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Abstract—Survival was studied in a population-based cohort of over 23,000 women
who were prescribed hormone replacement therapy. Complete follow-up through 1986
revealed a total of 1472 deaths, which was somewhat lower than expected; the relative
survival being 101.1% (95% CL, 100.8, 101.3) after 5 years and 102.4% (95% CL, 101.9,
102.8) after 10 years. The relative survival increased with increasing age at entry into
the cohort, being 98.2% (95% CL, 96.6, 99.8) in the 40-44 and 105.2% (95% CL, 101.4,
109.1) in the 65-69 year age group after 10 years. Neither the type of compound (potent
vs non-potent estrogens), nor the year of entry into the cohort seemed to affect survival,
whereas survival advantage generally increased with years of follow-up. Multivariate
analysis showed that age at time of first prescription was the only determinant that
significantly affected the death risk. This pattern could be explained by confounding due
to selection of healthy subjects receiving hormone replacement therapy and/or by the
specific choice of estrogen compounds (and progestogens), related to age. It is concluded
that hormone replacement therapy is associated with a survival which is similar to
or—notably at ages above 50-60 years—slightly higher than that in the general
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population.
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INTRODUCTION

The use of non-contraceptive estrogens in
women entails a variety of biological effects
which could influence morbidity and mortality.
The alleviation of vasomotor symptoms in the
early postmenopausal period and of urogenital
atrophic conditions in the late post-menopause
by this treatment is well documented [1]. During
recent years long-term estrogen treatment has
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been reported to prevent postmenopausal bone
loss and to reduce the risk of developing osteo-
porotic fractures by 50% [2]. Prophylactic
measures are therefore recognized as a possible
indication for estrogen use [3]). However, the
increased risk of endometrial cancer [4]) and a
1.5-2-fold increase in the risk of breast cancer
after long-term exposure [5] needs serious
consideration. Also, the effects on the risk of
cardiovascular disease—the most important
cause of death with advancing age [6}—are still
controversial, since most [7-15], but not all
[16-19] studies have shown that non-contra-
ceptive estrogens have a protective effect, in
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contrast to oral contraceptives, which have been
found to be associated with an increased risk of
cardiovascular events [20].

Against this background, studies with sur-
vival or all-cause mortality as an end-point scem
particularly important for assessment of the
overall impact of hormone replacement therapy.
Reduced all-cause [21,22] and cardiovascular
mortality [15, 23] in women taking exogenous
estrogens without progestogens has been re-
ported. Inthe present study advantage was taken
of the facilities available in Sweden for record-
linkage studies, to conduct a large population-
based cohort investigation, regarding survival,
of women who had been prescribed both estro-
gens and estrogen—progestogen combinations.

MATERIALS AND METHODS

The cohort

In order to recruit a population-based cohort,
prescription forms for estrogenic drugs were
collected within the strictly defined Uppsala
health care region in Sweden, This region com-
prises about 1/6 of the entire Swedish popu-
lation of 8.4 million inhabitants. The pharmacies
responsible for all drug sales in this region
collaborated in a program designed so that all
such forms for estrogenic drug prescription
dispensed during a 3-year period from April
1977 through March 1980 would be sent to the
study secretariat, as described in detail pre-
viously [24]). From each form thus received
the following were computerized: the National
Registration Number (a 10-digit number which
exclusively identifies the individual and provides
a means for record linkage); data for the pre-
scribed estrogen (brand, dose, and package
size); and the date of purchase.

Approximately 77,000 prescription forms
were received, constituting approx. 92% of all
such prescriptions dispensed at the pharmacies.
The loss of registered forms was due to report-
ing failure at the pharmacies, estimated to be
4.6%, and exclusions on account of faulty
National Registration Numbers on 4.6% of the
reported forms [24]. This minor (random) loss
of data from specific prescription forms does
not necessarily lead to the exclusion of an
individual woman, since in most cases more
than one prescription form had been filled and
on different occasions, and consequently not to
selective loss with regard to any characteristic
of the patient. The available material corre-
sponded to 23,246 women, who met the follow-

Table 1. Numbers of cohort subjects in the different
age groups and numbers of deaths among them
during the follow-up period through 1986

Age at cohort Number of Number of
entry (yr) women (%) deaths (%)

30-39 391(1.7) 9(2.3)
40-44 - 1369(5.9) 45(3.3)
4549 4892 (21.0) 125 (2.6)
50-54 7475(32.2) 251 (3.4)
55-59 4779 (20.6) 222 (4.6)
6064 1879 (8.1) 138 (7.3)
65-69 1124 (4.8) 172 (15.3)
70-74 666 (2.9) 188 (28.2)
75+ 643 (2.8) 322 (50.1)
23,246 1472

ing eligibility criteria: one or more prescription
forms for estrogenic drugs between April 1977
and March 1980; age 35 years or older at the
time of purchase of the first recorded prescrip-
tion; and residency in the Uppsala health care
region. The age distribution of the women at
entry into the cohort is shown in Table 1.

All cohort subjects were followed up for
deaths through 1986 by linkage with the Causes
of Death Registry, which provides the date of
death for the whole of Sweden. In all, 1472
deaths were recorded in the cohort during the
follow-up period in question (Table 1).

Exposure characteristics of the cohort women

Individual characterization among the entire
cohort regarding exposure to estrogenic drugs
was limited by the following factors: (1) the
question of exposure before and after the pre-
scription recording period, (2) the question of
compliance with the drug prescription, and (3)
the fact that no information about prescriptions
for added progestogens was obtained for any of
the cohort subjects. Nevertheless, the available
prescription data provided a means of relating
survival to approximate measures of exposure
among all the cohort individuals,

A detailed description of exposure character-
istics was achieved through a questionnaire
study in a randomly selected sample (sub-
cohort) of 735 cohort subjects in 1980 (89%
response rate) [25] and in 1984 (84%) response
rate). By this means the exposure characteristics
of the entire cohort could be estimated. 91%
of the women who were prescribed estrogens
reported actual intake of the drug; and a check
of their registered prescription forms revealed
that the majority of them (85%) had filled only
one prescription, whereas among all those
admitting ever use more than one prescription
was recorded [24]; 50% of those receiving a
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prescription in 1977 had started treatment be-
fore that year; oral intake was practised by 95%
of the women; estradiol compounds (estradiol
valerate 1-2 mg 51% and ethinylestradiol 10 ug
5%) accounted for 56% of all treatments, con-
jugated estrogens (0.625-1.25 mg) for 22% and
other estrogens (mainly estriol compounds) for
22%; the choice of compounds was age-related,
i.e. potent compounds (estradiol and conjugated
estrogens) predominated before the age of 60
years and other estrogens at higher ages; the
treatment indications varied with age, vaso-
motor problems being the main reason for
treatment before the age of 60, and urogenital
symptoms in older women; the proportion of
women using combinations with progestogens
varied with age, being about 45% at ages below
60 and 10% above; the median of treatment
duration was 3.5 vears at the end of 1983, at
which time 21% of the women were current
takers.

On the basis of prescription data only, three
approaches were used to define exposure groups
in this study, and each was motivated by find-
ings based on the results from the sub-cohort
questionnaire study:

(1) Age at first recorded prescription, < 60 vs
> 60 years. At ages below 60 years 84% of the
women had, according to the sample question-
naires, used potent estrogens (estradiol com-
pounds and conjugated estrogens) ever, chiefly
for treatment of vasomotor symptoms, and
in 34% estrogen—progestogen combinations,
whereas at higher ages less potent compounds
(mainly estriol compounds) only had been taken
by 53%, for treatment of urogenital disorders,

(2) Prescribed compounds—estradiol conju-
gated estrogens ever vs other estrogens only.
Registration of prescriptions in the group which
had ever received estradiol/conjugated estrogens
was associated with 95% ever usage of these
potent drugs and among 39% combined with
progestogens, and in the group with other estro-
gens only, exposure to less biologically potent
estrogens alone was present in 81% of the
subjects.

(3) Time of first recorded prescription, 1977
vs 1978-1980. Prescriptions delivered in 1977
represented treatments that were ongoing in
50% of the women. The treatments tended to
be of longer duration among those in the early
period, i.e. 54 years vs 2.8 years in the late
period, becausc of the impact of length biased
sampling, and thereby were also of relatively
long latency (time since treatment start). Those

recorded for the first time in 1978 and later
probably represented newly started treatments,
since a prescription form is valid for only 1 year.

Characterization of risk factors

Our assessment of the net effect of hormonal
replacement therapy focused on relative survival
rates, which adjust for the probability of dying
from all causes in the general population. To be
valid, this approach requires that the forces of
mortality are equal in the study cohort and
background population, except for the effects of
the exposure. Any other factor associated with
the risk of death that is unequally distributed
between the two populations may therefore
confound the relative survival estimates.

The sub-cohort questionnaire study [26]
provided data on some factors that could be
relevant to the risk of premature death
(Table 2). A similar mailed questionnaire study
was also conducted in an age-matched sample of
1239 women from the general population in the
same geographical region [27]. A total of 952
subjects (77%) responded, of whom 850 had
not been prescribed estrogens during the study
period 1977-1980. Comparisons were made in
two age groups, women of ages below and from
60 years (age in June 1978, corresponding to the
mid-point of the cohort recruitment period).

It was found that in both age groups a
higher proportion of women in the cohort
than in the background population had under-
gone oophorectomy (and hysterectomy) (11.6 vs
2.9% and 7.3 vs 1.5%, respectively). A history
of current smoking was more common in the
younger age group (30.8 vs 22.7%). There was
an indication that those below 60 years prac-
tised regular physical exercise more frequently,
as did the comparison women. In both age
groups the proportion of women, though low,
with high school or university education was
larger among the cohort women. With regard to
body build (Quetelet’s index), level of physical
activity, prevalence of diabetes and hyperten-
sion, parity and mean age at menarche or meno-
pause (data not shown), no differences relative
to the background population were found.

Statistical methods

The observed survival rates for all causes of
death were calculated by means of the actuarial
or life-table method and the mortality in the
cohort in relation to that in the general popu-
lation was estimated by calculating the relative
survival (RS) {28, 29]. RS is the ratio between
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Table 2. Comparison of the distributions of specified factors (%) between
the cohort (653 women) and the gencral background population (850
age-matched women)

Age <60yr Age >60yr

Factor Cohort  Population Cohort Population
Bilateral oophorectomy 1.6 2.9 7.3 1.5
Hysterectomy 19.4 7.1 16.9 7.1
Smoking

Never 60.3 66.2 89.4 84.4

Previous 8.9 111 7.8 5.4

Current 30.8 2.7 7.8 10.2
Quetelet’s index*

<19 6.2 5.0 32 11.7

20-24 54.1 48.8 520 438

25-29 315 352 357 343

30-34 7.8 9.2 73 9.5

>35 04 1.8 1.6 0.7
Daily physical activity

Sedentary 54 4.2 L2 4.1

Low 25.2 23.6 159 13.4

Moderate 46.7 524 68.3 52.6

Heavy 22.7 19.8 14.6 29.9
Physical exercise

None 33.1 33.6 47.7 34.7

Moderate 26.8 41.6 30.2 50.0

Regular 40.1 24.8 2.1 15.3
Education

<8yr 64.4 68.8 779 89.8

8-10yr 234 24.7 139 124

High school 38 2.2 33 14

University 8.4 43 4.9 1.4

*Weight (kg)/height (cm)>.

the observed survival in the cohort and the
expected survival rate, which was obtained from
the Swedish population tables by age (5-year
intervals), sex and calendar year. The standard
errors of the survival rates were calculated from
Greenwood’s formula [30], and 95% confidence
limits were used to show the uncertainty of the
estimates.

Relative survival estimates were firstly ob-
tained in univariate and stratified analyses.
Secondly, in order to separate the effect of one
variable while adjusting for others, a multivariate
Poisson regression model was applied [31].

If observed and expected death rates are all
reasonably small, it can be shown that RS is
approximately equal to

(I + ED/PY) — D/PY,
where
ED = expected number of deaths

D = observed number of deaths
PY = person-years.

Thus, a multivariate analysis with excess death
rate per 1000 person-years

[EXCD = 1000 (D/PY — ED/PY)]

as the dependent variable is consistent with use
of the measure RS [32]. The excess death rate

was modelled as a linear function of age at first
prescription, follow-up year, period of first pre-
scription and type of compound. Age was given
in categories of 35-44, 45-54, 55-64, 65-74 and
75+ years. The model was estimated on the
assumption that the number of deaths has a
Poisson distribution with use of the GLIM
system [31]. The excess death rates were both
positive and negative, which makes models that
express the observed hazard as the sum of a
general population (expected) hazard and a
positive disease (treatment in this context) —
specific hazard, unsuitable [33]. In addition to
the Poisson regression models, weighted least
squares regressions [32] were also performed for
comparison. Results were similar.

RESULTS

Univariate analyses

In the whole cohort, progressively increasing
cumulative RS rates were found during the
period of follow-up. The rates (with 95% con-
fidence limits) were 101.1% (100.8, 101.3)
after 5 years and 102.4% (101.9, 102.8) after
10 years. The corresponding observed survival
rates were 96.9% (96.6, 97.1) and 92.7% (92.3,
93.9) respectively (Table 3).
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Table 3. Five- and ten-year cumulative observed (OS) and relative (RS) survival rates (and 95% confidence
limits), overall, and by age at entry (date at st prescription), compound groups—estradiol and conjugated
estrogens ever (E2/CE) and other estrogens only (OE)—and year of entry
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Syr 10yr
Explanatory
variables 0OS (95% CL) RS (95% CL) OS (95% CL) RS (95% CL)
Overall 96.9 (96.6 97.1) 101.1 (100.8, 101.3)  92.7(92.3, 93.1)  102.4 (101.9, 102.8)
Age (yr)
35-39 98.5(97.2, 99.7) 99.1(97.8, 100.3) 97.6 (96.1, 99.2) 99.2(97.6, 100.8)
4044 98.2(97.5, 98.9) 99.2 (98.4, 99.9) 95.7(94.2, 97.3) 98.2 (96.6, 99.8)
45-49 98.8(98.5, 99.1)  100.4(100.0, 100.7)  97.0(%6.5, 97.6)  100.8 (100.2, 101.4)
50-54 98.4(98.1, 98.7)  100.7(100.4, 101.0) 96.2(95.7, 96.7)  101.7(101.2, 102.2)
55-59 98.1(97.7, 98.5)  101.4(100.9, 101.8)  94.5(93.8, 95.3)  102.9(102.0, 103.7)
60-64 96.8(96.0, 97.6)  102.1(101.2, 102.9) 91.8(90.4, 93.2)  105.9(104.2, 107.5)
65-69 93,3(91.8, 94.8)  102.3(100.6, 103.9)  81.3(784, 84.3)  105.2(101.4, 109.1)
70-74 85.7(83.0, 88.4)  101.3(98.1, 104.5) 63.9(58.5, 69.3)  102.9(94.2, 111.6)
75+ 69.1(65.4, 72.7)  106.0(100.4, 111.6)  45.6(40.9, 50.3)  136.4(122.3, 150.4)
Compound
E2/CE ever 97,9(97.7, 98.2)  100.9(100.7, 101.1)  94.8(94.4, 95.2)  102.0(101.5, 102.4)
OE only 93.7(93.1, 94.4)  101.3(100.7, 102.0)  86.5(85.5, 87.6)  103.8(102.5, 105.0)
Year of entry
1977 97.2(96.9, 97.5)  101.1(100.8, 101.3)  93.3(92.8, 93.8)  102.6(102.0, 103.1)
1978+ 96.4(96.1, 96.8)  100.9(100.5, 101.3)  92.6(92.0, 93.2)  101.5(100.9, 102.2)

Age at entry into the cohort was a deter-
minant of RS (Fig. 1). In the age groups 35-39
and 40-44 years, RS was below 100% during
the entire follow-up period, the values being
99.1% (97.8, 100.3) and 99.2% (98.4, 99.9)
after 5 years and 99.2 (97.6, 100.8) and 98.2%
(96.6, 99.8) after 10 years, respectively. In all

older age groups a survival advantage was
noted, increasing with time and increasing age
(Table 3, Fig. 1).

In the analysis of RS in groups formed
with regard to types of compounds, estradiol/
conjugated estrogens ever used vs other estro-
gens only, similar patterns were observed, but
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with a tendency to higher figures (though with
no statistical significance) for the other estro-
gens than for the estradiol/conjugated estrogen
group (Table 3, Fig. 2).

Women who had their first prescription regis-
tered during 1977 had slightly higher RS rates
than those in 19781980 (Fig. 3, Table 3). For
both groups, however, the RS rates were signifi-
cantly higher than 100% (Table 3).

Stratified analysis

Among women prescribed estradiol com-
pounds/conjugated estrogens, marked differ-
ences in RS rates were found with respect to
age at first prescription. Again the age groups
35-39 and 4044 had reduced RS—98.7% (96.8,
100.6) and 97.7% (96.0, 99.5), respectively, after
10 years—whereas all older age groups had RS
rates higher than 100%, which increased with
age and length of follow-up. Among those
prescribed other estrogens only, no decrease in
RS was found in any age, but there was a similar
but less pronounced pattern with increments in
RS with age (data not otherwise shown).

Multivariate analyses

Excess death rates were analysed in relation
to the determinants included in the univariate
analyses described above and also controlling
for follow-up time. In Table 4 the results after
a follow-up period of up to 10 years are given.
In this multivariate model, age at first prescrip-
tion was a strong determinant in itself of the risk
of death. The excess death rate was significantly
increased in the youngest age group relative to
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Fig. 2. Relative survival rates (RS) in groups according to

type of prescribed compounds—estradiol/conjugated estro-

gens ever (E2/CE) and other estrogens only (OE), by
follow-up time.

103
O Yeor = 1977
g ¢ Yeor> 1978
— 102}
Q
2
>
o
5
2]
[
2
-
CRLINS
°
x
100 L | | l M|
[¢] 2 4 [ 8 10

Year of follow-up

Fig. 3. Relative survival rates (RS) in groups according to
year of entry (time of first prescription), 1977 and
1978-1980, by duration of follow-up.

the reference age group 45-54 years, but became
progressively lower—thus with improvement in
RS—with increasing age at cohort entry, with
significant differences from 55 years onwards.
Neither the type of compound—other estrogens
vs estradiol/conjugated estrogens, nor the year
of entry—Ilate vs early—had a significant impact
on the excess death rate.

In a separate model an analysis was made of
those who had their first recorded prescription
issued after 1978 (Table 5), and included follow-
up time as a determinant of death risk. Again,
age at time of first prescription—a surrogate
variable for age at the true start of treatment in
this subset of the cohort—showed a similar
pattern, with incremental survival advantages
with advancing age at start of treatment. The
death risk did not seem to be influenced by
the number of years of follow-up. The type of
compound had no significant differential effect.

Table 4. Multivariate Poisson regression analyses of excess
death rates, according to age at cohort entry (time of
first prescription), type of compound-—estradiol/conjugated
estrogens ever (E2/CE) and other estrogens (OE) only—year
of entry, and follow-up controlled for; follow-up 1-10 years

Explanatory Excess death
variable rate 95% CL -
Age (yr)
35-4 3.03 1.99, 4.07
45-54 0.00 reference
55-64 -1.90 -2.57, ~1.23
65-74 —3.68 ~6.17, ~1.19
5+ —15.82 ~24.21, -143
Compound type
E2/CE ever 0.00 reference
OE only 0.46 --0.28, 1.21
Year of entry
1977 0.00 reference
1978 + 0.57 0.00, 1.14
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Table 5. Multivariate Poisson regression analyses of excess
death rates among women entering the cohort from 1978,
according to age, type of compound—estradiol/conjugated
estrogens ever (E2/CE) and other estrogens (OE) only—and
follow-up period; follow-up 1-10 years

Explanatory Excess death
variable rate 95% CL
Age (r)
35-44 2.27 0.90, 3.64
45-54 0.00 reference
55-64 —-2.39 —-3.54, —1.24
65-74 —-3.38 —6.99, 0.23
75+ -17.96 —29.07, —6.67
Follow-up period (yr)
1-2 0.00 reference
34 0.07 —-1.13, 1.27
56 0.17 —1.42, 1.08
7-8 -1.27 —2.54, 0.00
9-10 0.16 —2.94, 3.26
Compound type .
E2/CE ever 0.00 reference
OE only 0.24 -0.90, 1.38

DISCUSSION

The results of this study indicate that women
prescribed hormonal replacement therapy over-
all have better survival than women in the
population at large, with survival advantages
of 1-2% after follow-up periods of 5-10 years.
Analyses aimed at characterizing the determi-
nants of the risk of death from all causes among
these women showed that age at the time of the
first estrogen prescription was the most power-
ful factor, in that increasing age entailed pro-
gressively improving survival. The age at first
recorded estrogen prescription—which in the
early part of the recruitment period (1977)
represented ongoing treatment in half of the
subjects and in the late part (1978-1980) com-
mencement of treatment—can be regarded as a
proxy variable for several exposure characteris-
tics. Thus, women in the perimenopausal age
groups and up to age 60 most frequently
received potent estrogens such as estradiol and
conjugated estrogens, often combined with
cyclic progestogens, for vasomotor symptoms,
and those at higher ages most frequently
received the biologically weaker estriol com-
pounds for urogenital atrophic conditions [25].
Multivariate analyses including all exposure
variables revealed that age was the only signifi-
cant determinant of the death risk among hor-
mone users and that at ages below 55 this risk
was unchanged or even somewhat increased. In
themselves, the type of compound, period of
first prescription and length of follow-up had no
significant effect.

Thus, it seems that increasing age at which
a women receives estrogens is associated with

increasing likelihood of survival compared with
women in the general population of the same
age. At large, these findings suggest that con-
founding by indication, i.e. selection with regard
to forces of mortality other than the hormonal
exposure, increased with advancing age at which
treatment was started. Some data support this
possibility. The comparison among women in
the cohort samples and the background popu-
lation showed differences in some factors that
relate to health-oriented behaviour and the risk
of death. Thus, among women aged 60 years
and above, the prevalence of current smoking
was lower and the level of education higher in
the cohort than in the background population.
Conversely, however, the higher prevalence of
oophorectomies relative to the background
population would rather increase the risk of
death through an increased risk of death from
cardiovascular causes [36]. In the below age
60 category survival seemed to be unaffected or
slightly lower than expected. Selective health
effects seemed less likely among these women,
as there were less pronounced differences from
the background population and the prevalence
of current smoking was higher. Furthermore,
a substantial proportion of these women were
exposed to progestogens {25}, which could have
reduced the possible beneficial effects on lipo-
proteins and on the risk of cardiovascular
mortality [34].

Survival could also have been affected by
more intense medical surveillance among women
seeking advice for menopausal symptoms as
compared with other women. However, it is
likely that all individuals would have easy and
equal access to medical care under the Swedish
medical system. Therefore, the influence of such
a bias is judged to be minor.

The inability in a non-experimental study
to measure the prevalence of all relevant risk
factors for death among all individuals and to
adjust for confounding effects in the analyses
places limits on the interpretation of the results.
However, the present design has important
advantages. The cohort contributed a substan-
tial sample size with a large number of deaths
and the linkage with the National Causes of
Death Registry ensured a complete follow-up.
The cohort comprised virtually all women
within one defined geographical region who
had received hormone replacement therapy
and comparison was based on national death
rates, permitting unbiased estimates of relative
survival.
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