-
aged according to an algorithm that ac-
counted for the time since randomiza-
tion, severity of the bleeding, treatment
assignment, and endometrial histol-
ogy. Women who had a hysterectomy
after randomization for indications
other than cancer were switched to un-
opposed estrogen or the correspond-
ing placebo without unblinding. These
women are included in the original ran-
domization group for analyses.
Permanent discontinuation of study
medication was required by protocol
for women who developed breast can-
cer, endometrial pathologic state (hy-
perplasia not responsive to treatment,
atypia, or cancer), deep vein thrombo-
sis (DVT) or PE, malignant mela-
noma, meningioma, triglyceride
level greater than 1000 mg/dL (11.3
mmol/L), or prescription of estrogen,
testosterone, or selective estrogen-
receptor modulators by their personal
physician. Medications were tempo-
rarily discontinued in participants
who had acute myocardial infarction
(MD), stroke, fracture, or major injury
involving hospitalization, surgery
involving use of anesthesia, any ill-
ness resulting in immobilization for

more than 1 week, or any other severe
illness in which hormone use is tem-
porarily inappropriate.

Outcome Ascertainment
Cardiovascular Disease. Coronary heart
disease was defined as acute MI requir-
ing overnight hospitalization, silent MI
determined from serial electrocardio-
grams (ECGs), or CHD death. The di-
agnosis of acute MI was established ac-
cording to an algorithm adapted from
standardized criteria'® that included car-
diac pain, cardiac enzyme and tropo-
nin levels, and ECG readings. The pri-
mary analyses included both definite and
probable MIs as defined by the algo-
rithm. Myocardial infarction occurring
during surgery and aborted MlIs were in-
cluded. An aborted MI was defined as
chest pain and ECG evidence of acute
MI at presentation, an intervention (eg,
thrombolysis) followed by resolution of
ECG changes, and all cardiac enzyme
levels within normal ranges. Silent MI
was diagnosed by comparing baseline
and follow-up ECGs at 3 and 6 years af-
ter randomization. Coronary death was
defined as death consistent with CHD
as underlying cause plus 1 or more of
the following: preterminal hospitaliza-
tion with MI within 28 days of death,
previous angina or MI and no poten-
tially lethal noncoronary disease, death
resulting from a procedure related to
coronary artery disease, or death cer-
tificate consistent with CHD as the un-
derlying cause. Stroke diagnosis was
based on rapid onset of a neurologic defi-
cit lasting more than 24 hours, sup-
ported by imaging studies when avail-
able. Pulmonary embolism and DVT
required clinical symptoms supported
by relevant diagnostic studies.

Cancer. Breast, colorectal, endome-
trial, and other cancers were con-
firmed by pathological reports when
available. Current data indicate that at
least 98% of breast, colorectal, and en-
dometrial cancers and 92% of other can-
cers were documented with pathologi-
cal reports.

Fractures. Reports of hip, verte-
bral, and other osteoporotic fractures
(including all fractures except those of

(Reprinted) JAMA, July 17, 2002—Vol 288, No. 3 323
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Table 1. Baseline Characteristics of the Women's Health Initiative Estrogen Plus Progestin
Trial Participants (N = 16 608) by Randomization Assignment*

Estrogen + Progestin Placebo P
Characteristics (n = 8506) (n=8102) Valuet

Age at screening, mean (SD), y 63.2 (7.1) 63.3 (7.1) .39
Age group at screening, y

50-59 2839 (33.4) 2683 (33.1) 7]

60-69 3853 (45.3) 3657 (45.1) .80

70-79 1814 (21.3) 1762 (21.7) _
Race/ethnicity

White 7140 (83.9) 6805 (84.0) 7]

Black 549 (6.5) 575 (7.1)

Hispanic 472 (5.5) 416 (5.1) 33

American Indian 26 (0.3) 30 (0.4)

Asian/Pacific Islander 194 (2.9) 169 (2.1)

Unknown 125 (1.5) 107 (1.3) _|
Hormone use

Never 6280 (73.9) 6024 (74.4) 7]

Past 1674 (19.7) 1588 (19.6) 49

Currentf 548 (6.4) 487 (6.0)
Duration of prior hormone use, y

<5 1538 (69. ) 1467 (70.6) 7]

5-10 426 (19. 357 (17.2) .25

=10 262 (11. ) 253 (12.2) -
Body mass index, mean (SD), kg/m?§ 28.5(5.8) 28.5 (5.9) .66
Body mass index, kg/m?

<25 2579 (30.4) 2479 (30.8)

25-29 2992 (35.3) 2834 (35.2) .89

=30 2899 (34.2) 2737 (34.0)
Systolic BP, mean (SD), mm Hg 127.6 (17.6) 127.8 (17.5) .51
Diastolic BP, mean (SD), mm Hg 75.6 (9.1) 75.8 (9.1) .31
Smoking

Never 4178 (49.6) 3999 (50.0)

Past 3362 (39.9) 3157 (39.5) —‘ .85

Current 880 (10.5) 838 (10.5) -
Parity

Never pregnant/no term pregnancy 856 (10.1) 832 (1 ] &7

=1 term pregnancy 7609 (89.9) 7233 (8
Age at first birth, y|

<20 1122 (16.4) 1114 (17.4)

20-29 4985 (73.0) 4685 (73 0) A1

=30 723 (10.6) 621 (9.7
Treated for diabetes 374 (4.4) 360 (4.4 .88
Treated for hypertension or 3039 (35.7) 2949 (36. 4) .37

BP =140/90 mm Hg
Elevated cholesterol levels requiring 944 (12.5) 962 (12.9) .50

medication
Statin use at baseline| 590 (6.9) 548 (6.8) .66
Aspirin use (=80 mg/d) at baseline 1623 (19.1) 1631 (20.1) .09
History of myocardial infarction 139 (1.6) 157 (1.9) 14
History of angina 238 (2.8) 234 (2.9) .73
History of CABG/PTCA 95 (1.1) 120 (1.5) .04
History of stroke 61(0.7) 77 (1.0) .10
History of DVT or PE 79 (0.9) 62 (0.8) .25
Female relative had breast cancer 1286 (16.0) 1175 (15.3) .28
Fracture at age =55y 1031 (13.5) 1029 (13.6) .87

continued
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the ribs, chest/sternum, skull/face, fin-
gers, toes, and cervical vertebrae) were
routinely ascertained. All fracture out-
comes were verified by radiology re-
ports. Study radiographs were not ob-
tained to ascertain subclinical vertebral
fractures.

This report is based on outcomes
adjudicated by clinical center physi-
cian adjudicators, as used for trial-
monitoring purposes. Clinical center
physician adjudicators were centrally
trained and blinded to treatment as-
signment and participants’ symptoms.
Future communications will report re-
sults based on centrally adjudicated out-
comes and will include a broader range
of outcomes with more extensive ex-
planatory analyses. Since this report is
presented before the planned study
closeout, outcome information is still
being collected and adjudicated. Lo-
cal adjudication is complete for ap-
proximately 96% of the designated self-
reported events. To date, agreement
rates between local and central adju-
dication are: MI, 84%; revasculariza-
tion procedures, 97%; PE, 89%; DVT,
84%; stroke, 94%; invasive breast can-
cer, 98%; endometrial cancer, 96%; co-
lorectal cancer, 98%; hip fracture, 95%;
and specific cause of death, 82%. When
related cardiovascular conditions are
combined (eg, when unstable angina or
congestive heart failure is grouped with
MI), agreement rates exceed 94% for
cardiovascular disease and 90% for spe-
cific cause of death.

Statistical Analyses

All primary analyses use time-to-
event methods and are based on the in-
tention-to-treat principle. For a given
outcome, the time of event was de-
fined as the number of days from ran-
domization to the first postrandomiza-
tion diagnosis, as determined by the
local adjudicator. For silent Mls, the
date of the follow-up ECG applied. Par-
ticipants without a diagnosis were cen-
sored for that event at the time of last
follow-up contact. Primary outcome
comparisons are presented as hazard ra-
tios (HRs) and 95% confidence inter-
vals (ClIs) from Cox proportional haz-

©2002 American Medical Association. All rights reserved.
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ards analyses,'” stratified by clinical
center, age, prior disease, and random-
ization status in the low-fat diet trial.
Two forms of Cls are presented,
nominal and adjusted. Nominal 95%
Cls describe the variability in the esti-
mates that would arise from a simple
trial for a single outcome. Although tra-
ditional, these ClIs do not account for
the multiple statistical testing issues
(across time and across outcome cat-
egories) that occurred in this trial, so
the probability is greater than .05 that
at least 1 of these ClIs will exclude unity
under an overall null hypothesis. The
adjusted 95% ClIs presented herein use
group sequential methods to correct for
multiple analyses over time. A Bonfer-
roni correction for 7 outcomes as speci-
fied in the monitoring plan (described
herein) was applied to all clinical out-
comes other than CHD and breast can-
cer, the designated primary and pri-
mary adverse effect outcomes, and the
global index. The adjusted CIs are
closely related to the monitoring pro-
cedures and, as such, represent a con-
servative assessment of the evidence.
This report focuses primarily on re-
sults using the unadjusted statistics and
also relies on consistency across diag-
nostic categories, supportive data from
other studies, and biologic plausibil-
ity for interpretation of the findings.

Data and Safety Monitoring

Trial monitoring guidelines for early
stopping considerations were based on
O’Brien-Fleming boundaries'® using
asymmetric upper and lower bound-
aries: a 1-sided, .025-level upper bound-
ary for benefit and 1-sided, .05-level
lower boundaries for adverse effects.
The adverse-effect boundaries were fur-
ther adjusted with a Bonferroni correc-
tion for the 7 major outcomes other
than breast cancer that were specifi-
cally monitored (CHD, stroke, PE, co-
lorectal cancer, endometrial cancer, hip
fracture, and death due to other causes).
The global index of monitored out-
comes played a supportive role as a
summary measure of the overall bal-
ance of risks and benefits. Trial moni-
toring for early stopping consider-

©2002 American Medical Association. All rights reserved.
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Table 1. Baseline Characteristics of the Women's Health Initiative Estrogen Plus Progestin
Trial Participants (N = 16 608) by Randomization Assignment* (cont)

Estrogen + Progestin Placebo P
Characteristics (n = 8506) (n=8102) Value
Gail model 5-year risk of breast cancer, %
<1 1290 (15.2) 1271 (16.7) 7]
1-<2 5384 (63.3) 5139 (63.4) 64
2-<5 1751 (20.6) 1621 (20.0) '
=5 81(1.0) 7109 _
No. of falls in last 12 mo
0 5168 (66.2) 5172 (67.5)
1 1643 (21.0) 1545 (20.2) 18
2 651 (8.3) 645 (8.4) '
=3 349 (4.5) 303 (4.0)

*Data are presented as number (percentage) of patients unless otherwise noted. BP indicates blood pressure; CABG/
PTCA, coronary artery bypass graft/percutaneous transluminal coronary angioplasty; DVT, deep vein thrombosis;

and PE, pulmonary embolism.

tBased on x? tests (categorical variables) or t tests (continuous variables).

FRequired a 3-month washout prior to randomization.

§Total number of participants with data available was 8470 for estrogen plus progestin and 8050 for placebo.

[IAmong women who reported having a term pregnancy.

{|Statins are 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors.

ations was conducted semiannually by
an independent data and safety moni-
toring board (DSMB). Aspects of the
monitoring plan have been pub-
lished."

RESULTS
Trial Monitoring
and Early Stopping

Formal monitoring began in the fall of
1997 with the expectation of final analy-
sis in 2005 after an average of approxi-
mately 8.5 years of follow-up. Late in
1999, with 5 interim analyses com-
pleted, the DSMB observed small but
consistent early adverse effects in car-
diovascular outcomes and in the global
index. None of the disease-specific
boundaries had been crossed. In the
spring of 2000 and again in the spring
of 2001, at the direction of the DSMB,
hormone trial participants were given
information indicating that increases in
MlI, stroke, and PE/DVT had been ob-
served and that the trial continued be-
cause the balance of risks and benefits
remained uncertain.

In reviewing the data for the 10th in-
terim analyses on May 31, 2002, the
DSMB found that the adverse effects in
cardiovascular diseases persisted, al-
though these results were still within the
monitoring boundaries. However, the
design-specified weighted log-rank test
statistic for breast cancer (z=-3.19)

crossed the designated boundary
(z=-2.32) and the global index was sup-
portive of a finding of overall harm
(z=-1.62). Updated analyses includ-
ing 2 months of additional data, avail-
able by the time of the meeting, did not
appreciably change the overall results.
On the basis of these data, the DSMB
concluded that the evidence for breast
cancer harm, along with evidence for
some increase in CHD, stroke, and PE,
outweighed the evidence of benefit for
fractures and possible benefit for colon
cancer over the average 5.2-year fol-
low-up period. Therefore, the DSMB rec-
ommended early stopping of the estro-
gen plus progestin component of the
trial. Because the balance of risks and
benefits in the unopposed-estrogen com-
ponent remains uncertain, the DSMB
recommended continuation of that com-
ponent of the WHI. Individual trial par-
ticipants have been informed.

Baseline Characteristics

There were no substantive differences
between study groups at baseline; 8506
women were randomized into the es-
trogen plus progestin group and 8102
into the placebo group (TABLE 1). The
mean (SD) age was 63.3 (7.1) years.
Two thirds of the women who re-
ported prior or current hormone use
had taken combined hormones and one
third had used unopposed estrogen.
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]
Figure 2. Cumulative Dropout and Drop-in
Rates by Randomization Assignment and
Follow-up Duration

Prevalence of prior cardiovascular
disease was low and levels of cardio-
vascular risk factors were consistent
with a generally healthy population of

months. The remaining 15576 (93.8%)
provided recent outcome information
(Figure 1).

At the time of this report, all women

Dropout ~ Drop-in ‘ postmenopausal women. An assess- had been enrolled for at least 3.5 years,

@ Estrogen + Progestin -~ O Estrogen + Progestin . .
A Placebo A Placebo ment of commonly studied breast with an average follow-up of 5.2 years
cancer risk factors, both individually and a maximum of 8.5 years. A sub-
40 and combined using the Gail model,”® stantial number of women had stopped
22 indicate that the cohort in general taking study drugs at some time (42%
el was not at increased risk of breast of estrogen plus progestin and 38% of
% 20l cancer. placebo). Dropout rates over time
g .l (FIGURE 2) exceeded design projec-
104 Follow-up, Adherence, tions, particularly early on, but com-
5 ?ﬁ;ﬁ and Unblinding pare favorably with community-based
Vital status is known for 16025 ran- adherence to postmenopausal hor-

Year

Dropout refers to women who discontinued study
medication; drop-in, women who discontinued study
medication and received postmenopausal hormones
through their own clinician.

domized participants (96.5%), includ-
ing 449 (2.7%) known to be deceased.
A total of 583 (3.5%) participants were
lost to follow-up or stopped providing
outcomes information for more than 18

mones.?! Some women in both groups
initiated hormone use through their
own clinician (6.2% in the estrogen plus
progestin group and 10.7% in the pla-
cebo group cumulatively by the sixth

Table 2. Clinical Outcomes by Randomization Assignment*

No. of Patients (Annualized %)

I
Estrogen + Progestin

Pl
Outcomes (n = 8506) (n : %ﬁ%%) Hazard Ratio Nominal 95% CI Adjusted 95% CI
Follow-up time, mean (SD), mo 62.2 (16.1) 61.2 (15.0) NA NA NA
Cardiovascular diseaset
CHD 164 (0.37) 122 (0.30) 1.29 1.02-1.63 0.85-1.97
CHD death 3 (0.07) 6 (0.06) 1.18 0.70-1.97 0.47-2.98
Nonfatal Ml 133 (0.30) 96 (0.23) 1.32 1.02-1.72 0.82-2.13
CABG/PTCA 183 (0.42) 171 (0.41) 1.04 0.84-1.28 0.71-1.51
Stroke 127 (0.29) 85 (0.21) 1.41 1.07-1.85 0.86-2.31
Fatal 6 (0.04) 3(0.03) 1.20 0.58-2.50 0.32-4.49
Nonfatal 94 (0.21) 59 (0.14) 1.50 1.08-2.08 0.83-2.70
Venous thromboembolic disease 151 (0.34) (O 16) 2.11 1.568-2.82 1.26-3.55
Deep vein thrombosis 1 15 (0.26) 2 (0.13) 2.07 1.49-2.87 1.14-3.74
Pulmonary embolism 0(0.16) (O 08) 2.13 1.39-3.25 0.99-4.56
Total cardiovascular disease 694 (1.57) 546 (1.32) 1.22 1.09-1.36 1.00-1.49
Cancer
Invasive breast 166 (0.38) 124 (0.30) 1.26 1.00-1.59 0.83-1.92
Endometrial 2 (0.05) 25 (0.06) 0.83 0.47-1.47 0.29-2.32
Colorectal 45 (0.10) 67 (0.16) 0.63 0.43-0.92 0.32-1.24
Total 502 (1.14) 458 (1.11) 1.03 0.90-1.17 0.86-1.22
Fractures
Hip 44 (0.10) 62 (0.15) 0.66 0.45-0.98 0.33-1.33
Vertebral 41 (0.09) 60 (0.15) 0.66 0.44-0.98 0.32-1.34
Other osteoporotict 579 (1.31) 701 (1.70) 0.77 0.69-0.86 0.63-0.94
Total 650 (1.47) 88 (1.91) 0.76 0.69-0.85 0.63-0.92
Death
Due to other causes 165 (0.37) 166 (0.40) 0.92 0.74-1.14 0.62-1.35
Total 231 (0.52) 218 (0.53) 0.98 0.82-1.18 0.70-1.37
Global index§ 751 (1.70) 623 (1.51) 115 1.03-1.28 0.95-1.39

*Cl indicates confidence interval; NA, not applicable; CHD, coronary heart disease; MI, myocardial infarction; CABG, coronary artery bypass grafting; and PTCA, percutaneous
transluminal coronary angioplasty.

FCHD includes acute Ml requiring hospitalization, silent MI determined from serial electrocardiograms, and coronary death. There were 8 silent Mis. Total cardiovascular disease is
limited to events during hospitalization except venous thromboembolic disease reported after January 1, 2000.

FOther osteoporotic fractures include all fractures other than chest/sternum, skull/face, fingers, toes, and cervical vertebrae, as well as hip and vertebral fractures reported sepa-
rately.

§The global index represents the first event for each participant from among the following types: CHD, stroke, pulmonary embolism, breast cancer, endometrial cancer, colorectal
cancer, hip fracture, and death due to other causes.
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year). These “drop-in” rates were also
greater than expected.

At the time of this report, clinic gyne-
cologists had been unblinded to treat-
ment assignment for 3444 women in the
estrogen plus progestin group and 548
women in the placebo group, primarily
to manage persistent vaginal bleeding.
During the trial, 248 women in the es-
trogen plus progestin group and 183 in
the placebo group had a hysterectomy.

Intermediate Cardiovascular
Disease End Points

Blood lipid levels, assessed in an 8.6%
subsample of fasting blood specimens
collected from women at baseline and
year 1, showed greater reductions in
low-density lipoprotein cholesterol
(-12.7%) and increases in high-
density lipoprotein cholesterol (7.3%)
and triglycerides (6.9%) with estrogen
plus progestin relative to placebo (data
notshown), consistent with HERS and
PEPL.'*? Systolic blood pressure was,
onaverage, 1.0 mm Hg higher in women
taking estrogen plus progestin at 1 year,
rising to 1.5 mm Hg at 2 years and
beyond (data not shown). Diastolic
blood pressures did not differ.

Clinical Outcomes

Cardiovascular Disease. Overall CHD
rates were low (TABLE 2). The rate of
women experiencing CHD events was
increased by 29% for women taking es-
trogen plus progestin relative to pla-
cebo (37 vs 30 per 10000 person-
years), reaching nominal statistical
significance (at the .05 level). Most of
the excess was in nonfatal MI. No sig-
nificant differences were observed in
CHD deaths or revascularization pro-
cedures (coronary artery bypass graft-
ing or percutaneous transluminal coro-
nary angioplasty). Stroke rates were also
higher in women receiving estrogen
plus progestin (41% increase; 29 vs 21
per 10000 person-years), with most of
the elevation occurring in nonfatal
events. Women in the estrogen plus
progestin group had 2-fold greater rates
of venous thromboembolism (VTE), as
well as DVT and PE individually, with
almost all associated CIs excluding 1.

©2002 American Medical Association. All rights reserved.
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I
Table 3. Cause of Death by Randomization Assignment

No. (Annualized %)

I
Estrogen + Progestin (n = 8506)

1
Placebo (n = 8102)

Total deaths 231 (0.52) 218 (0.53)

Adjudicated deaths 215 (0.49) 201 (0.49)
Cardiovascular 65 (0.15) 55 (0.13)
Breast cancer 3(0.01) 2 (<0.01)
Other cancer 104 (0.24) 86 (0.21)
Other known cause 34 (0.08) 41 (0.10)
Unknown cause 9(0.02) 17 (0.04)

Rates of VTE were 34 and 16 per 10000
person-years in the estrogen plus pro-
gestin and placebo groups, respec-
tively. Total cardiovascular disease,
including other events requiring hos-
pitalization, was increased by 22% in
the estrogen plus progestin group.

Cancer. The invasive breast cancer
rates in the placebo group were con-
sistent with design expectations. The
26% increase (38 vs 30 per 10000 per-
son-years) observed in the estrogen plus
progestin group almost reached nomi-
nal statistical significance and, as noted
herein, the weighted test statistic used
for monitoring was highly significant.
No significant difference was ob-
served for in situ breast cancers. Fol-
low-up rates for mammography were
comparable in the estrogen plus pro-
gestin and placebo groups. Colorectal
cancer rates were reduced by 37% (10
vs 16 per 10000 person-years), also
reaching nominal statistical signifi-
cance. Endometrial cancer incidence
was not affected, nor was lung cancer
incidence (54 vs 50; HR, 1.04; 95% CI,
0.71-1.53) or total cancer incidence.

Fractures. This cohort experienced
low hip fracture rates (10 per 10000
person-years in the estrogen plus pro-
gestin group vs 15 per 10000 person-
years in the placebo group). Estrogen
plus progestin reduced the observed hip
and clinical vertebral fracture rates by
one third compared with placebo, both
nominally significantly. The reduc-
tions in other osteoporotic fractures
(23%) and total fractures (24%) were
statistically significant (all associated
Cls exclude 1).

The global index showed a nomi-
nally significant 15% increase in the es-

trogen plus progestin group (170 vs 151
per 10000 person-years). There were no
differences in mortality or cause of death
between groups (TABLE 3).

Time Trends

The Kaplan Meier estimates of cumu-
lative hazards (FIGURE 3) for CHD in-
dicate that the difference between treat-
ment groups began to develop soon
after randomization. These curves pro-
vide little evidence of convergence
through 6 years of follow-up. The cu-
mulative hazards for stroke begin to di-
verge between 1 and 2 years after ran-
domization, and this difference persists
beyond the fifth year. For PE, the curves
separate soon after randomization and
show continuing adverse effects
throughout the observation period. For
breast cancer, the cumulative hazard
functions are comparable through the
first 4 years, at which point the curve
for estrogen plus progestin begins to rise
more rapidly than that for placebo.
Curves for colorectal cancer show ben-
efit beginning at 3 years, and curves for
hip fracture show increasing cumula-
tive benefit over time. The difference
in hazard rates for the global index
(FIGURE 4) suggests a gradual in-
crease in adverse effects compared with
benefits for estrogen plus progestin
through year 5, with a possible nar-
rowing of the difference by year 6; how-
ever, HR estimates tend to be unstable
beyond 6 years after randomization.
Total mortality rates are indistinguish-
able between estrogen plus progestin
and placebo.

Tests for linear trends with time since
randomization, based on a Cox pro-
portional hazards model with a time-
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dependent covariate, detected no trend
with time for CHD, stroke, colorectal
cancer, hip fracture, total mortality, or
the global index (TABLE 4). There was

some evidence for an increasing risk of
breast cancer over time with estrogen
plus progestin (z=2.56 compared with
anominal z score for statistical signifi-

|
Figure 3. Kaplan-Meier Estimates of Cumulative Hazards for Selected Clinical Outcomes
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cance of 1.96) and a decreasing risk of
VTE with time (z=-2.45). These re-
sults must be viewed cautiously be-
cause the number of events in each
interval is modest, the data in later
years are still incomplete, and later year
comparisons are limited to women
still at risk of their first event for that
outcome.

Subgroup Analyses

Cardiovascular Disease. A small sub-
set of women (n=400; average follow-
up, 57.4 months) in WHI reported con-
ditions at baseline that would have
made them eligible for HERS, ie, prior
MI or revascularization procedures.
Among these women with established
coronary disease, the HR for subse-
quent CHD for estrogen plus proges-
tin relative to placebo was 1.28 (95%
CI,0.64-2.56) with 19 vs 16 events. The
remaining women, those without prior
CHD, had an identical HR for CHD
(145 vs 106; HR, 1.28; 95% CI, 1.00-
1.65). Few women with a history of
VTE were enrolled, but these data sug-
gest a possibility that these women may
be at greater risk of future VTE events
when taking estrogen plus progestin (7
vs 1; HR, 4.90; 95% CI, 0.58-41.00)
than those without a history of VTE
(144 vs 66; HR, 2.06; 95% CI,
1.54-2.76). For stroke, prior history did
not confer additional risk (1 vs 5 in
women with prior stroke; HR, 0.46;
95% CI, 0.05-4.51; 126 vs 80 with no
prior stroke; HR, 1.47; 95% CI,
1.11-1.95). No noteworthy interac-
tions with age, race/ethnicity, body mass
index, prior hormone use, smoking sta-
tus, blood pressure, diabetes, aspirin
use, or statin use were found for the
effect of estrogen plus progestin on
CHD, stroke, or VTE.

Breast Cancer. Women reporting
prior postmenopausal hormone use
had higher HRs for breast cancer asso-
ciated with estrogen plus progestin
use than those who never used post-
menopausal hormones (among never
users, 114 vs 102; HR, 1.06; 95% CI,
0.81-1.38; for women with <5 years
of prior use, 32 vs 15; HR, 2.13; 95%
CI, 1.15-3.94; for women with 5-10
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years of prior use, 11 vs 2; HR, 4.61;
95% CI, 1.01-21.02; and for women
with =10 years of prior use, 9 vs 5;
HR, 1.81; 95% CI, 0.60-5.43; test for
trend, z=2.17). No interactions
between estrogen plus progestin and
age, race/ethnicity, family history,
parity, age at first birth, body mass
index, or Gail-model risk score were
observed for invasive breast cancer.

Further Analyses

Because a number of women stopped
study medications during follow-up,
several analyses were performed to ex-
amine the sensitivity of the principal HR
estimates to actual use of study medi-
cations. Analyses that censored a wom-
an’s event history 6 months after be-
coming nonadherent (using <80% of
or stopping study drugs) produced the
largest changes to estimated effect sizes.
This approach increased HRs to 1.51 for
CHD, to 1.49 for breast cancer, to 1.67
for stroke, and to 3.29 for VTE. Analy-
ses attributing events to actual hor-

RISKS AND BENEFITS OF ESTROGEN PLUS PROGESTIN

mone use (“as treated,” allowing for a
6-month lag) produced more modest
changes to these estimates. Analyses ex-
cluding women randomized during the

period when the unopposed-estrogen
component was open to women with
a uterus and analyses stratifying by en-
rollment period did not substantially

]
Figure 4. Kaplan-Meier Estimates of Cumulative Hazards for Global Index and Death
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Table 4. Selected Clinical Outcomes by Follow-up Year and Randomization Assignment*

Year 1 Year 2 Year 3

Outcomes l E+P Placebo F{atioI E+P Placebo FiatioI l E+P Placebo RatioI
No. of participant-years 8435 8050 8353 7980 8268 7888
Coronary heart disease 43 (0.51) 23(0.29) 1.78 36 (0.43) 30 (0.38) 1.15 20 (0.24) 18 (0.23) 1.06
Stroke 17 (0.20) 7 (0.21) 0.95 27 (0.32) 5(0.19) 1.72 30 (0.36) 6 (0.20) 1.79
Venous thromboembolism 49 (0.58) 3(0.16) 3.60 (O 31) (O 14) 2.26 (O 25) 2(0.15) 1.67
Invasive breast cancer 11 (0.13) 7 (0.21) 0.62 6 (0.31) 0 (0.38) 0.83 8 (0.34) 3(0.29) 1.16
Endometrial cancer 2(0.02) 2(0.02) 0.95 4 (0.05) (O 05) 0.96 (O 05) 5(0.06) 0.76
Colorectal cancer 10 (0.12) 15 (0.19) 0.64 11 (0.13) 9(0.11) 117 6 (0.07) 8(0.10) 0.72
Hip fracture 6 (0.07) 9 (0.11) 0.64 8(0.10) 3(0.16) 0.59 1(0.13) 2(0.15) 0.87
Total death 22 (0.26) 7 (0.21) 1.24 30 (0.36) 30 (0.38) 0.96 39 (0.47) 5 (0.44) 1.06
Global index 123 (1.46) 96 (1.19) 1.22 134 (1.60) 117 (1.47) 1.09 127 (1.54) 107 (1.36) 1.13

Year 4 Year 5 Year 6 and Later
[ - 10 l z Score

Outcomes E+P Placebo Ratio E+P Placebo Ratio E+P Placebo Ratio  for Trendt
No. of participant-years 7926 7562 5964 5566 5129 4243
Coronary heart disease 25(0.32) 24 (0.32) 0.99 23(0.39) 9(0.16) 2.38 17 (0.39) 18(0.42) 0.78 -1.19
Stroke 5(0.32) 4(0.19) 1.70 6 (0.27) 8(0.14) 1.87 12 (0.29) 15 (0.35) 0.66 -0.51
Venous thromboembolism 7(0.34) 4 (0.19) 1.84 6 (0.27) 6 (0.11) 2.49 12 (0.23) 11 (0.26) 0.90 -2.45
Invasive breast cancer 0 (0.50) 2 (0.29) 1.73 34 (0.57) 12 (0.22) 2.64 27 (0.53) 20 (0.47) 1.12 2.56
Endometrial cancer 10 (0.13) 5(0.07) 1.91 1(0.02) 4 (0.07) 0.23 1(0.02) 5(0.12) 0.17 -1.58
Colorectal cancer 9(0.11) 0 (0.26) 0.43 4(0.07) 8(0.14) 0.47 5(0.10) 7(0.16) 0.59 -0.81
Hip fracture 8(0.10) 1(0.15) 0.69 5(0.08) 8(0.14) 0.58 6(0.12) 9(0.21) 0.55 0.25
Total death 5 (0.69) 8 (0.63) 1.09 41 (0.69) 44 (0.79) 0.87 44 (0.86) 44 (1.04) 0.83 -0.79
Global index 155(1.96) 127 (1.68) 1.16 112 (1.88) 77 (1.38) 1.36 100 (1.95) 99 (2.33) 0.84 -0.87

*E + P indicates estrogen plus progestin. All outcome data are number of patients (annualized percentage).
FTests for trends are based on Cox proportional hazards models with time-dependent treatment effects. The z scores shown indicate trends across all years.
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affect the results. These analyses sug-
gest that the intention-to-treat esti-
mates of HRs may somewhat underes-
timate the effect sizes relative to what
would be observed with full adher-
ence to study medications.

COMMENT

The WHI provides evidence from a
large randomized trial that addresses the
important issue of whether most
women with an intact uterus in the de-
cades of life following menopause
should consider hormone therapy to
prevent chronic disease. The WHI en-
rolled a cohort of mostly healthy, eth-
nically diverse women, spanning a large
age range (50-79 years at baseline). It
is noteworthy that the increased risks
for cardiovascular disease and inva-
sive breast cancer were present across
racial/ethnic and age strata and were not
influenced by the antecedent risk sta-
tus or prior disease. Hence, the results
are likely to be generally applicable to
healthy women in this age range. At the
time the trial was stopped, the in-
creases in numbers of invasive breast
cancers, CHD, stroke, and PE made ap-
proximately equal contributions to
harm in the estrogen plus progestin
group compared with placebo, which
were not counterbalanced by the
smaller reductions in numbers of hip
fractures and colorectal cancers.

Cardiovascular Disease

Even though the trial was stopped early
for harm from breast cancer, a suffi-
cient number of CHD events had oc-
curred by 5.2 years of average fol-
low-up to suggest that continuation to
the planned end would have been un-
likely to yield a favorable result for the
primary outcome of CHD. Even if there
were a reversal of direction toward ben-
efit of a magnitude seen in the obser-
vational studies (ie, a risk reduction of
55%) during the remaining years, con-
ditional power analyses indicate that
less than 10% power remained for
showing potential benefit if the trial
continued.

The WHI finding that estrogen plus
progestin does not confer benefit for

330 JAMA, July 17, 2002—Vol 288, No. 3 (Reprinted)

preventing CHD among women with
a uterus concurs with HERS findings
among women with clinically appar-
ent CHD,' with the Estrogen Replace-
ment for Atherosclerosis trial, in which
estrogen plus progestin did not in-
hibit progression,” and with a trial in
women with unstable angina that did
not observe a reduction in ischemic
events.”® The finding of an increased
risk after initiation of treatment in WHI
is similar to HERS. In HERS, after 4.1
and 6.8 years of follow-up, hormone
therapy did not increase or decrease risk
of cardiovascular events in women with
CHD.* The WHI extends these find-
ings to include a wider range of women,
including younger women and those
without clinically apparent CHD, and
indicates that the risk may persist for
some years.

Unlike CHD, the excess risk of stroke
in the estrogen plus progestin group
was not present in the first year but ap-
peared during the second year and per-
sisted through the fifth year. Prelimi-
nary analyses indicate that the modest
difference in blood pressure between
groups does not contribute much to an
explanation of the increase in strokes
(data not shown). The findings in WHI
for stroke are consistent with but some-
what more extreme than those of HERS,
which reported a nonsignificant 23% in-
crease in the treatment group.?® The re-
sults were also more extreme than those
of the Women’s Estrogen and Stroke
Trial of estradiol (without progestin) in
women with prior stroke, which found
no effect of estrogen on recurrent
strokes overall but some increase in the
first 6 months.*” Trials of the effect of
estradiol on carotid intima-media thick-
ness have yielded conflicting re-
sults.”®? Atleast 1 observational study
has suggested that that use of estrogen
plus progestin is associated with higher
risk of stroke than estrogen alone.'* In
WHI, there was no indication that ex-
cess strokes due to estrogen plus pro-
gestin were more likely to occur in older
women, in women with prior stroke
history, by race/ethnicity, or in women
with high blood pressure at baseline.
Therefore, it appears that estrogen plus

progestin increases the risk of strokes
in apparently healthy women.

Venous thromboembolism is an ex-
pected complication of postmeno-
pausal hormones, and the pattern over
time in WHI is consistent with the find-
ings from HERS and several observa-
tional studies.***!

Cancer

The WHI is the first randomized con-
trolled trial to confirm that combined es-
trogen plus progestin does increase the
risk of incident breast cancer and to
quantify the degree of risk. The WHI
could not address the risk of death due
to breast cancer because with the rela-
tively short follow-up time, few women
in the WHI have thus far died as a re-
sult of breast cancer (3 in the active treat-
ment group and 2 in the placebo group).
The risk of breast cancer emerged sev-
eral years after randomization. After an
average follow-up of about 5 years, the
adverse effect on breast cancer had
crossed the monitoring boundary. The
26% excess of breast cancer is consis-
tent with estimates from pooled epide-
miological data, which reported a 15%
increase for estrogen plus progestin use
for less than 5 years and a 53% increase
for use for more than 5 years.** Itis also
consistent with the (nonsignificant) 27%
increase found after 6.8 years of fol-
low-up in HERS.*®

With more common use of estrogen
plus progestin, several epidemiological
studies have reported that estrogen plus
progestin appears to be associated with
greater risk of breast cancer than estro-
gen alone.***" In the PEPI trial, women
in the 3 estrogen plus progestin groups
had much greater increases in mammo-
graphic density (a predictor of breast
cancer) than women in the estrogen or
placebo groups.®® In WHI, the HR for es-
trogen plus progestin was not higher in
women with a family history or other
risk factors for breast cancer, except for
reported prior use of postmenopausal
hormones. This may suggest a cumula-
tive effect of years of exposure to post-
menopausal hormones.

Endometrial cancer rates were low
and were not increased by 5 years of es-
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trogen plus progestin exposure. Close
monitoring for bleeding and treat-
ment of hyperplasia may contribute to
the absence of increased risk of endo-
metrial cancer.

The reduction in colorectal cancer in
the hormone group is consistent with
observational studies, which have sug-
gested fairly consistently that users of
postmenopausal hormones may be at
lower risk of colorectal cancer.® The
mechanisms by which hormone use
might reduce risk are unclear. Results
from other trials of postmenopausal
hormones will help resolve the effects
of hormones on colorectal cancer.*

Fractures

The reductions in clinical vertebral frac-
tures, other osteoporotic fractures, and
combined fractures supported the ben-
efit for hip fractures found in this trial.
These findings are consistent with the
observational data and limited data from
clinical trials* and are also consistent
with the known ability of estrogen (with
or without progestin) to maintain bone
mineral density.* The WHI is the first
trial with definitive data supporting the
ability of postmenopausal hormones to
prevent fractures at the hip, vertebrae,
and other sites.

Overall Risks and Benefits

At the end of the trial, the global in-
dex indicated that there were more
harmful than beneficial outcomes in the
estrogen plus progestin group vs the
placebo group. The monitored out-
comes included in the global index were
selected to represent diseases of seri-
ous import that estrogen plus proges-
tin treatment might affect, and do not
include a variety of other conditions and
measures that may be affected in un-
favorable or favorable ways (eg, gall-
bladder disease, diabetes, quality of
life, and cognitive function). The data
on these and other outcomes will be
the subject of future publications.
All-cause mortality was balanced
between the groups; however, longer
follow-up may be needed to assess
the impact of the incident diseases on
total mortality.

©2002 American Medical Association. All rights reserved.
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The absolute excess risk (or risk re-
duction) attributable to estrogen plus
progestin was low. Over 1 year, 10000
women taking estrogen plus progestin
compared with placebo might experi-
ence 7 more CHD events, 8 more
strokes, 8 more PEs, 8 more invasive
breast cancers, 6 fewer colorectal can-
cers, and 5 fewer hip fractures. Com-
bining all the monitored outcomes,
women taking estrogen plus progestin
might expect 19 more events per year
per 10000 women than women taking
placebo. Over alonger period, more typi-
cal of the duration of treatment that
would be needed to prevent chronic dis-
ease, the absolute numbers of excess out-
comes would increase proportionately.

During the 5.2 years of this trial, the
number of women experiencing a global
index event was about 100 more per
10000 women taking estrogen plus pro-
gestin than taking placebo. If the cur-
rent findings can be extrapolated to an
even longer treatment duration, the ab-
solute risks and benefits associated with
estrogen plus progestin for each of these
conditions could be substantial and on
a population basis could account for
tens of thousands of conditions caused,
or prevented, by hormone use.

Limitations

This trial tested only 1 drug regimen,
CEE, 0.625 mg/d, plus MPA, 2.5 mg/d,
in postmenopausal women with an in-
tact uterus. The results do not necessar-
ily apply to lower dosages of these drugs,
to other formulations of oral estrogens
and progestins, or to estrogens and pro-
gestins administered through the trans-
dermal route. It remains possible that
transdermal estradiol with progester-
one, which more closely mimics the nor-
mal physiology and metabolism of en-
dogenous sex hormones, may provide
a different risk-benefit profile. The WHI
findings for CHD and VTE are sup-
ported by findings from HERS, but there
is no other evidence from clinical trials
for breast cancer and colorectal cancer,
and only limited data from trials con-
cerning fractures.

Importantly, this trial could not dis-
tinguish the effects of estrogen from

those of progestin. The effects of pro-
gestin may be important for breast can-
cer and atherosclerotic diseases, in-
cluding CHD and stroke. Per protocol,
in a separate and adequately powered
trial, WHI is testing the hypothesis of
whether oral estrogen will prevent CHD
in 10739 women who have had a hys-
terectomy. The monitoring of this trial
is similar to that for the trial of estro-
gen plus progestin. At an average fol-
low-up of 5.2 years, the DSMB has rec-
ommended that this trial continue
because the balance of overall risks and
benefits remains uncertain. These re-
sults are expected to be available in
2005, at the planned termination.

The relatively high rates of discon-
tinuation in the active treatment arm
(42%) and crossover to active treat-
ment in the placebo arm (10.7%) are a
limitation of the study; however, the lack
of adherence would tend to decrease the
observed treatment effects. Thus, the re-
sults presented here may underesti-
mate the magnitude of both adverse ef-
fects on cardiovascular disease and breast
cancer and the beneficial effects on frac-
tures and colorectal cancer among
women who adhere to treatment.

The fact that the trial was stopped
early decreases the precision of esti-
mates of long-term treatment effects. A
longer intervention period might have
shown more pronounced benefit for
fractures and might have yielded a more
precise test of the hypothesis that treat-
ment reduces colorectal cancer. None-
theless, it appears unlikely that benefit
for CHD would have emerged by con-
tinuing the trial to its planned termina-
tion. The trial results indicate that treat-
ment for up to 5.2 years is not beneficial
overall and that there is early harm for
CHD, continuing harm for stroke and
VTE, and increasing harm for breast can-
cer with increasing duration of treat-
ment. This risk-benefit profile is not con-
sistent with the requirements for a viable
intervention for the primary preven-
tion of chronic diseases.

Implications

The WHI trial results provide the first
definitive data on which to base treat-
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ment recommendations for healthy post-
menopausal women with an intact
uterus. This trial did not address the
short-term risks and benefits of hor-
mones given for the treatment of meno-
pausal symptoms. On the basis of HERS
and other secondary prevention trials,
the American Heart Association recom-
mended against initiating postmeno-
pausal hormones for the secondary pre-
vention of cardiovascular disease.” The
American Heart Association made no
firm recommendation for primary pre-
vention while awaiting the results from
randomized clinical trials such as WHI,
and stated that continuation of the treat-
ment should be considered on the ba-
sis of established noncoronary benefits
and risks, possible coronary benefits and
risks, and patient preference.

Results from WHI indicate that the
combined postmenopausal hormones
CEE, 0.625 mg/d, plus MPA, 2.5 mg/d,
should not be initiated or continued for
the primary prevention of CHD. In ad-
dition, the substantial risks for cardio-
vascular disease and breast cancer must
be weighed against the benefit for frac-
ture in selecting from the available
agents to prevent osteoporosis.
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O nC E upon a time, women took

estrogen only to relieve the hot flashes, sweating, vaginal dryness and the
other discomforting symptoms of menopause. In the late 1960s, thanks in
part to the efforts of Robert Wilson, a Brooklyn gynecologist, and his 1966
best seller, “Feminine Forever,” this began to change, and estrogen therapy
evolved into a long-term remedy for the chronic ills of aging. Menopause,
Wilson argued, was not a natural age-related condition; it was an illness,
akin to diabetes or kidney failure, and one that could be treated by taking
estrogen to replace the hormones that a woman’s ovaries secreted in ever
diminishing amounts. With this argument estrogen evolved into hormone-
replacement therapy, or H.R.T., as it came to be called, and became one of
the most popular prescription drug treatments in America.

By the mid-1990s, the American Heart Association, the American Col-
lege of Physicians and the American College of Obstetricians and Gyne-
cologists had all concluded that the beneficial effects of H.R.T. were suf-
ficiently well established that it could be recommended to older women as
a means of warding off heart disease and osteoporosis. By 2001, 15 million
women were filling H.RT. prescriptions annually; perhaps 5 million were
older women, tak1n° the drug solely with the expectation that it would
allow them to lead a longer and healthier life. A year later, the tide would
turn. In the summer of 2002, estrogen therapy was exposed as a hazard to
health rather than a benefit, and its story became what Jerry Avorn, a Har-
vard epidemiologist, has called the “estrogen debacle” and a “case study
waiting to be written” on the elusive search for truth in medicine.

Many explanations have been offered to make sense of the here-today-
gone-tomorrow nature of medical wisdom — what we are advised with
confidence one year is reversed the next — but the simplest one is that it is
the natural rhythm of science. An observation leads to a hypothesis. The
hypothesis (last year’s advice) is tested, and it fails this year’s test, which is
always the most likely outcome in any scientific endeavor. There are, after
all, an infinite number of wrong hypotheses for every right one, and so the
odds are always against any particular hypothesis being true, no matter
how obvious or vitally important it might seemn.

In the case of H.R.T,, as with most issues of diet, lifestyle and disease,
the hypotheses begin their transformation into public-health recommen-

" dations only after they’ve received the requisite support from a field of
research known as epidemiology. This science evolved over the last 250
years to make sense of epidemics — hence the name — and infectious dis-
eases. Since the 1950s, it has been used to identify, or at least to try to iden-
tify, the causes of the common chronic diseases that befall us, particularly
heart disease and cancer. In the process, the perception of what epidemio-
logic research can legitimately accomplish — by the public, the press and
perhaps by many epidemiologists themselves — may have run far ahead of
the reality. The case of hormone-replacement therapy for post-menopausal
women is just one of the cautionary tales in the annals of epidemiology. It’s
a particularly glaring example of the difficulties of trying to establish reli-
able knowledge in any scientific field with research tools that themselves
may be unreliable.

What was considered true about estrogen therapy in the 1960s and is still
the case today is that it is an effective treatment for menopausal symptoms.
Take H.R.T. for a few menopausal years and it’s extremely unlikely that
any harm will come from it. The uncertainty involves the lifelong risks and
benefits should a woman choose to continue taking H.R.T. long past. meno-
pause, In 1985, the Nurses” Health Study run out of the Harvard Medical
School and the Harvard School of Public Health reported that women tak-
ing estrogen had only a third as many heart attacks as women who had

Gary Taubes is the author of the forthcoming book “Good Calories, Bad
Calories: Challenging the Conventional Wisdom on Diet, Weight Con-
trol and Disease.”

never taken the drug. This appeared to confirm the belief that women were
protected from heart attacks until they passed through menopause and
that it was estrogen that bestowed that protection, and this became the
basis of the therapeutic wisdom for the next 17 years.

Faith in the protective powers of estrogen began to erode in 1998, when a
clinical trial called HERS, for Heart and Estrogen-progestin Replacement
Study, concluded that estrogen therapy increased, rather than decreased, the
likelihood that women who already had heart disease would suffer a heart
attack. [t evaporated entirely in July 2002, when a second trial, the Women’s
Health Initative, or W.H.I., concluded that H.R.T. constituted a potential
health risk for all postmenopausal women. While it might protect them
against osteoporosis and perhaps colorectal cancer, these benefits would be
outweighed by increased risks of heart disease, stroke, blood clots, breast
cancer and pelhaps even dementia. And that was the final word. Or at least
it was until the June 21 issue of The New England Journal of Medicine. Now
the idea is that hormone-replacement therapy may indeed protect women
against heart disease if they begin taking it during menopause, but it is still
decidedly deleterious for those women who begin later in life.

This latest variation does come with a caveat, however, which could
have been made at any point in this history. While it is easy to find
authority figures Th medicine and public health who will argue that
today’s version of H.R.T. wisdom is assuredly the correct one, it’s equal-
ly easy to find authorities who will say that surely we don’t know. The
one thing on which they will all agree is that the kind of experimental
trial necessary to determine the truth would be excessively expensive
and time-consuming and so will almost assuredly never happen. Mean-
while, the question of how many women may have died prematurely or
suffered strokes or breast cancer because they were taking a pill that
their physicians had prescribed to protect them against heart disease
lingers unanswered. A reasonable estimate would be tens of thousands.

Plop Rhythm of Beiencs

Atthe center of the H.R.T. story is the science of epidemiology itself and,
in particular, a kind of study known as a prospective or cohort study, of
which the Nurses’ Health Study is among the most renowned. In these
studies, the i mvesugators monitor disease.rates and llfestyle factors (dlet,
physical activity, prescription drug use, exposure to pollutants, etc.) in
or between large popularions (the 122,000 nurses of the Nurses’ study,
for example). They then try to infer conclusions — i.e., hypotheses —
about what caused the disease variations observed. Because these studies
can generate an enormous number of speculations about the causes or
prevention of chronic diseases, they provide the fodder for much of the
health news that appears in the media — from the potential benefits of
fish o1l, fruits and vegetables to the supposed dangers of sedentary lives,
trans fats and electromagnetic fields. Because these studies often provide
the only available evidence outside the laboratory on critical issues of our
well-being, they have come to play a significant role in generating public-
health recommendations as well.

The dangerous game being played here, as David Sacketr, a retired
Oxford University epidemiologist, has observed, is in the presumption of
preventive medicine. The goal of the endeavor is to tell those of us who
are otherwise in fine health how to remain healthy longer. But this advice
comes with the expectation that any prescription given — whether diet or
drug or a change in lifestyle — will indeed prevent disease rather than be
the agent of our disability or unrimely death. With that presumption, how
unambiguous does the evidence have to be before any advice is offered?

The catch with observational studies like the Nurses” Health Study, no mat-
ter how well designed and how many tens of thousands of subjects they might
include, is that they have a fundamental limitation, They can distinguish asso-



ciations between two events — that women who take H.R.T. have less heart
disease, for instance, than women who don’t. But they cannot inherently
determine causation — the conclusion that one event causes the other; that
H.RT. protects against heart disease. As a result, observational studies can
only provide what researchers call hypothesis-generating evidence — whata
defense attorney would call circumstantial evidence.

Testing these hypotheses in any definitive way requires a randomized-
controlled trial —an experiment, not an observational study — and these
clinical trials typically provide the flop to the flip-flop rhythm of medical
wisdom. Until August 1998, the faith that H.R.T. prevented heart disease
was based primarily on observational evidence, from the Nurses’ Health
Study most prominently. Since then, the conventional wisdom has been
based on clinical trials — first HERS, which tested H.R.T. against a pla-
cebo in 2,700 women with heart disease, and then the Women’s Health
Initiative, which tested the therapy against a placebo in 16,500 healthy
women. When the Women’s Health Initiative concluded in 2002 that
H.R.T. caused far more harm than good, the lesson to be learned, wrote
Sackett in The Canadian Medical Association Journal, was about the
“disastrous inadequacy of lesser evidence” for shaping medical and pub-
Tlic-health policy. The contentious wisdom circa mid-2007 — that estro-
gen benefits women who begin taking it around the time of menopause
but not women who begin substantially later — is an attempt to reconcile
the discordance between the observational studies and the experimental
ones. And it may be right. It may not. The only way to tell for sure would
be to do yet another randomized trial, one that now focused exclusively
on women given H.R.T. when they begin their menopause.

& Poor Track Revord of Prevention
No one questions the value of these epidemiologic studies when they’re used
to identify the unexpected side effects of prescription drugs or to study the
progression of diseases or their distribution between and within populations.
One reason researchers believe that heart disease and many cancers can be
prevented is because of observational evidence that the incidence of these
diseases differ greatly in different populations and in the same populations
over time. Breast cancer is not the scourge among Japanese women that it is

PHOTOGRAPH BY AEINHARD HUNGER FOR THE NEW YORK TIMES. PROP STYLIST: CHRISTOPH HIMMEL,

among American women, but it takes only two
generations in the United States before Japa-
nese-Americans have the same breast cancer
rates as any other ethnic group. This tells us
that something about the American lifestyle or
diet is a cause of breast cancer. Over the last 20
years, some two dozen large studies, the Nurs-
es” Health Study included, have so far failed to
identify what that factor is. They may be inher-
ently incapable of doing so. Nonetheless, we
know that such a carcinogenic factor of diet or
lifestyle exists, waiting to be identified.

These studies have also been invaluable for
identifying predictors of disease — risk fac-
tors — and this information can then guide
physicians in weighing the risks and benefits
of putting a particular patient on a particular
drug. The studies have repeatedly confirmed
that high blood pressure is associated with an
increased risk of heart disease and that obesi-
ty is associated withan increased risk of most
of our common chronic diseases, but they
have not told us what it is that raises blood
pressure or causes obesity. Indeed, if you ask
the more skeptical epidemiologists in the field what diet and lifestyle fac-
tors have been convincingly established as causes of common chronic dis-
eases based on observational studies without clinical trials, you’ll geta very
short list: smoking as a cause of lung cancer and cardiovascular disease,
sun exposure for skin cancer, sexual activity to spread the papilloma virus
that causes cervical cancer and perhaps alcohol for a few different cancers
as well.

Richard Peto, professor of medicalstatistics and epidemiology at Oxford
University, phrases the nature of the conflict this way: “Epidemiology is
so beautiful and provides such an important perspective on human life
and death, but an incredible amount of rubbish is published,” by which
he means the results of observational studies that appear daily in the news
media and often become the basis of public-health recommendations about
what we should or should not do to promete our continued good health.

In January 2001, the British epidemiologists George Davey Smith and
Shah Ebrahim, co-editors of The International Journal of Epidemiology,
discussed this issue in an editorial titled “Epidemiology — Is It Time to
CallIta Day?” They noted that those few times that a randomized trial had
been financed to test a hypothesis supported by results from these large
observational studies, the hypothesis either failed the test or, at the very
least, the test failed 1o confirm the hypothesis: antioxidants like vitamins E
and C and beta carotene did not prevent heart disease, nor did eating copi-
ous fiber protect against colon cancer.

The Nurses” Health Study is the most influential of these cohort studies,
and in the six years since the Davey Smith and Ebrahim editorial, a series
of new trials have chipped away at its credibility. The Women’s Health Ini-
tiative hormone-therapy trial failed to confirm the proposition that H.R.T.
prevented heart disease; a W.H.I. diet trial with 49,000 women failed to con-
firm the notion that fruits and vegetables protected against heart disease; a
40,000-woman trial failed to confirm that a daily regimen of low-dose aspi-
tin prevented colorectal cancer and heart attacks in women under 65. And,
this June, yet another clinical trial — this one of 1,000 men and women with
a high risk of colon cancer — contradicted the inference from the Nurses’s
study that folic acid supplements reduced the risk of colon cancer. Rather, if
anything, they appear to increase risk.

The implication of this track record seems hard to avoid. “Even the
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Jbservational studies can only provide what
researchers call hypothesis-generating evidence or what a

defense attorney would call circumstantial evidence.

Nurses’ Health Study, one of the biggest and best of these studies, cannot
be used to reliably test small-to-moderate risks or benefits,” says Charles
Hennekens, a principal investigator with the Nurses’ study from 1976 to
2001. “None of them can.”

Proponents of the value of these studies for tellingus how to prevent com-
mon diseases — including the epidemiologists who do them, and physicians,
nutritionists and public-health authorities who use their findings to argue for
or against the health benefits of a particular regimen — will argue that they
are never relying on any single study. Instead, they base their ultimate judg-
ments on the “totality of the data,” which in theory includes all the obser-
vational evidence, any existing clinical trials and any laboratory work that
might provide a biological mechanism to explain the observations.

This in turn leads to the argument that the fault is with the press, not the=
epidemiology. “The problem 1s not in the research but in the way it 1s inter-
preted for the public,” as Jerome Kassirer and Marcia Angell, then the edi-
tors of The New England Journal of Medicine, explained in a 1994 editorial
titled “What Should the Public Believe?” Each study, they explained, is just
a “piece of a puzzle” and so the media had to do a better job of communicat-
ing the many limitations of any single study and the caveats involved — the
foremost, of course, being that “an association between two events is not
the same as a cause and effect.”

Stephen Pauker, a professor of medicine at Tufts University and a pioneer in
the field of clinical decision making, says, “Epidemiologic studies, like diag-
nostic tests, are probabilistic statements.” They don't tell us what the truth is,
he says, but they allow both physicians and patients to “estimate the truth” so
they can make informed decisions. The question the skeptics will ask, how-
ever, is how can anyone judge the value of these studies without taking into
account their track record? And if they take into account the track record,
suggests Sander Greenland, an epidemiologist at the University of California,
Los Angeles, and an author of the textbook “Modern Epidemiology,” then
wouldn’t they do just as well if they simply tossed a coin?

As John Bailar, an epidemiologist who is now at the National Acade-
my of Science, once memorably phrased-it, “The appropriate question is
not whether there are uncertainties about epidemiologic data, rather, it is
whether the uncertainties are so great that one cannot draw useful conclu-
sions from the data.”

Soienee va, e

Understanding how we got into this situation is the simple part of the story.
The randomized-controlled trials needed to ascertain reliable knowledge
about long-term risks and benefits of a drug, lifestyle factor or aspect of our
diet are inordinately expensive and time consuming. By randomly assigning
research subjects into an intervention group (who take a particular pill or eat
a particular diet) or a placebo group, these trials “control” for all other pos-
sible variables, both known and unknown, that might effect the outcome: the
relative health or wealth of the subjects, for instance. This is why randomized
trials, particularly those known as placebo-controlled, double-blind trials,
are typically considered the gold standard for establishing reliable knowledge
about whether a drug, surgical intervention or diet is really safe and effective,

But clinical trials also have limitations beyond their exorbitant costs and
the years or decades it takes them to provide meaningful results. They can
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rarely be used, for instance, to study suspected
harmful effects. Randomly subjecting thousands of
individuals to secondhand tobacco smoke, pollut-
ants or potentially noxious trans fats presents obvi-
ous ethical dilemmas. And even when these trials
are done to study the benefits of a particular inter-
vention, it’s rarely clear how the results apply to the
public at large or to any specific patient. Clinical
trials invariably enroll subjects who are relatively
healthy, who are motivated to volunteer and will
show up regularly for treatments and checkups.
As a result, randomized trials “are very good for
showing that a drug does what the pharmaceutical
company says it does,” David Atkins, a preventive-
medicine specialist at the Agency for Healthcare
Research and Quality, says, “butnot very good for
telling you how big the benefit really is and what
are the harms in typical people. Because they don’t
enroll typical people.”

These limitations mean that the job of establishing
the long-term and relatively rare risks of drug thera-
pies has fallen to observational studies, as has the job
of determining the risks and benefits of virtually all
factors of diet and lifestyle that might be related to
chronic diseases. The former has been a fruitful field
of research; many side effects of drugs have been dis-
covered by these observational studies. The latter is
the primary point of contention.

While the tools of epidemiology — compari-
sons of populations with and without a disease
— have proved effective over the centuries in
establishing that a disease like cholera is caused by
contaminated water, as the British physician John
Snow demonstrated in the 1850s, it’s a much more
complicated endeavor when those same tools are
employed to elucidate the more subtle causes of
chronic disease.

And even the success stories taught in epidemi-
ology classes to demonstrate the historical richness
and potential of the field — that pellagra, a disease
that can lead to dementia and death, is caused by.a
nutrient-deficient diet, for instance, as Joseph Gold-
berger demonstrated in the 1910s —are only known to be successes because
the itial hypotheses were subjected to rigorous tests and happened to sur-
vive them. Goldberger tested the competing hypothesis, which posited that
the disease was caused by an infectious agent, by holding what he called “filth
parties,” injecting himself and seven volunteers, his wife among them, with
the blood of pellagra victims. They remained healthy, thus doing a compel-
ling, if somewhat revolting, job of refuting the alternative hypothesis.

Smoking and lung cancer is the emblematic success story of chronic-
disease epidemiology. But lung cancer was a rare disease before ciga-
rettes became widespread, and the association between smoking and
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lung cancer was striking: heavy smokers had 2,000 to 3,000 percent
the risk of those who had never smoked. This made smoking a “turkey
shoot,” says Greenland of U.C.IL.A., compared with the associations
epidemiologists have struggled with ever since, which fall into the tens
of a percent range. The good news is that such small associations, even if
causal, can be considered relatively meaningless for a single individual.
If 2 50-year-old woman with a small risk of breast cancer takes H.R.T.
and increases her risk by 30 percent, it remains a small risk.

The compelling motivation for identifying these small effects is that
their impact on the public health can be enormous if they’re aggregated

over an entire nation: if tens of millions of women decrease their breast
cancer risk by 30 percent, tens of thousands of such cancers will be pre-
vented each year. In fact, between 2002 and 2004, breast cancer inci-
dence in the United States dropped by 12 percent, an effect that may
have been caused by the coincident decline in the use of H.R.T. (And it
may not have been. The coincident reduction in breast cancer incidence
and H.RT. use is only an association.)

Saving tens of thousands of lives each year constitutes a powerful reason to
lower the standard of evidence needed to suggest a cause-and-effect relation-
ship — to take a leap of faith. This is the crux of the issue. From a scientific

THE NEW YORK TIMES MAGAZINE / SEPTEMBER 16, 2007 57




perspective, epidemiologic studies may be incapable of distinguishing a small
effect from no effect ar al}, and so caution dictates thar the scientist refrain
from making any claims in that situation. From the public-health perspective,
a small effect can be a very dangerous or beneficial thing, at least when aggre-
gated overan entire nation,and so caution dicrates thataction be raken, even if
that small effect might not be real. Hence the public-health logic that 1t’s bet-
ter 1o err on the side of prudence even if it means persuading us all to engage
inan activity, eat a food or take a pill that does nothing for us and ignoring, for
the moment, the possibility that such an action could have unforeseen harm-
ful consequences. As Greenland says, “The combination of data, statistical
methodology and motivation seems 2 potent anesthetic for skepticism.”

The Nurses’ Health Study was founded at Harvard in 1976 by Frank Speiz-
er, an epidemiologist who wanted to study the long~term effects of oral
contraceptive use. It was expanded to include postmenopausal estrogen
therapy because both treatments involved long-term hormone use by mil-
lions of women, and nobody knew the consequences. Speizer’s assistants
in this endeavor, who would go on to become the most influential epide-
miologists in the country, were young physicians — Charles Hennekens,
Walter Willett, Meir Stampfer and Graham Colditz — all interested in the
laudable goal of preventing disease more than curing it after the fact.

When the Nurses’ Health Study first published its observations on estro-
gen and heart disease in 1985, it showed that women taking estrogen thera-
py had only a third the risk of having a heart atrack as had women who had
never taken it; the association seemed compelling evidence for a cause and
effect. Only 90 heart attacks had been reported among the 32,000 post-
menopausal nurses in the study, and Stampfer, who had done the bulk of
the analysis, and his colleagues “considered the possibility that the appar-
ent protective effect of estrogen could be attributed to some other factor
associated with its use.”” They decided, though, as they have ever since, that
this was unlikely. The paper’s ultimate conclusion was that “further work
is needed to define the optimal type, dose and duration of postmenopausal
hormone use” for maximizing the protective benefir.

Only after Stampfer and his colleagues published their initial report on
estrogen therapy did other investigators begin to understand the nature of
the other factors that might explain the association. In 1987, Diana Petitti,
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an epidemiologist now at the University of
Southern California, reported that she, too,
had detected a reduced risk of heart-disease
deaths among women taking H.R.T. in the
Walnut Creek Study, a population of 16,500
women. When Petitti looked ar all the data,
however, she “found an even more dramatic
reduction in death from homicide, suicide and
accidents.” With little reason to believe that
estrogen would ward off homicides or acci-
dents, Petitti concluded thar something else
appeared 1o be “confounding” the association
she had observed. “The same thing causing
this obvious spurious association might also be
contributing to the Jower risk of coronary heart disease,” Petitti says today.

That mysterious something is encapsulated in what epidemiologists call
the healthy-user bias, and some of the most fascinating research in obser-
vational epidemiology is now aimed at understanding this phenomenon
in all its insidious subtlety. Only then can epidemiologists learn how to
filter out the effect of this healthy-user bias from what might otherwise
appear in their studies to be real causal relationships. One complication is
that it encompasses a host of different and complex issues, many or most
of which might be impossible to quantify. As Jerry Avorn of Harvard
puts it, the effect of healthy-user bias has the potential for “big mischief”
throughout these large epidemiologic studies.

Atitssimplest, the problem is that people who faithfully engage in activi-
ties that are good for them — taking a drug as prescribed, for instance, or
eating what they believe is a healthy diet — are fundamentally different
from those who don’t. One thing epidemiologists have established with
certainty, for example, is that women who take H.R.T. differ from those
who don’ in many ways, virtually all of which associate with lower heart-
disease risk: they’re thinner; they have fewer risk factors for heart disease
to begin with; they tend to be more educated and wealthier; to exercise
more; and to be generally more health conscious.

Considering all these factors, is it possible to isolate one factor — hor-
mone-replacement therapy — as the legitimate cause of the small asso-
ciation observed or even part of it? In one large population studied by
Elizabeth Barrett-Connor, an epidemiologist at the University of Cali-
fornia, San Diego, having gone to college was associated witha 50 percent
lower risk of heart disease. So if women who take H.R.T. tend to be more
educated than women who don’t, this confounds the association berween
hormone therapy and heart disease. It can give the appearance of cause
and effect where none exists.

Another thing that epidemiologic studies have established convine-
ingly 1s that wealth associates with less heart disease and better health,
at least in developed countries. The studies have been unable to estab-
lish why this is so, but this, too, is part of the healthy-user problem
and a possible confounder of the hormone-therapy story and many of
the other associations these epidemiologists try to study. George Davey
Smith, who began his career studying how socioeconomic status associ-
ates with health, says one thing this research teaches is that misfortunes
“cluster” together. Poverty is a misfortune, and the poor are less edu-
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epidemiology,” one researcher says, ‘is that it’s not enough to just measure one

thing very accurately. To get the right answer, you may have to measure a great many things very accurately.

cated than the wealthy; they smoke more and weigh more; they’re more
likely to have hypertension and other heart-disease risk factors, to eat
what’s affordable rather than what the experts tell them is healthful, to
have poor medical care and to live in environments with more pollut-
ants, noise and stress. Ideally, epidemiologists will carefully measure the
wealth and education of their subjects and then use statistical methods
to adjust for the effect of these influences — multiple regression analy-
sis, for instance, as one such method is called — but, as Avorn says, it
“doesn’t always work as well as we’d like it to.”

The Nurses’ investigators have argued that differences in socioeconomic
status cannot explain the associations they observe with H.R.T. because all
their subjects are registered nurses and so this “controls” for variations in
wealth and education. The skeptics respond that even if all registered nurses
had identical educations and income, which isn’t necessarily the case, then
their socioeconomic status will be determined by whether theyre married,
how many children they have and their husbands’ income. “All you have
to do is look at nurses,” Petitti says. “Some are married to C.E.Os of
corporations and some are not married and still living with their parents. It
cannot be true that there is no socioeconomic distribution among nurses.”
Stampfer says that since the Women’s Health Initiative results came out in
2002, the Nurses” Health Study investigators went back into their data to
examine socioeconomic status *“to the extent that we could” — looking at
measures that might indirectly reflect wealth and social class. “It doesn’t
seem plausible” that socioeconomic status can explain the association they
observed, he says. But the Nurses’ investigators never published that anal-
ysis, and so the skeptics have remained unconvinced.

A still more subtle component of healthy-user bias has to be confronted.
This is the compliance or adherer effect. Quite simply, people who comply
with their doctors’ orders when given a prescription are different and health-
ier than people who don't. This difference may be ultimately unquantifiable.
The compliance effect is another plausible explanation for many of the ben-
eficial associations that epidemiologists commonly report, which means this
alone is a reason to wonder if much of what we hear about what constitutes a
healchful diet and lifestyle is misconceived.

The lesson comes from an ambitious clinical trial called the Coronary
Drug Project that set out in the 1970s to test whether any of five different
drugs might prevent heart attacks. The subjects were some 8,500 middle-
aged men with established heart problems. Two-thirds of them were ran-
domly assigned to take one of the five drugs and the other third a placebo.
Because one of the drugs, clofibrate, lowered cholesterol levels, the research-
ers had high hopes that it would ward off heart disease. But when the results
were tabulated after five years, clofibrate showed no beneficial effect. The
researchers then considered the possibility that clofibrate appeared to fail
only because the subjects failed to faithfully take their prescriptions.

As it turned out, those men who said they took more than 80 percent of
the pills prescribed fared substantially better than those who didn’t. Only
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15 percent of these faithful “adherers” died, compared with almost 25 per-
cent of what the project researchers called “pooradherers.” This might have
been taken as reason to believe that clofibrate actually did cut heart-disease
deaths almost by half, but then the researchers looked at those men who
faithfully took their placebos. And those men, too, seemed to benefit from
adhering closely to their prescription: only 15 percent of them died com-
pared with 28 percent who were less. conscientious. “So faithfully taking
the placebo cuts the death rate by a factor of two,” says David Freedman,
a professor of statistics at the University of California, Berkeley. “How
can this be? Well, people who take their placebo regularly are just different
than the others, The rest is a little speculative. Maybe they take better care
of themselves in general. But this compliance effect is quite a big effect.”

The moral of the story, says Freedman, is that whenever epidemiolo-
gists compare people who faithfully engage in some activity with those
who don’t — whether taking prescription pills or vitamins or exercising
regularly or eating what they consider a healthful diet — the researchers
need to account for this compliance effect or they will most likely infer the
wrong answer. They’ll conclude that this behavior, whatever it is, prevents
disease and saves lives, when all they’re really doing is comparing two dif-
ferent types of people who are, in effect, incomparable.

This phenomenon is a particularly compelling explanation for why
the Nurses’ Health Study and other cohort studies saw a benefit of
H.R.T. in current users of the drugs, but not necessarily in past users.
By distinguishing among women who never used H.R.T., those who
used it but then stopped and current users (who were the only ones
for which a consistent benefit appeared), these observational studies
may have inadvertently focused their attention specifically on, as Jerry
Avorn says, the “Girl Scouts in the group, the compliant ongoing users,
who are probably doing a lot of other preventive things as well.”

Another complication to what may already appear (for good reason) to be a
hopelessly confusing story is what might be called che prescriber effect. The
reasons a physician will prescribe one medication to one patient and another
or none at all to a different patient are complex and subtle. “Doctors go
through a lot of different filters when they’re thinking about what kind of
drug to give to what kind of person,” says Avorn, whose group at Harvard
has spent much of the last decade studying this effect. “Maybe they give
the drug to their sickest patients; maybe they give it to the people for whom
nothing else works.”

It’s this prescriber effect, combined with what Avorn calls the eager-
patient effect, that is one likely explanation for why people who take cho-
lesterol-lowering drugs called statins appear to have a greatly reduced risk
of dementia and death from all causes compared with people who don’t
take statins. The medication itself is unlikely to be the primary cause in
either case, says Avorn, because the observed associations are “so much
larger than the effects that have been seen in randomized-clinical trials.”

If we think like physicians, Avorn explains, then we get a plausible expla-
nation: “A physician is not going to take somebody either dying of meta-
static cancer or in a persistent vegetative state or with end-stage neuro-
logic disease and say, ‘Let’s get that cholesterol Continued on Page 74
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down, Mrs. Jones.” The consequence of that, mul-
tiplied over tens of thousands of physicians, is
that many people who end up on statins are a lot
healthier than the people to whom these doctors
do not give statins. Then add into that the people
who come to the doctor and say, “My brother-in-
law is on this drug,’ or, ‘I saw it in a commercial,’
or, ‘I want to do everything I can to prevent heart
disease, can I now have a statin, please?’ Those
. kinds of patients are very different from the
patients who don’t come in. The coup de grice
then comes from the patients who consistently
take their medications on an ongoing basis, and
who are still taking them two or three years later.
Those people are special and unusual and, as we
know from clinical trials, even if they’re taking a
sugar pill they will have better outcomes.”

The trick to successfully understanding what
any association might really mean, Avorn adds,
is “being clever.” “The whole point of science is
self-doubt,” he says, “and asking could there be
another explanation for what we’re seeing.”

H.R.T. and the Plausibility Problem

Until the HERS and W.H.I. trials tested and
refuted the hypothesis that hormone-replace-
ment therapy protected women against heart
disease, Stampfer, Willett and their colleagues
argued that these alternative explanations could
not account for what they observed. They had
gathered so much information abour their nurs-
es, they said, that it allowed them to compare
nurses who took H.R.T. and engaged in health-
conscious behaviors against women who didn’t
take H.R.T. and appeared to be equally health-
conscious. Because this kind of comparison
didn’t substantially change the size of the asso-
ciation observed, it seemed reasonable to con-
clude that the association reflected the causal
effect of HR.T. After the W.H.I. resulis were
published, says Stampfer, their faith was shaken,
but only temporarily. Clinical trials, after all,
also have limitations, and so the refutation of
what was originally a simple hypothesis — that
H.R.T. wards off heart disease — spurred new
hypotheses, not quite so simple, to explain it.

At the moment, at least three plausible explana-
tions exist for the discrepancy between the clini-
cal trial results and those of the Nurses’ Health
Study and other observational studies. One is that
the associations perceived by the epidemiologic
studies were due to healthy-user and prescriber
effects and not HL.R.T. itself. Women who took
H.RT. had less heart disease than women who
didn’t, because women who took H.R.T. are dif-
ferent from women who didn’t take H.R.T. And
maybe their physicians are also different. In this
case, the trials got the right answer; the observa-
tional studies got the wrong answer.

A second explanation is that the observational
studies got the wrong answer, but only partly.
Here, healthy-user and prescriber effects are

%

viewed as minor issues; the question is whether
observational studies can accurately determine
if women were really taking H.R.T. before their
heart attacks. This is a measurement problem,
and one conspicuous limitation of all epidemiol-
ogy is the difficulty of reliably assessing whatever
itis the investigators are studying: not only deter-
mining whether or.not subjects have really taken
a medication or consumed the diet that they
reported, but whether their subsequent diseases
were correctly diagnosed. “The wonder and hor-
ror of epidemiology,” Avorn says, “is that it’s
not enough to just measure one thing very accu-
rately. To get the right answer, you may have to
measure a great many things very accurately.”
The most meaningful associations are those in
which all the relevant factors can be ascertained
reliably. Smoking and lung cancer, for instance.
Lung cancer is an easy diagnosis to make, at least
compared with heart disease. And “people sort
of know whether they smoke a full pack a day or
half or what have you,” says Graham Colditz,
who recently left the Nurses’ study and is now
at Washington University School of Medicine
in St. Louis. “That’s one of the easier measures
you can get.” Epidemiologists will also say they
believe in the associations between LDL choles-
terol, blood pressure and heart disease, because
these biological variables are measured directly.
The measurements don’t require that the study
subjects fill out a questionnaire or accurately
recall what their doctors may have told them.
Even the way epidemiologists frame the ques-
tions they ask can bias a measurement and pro-
duce an association that may be particularly
misleading. If researchers believe that physical
activity protects against chronic disease and
they ask their subjects how much leisure-time
physical activity they do each week, those who
do more will tend to be wealthier and healthier,
and so the result the researchers get will sup-
port their preconceptions. If the questionnaire
asks how much physical activity a subject’s job

‘entails, the researchers might discover that the

poor tend to be more physically active, because
their jobs entail more manual labor, and they
tend to have more chronic diseases. That would
appear to refute the hypothesis.

The simpler the question or the more objec-
tive the measurement the more likely it is that
an association may stand in the causal pathway,
as these researchers pur it. This is why the ques-
tion of whether hormone-replacement therapy
effects heart-disease risk, for instance, should be
significantly easier to nail down than whether any
aspect of diet does. For a measurement “as easy as
this,” says Jamie Robins, a Harvard epidemiolo-
gist, “where maybe the confounding is not hor-
rible, maybe you can get it right.” It’s simply easier
to imagine that women who have taken estrogen
therapy will remember and report that correctly
— it’s yes or no, after all — than that they will
recall and report accurately what they ate and how
much-of it over the last week or the last year.

But as the H.R.T. experience demonstrates,
even the timing of a yes-or-no question can

introduce problems. The subjects of the Nurs-
es’ Health Study were asked if they were taking
H.R.T. every two years, which is how often the
nurses were mailed new questionnaires about
their diets, prescription drug use and whatever
other factors the investigators deemed poten-
tially relevant to health. If a nurse fills out her
questionnaire a few months before she begins
taking H.R.T., as Colditz explains, and she then
has a heart actack, say, six months later, the
Nurses’ study will classify that nurse as “nort
using” H.R.T. when she had the heart attack.

As it turns out, 40 percent of women who try
H.R.T. stay on it for less than a year, and most
of the heart attacks recorded in the W.H.I. and
HERS trials occurred during the first few years
that the women were prescribed the therapy.
So it’s a reasonable possibility that the Nurses’
Health Study and other observational srud-
ies misclassified many of the heart attacks that
occurred among users of hormone therapy as
occurring among nonusers. This is the second
plausible explanation for why these epidemio-
logic studies may have erroneously perceived a
beneficial association of hormone use with heart
disease and the clinical trials did not.

In the third explanation, the clinical trials
and the observational studies both got the right
answer, but they asked different questions. Here
the relevant facts are that the women who took
H.R.T. in the observational studies were mostly
younger women going through menopause. Most
of the women enrolled in the clinical trials were
far beyond menopause. The average age of the
women in the W.H.I. trial was 63 and in HERS
it was 67. The primary goal of these clinical trials
was to test the hypothesis that H.R.T. prevented
heart disease. Older women have a higher risk
of heart disease, and so by enrolling women in
their 60s and 70s, the researchers didn’t have to
wait nearly as long to see if estrogen protected
against hearr disease as they would have if they
only enrolled women 1n their 50s.

This means the clinical trials were asking
what happens when older women were given
H.R.T. years after menopause. The observa-
tional studies asked whether H.R.T. prevented
heart disease when taken by younger women
near the onset of menopause. A different ques-
tion. The answer, according to Stampfer, Wil-
lett and their colleagues, is that estrogen pro-
tects those younger women — perhaps because
their arteries are sti)] healthy — while it induc-
es heart attacks in the older women whose
artéries are not. “It does seem clear now,” Wil-
lett says, “that the observational studies gor it
all right. The W.H.I. also got it right for the
question they asked: what happens if you start
taking hormones many years after menopause?
But that is not the question that most women
have cared about.”

This last explanation is now known as the
“timing” hypothesis, and it certainly seems
plausible. It has received some support from
analyses of small subsets of the women enrolled
in the W.H.I. trial, Continued on Page 78
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like the study published in June in
The New England Journal of Med-
icine. The dilemma at the moment
is that the first two explanations
are also plausible. If the compli-
ance effect can explain why anyone
faithfully following her doctor’s
orders will be 50 percent less likely
to die over the next few years than
someone who’s not so inclined,
then it’s certainly possible that
what the Nurses’ Health Study and
other observational studies did is
observe a compliance effect and
mistake it for a beneficial effect
of H.RT. itself. This would also
explain why the Nurses’ Health
Study observed a 40 percent reduc-
tion in the yearly risk of death from
all causes among women taking
H.R.T. And it would explain why
the Nurses’ Health Study reported
very similar seemingly beneficial
effects for antioxidants, vitamins,
low-dose aspirin and folic acid, and
why these, too, were refuted by
clinical trials. It’s not necessarily
true, but it certainly could be.

While Willett, Stampfer and their
colleagues will argue confidently
that they can reasonably rule out
these other explanations based on
everything they now know about
their nurses — that they can cor-
rect or adjust for compliance and
prescriber effects and still see a
substantial effect of H.RT. on
heart disease — the skeptics argue
that such confidence can never be
justified without a clinical trial,
at least not when the associations
being studied are so small. “You
can correct for what you can
measure,” says Rory Collins, an
epidemiologist at Oxford Univer-
sity, “‘but you can’t measure these
things with precision so you will
tend to under-correct for them.
And you can’t correct for things
that you can’t measure.”

The investigators for the Nurses’
Health Study “tend to believe every-
thing they find,” says Barrett-Con-
nor of the University of California,
San Diego. Barrett-Connor also
studied hormone use and heart dis-
ease among a large group of women
and observed and published the same
association that the Nurses’ Health
‘Study did. She simply does not find
the causal explanation as easy to
accept, considering the plausibility
of the alternatives. The latest varia-
tion on the therapeutic wisdom on

Laianea,

remains untested. “Now we’re back
to the place where we’re stuck with
observational epidemiology,” she
adds. “I'm back to the place where I
doubt everything.”
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What to Believe?

So how should we respond the next
time were asked to believe that
an association implies a cause and
effect, that some medication or some
facet of our diet or lifestyle is either
killing us or making us healthier?
We can fall back on several guiding
principles, these skeptical epidemi-
ologists say. One is 10 assume that
the first report of an association is
incorrect or meaningless, no matter
how big that association might be.
After all, it’s the first claim in any
scientific endeavor that is most likely
to be wrong. Only after that report
is made public will the authors have
the opportunity to be informed by
their peers of all the many ways that
they might have simply misinter-
preted what they saw. The regretta-
ble reality, of course, is that it’s this
first report that is most newsworthy.
So be skeptical.

If the association appears consis-
tently in study after study, popula-
tion after population, but is small
— in the range of tens of percent
— then doubt it. For the individual,
such small associations, even if real,
will have only minor effects or no
effect on overall health or risk of dis-
ease. They can have enormous pub-
lic-health implications, but they’re
also small enough to be treated with
suspicion until a clinical trial demon-
strates their validity.

If the association involves some
aspect of human behavior, which
is, of course, the case with the
great majority of the epidemiol-
ogy that attracts our attention,
then question its validity. If tak-
ing a pill, eating a diet or living
in proximity to some potentially
noxious aspect of the environment
is associated with a particular risk
of disease, then other factors of
socioeconomic status, education,
medical care and the whole gamut
of healthy-user effects are as well.
These will make the association,
for all practical purposes, impos-
sible to interpret reliably.

The exception to this rule is
unexpected harm, what Avorn
calls “bolt from the blue events,”
that no one, not the epidemiolo-
gists, the subjects or their physi-
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c1ans, CouLa possiDly Nave Seen coming — mnigh-
er rates of vaginal cancer, for example, among
the children of women taking the drug DES to
prevent miscarriage, or mesotheliorna among
workers exposed to asbestos. If the subjects
are exposing themselves to a particular pill or
a vitamin or eating a diet with the goal of pro-
moting health, and, lo and behold, it has no
effect or a negative effect — it’s associated with
an increased risk of some disorder, rather than
a decreased risk — then that’s a bad sign and
worthy of our consideration, if not some anxi-
ety. Since healthy-user effects in these cases
work toward reducing the association with dis-
ease, their failure to do so implies something
unexpected is at work.

Allof this suggests that the best advice is to keep
in mind the law of unintended consequences. The
reason clinicians test drugs with randomized tri-
als is to establish whether the hoped-for benefits
are real and, if so, whether there are unforeseen
side effects that may outweigh the benefits. If the
implication of an epidemiologist’s study is that
some drug or diet will bring us improved prosper-
ity and health, then wonder about the unforeseen
consequences. In these cases, it’s never a bad idea
to remain skeptical until somebody spends the
time and the money to do a randomized trial and,
contrary to much of the history of the endeavor
to date, fails to refute it. m
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Our suggested randomised design to evaluate drugs
courts has limitations. Offenders who enter no or a
delayed plea (about 20%) are not eligible. How judges
are chosen for the drugs court also matters when
extrapolating from the randomised evidence-base:
fewer, and perhaps more senior, judges may preside in a
drugs court than in conventional courts, where either a
judge or magistrates sit.

Medicines of proven efficacy are only provided to
patients in the UK’s National Health Service if the
drugs are cost effective. UK justice needs equivalent
appraisal in its use of public funds. Speedier and more
effective sentencing in drugs courts—in terms of
reduced recidivism—might offset greater organisational
and judicial costs. Additionally, recovery from drug
dependency may save injectors’ lives or reduce claims for
welfare benefits. The a-priori case for affordability, and
hence for evaluation, would need to be determined and
be explicit in the study protocol.

Finding out about effectiveness for recidivism
would mean randomising 700-900 offenders to have
80% power to discern a reduction in 2-year recidivism
from 70% to 60%, and ten times as many to discern even
a one-third reduction in 2-year mortality from 3% to 2%.
Assuming only 180 eligible randomised clients in each
of the four jurisdictions where drugs courts are planned,
one-third of them assigned to the drugs court, should
give answers on 2-year recidivism well within 4 years;
answers on mortality would take much longer.

Drugs-court evaluations need the discipline of a
well-written protocol.
mathematics of numbers needed to neutralise the
play of chance. Criminal justice should stop playing at
evaluation, and recognise evidential rigour.”

Ministers cannot duck the

*Sheila M Bird, Elizabeth L C Merrall
MRC Biostatistics Unit, Cambridge CB2 OSR, UK
sheila.bird@mrc-bsu.cam.ac.uk
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The HRT controversy: observational studies and RCTs fall in line

For several years, we witnessed a disarraying debate
about the conflicting messages between observational
studies and randomised trials on the effect of hormone
replacement therapy (HRT) on coronary heart
disease and breast cancer. HRT seemed protective for
coronary heart disease in observational studies, but
randomised trials found an increase of coronary heart
disease in the first years of use.® For breast cancer,
combined oestrogen-progestin showed a lesser risk

www.thelancet.com Vol 373 April 11, 2009

in the large Women’s Health Initiative randomised
trial than in observational studies such as the Million
Women Study.”?* Unopposed oestrogens had a smaller
breast cancer risk than combined preparations in
observational studies, but carried no risk in the
trial.* Observational research suffered a credibility
crisis.

Recent reanalyses have brought the results from obser-
vational and randomised studies into line. The results
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are surprising. Neither design held superior truth. The
reasons for the discrepancies were rooted in the timing
of HRT and not in differences in study design.

For coronary heart disease, the results of observational
data and trials fell in line, mainly by analysing the data
according to time since start of HRT.*>® For randomised
trials, this is the natural analysis because therapy starts
at randomisation. In the Women’s Health Initiative and
other trials, the first years of hormone replacement by
combined oestrogen-progestin did increase coronary
heart disease, which then waned. The analysis of the
observational studies, however, had mostly been a
contrast between current users at the time of enrolment
to never users. Most current users were past the window
wherein coronary heart disease risk was increased and
were in a phase of decreased incidence. When cohort
data from the observational part of the Women'’s Health
Initiative were reanalysed according to time since start of
therapy, the same pattern emerged of an initial increase
in risk, followed by a decrease’ Thus nothing was
intrinsically wrong with the observational data; what
went wrong was an analysis that had not taken into
account that the effect of HRT might be different over
time. The piece of evidence that closes the case is the
recent reanalysis of the Nurses Health Study on combined
oestrogen-progestin and coronary heart disease, which
finds the same pattern of an initial increase in risk by
contrast with the original analysis which showed overall
protection.* An array of comments followed.””? Whether
the decrease in coronary heart disease on continued use

is due to deletion of susceptible individuals or a causal
effect cannot be learned from these analyses.

For breast cancer, women in the randomised trials
had on average been in menopause longer; in the
observational study, the women had started HRT
closer to menopause. Adjustment for previous
use of hormones already increased the estimates
in the trials, but the findings of observational and
randomised studies fell in line when the reanalyses of
the randomised trial data adjusted for the gap between
menopause and treatment, showing a clear increase
in risk for combined preparations and a slight increase
for unopposed oestrogens.** The observational studies
had picked up a true signal for the women closer to
menopause. In the randomised trial, that signal was
diluted because fewer women close to menopause
were enrolled. The signal is important for daily practice,
because HRT is usually started close to menopause.
Again, the discrepancies were not due to differences in
study design, but to the timing of start of treatment
relative to menopause.

The randomised trials had it right for coronary heart
disease but failed to sufficiently focus on women close
to menopause for breast cancer. The main reasons for
the discrepancies were changes of the effects of HRT
over different times: time from start of therapy and
time since menopause. In the reanalyses, adjustments
for standard risk factors had some additional effects,
but did not clinch the analyses as much as the two
principal interactions with time. A lesser effect of time
since menopause was also seen for coronary heart
disease: longer time since menopause heightened the
risk. For coronary heart disease the effects also differed
for oestrogen alone and combined preparations.®

The results put an end to years of debate about HRT,
coronary heart disease, and breast cancer, but also
clarify the debate on the merits of randomised versus
observational studies. They show that “observational-
randomised discrepancies cannot be automatically
attributed to randomisation itself”.* Still, randomised
trials will almost always be necessary to show whether
the hoped-for benefit of a medical intervention exists.
Our knowledge about HRT and coronary heart disease
would be different, were it not for the randomised trials,
even if on reanalysis the observational data carried the
same message.” By contrast, observational research
will often suffice to investigate adverse effects.” Rarely,
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the same adverse effect for the same treatment can be
investigated by observational research and in very large
randomised trials,* as happened with breast cancer
and HRT. These comparisons support the notion that
observational studies may better reflect the true harm in
real-life prescribing than selected populations enrolled in
randomised trials.*

The resolution of the discrepancies between ran-
domised and observational evidence is not just
important for our insight into the merits of both types
of research. It directly enlightens our knowledge about
HRT by confirming that the cardiovascular risk is real,
and slightly stronger in older women, while the breast
cancer risk is equally real, and is stronger in women
closer to menopause.® It was a long and difficult debate,
but we owe a tribute to the persons who inspired and
have led these reanalyses.

Jan P Vandenbroucke

Department of Clinical Epidemiology, Leiden University Medical
School, 2300 RC Leiden, Netherlands
j.p-vandenbroucke@lumc.nl
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Sirolimus to replace calcineurin inhibitors? Too early yet

Replacement of ciclosporin and mycophenolate mofetil
with sirolimus has been associated with regression of
Kaposi's sarcoma in renal transplant recipients on chronic
immunosuppression. Disease development parallels
reactivation of latent human herpesvirus 8 (HHV-8) or
donor-to-recipient transfer of HHV-8-infected progenitor
cells. Patrizia Barozzi and colleagues® recently reported
nine patients with post-transplant Kaposi's sarcoma
associated with a lack of HHV-8-specific T cells. In
two patients who were switching from calcineurin
inhibitors to sirolimus, disease recovery was paralleled
by normalisation of the T-cell repertoire and recovery of
both HHV-8 specific effector and memory T lymphocytes.
Thus sirolimus might achieve remission of Kaposi's
sarcoma by restoring a specificimmune response against
the tumour-associated virus.

Sirolimus is a macrolide with potent immuno-
suppressive and antiproliferative activity.> This drug

www.thelancet.com Vol 373 April 11, 2009

suppresses interleukin-driven T-cell proliferation by
blocking signal-transduction pathways required for the
progression of cytokine-stimulated T cells from G, to
S phase.’ Early studies in animals showed that sirolimus,
unlike calcineurin inhibitors, was devoid of intrinsic
nephrotoxicity.> Consistently, renal transplant patients
on 2-year sirolimus therapy had significantly lower
concentrations of serum creatinine than controls on
ciclosporin.*This attracted special attention to the use of
this powerful immunosuppressant to replace ciclosporin
and avoid the nephrotoxicity of chronic calcineurin
inhibition.?

Enthusiasm faded, however, when the US Multicenter
Trial showed that sirolimus-treated renal transplant
recipients had significantly higher serum creatinine
than ciclosporin-treated recipients, despite having
fewer rejections.” Subsequent studies consistently
showed that this effect, first attributed to exacerbation
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ORIGINAL ARTICLE

Observational Studies Analyzed Like
Randomized Experiments

An Application to Postmenopausal Hormone Therapy
and Coronary Heart Disease

Miguel A. Herndn,®® Alvaro Alonso,* Roger Logan,” Francine Grodstein,™ Karin B. Michels,>%°
Walter C. Willett, %" JoAnn E. Manson,>%¢ and James M. Robins™"

Background: The Women’s Health Initiative randomized trial
found greater coronary heart disease (CHD) risk in women assigned
to estrogen/progestin therapy than in those assigned to placebo.
Observational studies had previously suggested reduced CHD risk in
hormone users.

Methods: Using data from the observational Nurses’ Health Study,
we emulated the design and intention-to-treat (ITT) analysis of the
randomized trial. The observational study was conceptualized as a
sequence of “trials,” in which eligible women were classified as
initiators or noninitiators of estrogen/progestin therapy.

Results: The ITT hazard ratios (HRs) (95% confidence intervals) of
CHD for initiators versus noninitiators were 1.42 (0.92-2.20) for the
first 2 years, and 0.96 (0.78—1.18) for the entire follow-up. The ITT
HRs were 0.84 (0.61-1.14) in women within 10 years of menopause,
and 1.12 (0.84—1.48) in the others (P value for interaction = 0.08).
These ITT estimates are similar to those from the Women’s Health
Initiative. Because the ITT approach causes severe treatment mis-
classification, we also estimated adherence-adjusted effects by in-
verse probability weighting. The HRs were 1.61 (0.97-2.66) for the
first 2 years, and 0.98 (0.66—1.49) for the entire follow-up. The HRs
were 0.54 (0.19-1.51) in women within 10 years after menopause,
and 1.20 (0.78—1.84) in others (P value for interaction = 0.01). We
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also present comparisons between these estimates and previously
reported Nurses’ Health Study estimates.

Conclusions: Our findings suggest that the discrepancies between
the Women’s Health Initiative and Nurses’ Health Study ITT esti-
mates could be largely explained by differences in the distribution of
time since menopause and length of follow-up.

(Epidemiology 2008;19: 766—779)

C ausal inferences are drawn from both randomized exper-
iments and observational studies. When estimates from
both types of studies are available, it is reassuring to find that
they are often similar.' On the other hand, when random-
ized and observational estimates disagree, it is tempting to
attribute the differences to the lack of random treatment
assignment in observational studies.

This lack of randomization makes observational effect
estimates vulnerable to confounding bias due to the different
prognosis of individuals between treatment groups. The po-
tential for confounding may diminish the enthusiasm for
other desirable features of observational studies compared
with randomized experiments—greater timeliness, less restric-
tive eligibility criteria, longer follow-up, and lower cost.
However, even though randomization is the defining difference
between randomized experiments and observational studies,
further differences in both design and analysis are common-
place. As a consequence, observational-randomized discrepan-
cies cannot be automatically attributed to randomization itself.

In this paper we assess the extent to which differences
other than randomization contribute to discrepant observational
versus randomized effect estimates in the well-known example
of postmenopausal estrogen plus progestin therapy and the risk
of coronary heart disease (CHD). Specifically, we explore dis-
crepancies attributable to different distributions of time since
menopause, length of follow-up, and analytic approach.

The published findings on this topic can be briefly sum-
marized as follows. Large observational studies suggested a
reduced risk of CHD among postmenopausal hormone users.

Epidemiology ¢ Volume 19, Number 6, November 2008
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Two of the largest observational studies were based on the
Nurses’ Health Study (NHS)*® in the United States and on the
General Practice Research Database® in the United Kingdom.
More recently, the Women’s Health Initiative (WHI) random-
ized trial” found a greater incidence of coronary heart disease
among postmenopausal women in the estrogen plus progestin
arm than in the placebo arm (68% greater in the first 2 years after
initiation, 24% greater after an average of 5.6 years).*’

The present paper does not address the complex clinical
and public health issues related to hormone therapy, includ-
ing risk-benefit considerations. Rather, we focus on method-
ologic issues in the analysis of observational cohort studies.
Specifically, we reanalyze the NHS observational data to
yield effect estimates of hormone therapy that are directly
comparable with those of the randomized WHI trial except
for the fact that hormone therapy was not randomly assigned
in the NHS. We do this by mimicking the design of the
randomized trial as closely as possible in the NHS. As
explained below, our approach requires conceptualizing the
observational NHS cohort as if it were a sequence of nonran-
domized trials. Because the randomized trial data were analyzed
under the intention-to-treat (ITT) principle, we analyze our NHS
trials using an observational analog of ITT (see below).

A recent reanalysis of the General Practice Research
Database using this strategy could not adjust for lifestyle
factors and it yielded wide confidence intervals (CI).'® Fur-
ther, the estrogen used by women in that study was not the
conjugated equine estrogen used by the women in the NHS
and WHI studies. Our analysis of the NHS data incorporates
lifestyle factors and includes women using the same type of
estrogen as in the WHI randomized trial.

METHODS

The Observational Cohort as a
Nonrandomized “Trial”

The NHS cohort was established in 1976 and com-
prised 121,700 female registered nurses from 11 US states,
aged 30 to 55 years. Participants have received biennial
questionnaires to update information on use, duration (1-4,
5-9, 10-14, 15-19, 20-24 months), and type of hormone
therapy during the 2-year interval. Common use of oral
estrogen plus progestin therapy among NHS participants
began in the period between the 1982 and the 1984 question-
naires. The questionnaires also record information on poten-
tial risk factors for and occurrence of major medical events,
including CHD (nonfatal myocardial infarction or fatal cor-
onary disease). The process for confirming CHD endpoints
has been described in detail elsewhere.”

We mimicked the WHI trial by restricting the study
population to postmenopausal women who in the 1982 ques-
tionnaire had reported no use of any hormone therapy during
the prior 2-year period (“washout” period), and in the 1984
questionnaire reported either use of oral estrogen plus progestin
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therapy (“initiators”) or no use of any hormone therapy (“non-
initiators”) during the prior 2-year period. Thus, as in the WHI,
the initiator group includes both first-time users of hormone
therapy and reinitiators (who stopped hormone therapy in 1980
or earlier and then reinitiated use in the period 1982—-1984).

Women were followed from the start of follow-up to
diagnosis of CHD, death, loss to follow-up, or June 2000,
whichever occurred first. Unlike in the randomized WHI and
the observational General Practice Research Database, the
time of therapy initiation—and thus the most appropriate time
of start of follow-up for initiators—was not known with
precision in the NHS, and so we needed to estimate it. For
women who reported hormone therapy initiation during the
2-year period before the 1984 questionnaire and were still
using it at the time they completed this questionnaire, the start
of follow-up was estimated as the month of return of the
baseline questionnaire minus the duration of hormone therapy
use (duration is reported as an interval, eg, 20—24 months; we
used the upper limit of the interval, eg, 24 months). For
women who reported starting hormone therapy during the
same 2-year period but had stopped using it by the time they
returned the 1984 questionnaire, the start of follow-up was
estimated as the first month of the 2-year period (the earliest
possible month of initiation). The start of follow-up for
noninitiators was estimated as the average month of start of
follow-up among initiators (stratified by age and past use of
hormone therapy). Alternative methods to estimate the start
of follow-up had little effect on our estimates (Appendix Al).

To further mimic the WHI, we restricted the study
population to women who, before the start of follow-up, had
a uterus, no past diagnosis of cancer (except nonmelanoma
skin cancer) or acute myocardial infarction, and no diagnosis
of stroke since the return of the previous questionnaire. To
enable adjustment for dietary factors, we restricted the pop-
ulation to women who had reported plausible energy intakes
(2510-14,640 kJ/d) and had left fewer than 10 of 61 food
items blank on the most recent food frequency questionnaire
before the 1984 questionnaire.

The NHS cohort study can now be viewed as a non-
randomized, nonblinded “trial” that mimics the eligibility
criteria, definition of start of follow-up, and treatment arms
(initiators vs. noninitiators) of the WHI randomized trial, but
with a different distribution of baseline risk factors (eg, lower
age and shorter time since menopause in the NHS compared
with the WHI). We analyzed the NHS nonrandomized “trial”
by comparing the CHD risk of initiators and noninitiators
regardless of whether these women subsequently stopped or
initiated therapy. Thus our analytic approach is the observa-
tional equivalent of the ITT principle that guided the main
analysis of the WHI trial. Specifically, we estimated the average
hazard (rate) ratio (HR) of CHD in initiators versus noninitiators,
and its 95% CI, by fitting a Cox proportional hazards model,
with “time since beginning of follow-up” as the time variable,
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that included a non time-varying indicator for hormone therapy
initiation. The Cox model was stratified on age (in 5-year
intervals) and history of use of hormone therapy (yes, no).

To obtain valid effect estimates in a nonrandomized
trial, all baseline confounders have to be appropriately mea-
sured and adjusted for in the analysis. We proceeded as if this
condition was at least approximately true in the NHS non-
randomized “trial” once we added the following covariates to
the Cox model: parental history of myocardial infarction
before age 60 (yes, no), education (graduate degree: yes, no),
husband’s education (less than high school, high school
graduate, college, graduate school), ethnicity (non-Hispanic
white, other), age at menopause (<50, 50-53, >53), calendar
time, high cholesterol (yes, no), high blood pressure (yes, no),
diabetes (yes, no), angina (yes, no), stroke (yes, no), coronary
revascularization (yes, no), osteoporosis (yes, no), body mass
index (<23, 23-<25, 25-<30, =30), cigarette smoking
(never, past, current 1-14 cigarettes per day, current 15-24
cigarettes per day, current =25 cigarettes per day), aspirin
use (nonuse, 1-4 years, 5-10 years, >10 years), alcohol
intake (0, >0-<5, 5-<10, 10-<15, =15 g/d), physical activ-
ity (6 categories), diet score (quintiles),'' multivitamin use
(yes, no), and fruit and vegetable intake (<3, 3-<5, 5-<10,
=10 servings/d). When available, we simultaneously ad-
justed for the reported value of each variable on both the 1982
and 1980 questionnaires.

The Observational Cohort as a Sequence of
Nonrandomized Nested “Trials”

The approach described above would produce very
imprecise ITT estimates if (as was the case) few women were
initiators during the 1982-1984 period. However, our choice
of this period was arbitrary. The approach described above
can produce an additional NHS nonrandomized “trial” when
applied to each of the 8 2-year periods between 1982-1984
and 1996-1998. Thus, as a strategy to increase the efficiency
of our ITT estimate, we conducted 7 additional nonrandom-
ized “trials” each subsequent questionnaire (1986, 1988, . . .
1998), and pooled all 8 “trials” into a single analysis. Because
some women participated in more than one of these NHS
“trials” (up to a maximum of §), we used a robust variance
estimator to account for within-person correlation. We as-
sessed the potential heterogeneity of the ITT effect estimates
across “trials” by 2 Wald tests: first, we estimated a separate
parameter for therapy initiation in each “trial” and tested for
heterogeneity of the parameters (x*; 6 df), and then we
calculated a product term (for the indicators of “trial” and
therapy initiation), testing for whether the product term was
different from 0 (x%; 1 df).

In each “trial,” we used the corresponding question-
naire information to apply the eligibility criteria at the start of
follow-up, and to define initiators and noninitiators. We then
estimated the CHD average HR in initiators versus nonini-
tiators (adjusted for the values of covariates reported in the 2
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previous questionnaires), regardless of whether these women
subsequently stopped or initiated therapy. To allow for the
possibility that the HR varied with time since baseline, we
added product terms between time of follow-up (linear and
quadratic terms) and initiation status to a pooled logistic
model that approximated our previous Cox model. We then
used the fitted model to estimate CHD-free survival curves
for initiators and noninitiators.

The subset of women considered for eligibility in each
“trial” is approximately nested in the subset of women who
were considered for eligibility in the prior “trial.” Our con-
ceptualization of an observational study with a time-varying
treatment as a sequence of nested “trials,” each with nontime-
varying treatment, is a special case of g-estimation of nested
structural models.'?

Several lines of evidence suggest a modification of the
effect of hormone therapy by time of initiation.'* We there-
fore conducted stratified analyses by time since menopause
(<10, =10 years) and age (<60, =60 years). We computed
P values for “interaction” between hormone therapy and
years since menopause by adding a single product term
(indicator for hormone therapy times indicator for <10 years
since menopause) to the model for the overall HR, and then
testing the hypothesis that its coefficient was equal to zero. A
less powerful alternative strategy, testing for heterogenity of
the HR estimated from separate models for women <10 years
and for women >10 years since menopause, resulted in P >
0.15 in all analyses.

Adherence-Adjusted Effect Estimates

Because the primary analysis of the WHI randomized
trial was conducted under the ITT principle, we analyzed our
NHS “trials” using an observational analog of ITT to com-
pare the NHS with the WHI estimates. However, ITT esti-
mates are problematic because the magnitude of the ITT
effect varies with the proportion of subjects who adhere to the
assigned treatment, and thus ITT comparisons can underes-
timate the effect that would have been observed if everyone
had adhered to the assigned treatment. Thus, ITT effect
estimates may be unsatisfactory when studying the efficacy,
and inappropriate when studying the safety, of an active
treatment compared with no treatment. An alternative to the
ITT effect is the effect that would have been observed if
everyone had remained on her initial treatment throughout the
follow-up, which we refer to as an adherence-adjusted effect.
Under additional assumptions, consistent adherence-adjusted
effect estimates can be obtained in both randomized experi-
ments and observational studies by using g-estimation'*!'> or
inverse probability weighting.

We used inverse probability weighting to estimate the
adherence-adjusted HR of CHD. In each NHS “trial” we
censored women when they discontinued their baseline treat-
ment (either hormone therapy or no hormone therapy), and
then weighted the uncensored women months by the inverse
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of their estimated probability of remaining uncensored until
that month.'® To estimate “trial”-specific probabilities for
each woman, we fit a pooled logistic model for the probabil-
ity of remaining on the baseline treatment through a given
month. The model included the baseline covariates used in
the “trial”-specific Cox models described previously, and the
most recent postbaseline values of the same covariates. In-
clusion of time-dependent covariates is necessary to adjust
for any dependence between noncompliance and CHD within
levels of baseline covariates. We fit separate models for
initiators and noninitiators. In each “trial,” each woman
contributed as many observations to the model as the number
of months she was on her baseline therapy.

To stabilize the inverse probability weights, we multi-
plied the weights by the probability of censoring given the
trial-specific baseline values of the covariates. Weight stabi-
lization improves precision by helping to reduce random
variability. If the true adherence-adjusted HR is constant over
time, this method produces valid estimates provided that
discontinuing the baseline treatment is unrelated to unmea-
sured risk factors for CHD incidence within levels of the
covariates, and that the logistic model used to estimate the
inverse probability weights is correctly specified. When
the adherence-adjusted HR changes with time since baseline,
this method estimates a weighted average adherence-adjusted
HR with time-specific weights proportional to the number of
uncensored CHD events occurring at each time. Thus, with
heavy censoring due to lack of adherence, the early years of
follow-up contribute relatively more weight than would be the
case without censoring. To more appropriately adjust for a
time-varying HR, we also fit an inverse probability weighted
Cox model (approximated through a weighted pooled logistic
model) that included product terms between time of follow-up
(linear and quadratic terms) and initiation status. We then used
the weighted model to estimate adherence-adjusted CHD-free
survival curves for initiators and noninitiators.

We also present additional subsidiary analyses to ex-
plain the relation between our estimates and previously re-
ported NHS estimates, which can be regarded as estimates of
the adherence-adjusted HR using an alternative to our inverse
probability weighting approach.

RESULTS

The NHS Nonrandomized “Trials”

Of the 101,819 NHS participants alive and without a
history of cancer, heart disease, or stroke in 1984, 81,073 had
diet information and, of these, 77,794 were postmenopausal
at some time during the follow-up. We excluded 14,764
women who received a form of hormone therapy other than
oral estrogen plus progestin in all of the NHS “trials,” or did
not provide information on the type of hormone therapy in
any of the “trials.” Of the remaining 63,030 women, we
excluded 17,146 who received hormone therapy in the 2
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years before the baseline of all the “trials.” Of the remaining
45,884 women, we excluded 11,309 who did not have an
intact uterus in 1984. Thus 34,575 women met our eligibility
criteria for at least one NHS ““trial.” Of these women, 1035 had
a CHD event, 2596 died of other causes or were lost to follow-
up, and 30,944 reached June 2000 free of CHD. Figure 1 shows
the distribution of women by number of “trials” in which they
participated. Table 1 shows the number of participants, initiators,
and CHD events per “trial.” Table 2 shows the distribution of
baseline characteristics in initiators and noninitiators.

ITT Estimates of the Effect of Hormone
Therapy on CHD

The estimated average HR of CHD for initiators versus
noninitiators was 0.96 (95% CI = 0.78—1.18) when the entire
follow-up time was included in the analysis (Table 3). The
HR was 1.83 (1.05-3.17) when the analysis was restricted to
the first year of follow-up, 1.42 (0.92-2.20) for the first 2
years, 1.11 (0.84—1.47) for the first 5 years, and 1.00 (0.78—
1.28) for the first 8 years. Equivalently, the HR was 0.96
(0.66—1.39) during years 2-5, 0.81 (0.51-1.28) during years
5-8, and 0.87 (0.58—1.30) after year 8. We did not find a
strong indication of heterogeneity across trials (Wald tests P
values 0.24 and 0.15 for the overall HR). Figure 2A shows that
the estimated proportion of women free of CHD during the first
5 years of follow-up was lower in initiators of estrogen plus
progestin therapy than in noninitiators of hormone therapy. By
year 8, however, this proportion was greater in initiators.

We next examined effect modification, stratifying our
ITT estimates by age and time since menopause (Table 3). The
HR was 0.84 (CI = 0.61-1.14) in women within 10 years of
menopause at baseline, and 1.12 (0.84—1.48) in the others (86%
of initiators in this latter group initiated therapy 10 to 20 years
after menopause). Similarly, the HRs were 0.86 (0.65-1.14) in
women under age 60 at baseline, and 1.15 (0.85-1.57) in the
others. Figure 2B, C shows the estimated proportion of women
free of CHD by initiator status and time since menopause. The
P value from a log-rank test for the equality of the survival
curves was 0.70 for the entire population, 0.27 for women within
10 years of menopause, and 0.43 for the others.

When we repeated the analyses with no past use of
hormone therapy as an additional eligibility criterion (26,797
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FIGURE 1. Distribution of eligible women by number of

Nurses’ Health Study “trials” of hormone therapy initiation in

which they participated.
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TABLE 1. Number of Participants, Therapy Initiators, and CHD Events in Each NHS “Trial” to Estimate the Intention-to-Treat
Effect of Initiation of Estrogen/Progestin Therapy
CHD Events
Trial Questionnaire Yrs After Menopause Participants Initiators Among All Participants Among Initiators
1 1984 All 16,190 224 772 10
<10 11,654 201 524 8
=10 4536 23 248 2
2 1986 All 17,147 518 671 9
<10 10,246 416 322 5
=10 6901 102 349 4
3 1988 All 18,620 979 610 17
<10 9550 745 226 8
=10 9070 234 384 9
4 1990 All 19,002 1082 528 14
<10 8014 727 144 5
=10 10,988 355 384
5 1992 All 19,494 1152 441 13
<10 7161 714 93 5
=10 12,333 438 348 8
6 1994 All 19,954 1344 354 19
<10 6456 799 69 8
=10 13,498 545 285 11
7 1996 All 19,661 1188 228 11
<10 5508 631 34 3
=10 14,153 557 194 8
8 1998 All 18,192 771 100 5
<10 4287 338 13 2
=10 13,905 433 87 3

Based on 34,575 distinct women and 1035 distinct CHD events.

eligible women, 767 CHD events), the HR was 0.79 (CI =
0.60—1.03) for the entire follow-up and 1.49 (0.88-2.54) in
the first 2 years (Table 4). The HR was 0.66 (0.44—0.98) in
women within 10 years of menopause at baseline, and 1.02
(0.70—1.50) in the others. The appendix includes additional
analyses to document the generally small sensitivity of the
results regarding the assignment of the month of therapy
initiation (Appendix Al), the inclusion of women under age
50 (Appendix A2), the exclusion of women who died be-
tween the start of follow-up and the return of the next
questionnaire (Appendix A3), the adjustment for confound-
ing by covariates in the proportional hazards model rather
than by propensity score methods (Appendix A4), and the
assumption of possible unmeasured confounding for therapy
discontinuation (Appendix AS).

Adherence-Adjusted Effect Estimates

Figure 3 shows the adherence through year 8 in initia-
tors and noninitiators. The estimated inverse probability
weights had mean 1.02 (range = 0.02-30.7) in initiators, and
1.00 (0.17-19.3) in noninitiators. The inverse probability
weighted HRs were 0.98 (CI = 0.66—1.49) for the entire
follow-up, 1.53 (0.80-2.95) for the first year, 1.61 (0.97—

770

2.66) for the first 2 years, 1.14 (0.74-1.76) for the first 5
years, and 0.99 (0.66—1.50) for the first § years. The HR was
0.65 (0.30-1.38) during years 2 to 5, 0.47 (0.14-1.58),
during years 5 to 8, and 0.85 (0.22-3.19) after year 8. The
large standard errors that increase with time reflect the fact
that few women continued on hormone therapy for long
periods. We also examined the effect modification by age and
time since menopause (Table 5). Figure 4 shows the estimated
adherence-adjusted proportions of women free of CHD. The
P value from a log-rank test for the equality of the survival
curves was 0.91 for the entire population, 0.24 for women
within 10 years after menopause, and 0.40 for the others.

Comparison of ITT Estimates With Previous
NHS Estimates

The HR estimate of 0.96 from our ITT analysis is not
directly comparable with the HR estimate of 0.68 (0.55—0.83)
for current users versus never users of estrogen plus progestin
reported in the most recent NHS publication.!” The 0.68
estimate can be interpreted as an adherence-adjusted effect
estimate, in which incomplete adherence has been adjusted
not by inverse probability weighting but by a comparison of
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TABLE 2. Baseline Characteristics of Initiators and

Noninitiators of Estrogen/Progestin Therapy in the

NHS “Trials”

TABLE 3. Estimates of the Intention-to-Treat Effect of
Initiation of Estrogen/Progestin Therapy on the Incidence of
CHD Events in the NHS “Trials”

Initiators Noninitiators
(n = 7258) (n = 141,002)
Age (y); mean (SD) 59.0 (5.8) 61.9 (6.0)
Age at menopause (y)
<50 39.2 40.0
50-53 46.6 46.7
>53 14.3 13.4
Years since menopause; mean (SD) 9.0 (5.8) 12.2 (6.3)
<10 y since menopause 63.0 41.4
Past use of hormone therapy 32.0 22.6
Non-Hispanic white 94.6 94.0
Graduate degree 11.7 7.5
Husband’s education
Less than high school 4.8 8.5
High school graduate 36.4 42.8
College 29.9 273
Graduate school 29.0 214
Parental history of MI before age 60 18.5 17.1
High cholesterol 35.6 32.1
High blood pressure 27.3 333
Diabetes 35 53
Angina 2.1 2.6
Stroke 0.3 0.7
Coronary revascularization 0.7 0.7
Osteoporosis 6.8 6.2
Multivitamin use 44.7 41.8
Cigarette smoking
Never 41.8 42.0
Past 42.0 36.1
Current 16.2 22.0
Alcohol intake (g/d)
0 31.7 38.1
0.1-4.9 33.7 31.0
5.0-9.9 12.0 9.9
10.0-14.9 9.9 9.3
=15 12.7 11.7
Diet score in the 2 upper quintiles 41.6 353
Fruit and vegetable intake (servings/d)
<3 57.9 57.8
3-49 29.0 29.0
5-9.9 12.5 12.3
=10 0.5 0.8
Body mass index (kg/m?)
<25 56.2 493
25-29.9 29.9 32.1
=30 13.8 18.7
Aspirin use
Nonuse 21.9 26.7
14y 18.1 18.9
5-10y 19.5 159
>10y 40.6 385
Physical activity (h/wk)
<1 432 47.1
1-1.9 15.4 15.3
2-3.9 19.8 18.9
4-59 10.6 9.4
6-9.9 7.4 6.6
=10 3.6 3.0

Results are expressed as percentages unless otherwise indicated.

© 2008 Lippincott Williams & Wilkins

Follow-Up Period

All 0-24 Mo >24 Mo
Initiators
Total no. 7258 7258 7221
No. CHD events 98 22 76
Noninitiators
Total no. 141,002 141,002 139,599
No. CHD events 3606 512 3094
HR (95% CI) HR (95% CI) HR (95% CI)
All women 0.96 (0.78-1.18) 1.42 (0.92-2.20) 0.88 (0.69-1.12)

By time after
menopause (y)

<10 0.84 (0.61-1.14) 1.33 (0.66-2.64) 0.77 (0.54-1.09)
=10 1.12 (0.84-1.48) 1.48 (0.83-2.64) 1.05(0.77-1.43)
P for interaction 0.08 0.90 0.07

By age (y)
<60 0.86 (0.65-1.14) 1.36 (0.73-2.52) 0.78 (0.57-1.07)
=60 1.15 (0.85-1.57) 1.49 (0.79-2.80) 1.08 (0.76-1.54)
P for interaction 0.05 0.72 0.06

Adjusted for the following baseline variables: age, parental history of myocardial
infarction before age 60, education, husband’s education, ethnicity, age at menopause,
calendar month, high cholesterol, high blood pressure, diabetes, angina, stroke, coronary
revascularization, osteoporosis, body mass index, cigarette smoking, aspirin use, alcohol
intake, physical activity, diet score, multivitamin use, fruits and vegetables intake, and
previous use of hormone therapy. The last column is restricted to women who were still
at risk after the first 2 years of follow-up of the corresponding trial.

current versus never users. This approach is used in many
large observational cohorts, including the NHS (see “Discus-
sion” for details). Table 6 shows the cumulative steps that link
our estimates in Table 3 with the previously reported NHS
estimate. These steps involve changes in the start of follow-up,
the definition of the exposed and unexposed group, the covari-
ates used for adjustment, and eligibility criteria.

Column i of Table 6 shows the estimates when (as in
previous NHS analyses) the start of follow-up, and thus the
“baseline,” of each trial was redefined as the date of return of the
questionnaire. When “baseline” is modified in this way, the
selected group of initiators differs from the initiator group in
Table 3 because it does not include women who, during the
2-year interval before “baseline,” either initiated and stopped
hormone therapy or survived a CHD event occurring after
initiation. As in Table 3, we provide separate HR estimates
for the entire follow-up (0.84), the first 2 years of follow-up
(0.98), and the period after the first 2 years (0.80).

Second, we varied the definition of the user and non-
user groups in 3 steps as shown in the next 3 columns of
Table 6. In column ii we eliminated our “trial”-specific
criterion of no therapy in the 2 years before “baseline” for
initiators; that is, we compared current users with noninitia-
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FIGURE 2. Proportion of women free of CHD by baseline
treatment group in the Nurses’ Health Study “trials.”

tors. In column iii we eliminated our “trial”-specific criterion
of no therapy in the 2 years before “baseline” for all women,;
that is, we compared current users with current nonusers. In
column iv we used as the comparison group the subset of
nonusers with no history of hormone therapy use; that is, we
compared current users with never users as in previous NHS
analyses. The HR estimates for columns ii, iii, iv were,
respectively, 0.84, 0.86, 0.85 for the entire follow-up, 0.77,
0.77, 0.74 for 0 to 24 months, and 0.87, 0.90, 0.90 for >24
months.

To explain why the number of exposed cases (n = 319)
in columns ii to iv far exceeds the number (n = 66) in column
i, consider a woman who is continuously on hormone therapy
from 1982—1984 until she dies of CHD just before the end of
follow-up in 2000. In the analysis of column i, this woman
participates as an exposed CHD case in the first (1984) “trial”
only. In contrast, in the analyses of columns ii to iv, the same
woman participates as an exposed CHD case in each of the 8
“trials” 1984 —1998. Furthermore, in the analysis of column i,
the woman would contribute 0 to the 0- to 24-month exposed
case stratum and 1 to the >24-month exposed case stratum.
In contrast, the same woman in the analyses of columns ii to
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TABLE 4. Estimates of the Intention-to-Treat Effect of
Initiation of Estrogen/Progestin Therapy on the Incidence of
CHD Events Among Women With No History of Hormone
Use in the NHS “Trials”

Follow-Up Period

All 0-24 Mo >24 Mo
Initiators
Total no. 4939 4939 4914
No. CHD events 55 15 40
Noninitiators
Total 109,205 109,205 108,108
No. CHD events 2723 379 2344
HR (95% CI) HR (95% CI) HR (95% CI)
All women 0.79 (0.60-1.03) 1.49 (0.88-2.54) 0.68 (0.49-0.93)

By time after
menopause (y)

<10 0.66 (0.44-0.98) 1.32 (0.58-3.03) 0.58 (0.37-0.90)
=10 1.02 (0.70-1.50) 1.71 (0.85-3.45) 0.88 (0.56-1.38)
P for interaction 0.09 0.51 0.15

By age (y)
<60 0.68 (0.48-0.97) 1.38 (0.66-2.88) 0.59 (0.39-0.88)
=60 1.06 (0.69-1.64) 1.64 (0.73-3.69) 0.93 (0.56-1.56)
P for interaction 0.10 0.69 0.13

Adjusted for same baseline variables as in Table 3.
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Years of follow-up
FIGURE 3. Proportion of women who adhered to their baseline
treatment in the Nurses’ Health Study “trials.”

iv would contribute 1 to the 0- to 24-month exposed case
stratum (corresponding to the 1998 “trial”) and 7 to the
>24-month exposed case stratum (corresponding to each of
the other 7 “trials”).

Third, we repeated the analysis in column iv after
adjusting for the set of covariate values used in the most
recent NHS publication. Thus, the estimates in column
v—~0.81 for the entire follow-up, 0.71 for 0 to 24 months, and
0.85 for >24 months—were adjusted for the most recent
values available at the time of return of the “baseline”
questionnaire, rather than the most recent values available at
the 2 previous questionnaires.

© 2008 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Epidemiology ® Volume 19, Number 6, November 2008

Observational Studies Analyzed Like Randomized Experiments

TABLE 5. Estimates of the (Adherence-Adjusted) Effect of
Continuous Estrogen/Progestin Therapy Versus No Hormone
Therapy on the Incidence of CHD Events in the NHS “Trials”

Follow-Up Period

All 0-24 Mo
HR (95% CI) HR (95% CI)

>24 Mo
HR (95% CI)

All women 0.98 (0.66—-1.45) 1.61 (0.97-2.66) 0.64 (0.35-1.15)

By time after menopause (y)

<10 0.54 (0.19-1.51) 1.21 (0.40-3.61) 0.14 (0.02—-1.16)
=10 1.20 (0.78-1.84) 1.92 (1.09-3.39) 0.84 (0.45-1.56)
P for interaction 0.01 0.18 0.11

By age (y)
<60 0.78 (0.44-1.40) 1.65(0.81-3.37) 0.45 (0.19-1.09)
=60 1.36 (0.81-2.29) 1.69 (0.86-3.32) 1.08 (0.50-2.36)
P for interaction 0.06 0.74 0.09

Adjusted for same baseline variables as in Table 3. In each “trial,” women were
censored when they discontinued their baseline treatment (either hormone therapy or no
hormone therapy), and the uncensored women months were weighted by the inverse of
their estimated probability of remaining uncensored until that month.
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FIGURE 4. Proportion of women free of CHD under full adher-

ence with the baseline treatment in the Nurses’ Health Study
“trials.”

Fourth, we repeated the analysis in column v after
dropping the requirement of an intact uterus, which was not
used in previous NHS analyses. The estimates in column vi
were 0.82 for the entire follow-up, 0.67 for 0 to 24 months,
and 0.87 for >24 months. The estimate 0.67 in the row 0 to
24 months corresponds almost exactly to the analytic ap-
proach used in the most recent NHS publication,!” which

© 2008 Lippincott Williams & Wilkins

estimated the HR over the 2-year period after the reclassifi-
cation (ie, updating) of treatment status at the return of each
questionnaire.

DISCUSSION

We used the NHS observational data to emulate the
design and analysis of the WHI randomized trial. The ITT
HRs of CHD for therapy initiation were 1.42 (95% CI =
0.92-2.20) in the NHS vs. 1.68 (95% CI = 1.15-2.45) in the
WHI® during the first 2 years, and 1.00 (0.78—1.28) in the
NHS versus approximately 1.24 (0.97-1.60) in the WHI®
during the first 8 years. However, much of the apparent
WHI-NHS difference disappeared after stratification by time
since menopause at hormone therapy initiation. The ITT HRs
were 0.84 (0.61-1.14) in the NHS versus 0.88 (0.54—1.43) in
the WHI®'® for women within 10 years after menopause, and
approximately 1.12 (0.84-1.48) in the NHS versus 1.23
(0.85-1.77) in the WHI®'® for women between 10 and 20
years after menopause.

These findings provide additional support to the hy-
pothesis that hormone therapy may increase the long-term
CHD risk only in women who were 10 or more years after
menopause at initiation,'”'” and to the rationale for an
ongoing randomized clinical trial to determine the effect of
estrogen plus progestin on coronary calcification in
younger women.”® When the analyses were limited to women
with no history of hormone use, the ITT HR was 0.79 (0.60—
1.03) for the entire follow-up and 0.66 (0.44—0.98) for women
who initiated hormone use within 10 years of menopause.

We computed average ITT HRs in the NHS for com-
parison with the main result of the WHI. Our ITT estimates
suggest that any remaining differences between NHS and
WHI estimates are not explained by unmeasured joint risk
factors for CHD and therapy discontinuation. However, the
average ITT HR is not the ideal effect measure because the
survival curves crossed during the follow-up in both the WHI
trial and the NHS trials, and also because ITT estimates like
the ones shown here are generally attenuated toward the null
due to misclassification of actual treatment. We addressed the
first problem by estimating survival curves to first CHD
event, and the second problem by estimating these curves
under full adherence (via inverse probability weighting).
Therefore the adherence-adjusted survival curves of Figure 4
provide the most appropriate summary of our results. It will
be of interest to compare these results with adherence-ad-
justed curves (via inverse probability weighting) from the
WHI when they become available. The curves suggest that
continuous hormone therapy causes a net reduction in CHD
among women starting therapy within 10 years of menopause,
and a net increase among those starting later. However, either of
these effects could be due to sampling variability.

Previously published NHS estimates'’ compared the
hazards of current versus never users over the 2-year period
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TABLE 6. Comparison of Several Alternative Hazard Ratio Estimates With the Previously Reported Estimate From the NHS
(Column vi, Row 0-24 Mo)

Current Users vs. Never Users

Selected” Current Covariates of  Not Requiring
Initiators vs. Users vs. Current Users Previous NHS Presence of
Initiators vs. Noninitiators Noninitiators vs. Nonusers Analyses Uterus
Noninitiators® i) (ii) (iii) (iv) ) (vi)
Entire Follow-up
Users
Total no. 7258 6400 41,441 41,441 41,441 41,441 45,793
No. CHD events 98 66 319 319 319 319 398
Nonusers
Total no. 141,002 141,316 141,316 173,094 126,235 126,235 147,045
No. CHD events 3606 3271 3271 3764 2778 2778 3404
All women 0.96 (0.78-1.18) 0.84 (0.64-1.09) 0.84 (0.67-1.06) 0.86 (0.70-1.06) 0.85 (0.68-1.07) 0.81 (0.65-1.01) 0.82 (0.68-0.99)
Time from menopause
<10y 0.84 (0.61-1.14) 0.66 (0.45-0.98) 0.76 (0.57-1.02) 0.79 (0.60-1.03) 0.76 (0.57-1.01) 0.74 (0.56-0.98) 0.77 (0.59-1.00)
=10y 1.12 (0.84-1.48) 1.05 (0.75-1.47) 0.95 (0.72-1.27) 0.95 (0.72-1.25) 0.92 (0.68-1.25) 0.90 (0.68-1.20) 0.89 (0.70-1.13)
P interaction 0.08 0.03 0.05 0.09 0.08 0.08 0.12
Age
<60 y 0.86 (0.61-1.14) 0.67 (0.47-0.97) 0.80 (0.61-1.05) 0.82 (0.64-1.06) 0.79 (0.60-1.03) 0.79 (0.60-1.05) 0.79 (0.62—-1.01)
=60y 1.15 (0.85-1.57) 1.14 (0.80-1.63) 0.92 (0.67-1.26) 0.94 (0.69-1.27) 0.93 (0.67-1.29) 0.83 (0.63—1.10) 0.86 (0.68-1.10)

P interaction

CHD events
No. users
No. nonusers
HR (95% CI)

CHD events
No. users
No. nonusers
HR (95% CI)

0.05

2
512
1.42 (0.92-2.20)

76
3094

0.01

17
660
0.98 (0.60-1.60)

49
2611

0.14

80
660
0.77 (0.60-0.99)

239
2611

0.20
0-24 mo

80
755
0.77 (0.60-0.98)
>24 mo

239
3008

0.17

80
542
0.74 (0.57-0.95)

239
2236

0.49

80
542
0.71 (0.55-0.91)

239
2236

0.24

90
666
0.67 (0.54-0.85)

308
2738

0.88 (0.69-1.12) 0.80 (0.60-1.08) 0.87 (0.68-1.12) 0.90 (0.72-1.14) 0.90 (0.70-1.15) 0.85 (0.67-1.08) 0.87 (0.71-1.07)

“From Table 3. Follow-up starts at time of therapy initiation. In all other columns follow starts at time of questionnaire return.
®Women who initiated and stopped therapy, or who survived a CHD event, between the time of therapy initiation and the time of questionnaire return are excluded.

See main text for a description of each estimate.

after the updating of treatment status at the return of each
questionnaire, and could thus be viewed as a form of adher-
ence adjustment. In Table 6 we described the steps from our
2-year ITT estimate to the previously published adherence-
adjusted estimate. Below we discuss the 2 key steps: the
change of start of follow-up (time of therapy initiation vs.
time of questionnaire return), and the change of the exposed
group (selected initiators vs. current users).

The 2-year HR estimate changed from 1.42 (Table 3) to
0.98 (Table 6, column i) during the first 2 years, and from
0.96 (Table 3) to 0.84 (Table 6, column i) for the entire
follow-up when the definition of start of follow-up was
changed from the estimated time of therapy initiation to the
time of return of the next questionnaire (the latter definition
is commonly used in observational studies that collect treat-
ment information at regular intervals). This latter definition
excludes women who initiated treatment and then suffered a
nonfatal myocardial infarction during the interval between
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treatment initiation and treatment ascertainment (up to 2
years in the NHS). If hormone therapy increases the short-
term risk of CHD, this exclusion will result in an underesti-
mate of the early increase in risk and may result in selection
bias,'® which may explain part of the change from 1.42 to
0.98. The impact of this exclusion bias, however, will be
diluted over the entire follow-up, as previously suggested
in a sensitivity analysis,'” which may explain the smaller
change from 0.96 to 0.84. This exclusion bias may be
quantified through simulations,*' reduced by stratification
of the analysis on duration of therapy at baseline,”' and
eliminated by making the start of follow-up coincident with the
time of treatment initiation, as discussed by Robins**** and
Ray.* The approach we present here and elsewhere'**> gener-
alizes Ray’s “new-users design” to the case of time-varying
treatments.

The point estimate further changed from 0.98 (Table 6,
column i) to 0.77 (column ii) when the definition of exposure
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changed from selected initiators to current users. These are
estimates for different contrasts. The estimate in column i is
based on the exposed person-time during the 2-year period
immediately after the return of the questionnaire in which
therapy initiation was reported, and thus can be viewed as a
flawed attempt to estimate the early effect of therapy initia-
tion (see previous paragraph). The estimate in column ii,
however, is based on the exposed person-time pooled over all
2-year periods after the return of any questionnaire, and thus
can be interpreted as an attempt to estimate the effect of
therapy use during any 2-year period (that excludes the
interval between therapy initiation and return of the next
questionnaire, as discussed in the previous paragraph). More
specifically, the approach in column ii can be understood as
an attempt to estimate adherence-adjusted effects by entering
the current value of exposure and the joint predictors of
adherence and CHD as time-varying covariates in the model
for CHD risk. Unlike inverse probability weighting, this
approach to adherence adjustment requires that the time-
dependent covariates not be strongly affected by prior treat-
ment. This may be a reasonable assumption in the NHS. Thus
the estimates in column ii may be more usefully compared
with a weighted average of our interval-specific adherence
adjusted estimates of 1.61 (0-2 years), 0.65 (2-5 years), 0.47
(5-8 years), and 0.85 (>8 years) than to the estimate in
column 1i.

In summary, our findings suggest that the discrepancies
between the WHI and NHS ITT estimates could be largely
explained by differences in the distribution of time since
menopause and length of follow-up. Residual confounding
for the effect of therapy initiation in the NHS seems to play
little role.
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APPENDIX: SENSITIVITY TO OUR ANALYTIC
CHOICES FOR THE NHS NONRANDOMIZED
TRIALS
We now describe the estimates from sensitivity analyses that
alter some of the decisions we made for the analyses shown
in Table 3. The results from these sensitivity analyses indi-
cate that these decisions had only a moderate influence on our

estimates.

Appendix Al: The Determination of Month of
Therapy Initiation

The duration of use of hormone therapy during a given
2-year period is ascertained as a categorical variable with 5
levels in the NHS questionnaires. Therefore any decisions
regarding the exact month of therapy initiation will result in
some error. We explored the sensitivity of our estimates to
this error by conducting separate analyses in which we varied
the decisions used to obtain the estimates in Table 3. In the
analyses shown in Appendix Table 1, we used the latest
possible month of initiation as the month of therapy initiation.
For example, if a woman on hormone therapy reported 15-19
months of use during the 2-year period before the return of
the baseline questionnaire, we calculated the month of initi-
ation as the month of questionnaire return minus 19 in Table
3, and minus 15 in Appendix Table 1.

APPENDIX TABLE 1. Estimates of the Intention-to-Treat

Effect of Initiation of Estrogen/Progestin Therapy on the
Incidence of CHD Events When Using the Latest Possible
Month of Therapy Initiation in the NHS “Trials”

Appendix A2: The Inclusion of Women Over
Age 50

The WHI trial excluded women younger than 50 years
at baseline. Appendix Tables 2 and 3 show, respectively, the
ITT and adherence-adjusted estimates when we added this
exclusion criterion to the eligibility criteria of our NHS “trials.”
The ITT HRs (95% CIs) of CHD for initiators versus non-
initiators were 0.99 (0.80—1.22) for the entire follow-up, 1.80
(1.01-3.19) for the first year, 1.43 (0.92-2.23) for the first 2
years, 1.13 (0.85-1.50) for the first 5 years, and 1.05 (0.82—
1.34) for the first 8 years. The adherence-adjusted HRs (95%
Cls) were 1.30 (0.76-2.21) for the entire follow-up, 1.61
(0.84-3.08) for the first year, 1.71 (1.03-2.83) for the first 2
years, 1.22 (0.80—1.88) for the first 5 years, and 1.35 (0.78—
2.35) for the first 8 years. The HR (95% CI) was 0.69
(0.32-1.48) during years 2-5, 1.73 (0.41-2.11) during years
5-8, and 0.91 (0.17—4.83) after year 8.

Appendix A3: The Exclusion of Women Who
Died Between the Start of Follow-Up and the
Return of the Next Questionnaire

There are 2 reasons why the initiators in our analysis
were actually a selected group of all initiators. First, it is
possible that some short-term users of hormone therapy were
not detected in the NHS. Of note, the adherence of NHS
women during the first year after initiation was higher than
that previously found in other US?® and UK'® women, which
might reflect a truly greater adherence of NHS women or the

APPENDIX TABLE 2. Estimates of the Intention-to-Treat
Effect of Initiation of Estrogen/Progestin Therapy on the
Incidence of CHD Events Among Women Aged 50 or
More at Baseline in the NHS “Trials”

Follow-up Period

Follow-up Period

All 0-24 Mo >24 Mo All 0-24 Mo >24 Mo
Initiators Initiators
Total no. 7245 7245 7165 Total no. 6602 6602 6566
No. CHD events 90 24 66 No. CHD events 94 21 73
Noninitiators Noninitiators
Total no. 140,881 140,881 139,331 Total no. 135,877 135,887 134,491
No. CHD events 3533 545 2988 No. CHD events 3503 503 3000
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
All women 0.92 (0.74-1.15) 1.49 (0.97-2.27) 0.81 (0.63-1.05) All women 0.99 (0.80-1.22) 1.43 (0.92-2.23) 0.91 (0.72-1.16)
By time after menopause (y) By time after menopause (y)
<10 0.81 (0.59-1.12) 0.99 (0.44-2.20) 0.79 (0.55-1.12) <10 0.88 (0.63—1.21) 1.28 (0.62-2.64) 0.81 (0.56-1.17)
=10 1.06 (0.79-1.43) 1.84 (1.11-3.05) 0.88 (0.62—-1.26) =10 1.13 (0.85-1.49) 1.50 (0.84-2.68) 1.06 (0.77—-1.44)
P for interaction 0.11 0.20 0.35 P for interaction 0.12 0.85 0.11
By age (y) By age (y)
<60 0.81 (0.60-1.09) 1.04 (0.51-2.10) 0.76 (0.55-1.07) <60 0.89 (0.67-1.19) 1.36 (0.71-2.57) 0.82 (0.59-1.14)
=60 1.13 (0.82-1.56) 1.98 (1.16-3.40) 0.93 (0.63—1.38) =60 1.15 (0.85-1.57) 1.49 (0.79-2.80) 1.08 (0.77-1.53)
P for interaction 0.04 0.11 0.22 P for interaction 0.08 0.73 0.09

Adjusted for same baseline variables as in Table 3.

Adjusted for same baseline variables as in Table 3.
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APPENDIX TABLE 3. Estimates of the (Adherence-Adjusted)
Effect of Continuous Estrogen/Progestin Therapy Versus No
Hormone Therapy on the Incidence of CHD Events Among

Women Aged 50 or More at Baseline in the NHS “Trials”

All 0-24 Mo
HR (95% CI) HR (95% CI)

>24 Mo
HR (95% CI)

All women 1.30 (0.76-2.21) 1.71 (1.03-2.83) 1.07 (0.44-2.63)

By time after menopause (y)

<10y 0.68 (0.24-1.91) 1.28 (0.43-3.86) 0.20 (0.03-1.54)
=10y 1.57 (0.86-2.85) 1.97 (1.11-3.47) 1.37 (0.54-3.45)
P for interaction 0.03 0.37 0.06

By age (y)
<60 0.91 (0.49-1.69) 1.80 (0.83-3.87) 0.54 (0.20-1.49)
=60 1.92 (0.90-4.10) 1.69 (0.87-3.32) 2.10 (0.68-6.50)
P for interaction 0.06 0.94 0.09

Adjusted for same baseline variables as in Table 3. In each “trial,” women were
censored when they discontinued their baseline treatment (either hormone therapy or no
hormone therapy), and the uncensored women-months were weighted by the inverse of
their estimated probability of remaining uncensored until that month.

questionnaires’ inability to identify all short-term users. Sec-
ond, both the initiators (and noninitiators) in our analysis did
not include women who died before returning the question-
naire. The month of therapy initiation, if any, for women who
died between the start of follow-up and the return of the next
questionnaire is unknown. As a result, these women were not
included in our analyses in Table 3, which might have resulted
in selection bias if the women who had a CHD event and died
before returning the questionnaire were more (or less) likely to
have initiated therapy than those who did not die. As an aside,
because the analyses presented in columns i—vi of Table 6 used
the date of return of the questionnaire as the start of follow-up,
the number of women excluded for this reason is lower in Table
6 than in Table 3. This explains why the number of CHD cases
during the first 2 years of follow-up is 534 in Table 3 and 677 in
column i of Table 6.

We used inverse probability weighting'® to adjust for
the potential selection bias due to death before questionnaire
return. Specifically, we estimated the conditional probability
of surviving until the return of the questionnaire for every
woman who, having had a CHD event during the 2-year
interval prior to the baseline questionnaire, survived to return
the questionnaire. We then upweighted these survivors by the
inverse of their estimated conditional probability of survival.
This approach implicitly assumes that there exists a hypo-
thetical intervention to prevent death before returning the
questionnaire among women who had a CHD event.

To estimate the probability of survival, we fit a logistic
model among women who had a CHD event in the 2-year
interval before the return of the questionnaire. The outcome
of the model was the probability of survival until question-
naire return, and the covariates were those used in our Table
3 analyses to adjust for confounding. This approach adjusts
only for the selection bias that can be explained by these

© 2008 Lippincott Williams & Wilkins

covariates. Appendix Table 4 shows the inverse probability
weighted ITT HRs and their 95% Cls, which are similar to those
in Table 3—although the HR for initiators versus noninitiators
during the first 2 years of follow-up was closer to the null in
Appendix Table 4 (1.30) than in Table 3 (1.48).

However, our inverse probability weighted analysis
could not adjust for treatment status because it is unknown
whether women who died before returning their questionnaire
were initiators. Thus, if the probability of dying after or from
a CHD event was affected by treatment, our inverse proba-
bility weighted analysis would not appropriately adjust for
the selection bias. We conducted a sensitivity analysis to
determine whether lack of adjustment for treatment status
could explain the increased CHD incidence observed in
initiators during the first 2 years of follow-up. The method-
ology for this sensitivity analysis has been recently de-
scribed.?” Appendix Figure 1 summarizes the results.

The ITT HR of CHD varies from 1.42 for « = —1 to
1.24 for « = 1, where «a is the log odds ratio for the
hypothesized association between treatment arm and death
before returning the questionnaire, conditional on the other
covariates. Our analysis in Appendix Table 4 corresponds to
a = 0. These results suggest that the potential selection bias
due to lack of adjustment for treatment arm in the inverse
probability-weighted analysis does not fully explain the in-
creased CHD incidence rate during the first 2 years of
follow-up in initiators versus noninitiators.

APPENDIX TABLE 4. Estimates of the Intention-to-Treat
Effect of Initiation of Estrogen/Progestin Therapy on the
Incidence of CHD Events in the NHS “Trials,” After Adjust-
ment for Exclusion of Women Who Died Between the Start
of Follow-Up and the Return of the Next Questionnaire

Follow-up Period

All 0-24 Mo >24 Mo
Initiators
Total no. 7258 7258 7221
No. CHD events 98 22 76
Noninitiators
Total no. 141,002 141,002 139,599
No. CHD events 3606 512 3094
HR (95% CI) HR (95% CI) HR (95% CI)
All women 0.96 (0.77-1.18) 1.30 (0.83-2.05) 0.88 (0.69-1.12)

By time after menopause (y)

<10 0.85 (0.62-1.16) 1.37 (0.69-2.73) 0.77 (0.54-1.09)
=10 1.09 (0.82-1.46) 1.27 (0.69-2.34) 1.05 (0.77-1.43)
P for interaction 0.12 0.82 0.07

By age (y)
< 60 0.86 (0.65-1.14) 1.33 (0.71-2.47) 0.78 (0.57-1.07)
=60 1.14 (0.83-1.55) 1.31(0.68-2.53) 1.08 (0.76-1.54)
P for interaction 0.07 0.93 0.06

Adjustment does not affect to estimates for >24 mo. HR adjusted for same baseline
variables as in Table 3.
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APPENDIX FIGURE 1. Sensitivity analysis for lack of adjustment
for treatment arm in the inverse probability weighted analysis
that adjusts for selection bias due to death between the start of
follow-up and the return of questionnaire in the Nurses’ Health
Study “trials.” The parameter alpha is the log odds ratio for the
hypothesized association between treatment arm and death be-
fore returning the questionnaire. Log HR is the log HR of CHD for
initiators versus noninitiators during the first 2 years of follow-up.

Appendix A4: The Use of Propensity Scores

To assess whether our results were affected by the
choice of the effect measure (ie, HR) or by the method of
adjustment for confounding, we also conducted the analyses
by g-estimation of a nested, trial-specific, time-independent
accelerated failure time model,'®?® which estimates the me-
dian survival time ratio of noninitiators versus initiators and
adjusts for confounding by combining a model for the pro-
pensity score with a model for the effect of the covariates on
time to CHD.? G-estimation of nested structural models is a
particularly robust way of utilizing propensity scores as it is
minimally affected by poor overlap in the propensity scores
of the treated and untreated.>’° The estimates, shown in
Appendix Table 5, are qualitatively similar to those in Table
3, which suggests that our conclusions are not sensitive to the
method used for confounding adjustment.

Appendix A5: The Assumption of No
Unmeasured Confounding

To examine the amount of confounding by measured
lifestyle and socioeconomic compared with other risk factors,
we first repeated the analysis in Table 3 without adjusting for
measured lifestyle factors (alcohol intake, physical activity,
aspirin use, diet score, multivitamin use, fruit and vegetable
intake). The HR was 0.94 (95% CI = 0.76—-1.16). When we
also omitted adjustment for our measures of socioeconomic
status (education, ethnicity, husband’s education), the HR
was 0.92 (0.75-1.14). We repeated the analyses without
adjusting for any of the potential confounders except age; the
age-adjusted HR was 0.67 (0.54—0.83) for CHD. Finer strat-
ification by age (in 2-year intervals) and adjustment for age as
a continuous covariate did not materially affect the results.
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APPENDIX TABLE 5. Estimates of the Intention-to-Treat
Effect of Initiation of Estrogen/Progestin Therapy on the
Incidence of CHD Events in the NHS “Trials” (Effect Mea-
sured as Median Survival Time Ratio)

Entire Follow-up

Initiators
Total no. 7258
No. CHD events 98
Noninitiators
Total no. 141,002
No. CHD events 3,606

STR (95% CI)
By time after menopause (y)

0.87 (0.62-1.08)

<10 0.71 (0.43-1.03)
=10 1.04 (0.70-1.36)
By age (y)
<60 y 0.66 (0.47-1.03)
=60y 1.11 (0.72-1.50)
0-24 mo
CHD events no.
Initiators 22
Noninitiators 512

STR (95% CI) 1.82 (0.50-3.70)

Survival time ratios (STRS) adjusted for same baseline variables as in Table 3.

It is suspected that important confounders of the effect
of hormone therapy on CHD risk also confound its effect on
stroke risk. Thus we estimated the ITT effect of hormone
therapy on stroke under the hypothesis that, in the presence of
substantial unmeasured confounding for the effect on CHD
risk, the effect estimates for stroke would also be biased.
There were 574 cases of stroke among eligible women.
Applying the same analytic strategy as in Table 3, the overall
HR for stroke was 1.39 (CI = 1.09-1.77), which is similar to
the estimate found in the WHI randomized trial.

We also repeated the analysis in column vi of Table 6
without adjustment for measured lifestyle factors other than
smoking (alcohol intake, physical activity, aspirin use, mul-
tivitamin use, vitamin E intake). The HR was 0.67 (CI =
0.53—0.85). When we also omitted adjustment for our mea-
sures of socioeconomic status (husband’s education), the HR
was 0.65 (0.52-0.82). We repeated the analyses without
adjusting for any of the potential confounders except age; the
age-adjusted HR was 0.48 (0.38—-0.60).

To further evaluate whether our decision not to assume
comparability on unmeasured factors between those continu-
ing versus discontinuing therapy had an important effect on
our adherence-adjusted estimates, we compared our esti-
mated ITT effect of hormone initiation with an estimate of the
ITT effect of discontinuation under the assumption of no
unmeasured confounders for discontinuation. To calculate
this latter effect we recreated a set of NHS “trials” with the
same protocol and analytic approach described above except
that we restricted participation in each “trial” to women who

© 2008 Lippincott Williams & Wilkins
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reported use of hormone therapy in the questionnaire before
baseline.

We implemented the ITT approach by considering the
treatment variable to be either 1 or 0 depending on whether
the woman reported herself to be off versus on hormone
therapy at the baseline questionnaire (regardless of future
hormone history), and fit the Cox models described above.
Under the assumption of no unmeasured confounders for
treatment discontinuation given the variables used in our
analysis, the estimates of effect so obtained are comparable
with those from a randomized trial among hormone users in
which treatment discontinuation is assigned at random.

Our analyses included 12,739 women who met the
eligibility criteria for at least 1 NHS estrogen/progestin dis-
continuation “trial.” Appendix Figure 2 shows the distribu-
tion of women by number of “trials” in which they partici-
pated. Of these, 131 had a CHD event, 49 died of other causes
or were lost to follow-up, and 12,559 reached the adminis-
trative end of follow-up free of a diagnosis of CHD. Appen-
dix Table 6 shows the number of participants, stoppers, and
CHD events in each of the “trials,” which include fewer
participants than those for hormone therapy initiation because
they are restricted to the smaller group of hormone therapy
users. The HR when we compared the 52 events in the 4617
stoppers with the 209 events in the 24,255 nonstoppers was
1.13 (CI = 0.82—1.56). The number of events was insufficient
to conduct meaningful subgroup analyses.

© 2008 Lippincott Williams & Wilkins
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APPENDIX FIGURE 2. Distribution of eligible women by num-
ber of NHS “trials” of hormone therapy discontinuation in
which they participated.

APPENDIX TABLE 6. Number of Participants, Therapy
Stoppers, and CHD Events in Each NHS “Trial” to Estimate
the Intention-to-Treat Effect of Discontinuation of Estrogen/
Progestin Therapy

Trial  Questionnaire Yr  Participants  Stoppers = CHD Events

1 1984 107 59 2

2 1986 438 172 14

3 1988 1311 327 26

4 1990 2917 619 42

5 1992 4303 670 47

6 1994 5736 867 54

7 1996 7446 917 48

8 1998 6614 986 28
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