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ABSTRACT

Background Postmenopausal hormone therapy
has both benefits and hazards, including decreased
risks of osteoporosis and cardiovascular disease and
an increased risk of breast cancer.

Methods We examined the relation between the
use of postmenopausal hormones and mortality
among participants in the Nurses’ Health Study, who
were 30 to 55 years of age at base line in 1976. Data
were collected by biennial questionnaires beginning
in 1976 and continuing through 1992. We document-
ed 3637 deaths from 1976 to 1994. Each participant
who died was matched with 10 controls alive at the
time of her death. For each death, we defined the
subject’'s hormone status according to the last bien-
nial questionnaire before her death or before the di-
agnosis of the fatal disease; this reduced bias caused
by the discontinuation of hormone use between the
time of diagnosis of a potentially fatal disease and
death.

Results After adjustment for confounding vari-
ables, current hormone users had a lower risk of
death (relative risk, 0.63; 95 percent confidence inter-
val, 0.56 to 0.70) than subjects who had never taken
hormones; however, the apparent benefit decreased
with long-term use (relative risk, 0.80; 0.67 to 0.96,
after 10 or more years) because of an increase in
mortality from breast cancer among long-term hor-
mone users. Current hormone users with coronary
risk factors (69 percent of the women) had the larg-
est reduction in mortality (relative risk, 0.51; 95 per-
cent confidence interval, 0.45 to 0.57), with substan-
tially less benefit for those at low risk (13 percent of
the women; relative risk, 0.89; 95 percent confidence
interval, 0.62 to 1.28).

Conclusions On average, mortality among wom-
en who use postmenopausal hormones is lower
than among nonusers; however, the survival benefit
diminishes with longer duration of use and is lower
for women at low risk for coronary disease. (N Engl
J Med 1997;336:1769-75.)
©1997, Massachusetts Medical Society.

HETHER to take postmenopausal
hormones is a difficult decision. Hor-
mone use carries many benefits, in-
cluding decreased risks of osteopo-
rosis! and cardiovascular disease,? as well as hazards,
especially an increase in the risks of breast and
endometrial cancers.! Observational studies have
reported reduced mortality among women taking
hormones,?? but many of the studies have had meth-
odologic flaws that limit firm conclusions. Specifical-
ly, women for whom estrogens are prescribed are of-
ten healthier initially, and those who continue to
take hormones tend to be free of disease (for exam-
ple, women in whom cancer is diagnosed often stop
taking hormones).81011 Thus, lower mortality among
hormone users may be attributed erroneously to the
hormone itself. In addition, studies that combine
current and past use into an “ever” category may un-
derestimate the benefits of postmenopausal hor-
mones, since the decrease in cardiovascular disease
appears to be limited largely to current users.!2
In this prospective study, we addressed these issues
and examined the relation between postmenopausal
hormones and mortality to provide a balanced assess-
ment of the risks and benefits of hormone use.
Moreover, because of the increase in the incidence
of breast cancer with long-term hormone use and
the decrease in heart disease previously observed in
this cohort,!213 we also examined the relation be-
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tween hormones and mortality among women at
high risk and those at low risk for these diseases.

METHODS

The Nurses’ Health Study Cohort

The Nurses” Health Study began in 1976 when 121,700 female
registered nurses, 30 to 55 years of age, completed a mailed ques-
tionnaire concerning their medical history, including information
on menopause, cardiovascular disease, and cancer. We also ob-
tained information on risk factors for cardiovascular disease and
cancer and on the use of postmenopausal hormones. Biennial fol-
low-up questionnaires were mailed to update information on risk
factors and identify newly diagnosed cases of major illnesses.

Population for Analysis

Women who reported a history of cardiovascular disease
(stroke, myocardial infarction, angina, or coronary revasculariza-
tion) or cancer (except nonmelanoma skin cancer) on the 1976
questionnaire were excluded from the study. We classified women
as postmenopausal from the time they reported having a natural
menopause or hysterectomy with bilateral oophorectomy. Wom-
en who underwent hysterectomy without bilateral oophorectomy
were considered postmenopausal when they reached the age at
which natural menopause had occurred in 90 percent of the co-
hort (54 years for smokers and 56 for nonsmokers).'* Women
were eligible for the analysis when they became postmenopausal;
those in whom cardiovascular disease or cancer was diagnosed be-
fore menopause were excluded, because this might have influ-
enced their subsequent use of hormones and risk of death.

Identification of Case and Control Subjects

We included deaths that occurred after the completion of the
1976 questionnaire and before June 1, 1994. Most deaths were
reported by the participants’ families. We searched the National
Death Index to identify deaths among nonrespondents; mortality
follow-up was more than 98 percent complete.!s For all deaths,
we sought death certificates and, when appropriate, requested
permission from the next of kin (subject to state regulations) to
review medical records. The underlying cause of death was as-
signed according to the International Classification of Diseases,
Eighth Revision (ICD-8).16 The primary end point was death
from any cause, but we also examined mortality from coronary
heart disease (ICD-8 codes 410 to 414), stroke (codes 430 to
438), and cancer (codes 140 to 207). We identified 3637 deaths
among women who provided information about postmenopausal
hormones.

For each case subject, 10 controls were chosen at random,
without replacement, from among women alive either at the time
of the case subject’s death or, where relevant, at the time of the
diagnosis of the disease leading to death. The control pool con-
sisted of all the women who met the same criteria as the case sub-
jects (that is, they were postmenopausal and free of cancer and
cardiovascular disease at base line or before menopause) and did
not include women who died during follow-up. Controls were
chosen for each case subject, beginning with the earliest deaths
and proceeding systematically through the end of follow-up. Con-
trols were matched to case subjects for age (within one year), age
at menopause (within one year), and type of menopause (natural,
bilateral oophorectomy, or hysterectomy or other), and the peri-
od of the case patient’s death (two-year time period). For 50 case
subjects, we were unable to identify 10 controls who met these
criteria, and thus fewer than 10 were chosen; in all, 36,097 con-
trols were selected, of whom 34,625 provided information about
hormone use for the relevant questionnaire cycle and were includ-
ed in this analysis. Since our focus was mortality, women who ac-
quired major illnesses during follow-up but did not die of their
diseases were eligible to be controls. However, only 3.2 percent of
the controls had confirmed cardiovascular disease or cancer.
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Ascertainment of Hormone Use

In 1976, women were asked about hormone therapy after
menopause and about the duration of their hormone use. Subse-
quent biennial questionnaires, from 1978 to 1992, collected in-
formation on the types of hormones used and updated informa-
tion about current use.

For each death, we defined the woman’s hormone status ac-
cording to the report on the last questionnaire completed before
her death or before diagnosis of the disease that led to her death
(e.g., if breast cancer was diagnosed in 1983 in a participant who
died of the disease in 1988, hormone use was defined according
to her 1982 questionnaire report). We thereby reduced bias
caused by the discontinuation of hormone use between the diag-
nosis of a potentially fatal disease and subsequent death. For 71
percent of the case subjects, we used the last questionnaire com-
pleted before death (i.e., no change was made in the assignment
of exposure); for 11 percent, we used the questionnaire complet-
ed two time periods before death; for 8 percent, three time peri-
ods before death; and for the remaining 10 percent, more than
three time periods before death. Each control’s hormone use was
identified on the basis of her report on the same questionnaire as
that of the matched case subject, thereby taking account of the
increasing trend toward prescribing hormones during the course
of the study.

Statistical Analysis

The standard prospective analysis used for incident diseases in
this cohort!24 would have been inappropriate to use for mortal-
ity. Because of the need to establish hormone use at the time of
diagnosis of the fatal discase rather than uniformly at death, we
would have thereby truncated follow-up for case subjects but not
for other subjects in a prospective analysis, thus exaggerating any
apparent benefit of estrogen. In our nested case—control analysis,
we could end follow-up simultaneously for each case subject and
her matched controls. This analysis has been used previously in
examining mortality in the Nurses’ Health Study.!3

We used analytic techniques for matched data, including con-
ditional logistic regression!” to estimate the relative risks, calcu-
lated as odds ratios, of death associated with hormone use, and
the corresponding 95 percent confidence intervals. Relative risks
were adjusted for the following risk factors: body-mass index
(quintiles of the weight in kilograms divided by the square of the
height in meters), cigarette smoking (never a smoker, past smoker,
or current smoker [1 to 14, 15 to 24, 25 to 34, or 35 or more
cigarettes per day]), hypertension (yes, no), high cholesterol (yes,
no), diabetes (yes, no), parental myocardial infarction before the
age of 60 (yes, no), history of breast cancer in mother or sister
(yes, no), previous use of oral contraceptives (yes, no), parity (no
children, one or more), and menarche before 13 years of age (yes,
no). In some analyses, we further adjusted for quintiles of satu-
rated-fat and alcohol intake; use of multivitamins (yes, no), vita-
min E (yes, no), and aspirin (none, 1 to 6 aspirin tablets per week,
daily); and regular exercise (yes, no). These analyses included only
case subjects and matched controls from 1980 to 1994, because
data on these variables were not available until 1980. In subgroup
analyses limited to women with specific risk factors, we used un-
conditional logistic regression!” and controlled for the matching
factors.

RESULTS

We included in the analysis 3637 deaths that oc-
curred between 1976 and 1994 among postmeno-
pausal women; 461 of the women died of coronary
heart disease, 167 of stroke, and 1985 of cancer. Of
the women who died of cancer, 425 died of breast
cancer and 58 (of whom 5 were hormone users)
of endometrial cancer. Among all the case subjects,
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TABLE 1. RisSK OF DEATH AMONG ALL POSTMENOPAUSAL HORMONE USERS
IN THE NURSES’ HEALTH STUDY, 1976 TO 1994.*

HorwmoNE Use

CAuUsE OF DEATH
NEVER

All causes
No. of cases 2051
Relative risk (95% CI)
Crude 1.0
Adjusted 1.0
Coronary heart disease
No. of cases 289
Relative risk (95% CI)
Crude 1.0
Adjusted 1.0
Stroke
No. of cases 91
Relative risk (95% CI)
Crude 1.0
Adjusted 1.0
All cancer
No. of cases 1103
Relative risk (95% CI)
Crude 1.0
Adjusted 1.0
Breast cancer
No. of cases 246
Relative risk (95% CI)
Crude 1.0
Adjusted 1.0

CURRENT PAST

574 1012

0.58 (0.52-0.64)
0.63 (0.56-0.70)

1.00 (0.92-1.08)
1.03 (0.94-1.12)

43 129

0.35 (0.25-0.49)
0.47 (0.32-0.69)

0.84 (0.67-1.05)
0.99 (0.75-1.30)

28 48

0.56 (0.35-0.89)
0.68 (0.39-1.16)

1.00 (0.68-1.47)
1.07 (0.68-1.69)

353 529

0.67 (0.59-0.76)
0.71 (0.62-0.81)

1.01 (0.90-1.13)
1.04 (0.92-1.17)

85 94

0.77 (0.59-1.00)
0.76 (0.56-1.02)

0.80 (0.62-1.03)
0.83 (0.63-1.09)

*CI denotes confidence interval. Values are adjusted for age, age at menopause, type of menopause,
body-mass index (quintiles), diabetes (yes, no), high blood pressure (yes, no), high cholesterol (yes,
no), smoking (never, past, or current [1 to 14, 15 to 24, 25 to 34, or 35 or more cigarettes per day])
past oral-contraceptive use (yes, no), family history of myocardial infarction (yes, no), family history
of breast cancer (yes, no), parity (no children or at least one), age at menarche (<13 years or =13),

and time period (eight two-year periods).

15.8 percent reported current hormone use on the
last questionnaire completed before death or before
the diagnosis of fatal disease, 27.8 percent were past
users, and 56.4 percent had never used hormones.
Among the controls, 24.5 percent reported current
use on the same questionnaire as their matched case
subjects, 24.9 percent reported past use, and 50.6
percent reported that they had never used hor-
mones.

Opverall, we found an inverse association between
current hormone use and death from all causes (crude
relative risk, 0.58; 95 percent confidence interval,
0.52 to 0.64) (Table 1). Adjustment for a wide va-
riety of risk factors attenuated this estimate slightly,
primarily because fewer hormone users than nonus-
ers smoked cigarettes; after adjustment, we observed
a 37 percent decrease in the risk of death for current
hormone users as compared with those who had
never used hormones (relative risk, 0.63; 95 percent
confidence interval, 0.56 to 0.70). Additional ad-
justment for dietary factors, alcohol intake, vitamin
or aspirin use, and exercise did not materially affect
the relative risk (0.67; 95 percent confidence inter-
val, 0.59 to 0.76). Because adjustment for these ad-
ditional variables had little effect on the findings but
would limit the population to those alive in 1980,

when we began collecting these data, subsequent es-
timates are not adjusted for these factors. There was
no apparent survival benefit for past hormone users
(relative risk, 1.03; 95 percent confidence interval,
0.94 to 1.12).

Among specific causes of death, as expected, the
most marked reduction was in death due to coro-
nary heart disease (relative risk, 0.47; 95 percent
confidence interval, 0.32 to 0.69 for current users)
(Table 1). The apparent decrease in mortality due to
stroke among current hormone users was less certain
because of the small number of deaths from stroke
(relative risk, 0.68; 95 percent confidence interval,
0.39 to 1.16). Mortality due to cancer was also low-
er in current hormone users (relative risk, 0.71; 95
percent confidence interval, 0.62 to 0.81). Addi-
tional adjustment for diet, alcohol intake, vitamin or
aspirin use, and exercise did not materially affect
these cause-specific results.

The survival benefit was attenuated among long-
term hormone users (relative risk for 10 or more
years of current use, 0.80; 95 percent confidence
interval, 0.67 to 0.96) (Table 2). This attenuation
was primarily attributable to a 43 percent increase
in death due to breast cancer (relative risk, 1.43;
95 percent confidence interval, 0.82 to 2.48) with
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TABLE 2. RiSK OF DEATH FROM ALL CAUSES AMONG CURRENT USERS
AS COMPARED WITH THOSE WHO NEVER USED POSTMENOPAUSAL. HORMONES,
ACCORDING TO THE DURATION OF USE, 1976 TO 1994 .*

DEATH FROM
ALL CAUSES HorMONE Use
NEVER CURRENT
<5yr 5-9yr =10 yr
No. of cases 2051 215 163 181
Relative risk (95% CI)t
Crude 1.0 0.54 (0.47-0.63) 0.54 (0.45-0.63) 0.69 (0.59-0.81)
Adjusted} 1.0 0.56 (0.48-0.65) 0.60 (0.50-0.72) 0.80 (0.67-0.96)

*Information about the duration of current hormone use was missing for 15 case subjects.
1CI denotes confidence interval.

tValues are adjusted for age, age at menopause, type of menopause, body-mass index (quintiles),
diabetes (yes, no), high blood pressure (yes, no), high cholesterol (yes, no), smoking (never, past, or
current [1 to 14, 15 to 24, 25 to 34, or 35 or more cigarettes per day]), past oral-contraceptive use
(yes, no), family history of myocardial infarction (yes, no), family history of breast cancer (yes, no),
parity (no children or at least one), age at menarche (<13 years or =13), and time period (eight
two-year periods).

TABLE 3. Risk OF DEATH FROM ALL CAUSES AMONG PAST USERS
AS COMPARED WITH THOSE WHO NEVER USED POSTMENOPAUSAL HORMONES,
ACCORDING TO THE LENGTH OF TIME SINCE THE LAST USE, 1976 1O 1994.*

DEATH FROM
ALL CAusEs HormonE Use
NEVER LAST USE (YR BEFORE DEATH)
<3 3to 4.9 =5
No. of cases 2051 173 115 618
Relative risk (95% CI)t
Crude 1.0 0.74 (0.62-0.87)  0.77 (0.63-0.94) 1.16 (1.06-1.28)
Adjustedf 1.0 0.78 (0.66-0.92)  0.81 (0.66-0.99) 1.16 (1.04-1.29)

*Information about the length of time since the last use of hormones was missing for 106 case
subjects.

TCI denotes confidence interval.

fValues are adjusted for age, age at menopause, type of menopause, body-mass index (quintiles),
diabetes (yes, no), high blood pressure (yes, no), high cholesterol (yes, no), smoking (never, past, or
current [1 to 14, 15 to 24, 25 to 34, or 35 or more cigarettes per day]), past oral-contraceptive use
(yes, no), family history of myocardial infarction (yes, no), family history of breast cancer (yes, no),
parity (no children or at least one), age at menarche (<13 years or =13), and time period (eight

two-year periods).

long-term use (data on hormone use and breast can-
cer have been detailed elsewhere!?18). Past hormone
use, regardless of duration, was not related to mor-
tality.

Among past users, women who had stopped using
hormones less than three years in the past had a 22
percent decrease in the risk of death from all causes
(Table 3) (relative risk, 0.78; 95 percent confidence
interval, 0.66 to 0.92); this decrease in risk was
maintained for three to four years after the discon-
tinuation of hormone use, but the risk was slightly
elevated after five years.

We also examined the effect of estrogen, both
alone and combined with progestin (information was

1772 June 19, 1997

available for 92 percent of the case subjects and 89
percent of the controls). The relative risk of death
for current users of estrogen with progestin was 0.46
(95 percent confidence interval, 0.36 to 0.58); for
users of estrogen alone it was 0.69 (95 percent con-
fidence interval, 0.60 to 0.80).

Because the greatest apparent decrease in risk was
for death from coronary heart disease, we repeated
the analysis within strata defined by cardiovascular-
risk status (Table 4). Among the 69 percent of the
women who had at least one major cardiovascular
risk factor (current smoking, high cholesterol levels,
high blood pressure, diabetes, a parental history of
premature myocardial infarction, or body-mass in-
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