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A

bstract

Background
Non ST-elevation Acute Coronary Syndromes are the most frequent manifestations of
acute ischemic heart disease. Gender differences in treatment intensity, including
differences in level of care, have been reported. Also differences in benefit from certain
treatments, especially invasive treatment, have been discussed. Finally, difference in
outcome between men and women, have been proposed. Results have been inconsistent,
partly depending on if and how adjustment for differences in background characteristics
has been made.
The aims of the studies in this thesis were to assess differences between the genders in
baseline characteristics, level of care, medical treatment and non-invasive and invasive
cardiac procedures. The aims were also to determine gender differences in short and
long-term mortality, including impact of level of care, and to determine differences
between the genders in benefit from an invasive strategy, with special reference to
benefit in women.

Method
We used prospectively collected data from the RIKS-HIA register in two studies (Paper
I and IV). In one study we merged data from patients admitted to general wards in the
south-east region of Sweden (The AKUT register), with data from patients admitted to
CCU´s (RIKS-HIA) at participating hospitals during the same time (Paper II). We also
randomly assigned women to a routine invasive or a selective invasive treatment
strategy, and performed a meta-analysis, to determine gender differences in benefit from
a routine invasive strategy (Paper III).

Results
Women were older than men and more likely to have a history of diabetes and
hypertension, while men were more likely to have a history of myocardial infarction and
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revascularisation. Women were also more likely to have normal coronary arteries on the
angiogram. After adjustment for baseline differences there were only minor, and
directionally inconsistent, differences between women and men in pharmacological
treatment. Men were more often referred for coronary angiography, even after
adjustment. While CABG-rate was lower in women, after adjustment PCI-rate was
similar or even higher compared to men. After adjustment for differences in age, longterm outcome was better in women.
In our small but randomised trial there was no benefit from a routine invasive strategy
in women. A meta-analysis indicated interaction between gender and treatment strategy,
with lack of benefit in women, in contrast to in men. However, our large observational
study indicated no gender difference with an invasive strategy. Moreover, benefit was
similar in women and men with invasive treatment.

Conclusion
There are substantial differences between women and men in baseline characteristics
that affect management and outcome more than gender per se. After adjustment women
have better long-term outcome than men. There appear to be a difference in benefit
from a routine invasive strategy between the genders, with less benefit in women, but in
routine clinical management there was no difference between women and men managed
with an invasive strategy.
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A

bbreviations

(In alphabetical order)
ACC

American College of Cardiology

ACE

Angiotensin Converting Enzyme

ACS

Acute Coronary Syndrome

ADP

Adenosine DiPhosphate

AHA

American Heart Association

Apo

Apolipoprotein

BMI

Body Mass Index

BSA

Body Surface Area

CAD

Coronary Artery Disease

CCB

Calcium Channel Blockers

CCU

Coronary Care Unit

CHD

Coronary Heart Disease

CHF

Congestive Heart Failure

CI

Confidence Interval

CKMB

Creatinine Kinase Muscle Brain

COPD

Chronic Obstructive Pulmonary Disease

CRP

C-Reactive Protein

CVD

CardioVascular Disese

ECG

ElectroCardioGram

ESC

European Society of Cardiology

GP IIb/IIIa

Glycoprotein IIb/IIIa

HDL

High Density Lipoprotein

HF

Heart Failure

HR

Hazard Ratio

IHD

Ischemic Heart Disease
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ICCU

Intensive Coronary Care Unit

LDL

Low Density Lipoprotein

LM

Left Main

LBBB

Left Bundle Branch Block

LMWH

Low Molecular Weight Heparin

MI

Myocardial Infarction

NHLBI

National Heart, Lung, and Blood Institute

NSTEMI

Non ST-elevation Myocardial Infarction

NSTE ACS

Non ST-Elevation Acute Coronary Syndrome

OR

Odds Ratio

PAR

Population Attributable Risk

PCI

Percutaneous Coronary Intervention

RCT

Randomised Controlled Trial

RR

Relative Risk

STEMI

ST-Elevation Myocardial Infarction

UAP

Unstable Angina Pectoris

UFH

UnFractionated Heparin

ULN

Upper Limit Normal

WHO

World Health Organisation
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A

cronyms

(In alphabetical order)

ACUITY

Acute Catheterization and Urgent Intervention Triage
strategy

ACOS

Acute Coronary Syndromes Registry

AKUT

Akut Kranskärslsjukdom UTanför HIA

BARI

Bypass Angioplasty Revascularization Investigation

CRUSADE

Can Rapid Risk Stratification of Unstable Angina Patients
Suppress Adverse Outcomes with Early Implementation of
the ACC/AHA Guidelines

CURE

Clopidogrel in Unstable Angina to Prevent Recurrent Events

FRISC

Fragmin and Revascularization during Instability in
Coronary artery disease

GRACE

Global Registry of Acute Coronary Events

GUSTO

Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries

ICTUS

Invasive Versus Conservative Treatment in Unstable
Coronary Syndromes

MONICA

Multinational MONItoring of trends and determinants in
CArdiovascular disease

OASIS

Organization For The Assessment Of Strategies For
Ischemic Syndromes

PRAIS (UK)

Prospective Registry of Acute Ischaemic Syndromes in the
UK

PROSPER

The Prospective Study of Pravastatin in the Elderly at Risk
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RIKS-HIA

Register of Information and Knowledge about
Swedish Heart Intensive care Admissions

RITA 3

Third Randomized Intervention Trial of Unstable Angina

SCAAR

Svenska Coronar Angiografi- och Angioplastik Registret

TACTICS-TIMI 18

Treat angina with Aggrastat and determine Cost of Therapy
with an Invasive or Conservative StrategyThrombolysis In Myocardial Infarction 18

TRITON

Trial to Assess Improvement in Therapeutic Outcomes
by Optimizing Platelet Inhibition with Prasugrel
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I

ntroduction

The myocardial infarction mortality has decreased markedly during recent decades, in
Sweden and the rest of the Western world; a decrease that have multiple causes. (1-3)
In spite of improvements, the incidence of acute MI has remained high and
cardiovascular disease is still the leading cause of death, afflicting almost 50 % of both
men and women. Coronary heart disease accounts for most of the cardiovascular events,
and MI is the single most important contributor to mortality and morbidity. (4, 5)
Historically, fewer women than men have been included in studies on CHD. Whether
this is caused by lower incidence in women, especially at younger age, or actual
exclusion of women from the trials have been debated. (6, 7) The consequence is that
evidence base for several treatments are less firm for women than for men. Lack of
gender-specific knowledge has emerged as an important issue in management of non
ST-elevation acute coronary syndromes where some data have indicated difference in
benefit from a routine invasive strategy according to gender. (8-10)
There are also reports that women have been managed less intensively, with worse
outcome, compared to men. For example, women have less often received reperfusion
therapy, early antithrombotic therapy and antiplatelet therapy at discharge. Moreover,
men have more often been referred for coronary angiography. (11-15)
There are several important differences in background characteristics between a female
and a male population with acute coronary syndromes (ACS); for example, females are
older and have more co-morbid conditions.
Studies comparing management and outcome in men and women are, for obvious
reasons, not randomised why fair comparisons rely on statistical methods to adjust for
observed differences in background characteristics. To decide whether it is gender per
se or other characteristics that account for observed differences in management and
outcome between the genders, large study populations, with information on potential
confounders, are needed to perform proper adjustments.
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To improve the individual management of NSTE ACS patients it is important to clarify
if we, in real life clinical practice, treat women differently than men.
It is also important to evaluate if there are differences in effect of treatments between
the genders, and if observed differences are due to gender per se.
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B

ackground

Definitions
Coronary Heart Disease is an initially silent and progressive disease that eventually can
be manifested as stable angina pectoris or as an acute coronary syndrome.

A cu te C o ro n ary S y nd ro m es
• S u dd en C a rd ia c D e a th
• M yo ca rd ia l In fa rc tion
• S T -E le v atio n M y oc a rd ial In farc tion
• N o n S T-E le va tio n M yo c a rd ia l Infa rc tio n

• U n s ta ble An g in a P e c toris
No n ST -E le va tio n Ac u te C oro n ar y S ynd ro m e s

ACS comprises sudden cardiac death, ST-elevation myocardial infarction (STEMI), non
ST-elevation myocardial infarction (NSTEMI) and unstable angina pectoris (UAP). Due
to similarities in pathophysiology and treatment, NSTEMI and UAP are often referred
to as non ST-elevation acute coronary syndromes (NSTE ACS).

Patients with NSTE ACS are the focus of this thesis.
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In earlier literature MI was usually divided in Q-wave myocardial infarction and non Qwave myocardial infarction depending on development of a Q-wave on the ECG, as a
result of myocardial necrosis.
However, with the development of new treatment strategies, the distinction between
STEMI and NSTEMI upon presentation have become more important to guide early
treatment and decision making, e.g. fibrinolysis or referral for primary percutaneous
coronary intervention.
In patients with ACS the proportion of NSTEMI to STEMI, and in NSTE ACS the
proportion of UAP to NSTEMI, is higher for women than for men. (16)

Diagnosis
Diagnosis of myocardial infarction is based on biochemical markers, symptoms and
ECG-changes. In the joint European Society of Cardiology (ESC) / American College
of Cardiology (ACC) consensus document on redefinition of MI from 2000 (17) MI is
defined by either:
1. Typical rise and fall (troponin) of biochemical markers of myocardial necrosis
together with at least one of the following:
a. Ischemic symptoms
b. Development of pathologic Q waves on the ECG
c. ECG changes indicative of ischemia (ST elevation or depression)
d. Coronary artery intervention
2. Post-mortem findings of an acute MI.

Unstable angina is defined according to Braunwald classical definition (18) as either
of:
1. New onset of severe angina or accelerated angina
2. Angina at rest.
3. Angina less than 14 d after MI.
UAP patients may have elevated biochemical markers (below the MI diagnosis level)
but it is not obligatory for UAP diagnosis. Definitions of MI and UAP are the same in
men and women.
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Epidemiology
During the last two decades mortality in myocardial infarction has decreased by about
50 % in Sweden and in most industrialised countries. (19) The decrease is evident for
both men and women, although somewhat more pronounced in men. Explanations for
the marked decrease in mortality are a combination of improved risk factor situation,
acute treatment and prevention.
The prevalence of risk factors for atherosclerosis has improved in the general
population. While the prevalence of diabetes and obesity have increased, prevalence of
smoking, hypertension, hyperlipidemia and physical inactivity have all decreased with a
net positive effect on cardiovascular risk. Medical treatment for primary prevention of
identified risk factors, as well as secondary prevention, including antihypertensive
treatment, statins and antiplatelet therapy, after an acute coronary event have improved.
Finally, acute treatment of an acute coronary syndrome has gone through an intense
progress during the latest three decades with development of antithrombotic strategies,
including fibrinolysis and antiplatelet therapies, catheterisation techniques, including
stents and primary PCI, and organisational improvements, such as pre-hospital
management and intensive monitoring of patients with the highest risk. (1-3)
Even so, incidence of MI has remained high and cardiovascular diseases, with coronary
heart disease being the most prevalent, are the most common causes of death in both
men and women. (20)
The most apparent difference between the genders in epidemiology is the higher
incidence of MI, especially at younger age, and consequently higher mortality in men.
(21)
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Patophysiology
Pathogenesis of NSTE ACS involves two different processes. A slow atherosclerotic
process, with low degree of reversibility, that lasts for decades, and a fast, dynamic and
potentially reversible process characterized by plaque rupture or erosion, with
subsequent thrombus formation.

Progressing Atherosclerotic plaque and acute complications

Blood flow ►

I

I.
II.
III.
IV.
V.

VI.

II

III

IV

V

VI

Normal coronary artery.
Fatty streak. The early lesion.
Non-significant plaque.
Note that the plaque may expand predominantly away from the lumen.
Significantly stenosed plaque.
The anatomical situation consistent with stable angina.
Ruptured or eroded plaque with superimposed non-occlusive
thrombus. Note that the underlying plaque is not necessarily
significantly stenosed.
Ruptured or eroded plaque with superimposed occlusive thrombus.
The acute process is dynamic and potentially reversible from an
occlusive to a non-occlusive thrombus. The thrombus may also resolve
and the plaque may heal as indicated with the crosshatched arrow.

Dysfunction of the endothelium, recognised as one of the earliest signs of
atherosclerosis, may be caused by mechanical stress, turbulent blood flow or smoking
and is associated with diabetes, hypertension, hyperlipidemia and also genetic
mechanisms. Injured endothelium has increased adhesiveness and permeability of
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inflammatory cells and lipid cells that accumulates in the vessel wall. Hence the
atherosclerotic process has been increasingly linked to inflammation. Atherosclerosis
begins early in life and already in the early teens the first signs, fatty streaks, which
consists of inflammatory cells and low-density lipoprotein, are evident. (22, 23)
A plaque that has become large enough to compromise blood flow is the anatomical
foundation for stable angina. An ACS, on the other hand, is usually characterised by a
sudden erosion of the endothelial wall or rupture of a plaque. (24, 25)
Plaque instability, indicating high propensity for rupture, is determined by the plaque’s
characteristics such as inflammatory activity and thickness of the fibrous cap more than
size or stenosis severity. (26, 27) Plaque rupture leads to presentation of thrombogenic
factors to the blood elements, with immediate activation of platelets, which is a pivotal
part of the pathophysiological process of ACS, and activation of the coagulation
cascade. (28)
Endothelial erosion is more common in younger ACS patients and women. (24, 29)

Risk Factors
A large number of risk factors for atherosclerosis and CVD have been described. In this
section only the most established will be mentioned, with special reference to gender
differences.
Early longitudinal studies revealed that there are gender differences in risk factor
prevalence, especially in the young and middle ages. Although there are differences
between men and women in impact of a certain risk factor (diabetes and smoking being
the most obvious), the most striking impression is the similarity between the genders in
relative risk associated with most of the classical risk factors. (30-32)
Schnohr et al reported from a 21-year follow-up from the Copenhagen city Heart Study
(33) on 5599 men and 6478 women aged 30 to 79 years at baseline. The risk ratios for
CHD were similar in men and women for hypertension, hypercholesterolemia, physical
inactivity and obesity. In contrast, relative risk for CHD associated with diabetes and
smoking was higher in women than in men.
The INTERHEART study, a case-control study of over 12 000 cases (3000 women) and
more than 14 000 controls from 52 countries all over the world, investigated the
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association of nine potentially modifiable risk factors for a first MI. (34, 35) The six
factors positively associated with increased risk for a first MI were hyperlipidemia
(ApoB/ApoA1 ratio), smoking, hypertension, diabetes, abdominal obesity and
psychosocial stress. The three factors negatively associated with MI (i.e. protected from
MI) were physical activity, low risk diet (daily vegetables and fruits) and moderate
alcohol consumption. The study confirmed that CHD determinants were the same in
women and men, and these nine factors accounted for 90% of the population
attributable risk in men and 94% in women. However, there were small differences
between the genders in the strength of a certain risk factor. Hypertension, diabetes,
physical inactivity and lack of alcohol intake were more strongly associated with MI in
women than men. The study also indicated that the higher risk for MI in younger men
(<60 years) compared to women of the same age was mainly due to difference in risk
factor burden.

Smoking
Smoking is a strong risk factor for both genders but several studies have shown that
smoking is even more powerful as a risk factor for women. (30-33, 36)
A 12 year follow-up of the Finnmark Study of 11 843 men and women aged 35 to 52 at
entry showed that the MI incidence was 4.6 times higher in men compared to women.
(30) The RR for smokers was 3.6 (95% CI, 2.2-6.0) in women and 2.4 (95% CI, 1.73.4) in men. Moreover there was an indication of difference in “dose-response” between
the genders. The RR for suffering an MI for women smoking 1-9 cigarettes / day was
2.3 (95% CI, 1.2-4.2) and for men 2.3 (95% CI, 1.5-3.5). In contrast the RR for women
smoking more than 20 cigarettes/day was 5.9 (95% CI, 2.9-11.8), more than twice the
corresponding rate for men, 2.8 (95% CI, 1.9-4.2).
The antiestrogenic effect of smoking has been proposed as an explanation for the higher
RR associated with smoking in women, (37) beside effects on atherosclerosis (38) and
haemostasis. (39)
Decline in smoking habits during the latest decades is regarded as the major contributor
to the decrease in CHD mortality. (1) In Sweden, smoking incidence has decreased in
both men and women, but more so in men. In the latest National health report from the
Swedish national board of health and welfare, with data from 2005, 18% of women and
15% of men were smokers compared to 27% in both men and women in 1988. (40)
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Diabetes
A history of diabetes has been reported to be a more powerful risk factor for MI in
women than in men in prospective studies (30, 32, 33) and case-control studies. (35)
The enhanced risk for cardiovascular death, in women compared to men, is even more
pronounced. (30, 41) In a prospective study of 14 786 middle-aged men and women in
Finland the RR for CHD incidence associated with diabetes was 2.00 (95% CI, 1.512.61) for men and 2.29 (95% CI, 1.57-3.35) for women, while, the RR for CHD
mortality was much higher in women 4.26 (95% CI, 2.42-7.60) vs. 2.37 (95% CI, 1.633.44). (30)
In a meta-analysis published in the British Medical Journal 2006, including 447 064
patients, the RR for fatal CHD for diabetics compared to non-diabetics was significantly
higher in women, 3.50 (95% CI, 2.70-4.53) vs. 2.06 (95% CI, 1.81-2.34) The difference
persisted but was attenuated with adjustment for other risk factors (women vs. men) RR
1.46 (95% CI, 1.14-1.88). (42)
A study from the Swedish RIKS-HIA register showed that at least younger women with
diabetes (<65 years) have higher mortality after an MI compared to their male
counterparts. The excess risk was mainly attributed to an increased risk factor burden,
and after adjustment the difference was no longer statistically significant (women vs.
men) 1.14 (95% CI, 0.98-1.33). (43)

Dyslipidemia
Elevated total cholesterol and LDL cholesterol are established risk factors for both men
and women. (30, 33, 44) The increase in risk with increased cholesterol values appears
more obvious in men. (45) However, a recent report from Copenhagen City Heart Study
suggests that the increased risk associated with elevated total cholesterol is most
pronounced in relatively young individuals (<60 years) and at that age, the risk
increment is actually more pronounced in women than in men. (46) Interaction between
age and sex may explain the divergent findings regarding impact of cholesterol and
LDL in different studies.
Decreased HDL cholesterol and elevated triglycerides, the dyslipidemia typical for the
metabolic syndrome, are important risk indicators in both genders, with a stronger
impact in women (45) especially elderly women. (47, 48)
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Apolipoprotein B has repeatedly been shown to predict CVD risk more accurately than
LDL in both men and women (45, 49, 50) Also, during recent years increased attention
has been paid to the protective role of HDL or Apolipoprotein A1 in prediction of risk.
Accordingly, the ratios of ApoB:ApoA1 or Cholesterol:HDL has been superior in risk
prediction compared to all other lipid values, and the former being somewhat better in
both genders. (45, 49, 50)

Clinical presentation and symptoms
Typical symptoms in NSTE ACS are virtually the same as in MI.
Chest pain is the most common symptom in both men and women.(51-56) The typical
ischemic chest pain or chest discomfort is characterized by a retrosternal heaviness or
squeezing sensation. The chest pain is often, but not always, radiating to left or right
arm, to the neck, jaws, back, shoulders or epigastrium. Dyspnoea, dizziness or
diaphoresis are often accompanying the chest sensations. Absence of chest pain in
patients with an acute MI appear common in both men and women, but in most studies
somewhat more common in women, (52, 54-57) sometimes even after adjustment for
age and medical history. (51)
In a report from a large cohort with more than 400 000 patients in the American
National Registry of Myocardial Infarction 33% (29% of men vs. 39% of women) of the
patients with a diagnosis of MI presented without chest pain. Patients without chest pain
were older and more often diabetics. (52)
Presenting without chest pain has been associated with longer delay time, less intensive
treatment and worse outcome. (52, 54, 58)
Milner et al showed that chest pain was more common in men compared to women with
acute MI. Age, however, had higher impact on prevalence of chest pain than gender. In
the youngest (<65 years) 73.1% of women and 81.0% of men experienced chest pain
compared to 45.5% of women and 56.3% of men among the oldest (≥75 years). (57)
In a recent report from Northern Sweden MONICA study 81% of female and 86% of
male patients with MI presented with typical symptoms. (59)
A large meta-analysis by Canto et al supported difference in chest pain prevalence
between women and men, but the authors concluded: “Women are significantly less
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likely to report chest pain or discomfort compared with men. These differences,
however, are not likely large enough to warrant sex-specific public health messages
regarding the symptoms of ACS at the present time”. (60)
A large review by Patel et al found differences in prevalence of chest pain between the
genders but the differences were small and most often non-significant. Importantly,
concomitant symptoms like back or jaw pain, nausea, dyspnoea and palpitations were
more common in women, (61) which is in line with several studies that have suggested
that women report more symptoms than men. (61, 62)
Difference between the genders in interpretation of symptoms has been observed (63)
but in another paper difference in awareness of symptoms suggestive of ischemia did
not appear to be lower in women. (64)
In patients with symptoms suspected of MI, significantly fewer women than men are
finally diagnosed as MI or UAP. (57, 65, 66)

Risk Stratification
The NSTE ACS population is very heterogeneous, with a large variation in risk for
future ischemic events or death. Therefore, stratification of patients according to risk for
future cardiac events, but also to identify patients with the highest benefit from
intensive treatment, have become an integrated part of the management of NSTE ACS
patients. (67, 68)
The two most established single objective findings used in risk stratification are ECGchanges (in NSTE ACS, mainly ST-depression) and elevation of myocardial damage
markers (today preferably, troponins). Several studies have confirmed ST-depression as
a marker of risk of death and MI (69, 70) and as a marker to properly identify patients
with the highest benefit from a more intensive treatment. (71)

In the same way,

troponins are established markers for prediction of MI and death, (72-74) presence of
significant coronary stenosis or thrombus (75) and benefit from an invasive strategy. (9,
76) In a meta-analysis of seven clinical trials and 19 cohort studies on patients with
NSTE ACS, patients with elevated troponin had higher mortality in clinical trials (OR =
3.0, 95% CI, 1.8-5.0) but even more so in cohort studies (OR = 23.7, 95% CI, 6.6-85.6).
(74)
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A combination of ST-depression and troponin elevation has better prognostic capacity
than either of them alone. (77, 78)
Little is known about differences between men and women in prognostic value of ECGchanges and biomarkers.
Randomised trials comparing invasive to a conservative treatment strategy in NSTE
ACS indicate similar prevalence of ST-depression but higher prevalence of troponin
elevation in men compared to women. (8-10) TACTICS TIMI-18 showed similar
benefit with an invasive strategy in women and men with troponin elevation. In patients
with ST-depression benefit from an invasive approach was more pronounced in men
(OR = 0.49, 95% CI, 0.32-0.75) than in women (OR = 0.66, 95% CI, 0.38-1.15)
although directionally the same. (9)
Several other risk markers have been put forward. Among numerous markers of
inflammation, high sensitive CRP is the most widely used, and the FRISC II trial
confirmed that elevated high sensitivity CRP levels is associated with long-term
mortality. (79)
Markers of neurohormonal activation (80, 81) or renal dysfunction (81) also carry
important prognostic information, especially regarding mortality. One small study
indicated that renal dysfunction may have more severe prognostic information in
women than men. (82)
Since NSTE ACS is a complex event different markers may reflect different
pathophysiological aspects of the disease. Combining markers for myocardial necrosis,
inflammation, neurohormonal activation and renal dysfunction in a multimarker
approach has been proposed and studies have demonstrated that a multimarker approach
improves risk stratification. (81) Wiviott et al reported in a substudy from the TACTICS
TIMI 18 that a multimarker approach identified a higher proportion of high risk women,
but lack of any marker elevation also identified very low risk women. Men were more
likely to have elevated CK-MB or troponin while women were more likely to have
elevated CRP or BNP. (83)
A number of, more or less complex, risk factor scores have been constructed, among
them the GRACE-score, the TIMI-score and the FRISC-score.
The GRACE-score has a very good discriminative power but is complex and require
special tools. (84) The TIMI-score is simple and have been widely accepted in spite of
less accuracy. (85) The more recently constructed FRISC-score has been used to
adequately identify patients with highest benefit from an early invasive strategy. (86)
25

In one rather small study the TIMI-score was shown to correctly predict 30-days
death/MI/revascularisation in both men and women. (87) Whether the GRACE and
FRISC-scores perform equally in men and women is not well known.

Level of care
It is often difficult to establish the NSTE ACS diagnosis in the emergency unit.
Therefore many patients with a suspected ACS need to be hospitalised for repeated
testing of biochemical markers and ECG monitoring.
Earlier studies have found that male patients were more likely to be admitted to
coronary care units, (88-92) and it has been suggested that this could have an impact on
differences in treatment intensity between the genders. (88, 92) Compared to general
wards, CCU’s have been associated with more intensive care (88, 89) and better
outcome. (89) However, these studies included patients with both STEMI and NSTEMI,
which could explain differences in both level of care and treatment intensity. No earlier
trials have assessed consequences of level of care from a gender perspective.

Non-invasive diagnostic testing
Prevalence of significant coronary obstruction in patients with chest pain, suspicious of
ischemia, is substantially lower in women than in men, affecting diagnostic accuracy.
(93)

Exercise ECG test
The exercise ECG test is easily available and the most frequently used non invasive
diagnostic test, despite reports of low accuracy, especially in women. Inadequate
workload is more common in women and consequently lower sensitivity. Higher
prevalence of false-positive ECG-changes in women contributes to a lower specificity.
(94) In a meta-analysis by Kwok et al, in both symptomatic and asymptomatic women
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and men, a mean specificity (for coronary obstruction) of 0.70 vs. 0.77 and a mean
specificity of 0.61 vs. 0.68 was found for women and men respectively. (95) Diagnostic
accuracy is improved in both genders if other factors than symptoms and ST-depression,
such as maximum heart rate and maximum work load, are taken into account.
It has been shown that early symptom-limited exercise test can be conducted safely in
the context of NSTE ACS, (96, 97) and prognostic information in this clinical setting is
just as useful in women as in men. (98, 99) Exercise test and troponins in combination
identifies a very low risk group even better in women than in men. (100)

Stress Echocardiography
In a prospective study on patients with intermediate risk of coronary heart disease,
dobutamine stress echocardiography accurately predicted significant coronary stenosis
(>70%) with at least as high sensitivity and specificity for women (90% and 85%) as for
men (80% and 77%). Stress echocardiography with pharmacological stress is especially
useful in older women with insufficient workload. (101)

Myocardial perfusion scintigraphy
In a meta-analysis, perfusion scintigraphy performed somewhat better in men, with a
sensitivity and specificity of 85% and 85% respectively compared to 78% and 64% in
women. (95) The lower accuracy in women was explained by lower sensitivity for
single-vessel disease in women (102) and female breast attenuation artifacts.(103)
However, a normal perfusion scintigraphy carries an excellent prognostic value and an
abnormal scan indicates significant risk for an adverse event, similar in both genders.
(104, 105)
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Medical treatment
Anti ischemic drugs
Beta-blockers
Evidence for beta-blockers in the context of NSTE ACS is based on a very limited
amount of randomised trial data, and most of the studies were performed more than two
decades ago. Recommendations are also based on extrapolation from trials in stable
angina and unselected MI. (106) In a meta-analysis treatment with beta-blockers vs.
placebo, in patients with UAP, was associated with 13% risk reduction in progression to
STEMI. (107)
In patients with ACS undergoing PCI pooled results from recent trials indicated effect
on mortality at 30 days (0.6% vs. 2.0%, p < 0.001) and 6 months (1.7% vs. 3.7%, p <
0.001) with beta-blocker therapy. (108)
Although there is a paucity of gender specific data, there were no obvious differences in
effect between the genders in one trial. (109)
In patients with congestive heart failure (CHF) and left ventricular dysfunction there is
evidence for benefit with beta-blocker treatment. (110-112) A meta-analysis, including
four major beta-blocker trials in CHF, indicated similar effect on mortality in men and
women. (113)
Beta-blockers are recommended for secondary prevention in the absence of
contraindications, without difference between the genders. Indication is stronger in
patients with left ventricular systolic dysfunction.

Nitrates
In an early and small randomised trial a reduction in infarct size and left ventricular
dysfunction associated with nitroglycerin-infusion was indicated. In the sub-group with
anterior MI even reduction in mortality was noted. (114)
More recent and large scale trials showed no benefit with nitroglycerin treatment. (115,
116)
There are no placebo-controlled randomised trials in the context of NSTE ACS
assessing effect of nitrates.
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Nitrates are recommended and used primarily for symptom relief, without any known
difference in effect between men and women.

Calcium channel blockers
There are three subclasses of CCB with different proportion of vasodilatation and heart
rate reduction.
The small randomised trials regarding the use of calcium channel blockers in NSTE
ACS have shown diverging results which could, at least in part, be due to different
mode of action of different classes of CCB. (117-119)
There are no known differences in effect between the genders.

Lipid lowering treatment
Statin therapy improves long-term outcome (120) and is recommended to be initiated
early in all patients with NSTE ACS. (121-124) Men were in majority in most statin
trials, and still gender-specific data are scarce, with somewhat contradictory results.
There are studies reflecting secondary prophylaxis, (125) primary prevention in high
risk individuals (124) and primary prevention in individuals with low cholesterol but
elevated CRP; (126) with no apparent difference in effect between the genders.
However, with a lower event rate in women, benefit was more uncertain. Moreover, the
PROSPER trial (including 2 804 men and 3 000 women with a history of, or risk factors
for, vascular disease) found a significant beneficial effect only in men. (127) In the
guidelines, there are no differences in recommendations between men and women. (67)

ACE-inhibitor / A2-receptor blockers
Several studies have shown that ACE-inhibitors are beneficial in reducing remodelling
and improving survival in patients with reduced left ventricular systolic function after
MI. (128-130) In patients who are intolerant to ACE-inhibitors angiotensin-2 receptor
blockers are indicated. (131, 132) In more recent years a number of trials have
suggested an anti-atherogenic effect of ACE-inhibitors, irrespective of LV-function in
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patients with established atherosclerotic disease or high risk for atherosclerotic disease.
(133-135)
Treatment is indicated in all NSTE ACS patients with left ventricular dysfunction,
diabetes or hypertension. (128-130)
A meta-analysis (based on 10 267 men and 2 396 women) indicated similar effect in
men and women. (136)

Antithrombotic treatment
Antithrombotic therapy is fundamental in the acute treatment of NSTE ACS to prevent
progression of the thrombotic process in the afflicted coronary artery, and it is also
essential in long-term treatment of NSTE ACS to prevent new ischemic events.
Antithrombotic treatment is especially important in clinical settings involving PCI.

Acetylsalicylic acid
Randomised trials of aspirin compared with placebo, already in the 1980s, showed
consistent benefit for patients with UAP/NSTEMI by reducing the risk for non-fatal MI
by approximately 50%. (137-139)
Indirect comparison of maintenance doses has shown similar effect in a broad range
(75-1500 mg) but a dose-dependant increase in bleeding. (140) Hence a maintenance
dose of 75 to 162 mg per day is recommended. A very recent meta-analysis revealed
similar effect in men and women in secondary prevention. (141)

Adenosine Diphosphate-receptor antagonists
The thienopyridines ticlopidine and clopidogrel are ADP-receptor antagonists. Both
drugs seem at least as effective as aspirin. (142, 143) However the adverse effects of
ticlopidine have limited its use, especially after introduction of clopidogrel as an
alternative. Clopidogrel has proved effective in combination with aspirin after NSTE
ACS in the CURE study, with another 20% risk reduction of the composite endpoint
cardiovascular death, MI or stroke [9.3% vs. 11.4%, RR = 0.80, 95% CI (0.72-0.90)].
Risk reduction was directionally the same in men and women but lower and not
statistically significant in women. (144) The overall benefit was larger in a sub-group of
patients undergoing PCI. (145)
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In the TRITON trial, the more recently developed ADP-receptor antagonist, prasugrel
was compared to clopidogrel in ACS patients (74% NSTE ACS), on top of aspirin. The
combined end point death from cardiovascular causes, nonfatal MI or nonfatal stroke
was reduced with prasugrel [9.9% vs. 12.1%, HR = 0.81, 95% CI (0.73-0.90)]. However
the rate of major bleedings was significantly higher in patients receiving prasugrel
(2.4% vs. 1.8%, p = 0.03). (146) Gender differences paralleled those in the CURE trial,
with less pronounced and statistically not significant, although directionally the same,
risk reduction in women.
Other ADP-receptor antagonists have been developed. For example ticagrelor and
cangrelor have been investigated and phase III clinical trials are undertaken or under
way. (147, 148)

Other antiplatelet drugs
Several thrombin-receptor antagonists are currently being investigated in trials. (149)

Non-responders to antiplatelet treatment
Substantial inter-individual variation in effect of both aspirin and clopidogrel has been
observed (150, 151) and these so called “non-responders” or “low-responders” appear to
be at increased risk for new ischemic events. (152, 153) Optimal individual
management of antiplatelet therapy may therefore in the near future involve monitoring
of platelet activity and individual tailoring of treatment (i.e. choice of drug or dose
adjustment) based on individual responsiveness.
There are reports on differences in the proportion of men and women that could be
defined as non-responders, why monitoring of responsiveness might be even more
important in women. (154)

Glycoprotein (GP) IIb/IIIa antagonists
Abciximab is a Fab fragment of an antibody, with strong affinity for the receptor.
Eptifibatide is a peptide and tirofiban mimics a peptide that contains the part of
fibrinogen that binds to the receptor. (155)
A meta-analysis of the six large randomised GP IIb/IIIa antagonist trials in patients with
UAP/NSTEMI, not routinely scheduled to undergo coronary angiography, showed a
modest benefit by reducing the combined endpoint death /MI by 30 days [11.8% vs.
10.8%, OR = 0.91, 95% CI (0.84-0.98)]. Effect was mainly restricted to patients with
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high risk features such as elevated troponin or ST-depression. Patients undergoing PCI
or CABG had greater risk reduction compared to those not revascularized. (156) In the
same meta-analysis, a subgroup analysis revealed significant interaction with gender.
While men had a significant benefit in reduction of death/MI by 30 days, harm was
indicated in women (OR = 0.81 vs. 1.15, p for interaction < 0.0001).

Unfractionated Heparin (UFH)
A meta-analysis indicated a 33% reduction of death or MI (RR = 0.67, 95% CI, 0.441.02) by adding heparin to aspirin in patients with UAP. (157)

Low-Molecular-Weight Heparin (LMWH)
Trials of LMWH added to treatment with aspirin have generally shown favourable
results for the combination in the acute phase, but extended treatment after hospital
discharge has been less convincing. (158)
For example in the FRISC trial treatment with dalteparin vs. placebo resulted in a
marked risk reduction for the primary end-point death/new MI during the first 6 days
[1.8% vs. 4.8%, RR = 0.37, 95% CI (0.20-0.68)], but after extended 40 days of
treatment the difference, although directionally consistent with outcome at 6 days, was
no longer statistically significant [8% vs. 10.7%, RR = 0.75, 95% CI (0.54-1.03)]. (159)
In the FRISC II trial, patients with NSTE ACS were randomised to 90 days of
dalteparin treatment vs. placebo after 5-7 days of open label treatment. There was a 47%
risk reduction in the combined end point death/MI 30 days but after 3 months there was
no statistically significant difference. (160)
The FRISC trial indicated a more pronounced effect of dalteparin treatment in women
compared to men in death/new MI during 6 days of treatment [RR = 0.16 (95% CI,
0.05-0.56) vs. 0.55 (95% CI, 0.28-1.11)]. (159)

Direct thrombin inhibitors
Hirudin has been extensively studied but with mixed results, including excess bleeding.
(161,

162)

The

synthetic

hirudin

analogue

bivalirudin

was

compared

to

UFH/enoxaparin in ACS-patients (65% NSTE ACS) in the ACUITY trial. Bivalirudin
alone was non-inferior to bivalirudin+GPIIB/IIIa or UFH/LMWH+GPIIb/IIIa in the
composite ischemic endpoint death/MI/unplanned revascularisation at 30 days, but with
lower rate of bleeding. Subgroup analysis revealed that effect on the ischemic endpoint
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was restricted to patients receiving thienopyridines. Bleeding rates were lower with
bivalirudin in all subgroups. (163) Although several subgroup analyses were performed,
data on gender differences was not presented.
In the published 1 year follow-up non-inferiority with bivalirudin alone persisted.
Subgroup analysis according to gender showed no difference in effect. (164)
Lack of difference in effect between the genders was confirmed in a separate analysis
on patients that had PCI performed. (165)

Factor Xa inhibitors
In the OASIS 5 trial, more than 20 000 patients with NSTE ACS were randomised to
fondaparinux or enoxaparin for a maximum of 8 days. The composite primary efficacy
outcome death, MI or refractory ischemia at 9 days was 5.7% with fondaparinux vs.
5.8% with enoxaparin, which satisfied the prespecified non-inferiority criteria. Rates of
major bleeding were lower with fondaparinux (2.2% vs. 4.1%), hence the composite
efficacy and safety endpoint was in favour of fondaparinux. At 6 months the composite
death, MI and stroke was significantly lower with fondaparinux [2.5% vs. 11.3%, HR =
0.89, 95% CI (0.82-0.97)]. At all time-points bleeding rate was lower with
fondaparinux. (166)
Subgroup analyses regarding the primary outcome revealed no gender interaction.

Bleeding complications
Different bleeding complications are the most frequent non-ischemic complications in
NSTE ACS patients. For example, the CURE trial reported significantly higher rate of
major bleeding with the aspirin/clopidogrel combination compared to aspirin alone
(3.7% vs. 2.7%, p = 0.001). (144) Data from real life management in the GRACE
register showed rates of major bleeding between 2.7% (in UAP) and 4.7% (in
NSTEMI). (167) Independent predictors of major bleeding included female sex, age,
renal dysfunction, history of bleeding and use of GP IIb/IIIa inhibitors. In a multivariate
analysis the adjusted OR for bleeding was 1.71 (95% CI, 1.35-2.17) in women
compared to men. (167) In the CRUSADE register about 14% of the patients were
given red blood cell transfusion (and significantly more of these patients were treated
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with an early invasive strategy) indicating higher bleeding rates in real life clinical
circumstances. (168)
Recent trials have highlighted a strong impact on prognosis with bleeding complications
in ACS. (167, 169, 170) In two large scale meta-analyses increase in bleeding was
associated with a stepwise increase in mortality. Not only mortality, but also ischemic
events increased with major bleeding. (171, 172) In a recent analysis from the OASIS 5
trial, after adjustment for baseline differences and bleeding propensity, the 180 days risk
(for patients experiencing a major bleeding vs. no bleeding) was: 3.11 (95% CI, 2.553.79) for death, 2.63 (95% CI, 2.13-3.25) for MI and 4.25 (95% CI, 2.93-6.15) for
stroke. The risk was directionally the same for minor bleedings, but the magnitude was
lower. (170)
Female sex has been an independent predictor of bleeding in several ACS trials with
different anticoagulation strategies. (169, 173, 174)
There are several factors that may explain worse outcome associated with major
bleeding. Among them, potential confounders such as older age, comorbidity and renal
failure, but also more causative factors such as hemodynamic instability and the
possibility that bleeding triggers pro-thrombotic and pro-inflammatory processes.
Furthermore, discontinuation of antiplatelet and antithrombotic therapy as a
consequence of bleeding has been put forward as a major reason for increased risk of
ischemic events. (172) Women appear to be at higher risk for excess doses of
antithrombotic medication and as a consequence, higher bleeding rate. (173, 174) Also,
impaired renal function is more common among female patients, and associated with
higher bleeding rates. (174)
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Revascularisation
Revascularisation is performed in the setting of NSTE ACS to relieve symptom and to
prevent progression to extended myocardial ischemia and death.

Routine invasive vs. selective invasive strategy
In a subgroup of NSTE ACS patients with ongoing ischemic symptoms or
hemodynamic or rhythm instability there is consensus that urgent catheterisation is the
preferred treatment strategy.
For the majority of patients with NSTE ACS, without need for urgent revascularisation,
there was an intense debate during the 90s whether an invasive approach, with routine
coronary angiography, (followed by revascularisation if feasible), was superior to a
more conservative approach, with pharmacological stabilisation and coronary
angiography only if the patient experienced symptoms or signs of ischemia
(spontaneous or during a stress test). These two treatment strategies have been
compared in a number of randomised trials. Most (175-179) but not all (180-182) of the
studies have been in favour of a routine invasive strategy. A meta-analysis of seven of
the earlier trials showed a reduced rate of death at the end of follow-up [12.2% vs.
14.4%, OR = 0.82, 95% CI (0.72-0.93) p=0.001] for routine invasive vs. selective
invasive. The long term benefit came with an early hazard during initial hospitalisation,
with a significantly higher risk of death or MI [5.2 vs. 1.1%, OR = 1.36, 95% CI (1.121.66) p=0.002] in the routine invasive strategy arm. Many of the included trials in this
meta-analysis do not reflect contemporary management strategies, and the use of stents
and GP IIb/IIIA-inhibitors was low. The current paradigm was challenged by the
ICTUS trial in which there was no difference between a routine invasive vs. a more
selective invasive strategy in the composite of death, MI or rehospitalisation for angina
pectoris within 1 year [22.7 vs. 21.2%, RR = 1.07, 95% CI (0.87-1.33) p = 0.33]. (182)
A small difference in revascularisation rate between the two groups and a regular use of
thienopyridines in the ICTUS trial may at least partly explain the difference in result
between the ICTUS trial and earlier trials.
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Today an early invasive treatment strategy, with coronary angiography and
revascularisation if feasible, has become the treatment strategy of choice in patients
with NSTE ACS, and is a class 1-recommendation in both American College of
Cardiology/American Heart Association (ACC/AHA) (68) and European Society of
Cardiology (ESC) (67) guidelines on NSTE ACS, at least for patients with medium or
high risk features.

Gender aspects on routine invasive vs. selective invasive strategy
Only three of the trials comparing a routine with a selective invasive treatment have prespecified analyses according to gender, and data on this matter are conflicting.
The FRISC II trial randomised 1704 men and 749 women. (8) In contrast to a clear
favorable outcome with a routine invasive strategy for the primary combined endpoint
death/MI for men (9.6% vs. 15.8%, p < 0.001) there was no benefit in women (12.4%
vs. 10.5%, ns). In a multivariate regression analysis, adjusting for baseline differences
between the genders, male gender was an independent risk factor for death/MI in the
non invasive strategy arm [OR for death/MI women vs. men 0.64 (95% CI, 0.43-0.97)].
In the routine invasive strategy arm, on the other hand, female gender indicated worse
outcome [OR for death/MI women vs. men 1.46 (95% CI, 0.96-2.23)].
Results from the RITA 3 trial (682 women and 1208 men) were similar to those of the
FRISC II trial. (10) Men had a lower incidence of the primary end-point death/MI with
a routine invasive strategy (7.0% vs. 10.1%) while the opposite was indicated for
women (8.6% vs. 5.1%), with a significant interaction test (p = 0.011).
Contrasting the two former trials, the TACTICS TIMI-18 trial (757 women and 1463
men) indicated a beneficial effect of an early intervention for both men and women. (9)
The primary outcome, a composite of death/MI/rehospitalisation for ACS, was lower
with an invasive strategy in both genders, but did not reach statistical significance in
women. In a subgroup analysis of high risk patients there was a similar benefit
regarding the primary end-point in troponin-positive females (OR = 0.56, 95% CI, 0.320.97) and males (OR = 0.53, 95% CI, 0.35-0.79).
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Gender aspects on revascularisation
Percutaneous coronary intervention
In the early days of percutaneous coronary interventions, data from registries indicated
differences in several aspects between the genders. Women were older and more likely
to have hypertension, diabetes and heart failure. Women were also more likely to be
referred for catheterisation in an acute situation. (183, 184) Most of these early reports
indicated increased risk for complications, including in-hospital death, for women after
PCI. (184-188) However, despite higher age and comorbidity, women and men had
comparable long term outcome. (184, 186, 187)
Comparison of data from 1993-1994 and 1985-1986 with data from 1997-1998 in the
NHLBI dynamic register showed that, although women in the more recent register were
older and had a higher incidence of comorbidity, they had greater success rate and
comparable rate of mortality, MI and need for emergency CABG surgery. After
controlling for potential confounders in baseline factors gender was not a significant
predictor of death or death/MI. (189) However women more often reported angina
symptoms, limiting activity and quality of life, during one-year follow-up.(190)
In another comparative study of patients undergoing PCI 1979-1995 and 1996-2004
30 days mortality was significantly reduced in both men and women. After adjustment
for risk factors there was no difference between the genders in the later group, neither in
short-term nor long term mortality. (191) The observed improvement could probably be
explained by improvements in operator experience, technique and equipment.
Difference in coronary artery size and body size between men and women has been
proposed as important factors for observed differences in outcome and in a report by
Peterson et al on more than 100 000 patients there was no difference in mortality
between men and women after adjustment for body surface area. (192) In another small
study on patients who underwent PCI to lesions in vessels with a reference diameter of
< 3.0 mm, there was no difference between the genders in procedural success or inhospital cardiac events. (193)
More contemporary studies have continued to show worse crude outcome for women,
but after adjustment for confounding baseline variables outcome have most often been
similar, (194-196) or even better long-term outcome in women. (197) Hence much of
the observed difference in outcome could be explained by differences in comorbidity
and age.
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However, in the youngest subgroup women still appear to have worse outcome, even
after adjustment for clinical and procedural factors. (198)
There is a paucity of data concerning gender differences in benefit from bare metal
stents or drug eluting stents, but the benefit appear to be similar. (199, 200)
Although differences in outcome between the genders after PCI have diminished and
although rate of vascular site complications have improved over time there is still
evidence of more vascular site and bleeding complications among women, even after
multiple adjustment. (195)

Coronary artery bypass graft surgery
In a majority of studies, women undergoing CABG surgery have had greater early
mortality compared to their male counterparts. (201-207) However, after adjustment for
differences in baseline risk-factors, mortality rates for women have often, (201, 202,
204, 208, 209) but not always (203, 205-207) been similar to that of men.
At least three factors could contribute to observed differences. There are marked
differences between the genders in age and comorbidity, (with more heart failure,
hypertension, renal insufficiency and diabetes in women) surgical risk factors (more
often emergency or urgent CABG, smaller body surface area inferring smaller vessels
and consequently a more technically challenging procedure) and finally use of internal
mammary artery (less often used in women). (201, 203-206, 209) Diabetes confer an
important excess risk in CABG surgery (210) and appears to be an even stronger riskfactor in women. (211) Difference in BSA has been proposed as a major contributor to
differences in outcome in CABG surgery, and difference in outcome between the
genders have sometimes (201) but not always (206) disappeared after adjustment for
BSA.
Also, impact of gender may differ if we assess short or long term mortality. In a work
by Guru et al on >50 000 patients (>12 000 women) that had CABG surgery performed;
after adjustment women still had higher short term (30 days) mortality, but lower longterm (1year) mortality. (212) A report from the BARI trial, in which patients with multivessel disease were randomised to CABG or PCI, indicated better long-term outcome in
women compared to men. At an average of 5.4 years follow-up crude mortality in the
CABG group was similar in men and women, but after adjustment women had
significantly lower risk of death. (213)
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Over time things have improved, with decreasing mortality associated with CABG,
despite higher age and more comorbidity, especially for women. (214)
Hence the discussion whether there are gender differences in outcome associated with
CABG surgery has not come to an end.

Gender differences in treatment and outcome
During the last two decades increased attention has been paid to gender differences in
treatment of ACS. However, there are major differences in baseline characteristics
between a female and a male population with ACS that may affect the attending
physician’s choice of treatment, appropriateness of a certain treatment and maybe even
the patient’s preferences for a therapy. Also difference in outcome between the genders
has been increasingly highlighted. But again, there are obvious differences between men
and women in baseline characteristics that have to be accounted for to evaluate impact
of gender per se.

Treatment
Many early studies, (11-15, 215-217) but not all, (218) indicated that women were
treated less intensively in the acute phase of ACS. In some of the studies, after
adjustment for age, comorbidity and severity of the disease, most of the differences
disappeared. (15, 216) There is also conflicting evidence on gender differences in
evidence-based treatment at discharge.(11, 14, 15, 215, 217, 219, 220) The majority of
these studies were performed in patients with acute MI, both STEMI and NSTEMI.
Data on medical treatment in a population with NSTE ACS are scarce, but Stone et al.
reported from the TIMI III register of patients with UAP or non-Q-wave AMI, that
women were less likely to receive heparin and IV nitroglycerin in the acute phase, as
well as aspirin at discharge, even after age-adjustment.(11)
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Outcome
After an acute MI a higher short-term mortality in women is documented in several
studies. (12, 14, 15, 216, 221-223) Even after adjustment for age and comorbidity some
difference has usually, (12, 14, 221, 222) but not always, (220, 223) remained. On the
other hand, most studies assessing long-term outcome, have found no difference
between the genders, or even better outcome in women, at least after adjustment. (216,
219, 222, 223)
Earlier studies focusing on gender differences in outcome after an ACS have usually
studied patients with MI, including both STEMI and NSTEMI. (12, 14, 15, 216, 221223) Not only the pathophysiology and initial management differs between these two
conditions, (224) but also outcome according to gender. (16, 220) In contrast to in
STEMI, (225) women with NSTEMI or UAP seem to have equal or better outcome,
after adjustment for age and comorbidity. (11, 13, 16, 217, 220, 226) Different impact
of gender at different ages has also been indicated. Young women appear to have worse
outcome while elderly women seem to have better outcome compared to men of the
same age. (225, 227)

Gender differences in recruitment to trials
It is a fact that fewer women than men have been included in most clinical studies
regarding CHD. As an example, even in the trials comparing a routine invasive to a
selective invasive strategy, with a pre-specified gender analysis, the proportion of
women has been 30% to 38%. (9, 10, 177) The proportions have been similar in other
trials in the area of NSTE ACS. (144, 159, 166) Whether this reflects a lower incidence
in women, especially at younger age, or actual exclusion of women from the trials have
been debated. (6, 7) In trials with age exclusion criteria the proportion of women was
lower than in trials without exclusion of the elderly, indicating that difference in age
between a male and a female ACS population may be an important contributor to
difference in inclusion rate. (228) Moreover, willingness to participate in clinical trials
may differ between the genders. (229) The consequence, regardless of reason, is that
evidence is less firm for women than for men regarding quite a few of the established
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treatments. To be able to present evidence-based treatment recommendations, valid for
both men and women; more women need to be recruited to clinical trials in the future.

41

A

ims of the studies in this thesis

The aims of the studies on patients with NSTE ACS were

•

To assess differences between the genders in baseline characteristics, acute
pharmacological treatment, non-invasive and invasive cardiac procedure and
pharmacological treatment at discharge.

•

To determine gender differences in short and long term outcome.

•

To evaluate differences between men and women in level of care and impact on
management and outcome.

•

To determine benefits and risks with a routine invasive strategy compared to a
selective invasive strategy in women.

•

To determine difference in effect between the genders, in real life patients, with
an invasive and non-invasive treatment.
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M

aterial and

M

ethods

Different types of studies
Studies comparing healthcare interventions can be divided into randomised controlled
trials (RCT) and non-randomised trials (often register trials). Both methods have
strengths and limitations. The RCT is the gold standard as the randomisation procedure
makes sure that studied subjects differ only in exposure to the considered intervention.
However many individuals to whom results will later be applied differ from patients
included in the RCTs. Therefore non-randomised studies in real-life clinical
circumstances are important to ensure that results obtained in the randomised trials hold
true in real-life situations. Non-randomised trials are also important for generating
hypotheses that can later be tested in an RCT. But while non-randomised trials are less
selective regarding recruitment they have an inherited risk of selection bias in allocation
to a certain treatment. Selection bias results in differences in baseline characteristics,
which has to be adjusted for. Large scale registries provide us with data from clinical
practice and generalisability depends on how well the register covers the population we
aim to describe. (230-232)
If a study is performed to assess differences in treatment provided by healthcare
practitioners to certain groups, an observational study design is necessary. In
comparisons between groups that one could not randomise to, for example gender, the
study, for obvious reasons, has to be non-randomised.
When single trials do not have enough power to provide a statistically significant
answer regarding effect of a certain treatment, a meta-analysis may be undertaken.
Increasing the number of studied subjects by merging studies in a meta-analysis
improves the probability to obtain a statistically significant answer. However metaanalyses have limitations, heterogeneity being one of the most important. Heterogeneity
in effect between included studies is usually tested but there may also be other problems
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with heterogeneity concerning difference in inclusion and exclusion criteria and
difference in outcome definition. (233)

In this study we have used all the types of trials described above, to answer the study
questions.

Data Sources
RIKS-HIA
The Register of Information and Knowledge about Swedish Heart Intensive care
Admissions (RIKS-HIA) registers all patients admitted to the coronary care units of
participating Swedish hospitals. The register started in 1995 with 19 participating
hospitals and has increased gradually. In 1997 46 CCU´s participated and in 2002 70 of
78 CCU´s participated. Today all CCU´s in Sweden continuously deliver data to the
registrer.
Information is reported on case record forms, today directly on-line. On admission
about 30 variables are recorded including age, gender, risk factors, medical history,
previous medications, symptoms and ECG findings. During the hospital stay another 37
variables are recorded regarding biochemical markers, treatments, investigations and
major complications. Finally, at discharge further 33 variables are recorded, including
outcomes during hospital stay, discharge medication and final diagnosis. Source data
verification is performed by an external monitor comparing the register information
with actual hospital records in randomly selected patients from about 20 different
hospitals annually. More than 40,000 measurements are checked annually and the
agreement between the registered information and patient records has been between 9496 % every year.
The complete protocol is also available at the RIKS-HIA website: http://www.rikshia.se.
Data from RIKS-HIA is used in Paper I, II and IV.
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The AKUT-register
In Paper II data from CCU’s in RIKS-HIA is complemented with data from general
wards collected in the AKUT-register, described more in detail in the methods section
to paper II. The protocol in the AKUT-register was almost identical to the RIKS-HIA
protocol.

The Swedish National Cause of Death Register and
The National Patient Register
RIKS-HIA is repeatedly merged with data from the Swedish National Cause of Death
Register. The Cause of Death Register covers all Swedish residents, whether the person
in question was a Swedish citizen or not and irrespective of whether the death occurred
in Sweden or not.

The National Patient Register comprises all diagnoses of patients hospitalised in
Sweden from 1987 and onwards. By merging with the RIKS-HIA, data on comorbidity,
such as previous history of heart failure, stroke, dementia, cancer, chronic obstructive
pulmonary disease and renal failure were obtained.

The National Board of Health and Welfare are responsible for both these registers.

Data from The Cause of Death Register and Patient Register was used in Paper I, II and
IV.

Women Sub-Study
The study was performed as a substudy to the OASIS-5 study comparing the effect of
fondaparinux to enoxaparin in NSTE ACS. (166) The population is described more in
detail under the heading Paper III.
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Paper 1
Data presented in this paper was obtained from the RIKS-HIA register, from five years
between 1998 and 2002. All patients with a discharge diagnosis of AMI or UAP, and no
ST-segment elevation or left bundle branch block on admission ECG, were included.
Patients treated with fibrinolysis or primary PCI were excluded in order not to include
patients that developed STEMI during hospital stay. Finally, only the first time an
individual appeared in the register with NSTEMI or UAP was included for analysis.
Standardized criteria for the diagnosis of acute myocardial infarction and unstable
angina, according to WHO, were used by all participating centers. (234) Biochemical
criteria were revised during the study period in accordance with the ESC/ACC
consensus document. (17) Finally, diagnoses were coded according to the International
Classification of Diseases, version 10, at treating physicians' discretion.

Ethics approval
The RIKS-HIA register and the process of merging with other registries were approved
by the Swedish Data Inspection Board. This study complies with the Declaration of
Helsinki and was approved by the local ethics committee.

Statistical analysis
Group differences based on continuous variables were assessed using the t-test and
differences based on categorical variables were assessed using the squared chi-test.
Gender differences in background characteristics were assessed with logistic regression
analysis. In the first model gender was included as the sole independent variable. In the
second model gender and age were included. Differences between the genders in
performed procedures, pharmacological treatment, both acute and at discharge, and
outcome were assessed in the same way. To further adjust for differences in background
characteristics a third logistic regression model was created which included 23
covariates. For information on included variables see Paper 1. To further explore the
importance of age on differences in management, rates of treatments and procedures
were assessed in four age-strata.
To identify differences in outcome between the genders during 1-year follow-up, hazard
ratios (HR) were calculated in four different age-intervals, using Cox regression
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survival analysis, with the same covariates included as in the logistic regression
analysis.
All statistical analyses were performed using SPSS version 13.0 software (SPSS Inc,
Chicago Ill).

Paper 2
Seven hospitals in the southeast region of Sweden participated in this study. All patients
admitted to CCU’s were, by routine, registered in The RIKS-HIA register. At the same
time-period we registered patients with suspected ACS, admitted to general wards.
Dedicated nurses actively screened general wards for patients hospitalised because of a
suspected ACS. Patients prescribed a series of troponin analyses were regarded as
suspected of having an ACS, and registered in the same manner as in the RIKS-HIA
register. Data from patients admitted to CCU´s were then merged with data from
patients admitted to general wards, comprising all patients with a suspected ACS
admitted to the seven participating hospitals during the study period. Survival status was
obtained by merging our database with the Swedish National Cause of Death Register,
and information on comorbidity was obtained by merging with the National Patient
Register.
Data was collected during three months in 2002. Only patients with NSTE ACS were
included in this analysis. We used an “intention-to-treat” approach based on initial
admission. This means that if a patient was initially admitted to a general ward and later
transferred to a CCU, the study protocol handled the patient as allocated to the primary
admitting ward. For outcome analyses, in order to avoid double-counting, only the first
time a patient appeared in the database was included.
Standardised criteria for the diagnosis of acute MI and UAP according to WHO were
used by all participating centers, (234) in accordance with the ESC/ACC consensus
document. (17) Diagnoses were coded according to the International Classification of
Diseases, version 10, at treating physicians' discretion.
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Ethical consideration
All patients were informed of their participation in the register, and their right to deny
participation. Data for research purposes have had all personal identifiers removed. The
study complies with the Declaration of Helsinki and was approved by the local ethics
committee.

Statistical analysis
Group differences based on continuous variables were analysed using the t-test and
differences based on categorical variables were analysed using the squared chi-test, all
tests were two-sided. P-values ≥ 0.05 were considered not significant.
We calculated a modified TIMI-score. (85) Age > 65 years, ST-depression ≥ 1 mm,
Aspirin treatment on admission, known CHD (defined as history of MI or
revascularisation), elevated markers (defined as Troponin T ≥ 0.05 or CKMB ≥ 5) and ≥
three of four risk factors (diabetes, hypertension, smoking and treatment for
hyperlipidemia) each gave one point. Accordingly patients could have a TIMI-score
between 0 and 6. (Detailed information on anginal events during last 24 hours before
admission was not possible to obtain.)
To adjust for baseline differences between women and men, logistic regression models
were created. In the first model only gender was included as independent covariate, in
the second, age was added. In the third model, in addition to age and gender, we
included history of diabetes, hypertension, MI, coronary revascularisation, heart failure,
dementia, stroke, chronic obstructive pulmonary disease, renal failure, and diagnosed
malignancy during the last three years, smoking habits and pharmacological treatment
before admission (including aspirin and/or clopidogrel, warfarin, beta-blockers, ACEinhibitors, angiotensin receptor blockers, digoxin, diuretics, long-acting nitrates and
lipid lowering drugs), ST-depression (≥ 1 mm in two adjacent leads) and elevated
troponin T or I (defined as above upper limit of normal (ULN) for the method used at
each hospital). In the last model level of care, expressed as admittance to CCU or not,
was added. The 95% CI were calculated and presented.
All statistical analyses were performed using SPSS version 14.0 software (SPSS Inc,
Chicago Ill).
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Paper 3
This study was a randomised, prospectively designed substudy of the OASIS 5 trial, an
international, multi-centre, randomised, double blind trial in which fondaparinux was
compared to enoxaparin in patients with UAP or NSTEMI.
Study design (235) and results (166) of the OASIS 5 main study are presented in detail
earlier.

Study patients
In the OASIS 5 trial patients were randomly assigned to receive fondaparinux or
enoxaparin within 24 hours after onset of symptoms. Inclusion and exclusion criteria for
the substudy were identical to those of the OASIS 5 main study. Patients were eligible if
they met at least two of the following three criteria: an age of at least 60 years, an
elevated level of troponin or CK-MB above upper limit of normal (ULN) or
electrocardiographic changes indicative of ischemia (defined as ST depression at least 1
mm in 2 contiguous leads or T-wave inversion >3 mm or any dynamic ST shift or
transient ST elevation). Patients with contraindications to low-molecular-weight
heparin, recent hemorrhagic stroke, indications for anticoagulation other than an ACS,
age <21, pregnancy, comorbid condition with life expectancy <6 months or severe renal
insufficiency [defined as a serum creatinine level of at least 3 mg per deciliter (265
µmol per liter)] were excluded.
At the same time as randomisation to fondaparinux or enoxaparin; female patients
participating in this substudy were randomised to a routine coronary angiography
(within 4 days of admission and, if appropriate, revascularisation within 7 days of
admission) or to a selective invasive strategy with coronary angiography only if they
experienced symptoms or signs of severe ischemia. Indications for coronary
angiography in the selective invasive arm were: 1. Refractory ischemia, defined as
recurrent chest pain/ischemic symptoms (with documented characteristic ECG changes:
Horizontal ST depression ≥1mm indicative of ischemia) lasting more than 5 minutes,
while on “optimal” medical therapy [defined as at least 2 anti-anginal treatments
(nitrate, β-blocker, calcium antagonist)]. 2. New ST-elevation in two contiguous leads,
without Q-waves or T-wave inversion (>3 mm). 3. Development of hemodynamic
instability, or severe heart failure (Killip class 4). 4. Intractable life-threatening
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arrhythmia. 5. Incapacitating angina or severe ischemia at a stress test before discharge
or later during follow-up. 6. Reinfarction during follow-up. In both study groups the
mode of revascularisation, PCI or CABG, was left to the discretion of the attending
physicians and was based on patient characteristics and preferences, extent of disease,
comorbidity and left ventricular function. If PCI was performed, the use of stents was
strongly encouraged. Prior to PCI, all patients should be pre-treated with aspirin and
clopidogrel. Aspirin dose was left to the discretion of the investigator but doses <100
mg was recommended. Treatment with intravenous GP IIb/IIIa was encouraged in
association with PCI.

Ethical consideration
The study complies with the Declaration of Helsinki. Local ethics committees approved
the study protocol, and all patients provided written informed consent.

Outcomes
The primary outcome was the composite of death, MI or stroke at 2 years. Secondary
outcomes included: 1. Each of death, MI and stroke evaluated separately. 2. Composites
of death, MI and death, MI, stroke or refractory ischemia (i.e. ischemia driven
revascularisation).
A central committee of clinicians blinded to the allocated management strategy
adjudicated death classified by cause, MI, refractory ischemia, stroke and major
bleedings.
For definition of major bleeding and refractory ischemia, see the original paper.

Sample size estimate and statistical analysis
Based on the overall results of the FRISC II trial, a reduction in the rate of death or MI
from 17.5% to 12.5% at 3 years was assumed, with a routine invasive strategy. To
detect a relative risk reduction of 28.5%, with 80% power, a sample size of 1 600 was
planned. Because of slow inclusion rate in the substudy only 184 patients were recruited
when the OASIS 5 main trial was stopped. However, a decision to follow all
randomised patients, in a blinded fashion, until 2 years was made.
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Means and percentages are used to describe baseline and other characteristics.
Outcomes are presented as hazard ratios with 95% CI. Selected outcomes are
summarised by Kaplan-Meier curves. A meta-analysis of randomised trials of routine
invasive vs. selective invasive strategies, with separate data for the genders, was
undertaken using the method described by Yusuf and Peto.(236) This approach uses an
assumption free model and weights the analyses in proportion to the information
(number of events) contributed from each trial. FRISC II, RITA 3, and TACTICS
TIMI-18 (published results) ICTUS (personal communication by coauthor Robbert de
Winter) and OASIS 5 women substudy were included in the meta-analysis. OR with
95% CI for death and death/MI are reported. Heterogeneity was assessed with Q
statistic. The level of significance was 0.05 (two-sided). Statistical software used for the
meta-analysis was Comprehensive Metaanalysis V 2.0 (Biostat Inc, Englewood, NJ).

Paper 4
We included consecutive patients from the RIKS-HIA register with a discharge
diagnosis of acute MI, UAP or angina pectoris admitted to hospital between 2000 and
2006. All included patients had elevated biochemical markers (defined as TnT >0.03
µg/l or CK-MB ≥5 µg/l or TnI above decision limit for MI, for the method used).
Patients with ST-elevation or left bundle branch block on admission ECG were
excluded, as were patients treated with thrombolysis or primary PCI. Because of an
increased risk of comorbidity, potentially interfering with the decision to treat
invasively or not, patients above the age of 80 were excluded. All patients earlier
diagnosed with dementia were excluded.
To avoid double counting only the first register-recorded hospitalisation, in agreement
with inclusion and exclusion criteria, was included.
Standardised criteria for the diagnosis of acute MI and UAP according to WHO were
used by all participating centers, and from 2001, in accordance with the
ESC/ACC/AHA consensus document. (17) Diagnoses were coded according to the
International Classification of Diseases, version 10, at treating physicians' discretion.
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Information on revascularisation procedures was obtained by matching data with the
national registries on coronary angiography and PCI and thoracic surgery. Reinfarction
was defined as a rehospitalisation with a discharge diagnosis of MI. A new MI causing
immediate death before hospitalisation was not included in the reinfarction rate but in
the mortality rate.
Two different risk scores were applied in order to investigate gender differences in
benefit from an early invasive strategy according to risk profile.
A modified TIMI-score (85) was calculated: Age >65 years, ST-depression ≥1 mm,
Aspirin treatment on admission, known CHD (defined as history of AMI or
revascularisation), elevated markers and ≥ 3 of 4 risk factors (diabetes, hypertension,
smoking and treatment for hyperlipidemia) each gave one point.
We also calculated a modified FRISC-score. (86) Age >65 years, a history of diabetes, a
history of MI, ST-segment depression on admission, elevated myocardial damage
markers and elevated CRP each gave one point.

Ethical considerations
All patients for whom data were entered into the RIKS-HIA register were informed of
their participation and long-term follow-up. On admission to the CCU patients received
written information about RIKS-HIA and other quality registries. They had the right to
deny participation immediately or have data removed later. According to Swedish law
written informed consent is not necessary. Data used for research purposes have had all
personal identifiers removed. The study complies with the Declaration of Helsinki and
was approved by the ethics committee.

Statistical analysis
Group differences based on continuous variables were assessed using the t-test and
differences based on categorical variables were assessed using the χ 2 test. Our primary
outcome was one-year mortality. The cumulative risk of death in women and men
respectively was calculated using a Cox regression analysis. Separate analyses were
made for patients managed with an invasive strategy and a non-invasive strategy.
The main analyses were performed on patients that were discharged alive and alive 14
days after admission, in order not to include patients in the early non-invasive arm that
were so severely ill (for different reasons) that it precluded them from being referred for
coronary angiography. However sensitivity analyses were made, including patients that
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died during the first 14 days after admission, to confirm that gender was not associated
with early excess mortality.
A propensity score method was used to compensate for the non-randomised study
design. A comparison between men and women isn’t possible to perform in a
randomised fashion and baseline differences between the compared study groups were
inevitable. The propensity score method (237, 238) produces a summary score of the
background characteristics for all patients and was used to balance for baseline
differences between the genders. The score is usually calculated, in a logistic regression
model (given baseline information available), to estimate the probability of being
allocated to a certain treatment strategy that is studied. When comparing men and
women, the score is the estimated probability of being female, estimated from a logistic
regression model, given the baseline characteristics that were available. We calculated
two different scores for the early non-invasive and the early invasive group respectively.
The propensity score model included age, smoking status, previous MI, PCI or CABG
surgery, history of hypertension, diabetes, congestive heart failure, renal failure, stroke,
chronic obstructive pulmonary disease or malignant disease, medical treatment on
admission

(including

ACE

inhibitors/Angiotensin

receptor

blockers,

aspirin,

clopidogrel, β-blockers, lipid lowering drugs, diuretics, digitalis, long-acting
nitroglycerin and calcium antagonists), ST-segment depression on admission, Killip
class and year of admission.
To compare risk for mortality and for the combined end-point mortality or MI between
men and women, within treatment strategy, Cox regression survival analyses were
performed including propensity score as a continuous variable and medical treatment at
discharge (including ACE inhibitors/Angiotensin receptor blockers, aspirin, clopidogrel,
β-blockers, statins, diuretics, digitalis, long-acting nitroglycerin and calcium
antagonists). In a similar way difference outcome with an early invasive compared to a
non-invasive strategy was assessed, with adjustment for propensity for an invasive
strategy and discharge medication.
Results were presented as relative risk (RR) and 95% confidence intervals. Model
performance was evaluated with the c index.
Analyses were performed with the statistical software SPSS (version 16.0) and R
(version 2.9.0).
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Paper 1
Baseline and Management
Between 1998 and 2002, 53 781 patients (37% women) with a discharge diagnosis of
either NSTEMI or UAP were included in this study. Women were older than men (73
vs. 69 years, p < 0.001) and more often had a history of diabetes, hypertension and heart
failure. Men more often had a history of MI and revascularisation. There were only
minor differences between the genders in the proportion of patients diagnosed as
NSTEMI and in the proportion of patients with elevated biochemical markers (Table 1)
Before adjustment, men were more often treated with heparin/low molecular weight
heparin and GP IIb/IIIa inhibitor during hospital stay, and aspirin, β-blockers and lipid
lowering drugs at discharge. Men were also more likely to have a stress test,
echocardiography, coronary angiography, PCI and CABG performed. (Table 2)
After adjustment for difference in age, there remained no significant differences in
pharmacological treatments, except for treatment with GPIIb/IIIa inhibitors, and ACE
inhibitors at discharge, which were more often used in men. However, age adjusted OR
for procedure use, such as stress test, echocardiography, coronary angiography, PCI and
CABG, were all higher in men. Further adjustment with another 21 covariates, did not
change these associations except that there remained no significant difference in PCI
rate. (Table 2)
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Table 1
Baseline characteristics

Men
Women
Un-adjusted
(n=34 020) (n=19 761) OR* (95 % CI)
69 (±12)
73 (±11)
-

Age, (years)
(mean ±(SD),
Risk factors
Hypertension
35
Diabetes
21
Current Smoker
21
History of MI
36
History of PCI
9
History of CABG
9
Medical treatment before admission
ACE-inhibitor
21
Aspirin/ other platelet
53
inhibitor
Oral anticoagulant
6
β-blocker
46
Digitalis
7
Diuretic
26
Long-acting nitrates
29
Lipid lowering therapy
22
Medical history
Stroke
12
Renal failure
1.9
COPD
6
Heart failure
13
Cancer last 3 years
4.8
Ischemic signs
ST-depression †
34
CKMB ≥5 µg/L or
79
TnT ≥0.06 µg/L §
CKMB ≥10 µg/L or
72
TnT ≥0.1 µg/L §
Diagnosis at discharge
NSTEMI
72
UAP
29

Age-adjusted
OR* (95 % CI)
-

43
24
17
30
6
5

0.71 (0.69-0.74)
0.84 (0.80-0.87)
1.28 (1.22-1.34)
1.27 (1.23-1.32)
1.56 (1.45-1.68)
1.97 (1.83-2.13)

0.74 (0.71-0.77)
0.86 (0.82-0.89)
0.96 (0.91-1.01)
1.44 (1.38-1.49)
1.35 (1.26-1.45)
1.94 (1.79-2.09)

21
52

0.99 (0.94-1.03)
1.04 (1.01-1.08)

1.03 (0.99-1.08)
1.15 (1.11-1.20)

5
47
10
41
31
19

1.21 (1.12-1.31)
0.95 (0.92-0.98)
0.69 (0.64-0.73)
0.50 (0.49-0.52)
0.88 (0.85-0.92)
1.23 (1.18-1.29)

1.36 (1.25-1.47)
0.97 (0.93-1.00)
0.89 (0.83-0.95)
0.63 (0.60-0.65)
1.04 (0.99-1.08)
1.06 (1.01-1.11)

12
1.3
7
17
3.8

1.02 (0.97-1.08)
1.44 (1.25-1.66)
0.78 (0.72-0.83)
0.72 (0.68-0.75)
1.26 (1.15-1.37)

1.27 (1.20-1.35)
1.56 (1.35-1.80)
0.86 (0.80-0.93)
0.93 (0.88-0.98)
1.50 (1.37-1.64)

38
79

0.83 (0.80-0.86)
1.02 (0.99-1.06)

0.95 (0.92-0.99)
1.16 (1.11-1.21)

71

1.05 (1.01-1.09)

1.20 (1.15-1.25)

73
27

0.91 (0.88-0.95)
1.10 (1.05-1.14)

1.09 (1.05-1.14)
0.92 (0.88-0.96)

Data are presented as percentages unless otherwise indicated.
Abbreviations: MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG,
coronary artery bypass grafting; ACE, angiotensin converting enzyme; COPD, chronic obstructive
pulmonary disease; ICCU, intensive coronary care unit; NSTEMI, non-ST-elevation myocardial
infarction; UAP, unstable angina pectoris; CKMB, creatinine kinase muscle/brain; TnT, troponin T;
OR, odds ratio and CI, confidence interval.
* Odds ratios were obtained by logistic regression analysis and presented for male vs. female gender.
† ST depression was defined as ≥1 mm depression of the ST-segment in ≥2 leads, on admission
electrocardiogram.
§ Valid values for CKMB or TnT were available in 47 348 (88%).
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Table 2
Procedures, treatments and outcome
Men
Women Odds Ratios*
Before
(%)
(%)
(n=
(n=
adjustment
34 020) 19 761) (95% CI)

Treatment
Heparin/LMWH

59

56

Nitroglycerin i.v.

32

32

GPIIb/IIIa
inhibitor
Procedures ‡
Stress test

6

4

28

20

Echocardiography

44

40

Coronary
angiography
PCI

37

29

18

14

CABG

7

5

Medication at discharge
ACE-inhibitor
37
Aspirin/Other
platelet inhibitor
β-blocker

36

88

85

82

78

Lipid lowering
51
drugs
Mortality (all-cause)
In-hospital
5

45

30 days

7

9

1 year

16

19

7

Odds Ratios*
After
ageadjustment
(95% CI)

Odds Ratios*
After
multiple
adjustment †
(95% CI)

1.11
(1.07-1.15)
1.00
(0.96-1.03)
1.43
(1.31-1.56)

1.02
(0.98-1.06)
0.99
(0.96-1.03)
1.22
(1.11-1.34)

1.02
(0.98-1.07)
0.98
(0.94-1.03)
1.18
(1.07-1.30)

1.56
(1.50-1.63)
1.17
(1.13-1.21)
1.44
(1.38-1.49)
1.35
(1.28-1.42)
1.55
(1.43-1.68)

1.31
(1.25-1.37)
1.10
(1.06-1.14)
1.12
(1.07-1.16)
1.07
(1.02-1.13)
1.40
(1.29-1.52)

1.34
(1.27-1.40)
1.11
(1.06-1.15)
1.10
(1.05-1.15)
1.03
(0.97-1.09)
1.43
(1.31-1.57)

1.04
(1.00-1.07)
1.22
(1.15-1.28)
1.23
(1.17-1.28)
1.30
(1.25-1.35)

1.10
(1.06-1.14)
1.04
(0.98-1.09)
1.04
(1.00-1.09)
0.99
(0.95-1.03)

1.13
(1.07-1.19)
1.02
(0.96-1.09)
1.06
(1.00-1.12)
0.98
(0.94-1.03)

0.74
(0.69-0.80)
0.76
(0.71-0.81)
0.77
(0.74-0.81)

1.03
(0.96-1.11)
1.05
(0.98-1.12)
1.11
(1.05-1.16)

1.03
(0.94-1.13)
1.07
(0.99-1.15)
1.12
(1.06-1.19)

Data are given as percentages unless otherwise indicated.
Abbreviations: LMWH, low molecular weight heparin; GPIIb/IIIa, glycoprotein IIb/IIIa; ACE,
angiotensin converting enzyme; PCI, percutaneous coronary intervention; CABG, coronary artery
bypass grafting and CI, confidence interval.
*Odds ratios were obtained by logistic regression analysis and presented as OR for male vs. female.
†For information on included covariates methods section in original Paper I.
‡ Performed during hospital stay.
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To further assess the impact of age on gender differences in management we stratified
the population into four age-groups. There were large differences in treatment intensity
between age-classes, but within age-classes observed differences between men and
women were small. (Figure 1)

Figure 1: Treatments in age-classes (%)
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Abbreviations: Cath, catheterisation; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass grafting;
Platelet I, platelet inhibitor; ACE, angiotensin converting enzyme; ARB,
angiotensin receptor blocker; OR, odds ratio and CI, Confidence interval.

Outcome
Crude short-term and long-term mortality were higher in women. However, after
adjustment for age, there was no difference in mortality during hospital stay or at 30
days. At one year female gender was even associated with a lower mortality, which
persisted after including further 21 covariates in a multivariate logistic regression
analysis. (Table 2)
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We assessed all-cause mortality as main outcome measure, but there was no important
difference between men and women in proportion of cardiovascular cause of death
during hospital stay (89% vs. 90%), at 30 days (89% vs. 89%) or at 1 year (82% vs.
84%).
When 1-year mortality was calculated in a Cox regression analysis, with extensive
adjustment for covariates, and presented in four age-strata, we found no significant
differences between men and women in patients younger than 70 years. In patients older
than 70 years the relative risk of death at one year was significantly higher in men.
(Figure 2)

Figure 2: Adjusted one-year mortality
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Hazard ratios with multiple adjustment using Cox regression analysis.
For information on covariates, see methods.
Hazard ratios (HR) at one year with 95% confidence interval: ≤59 y, HR
1.12(95% CI, 0.85-1.47); 60-69 y, HR 0.99 (95% CI, 0.85-1.16); 70-79
y, HR 1.14 (95% CI 1.05-1.23); ≥ 80 y, HR 1.13 (95% CI 1.05-1.20).
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Paper 2
During the study period 2 959 patients [1 313 women (44%) and 1 646 men (56%)]
were admitted to participating hospitals with a suspected ACS. Patients were similarly
distributed to CCU’s [1 378 (47%)] and general wards [1 581 (53%)]; but women were
less likely to be admitted to CCU’s [534 (41%)] compared to men [844 (51%)].
After inclusion and exclusion criteria for this analysis had been applied, 570 patients
[231 (41%) women and 339 (59%) men] with a confirmed NSTE ACS diagnosis at
discharge remained.

Baseline characteristics
Women were older than men (78 vs. 73 years, p < 0.001). Of note, both men and
women were markedly older in this study compared to patients from CCU’s only.
(Paper1) Differences in baseline characteristics, between men and women, were similar
to what was observed in our study on patients from CCU’s (Paper I). There were only
minor differences between the genders in the proportion of patients (women vs. men)
with chest pain (85% vs. 80%, p = 0.102), diagnosed as NSTEMI (84% vs. 81%, p =
0.47), and with elevated biochemical markers (83% vs. 81%, p = 0.491).
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Gender differences in level of care
Women in our study were less likely to be admitted to CCU [129 (56%) vs. 234 (69%),
p = 0.002], even after adjustment for age and comorbidity. (Table 3)
When analysed in three different age intervals, we found that the proportion of women
admitted to general wards was larger in all age categories. (Figure 3)
A TIMI risk-score was calculated and the study population was divided into three TIMIclasses. There was no significant difference between the genders in risk according to
calculated TIMI-class (data not shown). However, the proportion admitted to CCU was
significantly higher for men in TIMI-scores 0-2 (71% vs. 51%, p = 0.004) and 3-4 (67%
vs. 56%, p < 0.05) while there was no difference within TIMI-score 5-6 (70% vs. 74%,
p = 0.79).

Figure 3 Admitted to CCU and ward
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CCU, coronary care unit. P-value <0.001 for the trend.

Gender differences in treatments and procedures
We found no significant difference between the genders in pharmacological treatment,
but men were more likely to have a stress test, coronary angiography and CABG
performed. However, after adjustment for differences in age and baseline
characteristics, the only statistically significant differences in management between the
genders were that PCI was more frequently performed in women, and women were
more often prescribed lipid lowering drugs. (Table 3)
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Table 3
Management and Outcome
Crude
Women Men
(n=231) (n=339)

n (%)

n (%)

CCU care

129(56)

234(69)

Heparin /
LMWH
Stress test

134(58)

184(55)

18(8)

53(16)

Echo

98(43)

148(44)

63(27)
Coronary
angiography ‡
PCI ‡
32(14)

124(37)
40(12)

CABG ‡

7(3)

24(7)

PCI / CABG

39(17)

64(19)

‡

Medical treatment at discharge
Aspirin
210(91) 296(89)
and/or
Clopidogrel
Platelet
214(93) 310(93)
inhibitor or
Anticoagulant
β-blocker
201(87) 285(85)
ACE-I / ARB

108(47)

120(52)
Lipid
lowering drug

Adjusted
for age

OR*
(95 % I)
0.58(0.400.80)
1.14(0.811.60)
0.45(0.260.79)
0.93(0.671.31)
0.65(0.450.94)
1.20(0.731.98)
0.42(0.170.97)
0.87(0.561.35)

OR*
(95 %CI)
0.70(0.491.00)
1.37(0.961.95)
0.58(0.321.04)
1.14(0.801.63)
1.20(0.781.86)
2.12(1.213.72)
0.54(0.221.32)
1.45(0.892.37)

Adjusted for
Adjusted for
background
background
characteristics characteristics
†
and level of
care
OR*
OR*(95 % I) (95 % CI)
n.a.
0.65(0.430.98)
1.20(0.811.15(0.781.78)
1.71)
0.56(0.290.58(0.301.06)
1.11)
1.15(0.771.25(0.831.71)
1.87)
1.23(0.761.28(0.782.00)
2.08)
2.37(1.262.49(1.314.48)
4.73)
0.47(0.180.47(0.181.20)
1.23)
1.43(0.841.48(0.862.44)
2.55)

1.38(0.76- 1.78(0.98- 1.24(0.622.38)
3.21)
2.50)

1.29(0.642.61)

1.04(0.54- 1.28(0.65- 1.12(0.522.00)
2.52)
2.44)

1.16(0.532.53)

1.19(0.731.95)
166(50) 0.90(0.641.25)
198(59) 0.75(0.531.05)

1.41(0.852.35)
0.82(0.581.16)
1.37(0.912.04)

1.13(0.631.99)
1.03(0.661.61)
2.02(1.193.43)

1.16(0.652.06)
1.10(0.701.75)
2.08(1.223.55)

Abbreviations: CCU, coronary care unit; LMWH, low molecular weight heparin; PCI, percutaneous
coronary intervention; CABG, coronary artery bypass grafting; ACE, angiotensin converting
enzyme; ARB, angiotensin receptor blocker; OR, odds ratio and CI, Confidence interval.
*Odds ratios were obtained by logistic regression analysis. Presented as OR for female vs. male
gender.
† For information on covariates see methods section.
‡ Performed during hospital stay.
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Gender differences in outcome
There were no differences in crude in-hospital, 30-days, or 1-year mortality. However,
adjustment for age revealed better outcome for women, at least at one year. Further
adjustment for background characteristics in a third model, and level of care in a fourth
model confirmed the association. (Table 4)

Table 4
Mortality
Women
(n=205)

Men
(n=309)

Crude

Adjusted
for age

Adjusted for
background
characteristics
†

n (%)

n (%)

Inhospital

12(5.9)

18(5.8)

20(9.8)

32(10.4)

0.62
(0.32-1.23)

0.63
(0.31-1.24)

1 year

45(22.0)

70(22.7)

OR
(95% CI)*
0.63
(0.291.38)
0.58
(0.311.08)
0.58
(0.360.92)

OR
(95% CI)*
0.73
(0.31-1.72)

30 days

OR
(95% CI)*
1.01
(0.471.13)
0.94
(0.521.69)
0.96
(0.631.47)

Adjusted for
background
characteristics
and level of
care
OR
(95% CI)*
0.72
(0.30-1.71).

0.58
(0.34-0.99)

0.59
(0.35-1.01)

Abbreviations: CCU, coronary care unit; LMWH, low molecular weight heparin; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass grafting; ARB, angiotensin
receptor blocker; OR, odds ratio and CI, Confidence interval.
*Odds ratios were obtained by logistic regression analyses. Presented as OR for female vs. male.
†For information on included variables see methods section in Paper II.

62

Paper 3
A total of 92 patients were randomly assigned to a routine invasive strategy and 92
patients to a selective invasive strategy. Baseline characteristics are shown in Table 5.
Mean age was 68 years in both groups. Almost 80% of the patients had troponin or
CKMB above ULN.

Table 5
Baseline characteristics

Routine invasive
(n=92)
Age (yrs) (mean ± SD)
Comorbidity and Risk
factors
History of MI
Previous PCI
Previous CABG
Stroke
Hypertension
Diabetes Mellitus
Current Smoker
Medications at the time
of randomization
Aspirin
Clopidogrel or ticlopidine
Unfractionated Heparin
Low-molecular-weight
heparin
ACE-inhibitor or ARB
β-blocker
Lipid lowering drug
Ischemic symptoms and
signs
ST-depression (≥1mm)
Any ECG abnormality
Troponin or CKMB
elevation
Diagnosis at study entry
Unstable angina
Suspected MI

68.2 (± 9.2)
n (%)

Selective
invasive
(n=92)
67.8 ( ± 8.8)
n (%)

22(24)
7(8)
5(5)
4(4)
57(62)
19(21)
9(10)

18(20)
11(12)
3(3)
4(4)
63(67)
27(29)
24(26)

70(76)
27(29)
4(4)
27(29)

71(77)
28(30)
2(2)
26(28)

44(48)
62(67)
26(28)

45(50)
61(66)
37(40)

44 (48)
79(86)
73(79)

42(46)
79(86)
72(78)

33(36)
59(64)

27(29)
65(71)

Abbreviations: MI, myocardial infarction; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass grafting; ACE, angiotensin
converting enzyme; ARB, angiotensin receptor blocker; CKMB, creatinine
kinase muscle/brain.
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During initial hospitalisation 88 patients (96%) in the routine invasive arm and 37
patients (40%) in the selective invasive arm underwent coronary angiography, followed
by revascularisation in 53 patients (58%) and 28 patients (30%) respectively. During the
whole study period 89 patients (97%) in the routine invasive and 60 patients (65%) in
the selective invasive group had a coronary angiography performed. In the routine
invasive group 44 patients (48%) had a PCI performed and 15 patients (16%) underwent
CABG compared to 36 patients (39%) and 11 patients (12%) respectively in the
selective invasive group. The proportion of patients receiving thienopyridines before or
during PCI was similar in the two arms but a larger proportion of patients in the routine
invasive arm received GP IIb/IIIa inhibitors (34% vs. 22%) and a larger proportion of
patients in the selective invasive arm received unfractionated heparin (47% vs. 39%).
Complications were more frequent in the routine invasive arm (16% vs. 0%). Among
patients subjected to PCI there was a slightly higher success rate (96% vs. 88%) and use
of stents (83% vs. 73%) in the selective invasive group compared to the routine invasive
group.
There was no statistically significant difference in the primary outcome of
death/MI/stroke (21.0% in the routine invasive group vs. 15.4% in the selective invasive
group, HR = 1.46, 95% CI, 0.73-2.94) or in the secondary composite outcome of
death/MI. We found no significant differences when MI and stroke was evaluated
separately. However, at 30 days there was a trend towards a higher rate of death with a
routine invasive strategy as compared to a selective invasive strategy [4.3% vs. 1.1%,
HR = 4.47, 95% CI (0.49-40.70)]. At 1 year there was a statistically significant
difference in mortality with 8 deaths in the routine invasive arm compared to one death
in the selective invasive arm [8.8% vs. 1.1%, HR = 9.01, 95% CI (1.11-72.90)]. The
observed difference in mortality at one year persisted until the end of follow-up at two
years, although the statistical significance was borderline [8.8% vs. 2.2%, HR = 4.65,
95% CI (0.97-22.20)]. (Table 6)
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Table 6
Outcomes

2 years
Death/MI/stroke
Death/MI
Death
Major bleeding
30 days
Death/MI/stroke
Death/MI
Death
Major bleeding
180 days
Death/MI/stroke
Death/MI
Death
Major bleeding
1 year
Death/MI/stroke
Death/MI
Death
Major bleeding

Routine invasive
(n=92)
n(%)

Selective invasive
(n=92)
n(%)

Hazard Ratio
(95% CI)

19(21.0)
17(18.8)
8(8.8)
9(10.0)

14(15.4)
13(14.3)
2(2.2)
2(2.2)

1.46 (0.73-2.94)
1.39 (0.67-2.88)
4.65 (0.97-22.20)
6.90 (1.48-32.13)

9(9.8)
8(8.7)
4(4.3)
8(8.8)

4(4.3)
4 (4.3)
1(1.1)
1(1.1)

2.18 (0.66-7.17)
1.97 (0.58-6.63)
4.47 (0.49-40.70)
11.45 (1.43-91.96)

14(15.2)
13(14.1)
7(7.6)
8(8.8)

8(8.7)
7(7.6)
1(1.1)
1(1.1)

1.75 (0.73-4.20)
1.84 (0.73-4.65)
7.47 (0.91-61.52)
11.45 (1.43-91.96)

15(16.0)
13(14.1)
8(8.8)
9(10.0)

11(12.0)
10(10.9)
1(1.1)
1(1.1)

1.45 (0.66-3.20)
1.36 (0.59-3.13)
9.01 (1.11-72.90)
13.35 (1.68-105.9)

Abbreviations: MI, myocardial infarction; RI, Refractory Ischemia

To evaluate whether any of the invasive treatment modalities were associated with
worse outcome, we assessed outcomes according to treatment with PCI or CABG,
regardless of initial allocation. At two years follow-up there were 2 deaths (7.7%)
among the 26 patients who had a CABG performed, 6 deaths (7.5%) among the 80
patients subjected to PCI and only 2 (2.6%) deaths in the 78 patients not revascularized.
The rate of major bleedings was substantially higher in patients randomised to the
routine invasive strategy at 30 days [8.8% vs. 1.1%, HR = 11.45, 95% CI (1.43-91.96)]
and the difference persisted during long-term follow-up at 730 days [10.0% vs. 2.2%,
HR = 6.90, 95% CI (1.48-32.13)]. (Table 6) Of the 11 patients who had experienced a
major bleeding at 2 years follow-up, 8 occurred among patients that were subjected to
PCI and 2 among patients that had CABG performed. However there were only 2 deaths
among these 11 patients.
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We conducted a meta-analysis based on previously published data from FRISC II,
RITA 3 and TACTICS TIMI-18, from ICTUS (data from the study investigators) and
the present trial. The meta-analysis indicated benefit with a routine invasive strategy in
men but not in women. Odds ratio for death /MI, for the routine invasive compared to a
selective invasive strategy, showed no significant benefit in women (OR = 1.18, 95%
CI, 0.92-1.53) in contrast to in men (OR = 0.78, 95% CI, 0.66-0.93) (Figure 4).

Figure 4

Meta-analysis including 1-year death/MI in FRISC II, RITA 3, ICTUS and OASIS 5 women
substudy and 180 days outcome in TACTICS TIMI-18. OR was calculated for routine vs.
selective invasive strategy. p-value for interaction (strategy and gender) 0.01
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For men, the routine invasive strategy was associated with lower mortality (OR = 0.70,
95% CI, 0.51-0.96), while the opposite was found in women (OR = 1.51, 95% CI, 1.002.29) (Figure 5). Heterogeneity testing indicated heterogeneity between men and
women for a routine invasive compared to a selective invasive strategy regarding both
death/MI (p = 0.01) and death (p = 0.01).

Figure 5

Meta-analysis including 1-year mortality in FRISC II, RITA 3, ICTUS and OASIS 5 women
substudy and 180 days outcome in TACTICS TIMI-18. OR was calculated for routine vs.
selective invasive strategy. p-value for interaction (strategy and gender) 0.01
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Paper 4
We included 46 455 patients, 14 819 women (32%) and 31 636 men (68%). A larger
proportion of men than women was treated with an early invasive approach (63% vs.
56%).
There were significant differences in baseline characteristics between men and women
in both treatment strategy arms. Women were older, more likely to have hypertension,
diabetes and chronic obstructive pulmonary disease, but less likely to have a history of
MI and revascularisation. (Table 7) Differences were well balanced after adjustment
with a propensity score (data not shown).
Table 7
Baseline Characteristics
Early non-invasive strategy
Women
Men
(n=6 573)
(n=11 770)

Age (year)
70.3 (±8.4)
(mean ± SD)
Risk factors
Hypertension
45
Diabetes
31
Current Smoker
22
History of MI
33
History of
15
PCI/CABG
Medical history
13
Stroke
3.5
Renal failure
16
COPD
18
Heart failure
3.8
Cancer last 3
years
Medication at discharge
ACE-I/ ARB
47
Aspirin
81
Clopidogrel
19
β-blocker
82
Statin
61

68.0 (±9.3)

Early invasive strategy
Women
Men
(n=8 246)
(n=19 886)
p-value
66.0 (±9.7)
63.5 (±9.7)

40
28
24
42
24

46
23
27
20
13

38
21
26
26
18

15
4.7
11
18
5.1

6.4
1.2
9.0
6.1
2.3

6.0
1.2
5.5
5.4
2.4

48
82
19
84
62

49
91
61
88
82

50
93
62
89
84

Data are given as percentages unless otherwise indicated. Abbreviations: SD, standard
deviation; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG,
coronary artery by-pass grafting; COPD, chronic obstructive pulmonary disease; ARB,
angiotensin receptor blocker; ACE-I, angiotensin-converting enzyme inhibitor.
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In a subset of patients in the early invasive arm with complete angiographic data (7 057
women and 16 854 men) we analyzed the degree of CHD. Women were more likely to
have no significant stenosis and men more likely to have three-vessel or left main stem
disease. (Table 8)

Table 8
Findings on angiography

Normal /atheromatosis
1-2 vessel disease
3-vessel/main stem disease
Treatment after angiography

Medical treatment
PCI
CABG

Women
(n=7 057)
(%)
22
52
26

Men
(n=16 854)
(%)
6.9
58
3

Women
(n=8 246)
(%)
42
52
6.8

Men
(n=19 866)
(%)
32
58
9.3

p-value

<0.001
p-value

<0.001

Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery by-pass
grafting. Complete data on angiography findings were available for 85% of the early
invasively treated patients. Treatment after angiography is reported for all early invasively
treated patients.

We found no significant difference in one-year mortality between the genders, within
treatment strategy. In the non-invasive strategy arm RR of death before adjustment was
(women vs men) 1.02 (95% CI, 0.94-1.11) and in the invasive strategy arm 1.12 (95%
CI, 0.96-1.29). After adjustment for baseline differences between the genders with a
propensity score (different scores for conservative and invasive treatment strategy) and
discharge medication there was a trend towards worse outcome among men (RR = 0.90,
95% CI, 0.82-0.99) in the conservative group while there was still no significant
difference in the invasive group (RR = 0.90, 95% CI, 0.76-1.06). (Figure 6)
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Figure 6 Death

Crude and adjusted (for propensity score and discharge medication) cumulative risk of
death within one year (Women vs. men).

70

We also calculated the occurrence of the combined end-point death or MI during one
year after index admission, but there was no difference between men and women,
neither in the conservative nor in the invasive cohort. (Figure 7)

Figure 7 Death/MI

Crude and adjusted (for propensity score and discharge medication) cumulative risk of
death/MI within one year (Women vs. men).

Two different risk scores were applied, the FRISC-score and the TIMI-score. Both
scores predicted 1-year mortality well. Patients treated with an early invasive strategy
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were generally at lower predicted risk according to both the FRISC-score and the TIMIscore.
The 1-year mortality was higher with increasing score and with a conservative strategy
in both the TIMI score and the FRISC score, but without significant difference between
men and women in any of the calculated risk-score classes.
To further explore impact of revascularisation on outcome, we analyzed outcome
according to mode of revascularisation in the early invasive group. Before adjustment,
but not after, women as compared to men had higher mortality in the PCI-treated group.
Most of the difference seemed to be explained by older age. On the other hand, among
the medically treated patients, after adjustment, women had lower mortality compared
to their male counterparts. (Table 9)

Table 9
One year mortality according to angiographic finding
RR
RR
RR
Women
Men
(95% CI)
(n=
(n=
(95% CI)
(95% CI)
7 057)
16 854)
Women vs. Adjustment Full
for age
Adjustment
(%)
(%)
Men
Normal
2.0
1.8
1.13
1.01
0.82
/atheromatosis
(0.65-1.97) (0.57-1.77) (0.43-1.55)
1-2 vessel
2.0
1.6
1.25
1.05
0.97
disease
(0.94-1.65) (0.79-1.39) (0.71-1.32)
3-vessel/main
5.1
4.5
1.14
1.01
0.91
stem disease
(0.90-1.44
(0.80-1.28) (0.69-1.20)
One year mortality according to treatment after angiography
RR
RR
RR
Women
Men
(95% CI)
(n=
(n=
(95% CI)
(95% CI)
8 246)
19 866)
Women vs. Adjustment Full
for age
Adjustment
(%)
(%)
Men
Medical
4.0
4.6
0.89
0.84
0.78
treatment
(0.72-1.09) (0.68-1.03) (0.61-0.98)
PCI
2.3
1.8
1.06
1.06
1.29
(1.02-1.63) (0.84-1.35) (0.80-1.39)
CABG
3.7
2.8
1.35
1.13
0.91
(0.81-2.23) (0.68-1.89) (0.49-1.69)
Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery by-pass
grafting; RR, risk ratio; CI, Confidence interval. Complete data on angiography findings
were available for 85% of the early invasively managed patients. Treatment after
angiography is reported for all early invasively managed patients. Relative risks are
presented for women vs. men. Full Adjustment means adjustment with propensity score and
discharge medication. For information on included variables, see methods section.

72

In our main analyses all included patients had to be alive the first 14 days after
admission, but we also performed separate sensitivity analyses for several time-points
after admission (day 0-365, 1-365, 30-365 and 45-365). In all time intervals there was a
similar RR within treatment strategy, as compared to what we found in our main
analysis.
A larger proportion of men than women were treated with an early invasive approach
(63% vs. 56%).
The relative risks of death for invasive vs. conservative treatments were similar for
women (RR = 0.46, 95% CI, 0.38-0.55) and men (RR = 0.45, 95% CI, 0.40-0.52). The
corresponding result for death/MI was for women (RR = 0.57, 95% CI, 0.51-0.64) and
men (RR = 0.60, 95% CI, 0.56-0.65). Tests for interaction for between gender and
treatment strategy were not significant. (Table 10)

Table 10
One-year mortality
Invasive vs. non-invasive strategy
Invasive
Non(n= 28 112) invasive
(%)
(n= 18 343)
(%)
Death
Women
3.1
13

Men

2.8

13

Death/MI
Women

11

25

Men

11

25

RR
(95% CI)

RR
(95% CI)
Full
Adjustment

Interaction
p-value

0.23
(0.20-0.26)
0.21
(0.19-0.23)

0.46
(0.38-0.55)
0.45
(0.40-0.52)

0.611

0.40
(0.36-0.43)
0.39
(0.37-0.42)

0.57
(0.51-0.64)
0.60
(0.56-0.65)

0.684

Abbreviations RR, Relative Risk; CI, Confidence interval.
Cox regression analysis, crude and adjusted for Propensity score and discharge medication
(for information on included variables see methods section)..
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D

iscussion

Background characteristics
In agreement with earlier findings, we found major differences in background
characteristics between women and men. (11, 215, 217) Women were older, more likely
to have a history of heart failure, diabetes and hypertension; while men were more
likely to be smokers and have a history of MI and revascularisation. (Table 1) If patients
admitted to general wards were included, age and comorbidity increased in both men
and women.
Before admission, men were somewhat more likely to be treated with platelet inhibitors
and statins, even after adjustment, which probably reflect the higher rate of history of
MI. Women were more likely to be treated with β-blockers and diuretics which may
reflect the higher rate of hypertension and heart failure.(Table 1)
Baseline differences between a female and male population with NSTE ACS is partly
explained by difference in age. It is well known that women experience their first MI
several years later than men, with implications on baseline characteristics. In the
INTERHEART study almost 70% of women experiencing their first MI were over the
age of 60 years compared to 40% of men. (35)

Studies comparing gender differences in management and outcome are for obvious
reasons not randomised. However, if the aim is to assess gender differences per se, it is
of utmost importance to adjust the analyses for baseline differences. A large scale
register, like RIKS-HIA, with information on a large number of variables, makes
adjustment for a multitude of confounders possible.
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Management
Level of care
The NSTE ACS population is very heterogeneous, ranging from very high risk,
including cardiogenic shock, to very low risk without detectable myocardial damage
with echo or markers. Moreover, early on, establishing the diagnosis is difficult and
admission for repeated blood tests and repeated or continuous ECG-recordings is often
necessary. Although many of the NSTE ACS patients are admitted to CCU’s, it’s well
known that quite a few are admitted to general wards. Former trials have indicated that
more men than women were admitted to CCU’s. (88-90, 239) However, these trials
included both STEMI and NSTEMI, which could have implications on level of care
since STEMI is more common among men, especially in younger patients. Older age
and higher comorbidity have been suggested as reasons for women being admitted to
general wards. (239, 240) We found that also among NSTE ACS patients, men were
significantly more likely than women to be admitted to CCU’s. This is supported by a
recent report from the PRAIS (UK) study, a register of NSTE ACS-patients admitted to
56 UK hospitals, where a large proportion of NSTE ACS patients were admitted to
cardiology wards or general medical wards; patients admitted to general wards were
older and more often women. (241) Our data further extends knowledge and shows that
older age and comorbidity among women seem to explain only a minor part of observed
difference in admittance to CCU’s.
We applied a TIMI-score and found that the patients in our study were at medium or
low risk, with a distribution similar to the TIMI III-register, (242) but there was no
difference between men and women. In TIMI-score 0-4, men were more likely to be
admitted to CCU’s. Hence, predicted risk, expressed as a TIMI-score, did not explain
differences between the genders in level of care. It has been proposed that difference
between the genders in prevalence of chest pain could account for the difference in
admittance to CCU’s, (90) but in our study chest pain was as common in women as in
men (85% vs. 80%, p = 0.102). Recent trials confirm that although a substantial
proportion of patients with NSTE ACS do not have typical chest pain, difference
between men and women is rather small. (58-61) However difference in character of the
pain, number of accompanying symptoms (61) and difference in way of describing
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symptoms (243, 244) have been reported, which could have implications for risk
evaluation and initial level of care.

Medical treatment
After age adjustment there was no difference between the genders in treatment with
heparin/LMWH. GP IIb/IIIa-inhibitors were used infrequently in both men and women
in our data, but less often in women. (Table 2)
At discharge men were prescribed ACE-inhibitors, β-blockers, platelet inhibitors and
lipid lowering drugs more often, but the difference seemed to be almost entirely
explained by difference in age. (Table 2)
When patients admitted to general wards were studied together with patients admitted to
CCU’s we found no significant difference in acute treatment with heparin/LMWH or
discharge treatment with ACE-I, platelet inhibitors, β-blockers or lipid lowering drugs.
In contrast to our findings, reports from the TIMI III register and from the CRUSADE
register indicated lower likelihood of both acute and discharge treatment in women,
even after adjustment. (11, 217) However the most recent report, from the ACOS
register in Germany, at least partly supports our findings; after age-adjustment they
found no difference in discharge medication, except for clopidogrel. (245) In our data
from Swedish CCU’s (Table 2) and CCU’s and general wards assessed together, (Table
3) differences between the genders in pharmacological treatment were small and not
directionally consistent. The observed differences between our study and others may, at
least partly be explained by differences in time of recruitment. In recent years there has
been increased attention in heart disease in women and in the elderly. Lack of any large
differences in medical treatment between patients admitted to general wards and CCU’s
lends support from a recent paper from the PRAIS (UK) register. (241)

Invasive treatment
Referral for coronary angiography and subsequent revascularisation was more common
in men. The difference, although substantially attenuated, persisted after age adjustment
(Table 2), which is in agreement with earlier findings. (11, 13, 226) While CABG rate
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was more common in men, even after adjustment for age and comorbidity, there was no
difference in PCI rate, which is in line with an earlier report on patients with UAP.
(226) In a recent paper by Blomkalns et al from the CRUSADE register, lower use of
catheterisation, PCI and CABG was reported in women, and in contrast to what we
found, difference in PCI rate persisted even after adjustment. (217) This may partly be
explained by the higher use of coronary angiography in the CRUSADE register and a
more selective invasive approach in our data.
The fact that women were more likely to be admitted to general wards did not imply
that the difference between the genders in invasive treatment was larger than in a CCUpopulation. On the contrary, overall PCI rate was actually higher in women than men
when a complete NSTE ACS population from both CCU’s and general wards was
studied. Although the numbers were too small to draw firm conclusions; at the general
wards both angiography-rate (22% vs. 21%) and PCI-rate (9% vs. 6%) was at least as
high in women as in men. Difference between the genders in invasive treatment was
small but the overall rate of catheterisation was low indicating room for substantial
improvement.

Impact of age on treatment
Older age accounted for a major part of the difference between men and women in
medical as well as invasive treatment in our studies. There were minor differences
between men and women within an age-class. (Figure 1) Large impact of age on
treatment has earlier been shown. (11, 226) Lack of difference in treatment or
inconsistency in direction of observed difference, between the genders, within age
classes has, to our knowledge, not been shown before.

Outcome
Several earlier trials have reported worse outcome, especially short-term, in women
with MI, when NSTEMI and STEMI were assessed together. (12, 14, 15, 216, 221, 222)
However in accordance with our data, women with UAP appeared to have equal or
better outcome after adjustment for differences in age and comorbidity. (13, 226) In our
study from Swedish CCU’s, crude mortality was higher in women, but after adjustment
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there was no difference in short-term mortality and even better outcome for women
regarding long-term mortality, (Table 2) which is in agreement with other contemporary
observational data. (217, 245) In a separate analysis in four age classes, better outcome
in women seemed to be restricted to older patients (Figure 2). Interaction between
gender and age in early outcome after an ACS has earlier been shown in patients with
MI. In a report from the National Registry of Myocardial Infarction by Vaccarino et al
worse outcome among young women compared to men was revealed. In contrast there
was a trend towards better outcome in old women compared to men at the same
age.(227)
Better outcome associated with CCU-treatment has been proposed. (89) But in our
study including NSTE ACS patients admitted to both CCU’s and general wards;
women, in spite of being admitted to general wards more often, still had better outcome.
Earlier trials included both STEMI and NSTEMI and it is likely that immediate CCU
care is more important for STEMI patients, with need for immediate reperfusion
treatment and arrhythmia monitoring.

Benefit from invasive treatment
Gender differences in benefit from an invasive strategy have been intensively debated
and data are conflicting.
In our observational data from CCU’s women were managed less invasively. Men were
significantly more often referred for coronary angiography (37% vs. 29%), even after
adjustment (OR = 1.10, 95% CI, 1.05-1.15). In spite of that, after adjustment for age
alone women had better long-term outcome (OR for 1-year mortality 1.11, 95% CI,
1.05-1.16). This may indicate that women, as a group, have less to gain from an early
invasive strategy.

Randomised trials
In the OASIS 5 WSS (Paper III) there was no statistical difference between the routine
invasive and the selective invasive strategies in the primary outcome measure
death/MI/stroke or the secondary outcome death/MI during one year. However,
although the numbers were small, there was a significantly higher rate of death with a
routine invasive strategy at one year. (Table 6)
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Three earlier randomised trials comparing a routine invasive with a selective invasive
strategy in NSTE ACS have reported outcomes separately for women and men.
In the FRISC II trial (8), in contrast to a clear favorable outcome with a routine invasive
strategy for the primary endpoint death/MI in men (9.6% vs. 15.8%, p < 0.001) there
was no benefit in women (12.4% vs.10.5%, ns), which was similar to the findings in our
study. After adjustment male sex was an independent risk factor for death/MI in the non
invasive strategy arm [OR for death/MI women vs. men 0.64 (95% CI, 0.43-0.97)]. In
the routine invasive strategy arm, on the other hand, female sex was associated with
worse outcome [OR for death/MI, women vs. men 1.46 (95% CI, 0.96-2.23)].
In the RITA 3 trial (10) results were similar to those of the FRISC II trial. While men
had a lower incidence of the primary end-point death/MI with a routine invasive
strategy (7.0% vs. 10.1%) there was a trend towards the opposite for women (8.6% vs.
5.1%) (p for interaction 0.007). After adjustment for baseline variables the OR for death
with an invasive compared to conservative strategy was 0.78 (0.44-1.41) for men and
2.43 (1.01-5.84) for women (interaction p = 0.031).
Accordingly, in most ways the findings in our study parallel data from the FRISC II
trial and the RITA 3 trial. The increased rate of death associated with a routine invasive
strategy observed in our trial, although directionally consistent with FRISC II and RITA
3, is likely to be an exaggeration perhaps due to the play of chance and has to be
interpreted with great caution.
In contrast, the TACTICS-TIMI 18 (9) trial indicated similar benefit in men and women
with a routine invasive strategy, but mainly restricted to those with elevated markers.

Meta-analyses
None of the randomised studies had enough power to show a statistically significant
difference in outcome according to treatment strategy, in women. We therefore
conducted a meta-analysis which was presented together with data from the OASIS 5
WSS. The meta-analysis suggested a clear benefit with a routine invasive strategy
compared to a selective invasive strategy in men for death/MI (OR = 0.78, 95% CI,
0.66-0.93) that could not be seen in women (OR = 1.18, 95% CI, 0.92-1.53, p-value for
interaction = 0.01). (Figure 4) Also regarding death, men had significantly better
outcome with a routine invasive strategy (OR = 0.70, 95% CI, 0.51-0.96) while the
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opposite was indicated in women (OR = 1.51, 95% CI, 1.00-2.29, p-value for
interaction =0.01). (Figure 5)
Another meta-analysis by O´Donoghue et al published in JAMA 2008 included 8 trials
(3 075 women and 7 075 men) (246) and showed no significant difference in outcome
with a routine invasive vs. a more selective invasive strategy in the endpoint death/MI,
either for men or women. This is in contrast to results of the meta-analysis we
performed and probably reflects difference in studies included.

Observational studies
Some of the randomised trials have indicated not only lack of benefit, but even harm
associated with an invasive strategy, in women. On the other hand, Meuller et al
presented register data indicating that women with NSTE ACS treated predominantly
with PCI had at least as good outcome as men. (247) We therefore conducted a study in
a real-life setting with patients from the RIKS-HIA register. Among more than 28 000
patients (8 246 women and 19 886 men) subjected to an invasive strategy there was no
difference between the genders in one year mortality before (RR = 1.12, 95% CI, 0.961.29) or after adjustment for confounders (RR = 0.90, 95% CI, 0.76-1.06). (Figure 6)
Neither did we find any significant difference between the genders in the combined
outcome death/MI. (Figure 7) Accordingly, in a real life setting we found no evidence
of harm against women with an early invasive strategy. In the non-invasive strategy
arm, we also found similar outcome in women and men but adjustment revealed lower
mortality in women (RR = 0.90, 95% CI, 0.82-0.99).
However, in this clinical setting, where referral to coronary angiography was based on
treating physicians’ discretion, a larger proportion of men (63%) than women (56%)
were treated invasively. While there was no difference in outcome between the genders
within treatment strategy, both men and women in the non-invasive arm had worse
outcome as compared to invasively managed patients. Regarding mortality, there was a
similar benefit in women (HR = 0.46, 95% CI, 0.38-0.55) and men (HR = 0.45, 95% CI,
0.40-0.52) with an invasive strategy (interaction p-value 0.611).The risk reduction was
similar with the combined endpoint death/MI, and again without interaction according
to gender.
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There are several possible reasons for less benefit from an invasive strategy in women
with NSTE ACS, and for difference in outcome between earlier studies.

Degree of coronary artery disease
A common finding in the FRISC II, RITA 3 and TACTICS-TIMI 18 was that women
have less obstructive CHD. In the routine invasive strategy arms, the rate of no
significant stenosis was lower in men (9.5% vs. 24.6%, 12% vs. 37% and 10% vs. 18%)
in FRISC II, RITA 3 and TACTICS-TIMI 18 respectively. In the FRISC II trial patients
without significant stenosis had an excellent prognosis with no deaths during one year
follow-up. In our study from a real-life clinical setting, comparing early invasive
strategy in men and women, (Paper IV) we could confirm differences in severity of
CHD, with a larger proportion of women with no significant stenosis (22% vs. 6.9%)
and fewer women having 3-vessel disease or main stem disease (26% vs. 36%). (Table
9)
The relative paucity of obstructive CHD may obviously dilute the treatment benefit with
an invasive strategy. The lower event rate in women managed in a selective invasive
strategy in women in FRISC II and RITA 3 may well largely be explained by the high
proportion of women with a low degree of CHD. Our data from a large cohort in RIKSHIA confirmed that outcome differed substantially between 1-2 vessel disease and 3vessel /main stem-disease, but with similar degree of coronary disease there was no
difference in outcome between the genders. (Table 9) Even if the higher number of
diseased vessels in men reasonably indicates that men would have more to gain from an
invasive strategy, it made no overall difference in outcome between the genders among
invasively treated patients, indicating that catheterisation per se did not result in too
high risk for the large proportion of women without significant stenosis. In line with our
results the TACTICS-TIMI 18 trials indicated similar benefit in men and women, in
spite of similar difference in rate of obstructive CHD, but mainly restricted to patients
with marker elevation.

Risk stratification with biomarkers
Not only has a difference between the genders been shown in severity of CHD, but also
in proportion of patients with elevated markers. Both in the FRISC II trial and the
TACTICS-TIMI 18 trial, men were significantly more likely to have elevated
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troponin T compared to women, (62% vs. 47% and 57% vs. 47% respectively).
Troponin is a marker of myocardial necrosis and is predictive of degree of CHD and
even probability of visible thrombus on the angiogram, indicative of plaque rupture.
(248)
In a subgroup analysis of high risk patients in the TACTICS TIMI-18, there was a
similar benefit on the primary end-point death/MI/revascularisation in troponin positive
female (OR = 0.56, 95% CI, 0.32-0.97) and troponin positive male (OR = 0.53, 95% CI,
0.35-0.79) patients. However in troponin negative women there was an indication of
harm (OR = 1.46, 95% CI, 0.78-2.72) that was not seen in men (OR = 1.02, 95% CI,
0.64-1.62). These data was further supported in the meta-analysis by O´Donoghue et al,
where benefit with an invasive strategy in women appeared to be restricted to patients
with elevated markers. Our report from the RIKS-HIA register (Paper IV) parallels
these findings. In our study all included patients had elevated biochemical markers, and
we found no difference in outcome between the genders, within treatment strategy.
Difference between the genders in proportion of troponin negative patients may well
explain a substantial part of the overall difference between men and women in effect of
a routine invasive strategy.

Mode of revascularisation
Several earlier trials have indicated higher risk associated with an invasive strategy for
women, especially regarding CABG. The higher event rate in women compared to men,
treated with a routine invasive strategy, in the FRISC II trial seemed largely due to an
increased rate of death (9.9% vs. 1.2%) and recurrent MI (12% vs. 5%) in women that
had CABG surgery performed.
The ratio of PCI to CABG was approximately 1 in the invasive arm in the FRISC II
trial, while in the invasive arm in TACTICS-TIMI 18 trial, where there was no
significant difference between men and women with an invasive strategy, the
PCI/CABG-ratio was about 2, which lends support to the notion that PCI/CABG-ratio
in revascularised patients may be an important contributor to gender differences in
invasively treated patients with NSTE ACS. Our data from RIKS-HIA supports the
importance of PCI/CABG-ratio. In patients referred for early angiography the
PCI/CABG-ratio was 7.6 for women and 6.3 for men, with no difference in outcome
between the genders. Whether worse outcome in women with CABG is explained by
difference in coronary artery size, comorbidity or yet other factors, is still not clear. In
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support of our results, the recently published TIMACS trial (comparing early and
delayed catheterisation in NSTE ACS patients), in which about 14% of the patients
were revascularised with CABG, indicated no gender difference in effect of a very early
compared to a delayed invasive strategy. (249) In the FRISC II trial and TACTICS
TIMI-18 trial there was no difference in outcome between the genders in patients
undergoing PCI. Our study indicates that there may be a higher rate of adverse outcome
associated with higher age and comorbidity, but not gender per se, in both PCI and
CABG-treated patients. In the OASIS 5 WSS we also assessed mortality according to
mode of revascularisation. There were two deaths among CABG treated patients (7.5%)
and six deaths among PCI-treated patients (7.5%). Hence CABG did not seem to
explain the higher mortality associated with a routine invasive strategy in this study.
Notably, the lowest mortality rate was found in patients who did not undergo any
revascularisation. The use of evidence-based medication was high in the OASIS 5 WSS,
including use of aspirin (100% vs. 99%) and thienopyridines (86% vs. 76%). With an
optimal medical therapy there may be less to gain from an invasive therapy, especially
in women with lower rate of significant stenosis and higher risk associated with
invasive procedures.

Bleeding complications
An important finding in the OASIS 5 WSS was the high rate of bleedings associated
with a routine invasive strategy. The difference in bleeding was evident already at 30
days (8.8% vs. 1.1%, p = 0.004). Increased risk of major bleeding was consistent and
statistically significant at all time points of the study. In agreement with what we found,
higher rate of bleeding associated with an invasive procedure has repeatedly been
shown in earlier studies comparing an invasive with a conservative strategy. (177-179,
182) Moreover earlier trials have revealed higher rate of bleeding among women. For
example in the TACTICS-TIMI 18 the rate of major bleeding was substantially higher
in women (8.3% vs. 2.9%, p = 0.001) even after adjustment for differences in baseline
variables (OR = 3.6, 95% CI, 1.6-8.3, p= 0.0001). Although the numbers in the OASIS
5 WSS are too small to draw firm conclusions we found a three times higher mortality
among patients that experienced a major bleeding compared to those who did not (18%
vs. 6%). However, supporting our findings, several recent studies have highlighted both
short-term and long-term risk of death in ACS patients with bleeding complications.
(169, 171, 172)
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Higher bleeding rate in women associated with an invasive strategy may also contribute
to difference in effect from an invasive strategy between the genders. Reasons for
higher bleeding rates in women are not fully understood but impaired renal function,
which is more common among female patients, and higher risk for excess doses of
antithrombotic medication has been proposed. (174)
Further studies are warranted to elucidate reasons behind the higher bleeding rates
among women.

Future research
Stratification for risk of a new ischemic event is a cornerstone in the management of
patients with NSTE ACS. A challenge for future research will be to find ways to
identify patients with highest net clinical benefit from an early invasive strategy, maybe
by a multimarker approach as suggested in a sub-study of the TACTICS-TIMI 18 (83),
or maybe by novel markers, more specific in identifying plaque rupture. Risk-indicators
for adverse events, e.g. bleeding, associated with a certain treatment, are also strongly
needed. Risk-indicators for adverse events may be even more important in women with
documented higher risk associated with invasive procedures, and less extensive CHD.
An individually tailored treatment strategy to balance early procedural risk with longterm reduction of cardiac events will benefit both women and men with NSTE ACS.
The FRISC II trial indicated benefit with an invasive strategy only in patients with
medium or high risk features.(86) Hence the optimal proportion of men and women
respectively that will benefit from an early invasive strategy is still to be decided.
To answer the question whether there are true differences between men and women in
outcome according to treatment strategy, and to find the optimal treatment strategy for
women and men, a large randomised trial with sufficient number of women and proper
risk stratification is needed.
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C
•

onclusions

There are substantial differences in baseline characteristics between a male and a
female population with NSTE ACS.
o Women are older and more likely to have a history of diabetes, hypertension
and congestive heart failure.
o Men are more likely to have a history of myocardial infarction and
revascularisation.
o Women have lower rate of significant coronary stenosis.

•

Women are less likely to be admitted to coronary care units.

•

After adjustment for age and baseline characteristics
o there are minor differences between men and women in pharmacological
treatment.
o women are less likely to undergo coronary angiography and CABG.
o women appear at least as likely as men to undergo PCI.

•

Crude mortality rates are higher in women. After adjustment for difference in age,
or age and other baseline characteristics, mortality rates are similar in men and
women or even lower in women. Especially long-term outcome seems favourable in
women.
o The observation that women were less likely to be admitted to CCU’s does
not imply worse outcome in women with NSTE ACS.
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•

A routine invasive strategy in patients with NSTE ACS
o does not appear to benefit women.
o is associated with higher risk of bleeding complications in women.

•

In real life management of NSTE ACS patients, with elevated markers,
o there is no difference in outcome between men and women, within treatment
strategy.
o risk reduction with an invasive strategy is similar in men and women.
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