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Objectives:  The  role  of  postmenopausal  hormone  therapy  (HT)  in  the  incidence  of  acute  coronary  syn-
drome  (ACS)  has  been  studied  extensively,  but  less  is  known  of  the  impact  of HT  on the  mortality  risk
due  to  an  ACS.
Study design  and main  outcome  measures:  We  extracted  from  a  population-based  ACS  register,  FINAMI,
7258  postmenopausal  women  with the first ACS.  These  data  were  combined  with  HT  use  data  from  the
National  Drug  Reimbursement  Register;  625  patients  (9%)  had  used  various  HT regimens.  The  death  risks
due to  ACS  before  admission  to hospital,  2–28,  or  29–365  days  after  the  incident  ACS  were  compared
between  HT users  and non-users  with  logistic  regression  analyses.
Results:  In  all  follow-up  time  points,  the  ACS  death  risks  in  HT  ever-users  were  smaller  compared  to  non-
users.  Of  women  with  HT  ever  use,  42%  died within  one  year as  compared  with  52%  of  non-users  (OR

0.62,  p <  0.001).  Most  deaths  (84%)  occurred  within  28  days  after  the  ACS,  and  in  this  group  36%  of  women
with  ever  use  of HT  (OR  0.73,  p = 0.002)  and  30%  of  women  with  ≥5  year  HT use  (OR  0.54,  p  <  0.001)  died
as  compared  to  43%  of the  non-users.  Age  ≤60 or >60  years  at  the  HT  initiation  was  accompanied  with
similar  reductions  in ACS  mortality  risk.
Conclusions:  Postmenopausal  HT  use  is accompanied  with  reduced  mortality  risk  after  primary  ACS.

© 2016 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Abundant data exist on the role of postmenopausal hormone
herapy (HT) in the incidence of coronary heart disease (CHD), often

anifesting as acute coronary syndrome (ACS) [1,2]. In contrast,
ess is known of the possible impact of HT use on the mortal-
ty risk due to primary ACS [3]. Such an effect appears plausible,

ince coronary arteries express estrogen receptors [4]. These recep-
ors are also present in the cardiac rhythmic conducting system,
erhaps preventing life-threatening arrhythmias that are prone
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nd Gynecology, Haartmaninkatu 2, PO Box 140, FIN−00029 HUS, Helsinki, Finland.
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378-5122/© 2016 Elsevier Ireland Ltd. All rights reserved.
to occur in association with ACS [5]. Moreover, estrogen trig-
gers the release of vasodilatory and antiaggregatory substances,
such as nitric oxide and prostacyclin from the coronary endothe-
lium [4], which may  stabilize atherosclerotic plaques and limit
hypoxic myocardial damage after ACS [6]. It is also possible that
a number of indirect vascular benefits of estrogen use before ACS,
such as improvements in profiles of lipids, lipoproteins, inflamma-
tory mediators and matrix metalloproteinases, may contribute to
plaque stabilization and smaller myocardial damage. Thus, it is pos-
sible that the positive vascular effects of estrogen are of importance
during and after ACS and may  contribute to the outcome of ACS.
We therefore compared the mortality risk due to primary ACS in

women with and without HT use.
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Table 1
Background characteristics of women with or without postmenopausal systemic
hormone therapy use who  had experienced their first-ever myocardial infarction
during 1995–2009.

Hormone therapy use p-value

Yes No

Number of women 625 6633 N/A
Age in years (mean ± SD) 68.8 (10.2) 80.4 (10.2) <0.001
Diabetes(%) 21.3 28.1 <0.001
Smokingb (%) 28.0 14.2 <0.001
Treated hypertension 24.3 26.8 0.19
Total cholesterola millimoles/l (mean ± SD) 4.8 (1.0) 5.1 (1.4) <0.001
Hyperlipidemia 25.9 17.6 <0.001

a
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. Methods

The FINAMI register, founded in 1993, is targeted to characterize
CS in Finland [7]. It operates in the southwestern (city of Turku),
astern (cities of Kuopio and Joensuu, and some adjacent rural
reas), and northern districts (city of Oulu) Finland. The FINAMI
egister aims at recording every ACS event in the monitored popu-
ations. The FINAMI register in practice represents the situation in
he urban areas of the whole country, while the coverage of rural
reas may  be limited.

All patients who died of ACS (both in and out of hospital deaths)
n the study districts can be identified from this register. These data
ave been collected from hospital files, death certificates, autopsy
eports and medico-legal documents by trained nurses under the
ontrol of register physicians, using standardized protocols. The
CS as a cause of death was confirmed by changes seen in pre-
ortal electrocardiograms and biomarkers reflecting myocardial

ecrosis, using the AHA 2003 case definitions [8]. Deaths were
ntered into the register with ICD-10 codes I20–I25, I46, R96, R98
r ICD-9 codes 410–414, 798 (not 798A). The ACS event was con-
idered as first for the particular patient (“incident”) if there was
o history of a clinically recognized ACS. The data were sent to a
oordinating center at the National Institute for Health and Welfare
nd checked against the national hospital discharge register and
he national causes of death register using a personal identification
ode, to ensure the complete coverage of all ACS events.

We identified 7258 women with their first ACS during
995–2009. The use of HT at >40 years of age by these patients
as assessed from the National Drug Reimbursement Register. In

inland, HT is available only by a doctor’s prescription, and a part of
he price of the HT (42–50% during the study period) is reimbursed
y the national health insurance. Thus, all Finnish women  buying
T since 1994 (=opening year for this register) have been entered

nto this register. Because we could not know exactly whether the
rst HT purchase in the opening year 1994 was really the first one

or a given woman, we included only those who bought their first
T on 1.1.1995 or later. Women  must visit the pharmacy at three
onth intervals to get their HT regimens; all of these HT purchases

re entered into the register. Thus, a woman failing to purchase
dditional HT regimens was judged to have discontinued her HT
egimen. Because women often discontinue the use of HT gradu-
lly, we set the date of discontinuation as the date of the last HT
urchase plus six months. Therefore, the last eligible date for a HT
urchase in this study was 30.6.2009.

The HT regimens used in Finland contain exclusively estradiol,
nd the cumulative days of estradiol exposure were calculated
ased on the type of HT regimen (oral or transdermal). Non-
ysterectomized women used progestin as a 10–14 day course in
–3 month intervals (=sequential combination therapy) or every
ay (continuous combination therapy). The identification and clas-
ification of HT used were based on the trade names of the
ommercial products. Exposure days to HT were added up for
ach woman regardless of the order these exposures accumulated.
ue to the limited number of cases, various types of systemic HT

estradiol-only and estradiol-progestin therapy) regardless of the
oute of administration were analyzed as one group. Possible use
f vaginal estrogens, alone or concomitantly with systemic HT was
ot considered as a confounding factor.

The models were adjusted for age, diabetes, hypertension and
yperlipidemia. Other clinical factors for ACS, such as smoking, was
ot available for women who died before reaching the hospital.
he analyses were also adjusted for study area and study year. Pre-

ospital mortality was defined as death before hospitalization or in
he emergency room (<1 day from ACS). After the ACS, the follow-up
onsisted of 2–28 and 29–365 days. As most deaths (84%) occurred
ithin 0–28-days (including pre-hospital and 2–28 days) after ACS,
Information on clinical characteristics is more complete in patients who sur-
vived to hospital.

b Information on smoking was available only for 50% of patients.

different HT exposures and different ages at the HT initiation were
analyzed solely in this group.

The research committee at the Helsinki University Central
Hospital approved the study. Approvals to use confidential regis-
ter data in scientific research were obtained from the following
authorities: 1. the National Institute for Health and Welfare
(THL/1370/5.05.00/2010), 2. Statistics Finland (TK-53-1560-10),
and 3. Social Insurance Institution of Finland (KELA 40/522/2014).

3. Results

Of the 7258 women with their first ACS, 625 (9.0%) had used
HT (Table 1). Women with HT use were younger than non-users at
the time of the first ACS. Despite of having a diagnosis of hyperlipi-
demia more often than non-users, HT users had lower levels of total
cholesterol and suffered more seldom from diabetes than did non-
HT users. As regards treated hypertension, the study groups were
comparable (Table 1). Smoking was more prevalent in HT users, but
data was  missing from 50% of the women. Only 56 of the HT users
(9.0%) who  survived ACS continued to use HT (data not shown).

In all follow-ups, the ACS death risks in ever-users of HT were
lower compared to non-users (Table 2). Within the first post-ACS
year, 42.4% of women  with HT use died as compared to 51.7% of the
non-users (p < 0.001).

Most deaths (84%) occurred within 0–28-days after ACS, and in
this group 35.7% of women with HT ever use (OR 0.70, p < 0.001)
and 29.8% of women  with ≥5 year HT use (OR 0.52, p < 0.001) died
as compared to 43.4% of the non-users (Table 3). The ACS death risk
was comparable in HT users who  had initiated HT <60 or ≥60 years
of age (Table 4).

4. Discussion

We compared the mortality risk due to the first ACS in post-
menopausal women  who had been exposed to HT for various time
periods to that of women  without any HT use. Both previous and
current HT use were accompanied with comparable decreases in
ACS mortality. This finding is in line with previous reports show-
ing better in-hospital survival [9] and post-hospital survival rates
after ACS [10] in HT users compared with non-users. The HT-use
related reductions in ACS death risk were seen for ever-HT users
in the total series, but in more detailed analyses, the risk reduction
was most significant if HT use had exceeded five years. Our findings
may  be in line with randomized data showing that only long-term
HT exposure is accompanied by reductions both in the incidence

and mortality of ACS [11], whereas a shorter HT duration, such as
in the Women’s Health Initiative −study [2], did not affect ACS mor-
tality. It has been also suggested that HT has cardiac benefit only if
initiated before 60 years of age (“window theory”) [1], but in our
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Table 2
Age-adjusted fatality rates (%) and odds ratios of death after the first acute coronary syndrome in relation to ever-use of postmenopausal hormone therapy (HT).

Hormone therapy use Odds ratio (95% confidence interval)

Yes No

Pre-hospital (0-1 days) 22.1%, n = 113 25.8%, n = 1963 0.77 (0.62–0.96), p = 0.023
2–28  days 18.5%, n = 67 24.7%, n = 1496 0.68 (0.51–0.90), p = 0.007
29–365 days 12.5%, n = 21 17.0%, n = 649 0.56 (0.38–0.83), p = 0.004
Within 1 year 42.4%, n = 211 51.7%, n = 4108 0.62 (0.52–0.76), p < 0.001

Table 3
0–28-day mortality after first acute coronary syndromes compared in women  with and without a history of postmenopausal hormone therapy (HT) use.

Women (% deatha) Odds ratiob (95% confidence interval) p-value

No HT 6633 (43.4%) 1 Not applicable
Ever  HT use 625 (35.7%) 0.70 (0.57–0.86) p < 0.001
Exposure <5 years 415 (38.4%) 0.79 (0.63–1.00) p = 0.051
≥5  years 210 (29.8%) 0.52 (0.37–0.75) p < 0.001

a Age-adjusted.
b Adjusted for age, diabetes, hypertension, hyperlipidemia, study area, and study year.

Table 4
0–28-day mortality due to first acute coronary syndrome in relation to the age at the initiation of postmenopausal hormone therapy (HT) or timing of HT use.

Number of women  Odds ratioa(95% confidence interval) p-value

HT started ≤60 years
Ever use 324 0.65 (0.48–0.88) p = 0.006
Current  useb 189 0.44 (0.29–0.67) p < 0.001

HT  started >60 years
Ever use 301 0.73 (0.57–0.94) p = 0.016
Current  useb 106 0.47 (0.30–0.74) p = 0.001

HT  started at any age
Ever use 625 0.74 (0.60–0.90) p = 0.002
Current  useb 295 0.47 (0.34–0.63) p < 0.001
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a Adjusted for age, diabetes, hypertension, hyperlipidemia, study area, and study
b Last purchase ≤6 months prior to event.

tudy the use of HT was accompanied with comparable ACS death
isk reductions if initiated before or after 60 years of age. Thus, the
eduction in cardiac mortality in Finnish HT users [12] may  not only
e a reflection of decreased incidence of CHD, but could be, at least

n part, caused by a reduced case fatality after the ACS, as shown by
ur present data.

We  cannot deduce which components of HT, estradiol alone,
rogestins or a combination of them contributed to the death risk
eductions after an ACS. However, it is likely that estradiol was
he causative agent, since it has been associated with beneficial
ardiovascular effects [5,6]. Estradiol, which is exclusively used
n HT regimens in Finland, is more beneficial to the cardiovas-
ular system than conjugated equine estrogens, used commonly
n the USA [13,14]. Moreover, estradiol lowers cholesterol lev-
ls and reduces the risk of diabetes [2,15]. A lower prevalence
f diabetes was  present in HT users in our series, perhaps due
o the effect of estradiol, although a healthy women bias cannot
e excluded. Furthermore, estradiol induces beneficial alterations

n antioxidant and apoptotic properties of blood vessels that may
nhance myocyte survival and limit myocardial damage after coro-
ary artery occlusion [5,6]. Estradiol also increases the release of
asoactive substances, such as nitric oxide and prostacyclin [16],
hich increase vasodilatation and thus enhance blood flow to the

njured area. Prostacyclin is also a potent inhibitor of platelet aggre-
ation arresting thrombus formation and growth, thus limiting the
egree of coronary artery occlusion and consequent myocardial
amage [4,17,18]. Moreover, decreased heart rate variability after

CS is associated with a risk of sudden cardiac death [19], and the
se of HT stabilizes heart rate variability, and thus possibly pro-
ects against fatal cardiac arrhythmias [20]. All these mechanisms
of estradiol action may  have contributed to the death risk reduction
after ACS seen in our study.

Only 56 women continued the use of HT after an ACS in our
study. This patient group was so small that it was not feasible to
analyze the impact of the continued use of HT on the recurrence
risk of ACS. Some data imply that the de novo start of HT after ACS
increases the risk of recurrence [21], while other data speak for the
safety of the continuation of HT after the first ACS [22–25].

Our data warrant some caution. First, the number of women
with ACS and HT use was rather small limiting definite conclusions.
Second, as in all observational data, a “healthy women” bias may
have been present, i.e. more health-conscious women may  choose
to use HT. Such a possible bias may  primarily concern the incidence
of ACS, but perhaps also the death risk to some degree. Moreover,
the patients who  had used HT were younger at the time of ACS
than patients who  had been classified as non-users. It is possible
that some older women had used HT regimens before our register
opening. However, we know with certainty that no patients clas-
sified as HT non-users had used any HT between 1995 and 2009.
Failure to record possible HT use before 1995 should not cause any
major error, since all our death risk comparisons were carried out
as age-adjusted. Third, HT is reimbursed by the state in Finland, and
Finnish HT users have shown to be rather comparable to non-users
[26]. Access to primary and secondary care of ACS is also basically
free of charge, and thus, no bias should arise in the availability of
treatment before or after incident ACS. Finally, our patient series
was too small to allow comparisons between different HT regimens

or routes of administration.

The strengths of our study include accurate and reliable data on
both HT use and the outcomes of ACS. The ACS register is supervised
by cardiologists and the National Institute for Health and Welfare.
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uring the last few decades, CHD mortality in women has markedly
ecreased in Finland [7]. This is due to improvements in treatment
f risk factors, such as hypertension and hypercholesterolemia, but
lso due to developments in ACS treatments. However, our 15-
ear study period covers improvements in acute and secondary ACS
reatments, which are similar in both HT users and non-users.

. Conclusion

The use of HT is accompanied with reduced mortality risk after
rimary ACS. This may  be a result of estradiol-induced cardiac ben-
fits before and/or during ACS event.
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