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Abstract
AIM: To investigate potential gender differences in the 
prevalence of cardiovascular risk factors, cardiovascular 
disease (CV�) management, and prognosis in acute 
coronary syndrome (ACS). 

METHODS: A systematic literature search was per-
formed through Medline using pre-specified keywords. 
An additional search was performed, focusing specifi-
cally on randomized controlled clinical trials in relation 
to therapeutic intervention and prognosis. In total, 92 
relevant articles were found. 

RESULTS: Women with CV� tended to have more 
hypertension and diabetes at the time of presentation, 
whereas men were more likely to smoke. Coronary an-
giography and revascularization by percutaneous coro-
nary intervention were performed more often in men. 
Women were at a greater risk of short-term mortality 
and complications after revascularization. Interestingly, 
women under 40 years presenting with ACS were at 

highest risk of cardiovascular death compared with men 
of the same age, irrespective of risk factors. This disad-
vantage disappeared in older age. The long-term mor-
tality risk of ACS was similar in men and women, and 
even in favor of women. 

CONCLUSION: Mortality rates are higher among 
young women with ACS, but this difference tends to 
disappear with age, and long-term prognosis is even 
better among older women. 
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INTRODUCTION
Cardiovascular disease (CVD) is an important cause of  
death among both men and women. In women, CVD de-
velops 7 to 10 years later than in men, potentially because 
of  a protective effect of  estrogens. However, CVD is the 
main cause of  death among women and its occurrence 
narrows women’s survival advantage over men[1]. In most 
parts of  the world, the mortality rate has declined in the 
last 30 years, except for Eastern Europe and China[2]. In the 

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/���������o���ce���������o���ceo���ce
wjc@wjgnet.com
doi:��.�����wjc.��.i�.����.�����wjc.��.i�.���wjc.��.i�.��

World J ��rd�ol��rd�ol ���� February ��; �(�): ��-�7
ISSN ����-���� (on�ine)����-���� (on�ine) (on�ine)

© ���� Baishideng. A�� rights reser�ed.

World Journ�l of 
CardiologyW J C

�� February ��, ����|Vo�ume �|Issue �|WJC|www.wjgnet.com



Claassen M et al . Gender and coronary heart disease

United States in 2007, 391 886 men died because of  CVD, 
compared with 421 918 women[3], while 10 years previously 
the mortality rate of  CVD in men was significantly higher 
in several countries[4]. Some studies have suggested gender 
differences in presentation and treatment of  CVD and 
acute coronary syndrome (ACS), but there are many uncer-
tainties and discrepancies between these studies[4,5]. Besides 
differences in presentation, women also seem to have dif-
ferent abnormalities with regard to electrocardiography and 
scintigraphy, compared with men[4]. The aim of  this review 
is to provide an overview of  what is known nowadays with 
respect to possible gender differences in cardiovascular risk 
factors, therapy and prognosis of  ACS. 

MATERIALS AND METHODS
A systematic literature search was performed through 
Medline using pre-specified keywords. The following 
keywords with synonyms were used for selecting relevant 
studies: CVD, coronary artery disease (CAD), ACS/event, 
ischemic heart disease, myocardial infarction (MI), gender, 
sex, women, men, differences, estrogens, hormone re-
placement therapy (HRT), coronary artery bypass surgery 
(CABG), percutaneous coronary intervention (PCI), re-
vascularization, readmission, postoperative complications, 
outcome, and hospital mortality. Only studies that in-
cluded both men and women were eligible for review. Of  
2260 articles found, 199 articles appeared relevant after 
screening of  the title and abstract. Furthermore, through 
a search of  the references in the articles obtained by these 
keywords, 30 additional relevant articles were found. 

A more focused exclusion of  articles was then per-
formed in relation to therapy and prognosis of  ACS. 
Articles published before 2000 were excluded, because 
therapy, operative techniques and thereby prognosis have 
a high tendency to change over time. Selected articles 
included patients with ACS, unstable angina, acute MI, 
ST elevation MI (STEMI) and non-STEMI, and subse-
quently compared women with men. This provided 152 
articles. After screening of  the full text, a total of  92 ar-
ticles were found to be relevant and valid. 

RESULTS
Epidemiology
The prevalence of  CVD increased with age and was 
higher among men. The prevalence of  coronary heart 
disease (CHD) in the United States was 37.4% in men and 
35.0% in women in 2008, with a mortality rate of  48.2% 
and 51.8% in men and women, respectively, in 2007. The 
prevalence of  CHD in men and women of  20 years and 
older was 8.3% and 6.1%, respectively. When compar-
ing different countries, France and Japan had the lowest 
prevalence of  CHD for both men and women (Table 
1)[3]. Although the incidence of  CVD remained higher in 
men compared with women, figures of  the last 30 years 
showed a declining incidence of  CVD in men, while the 
incidence in women remained relatively stable. In North 
America CVD is the leading cause of  hospital admission 

for both men and women. However, in women hospital 
stay tended to be longer and they experienced higher 
levels of  pain, disability and discomfort, compared with 
men[2]. In the United States in 2007, one out of  three 
deaths was caused by CVD and one out of  six was due to 
CHD. However, the risk of  heart disease in women often 
seemed to be underestimated, with CVD the major cause 
of  death in women older than 75 years[3]. 

Risk factors 
The INTERHEART study identified nine different 
global risk factors for an acute MI, namely smoking, 
history of  hypertension or diabetes, waist/hip ratio, 
dietary patterns, physical activity, consumption of  al-
cohol, blood apolipoproteins, and psychosocial factors. 
Altogether, they could predict the risk of  an acute MI 
as 90% in men and 94% in women. Although most of  
these classic risk factors were of  equal clinical signifi-
cance in both men and women[6], women who presented 
with ACS more often had hypertension[7-61], diabe-
tes[7-10,12,13,15-17,20,22-25,27,28,30-32,34-36,38,39,41-43,45-47,49-54,57-66], hyper-
cholesterolemia[7,9,10,13,15-17,21,22,26,28-30,35,36,50], and a history of  
angina[7,50], heart failure[7,45,47,52,53,59,60,63,64], and cerebrovas-
cular events (CVA)[7,39,47,50,52,63,64] than men. On the other 
hand, men tended to smoke more[7-10,13-17,19-22,25,26,28,30,31,33-44, 

46,47,49-51,53-56,62,66] and were more likely to have a history 
of  MI[7-9,14,16,18,19,21-23,28-32,36,39,41,43,45,47,51,53-56,58,64] and prior 
CABG[7-10,12,13,15-17,23,28,30,31,34,39,43,44,54,55,62-64,67] as shown in 
Table 2. Although women smoked less, the relative risk 
(RR) for developing a MI was 1.57 (95% CI: 1.25-1.97) 
among smoking women in comparison to smoking 
men and this increased risk was pronounced in women 
at younger age (< 55 years)[68]. The prevalence of  fatal 
CHD was substantially higher in patients with diabetes, in 
comparison to patients without diabetes (5.4% vs 1.6%). 
Among women, this effect of  diabetes on mortality was 
even stronger, with a RR of  3.50 (95% CI: 2.70-4.53), 
compared with a RR of  2.06 (95% CI: 1.81-2.34) among 
men with diabetes vs no diabetes[69]. Women with ACS 
more often had a family history of  CAD[23,33,70]. However, 
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Table 1  Mortality rates of coronary heart disease per 
100 000 population by gender[3]

Country Year1 Men 
35-74 yr

Women 
35-74 yr

United States ���7 �5�.�   ��.�
The Nether�ands ����   ��.�   ��.�
Eng�and�Wa�es ���7 ���.�   ��.�
Denmark ����   ��.�   ��.�
France ���7   ��.�   ��.�
Germany ���� ��5.�   ��.�
Ita�y ���7   75.�   ��.�
Russian Federation ���� 7��.� ��7.�
China ���� ���.�   7�.�
Japan ����   �7.�   ��.�
Austra�ia ����   ��.�   ��.�
New Zea�and ���5 ���.�   �7.�
Argentina ���� ���.�   ��.�

�Most recent year a�ai�ab�e.
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Table 5  Percentage of peri-procedural complications during index admission stratified by gender

Author 

study/date

Design Study 

population

  Patients    Age (mean, yr) P Complications < admission (%) P

Men Women Men Women  Men Women

Lansky et �l[��] 
���5

RCT AMI + 
PTCA

   �5��   5��    57.�    ��.� < �.��� MACE      �.�      �.�       �.���
B�eeding      �.�      5.�         �.����

Lansky et �l[�7] 
����

RCT PCI      ��7   ���    ��.�    �5.�   < �.���� MACE�      �.�      �.�         �.�7��
Vascu�ar�      �.�      �.�         �.����

MI�      �.�      �.�         �.�5��
Tizón-Marcos 
et �l[��] ����

RCT PCI    ��5�   ���    5�.7    ��.5   < �.���� MACE�      �.�       �.�      �.��
B�eeding�      �.�       �.�      �.��

MI�      �.5       �.�      �.��
Thompson 
et �l[5�] ����

Pros 
cohort

PCI      ��7   �5�    ��.7    �7.7   < �.���� MACE      �.7      �.�     �.��
Vascu�ar      �.�    ��.�     < �.����

Jibran 
et �l[��] ����

Retro 
cohort

ACS + 
PCI

     ���   ��7    ��.7    ��.�   < �.���� MACE�      �.�      �.�   �.�
Access site�      �.5      �.�     �.��

MI�      �.5      �.7   �.�
Du�ernoy 
et �l[��] ����

Pros 
cohort

PCI �� ��� 7�77    ��.�    ��.� < �.��� MACE        �.��        5.��   < �.���
Vascu�ar        �.��        �.��   < �.���

MI        �.��        �.��     �.7�
Bufe et �l[��] 
����

Pros 
cohort

STEMI + 
PCI

     �7�   ��� 5� �5 < �.��� Shock    ��.�    ��.�       �.���
Rena� fai�ure      �.�      �.�       �.��5

Reyno�ds et 
�l[��] ���7

RTC MI �� ��� ����    5�.5    �7.� < �.��� CVA�      �.�       �.�  < �.�� 
Heart fai�ure      �.�      �.7    < �.���

Re-MI      �.7      �.5       �.���
Matsui 
et �l[��] ����

Retro 
cohort

AMI      ���   ���    ��.�    7�.� Heart fai�ure �� ��       �.���
Re-MI   5   �       �.5��

Morie� 
et �l[��] ���5

Pros 
cohort

ACS      ���   5�� 7� 7�   �.�� CVA   �   �     �.7�
Heart fai�ure �� ��     �.��

Re-MI �5 ��     �.��
U�a et �l[�5] 
����

RCT CABG    ���5   ���    ��.7    ��.�     �.��� MACE      �.�      �.� NS
CVA      �.7      �.�   �.�
MI      �.7      �.�     �.��

Her�itz 
et �l[��] ����

Retro 
cohort

AMI      ��5   5��    7�.7    7�.�   < �.���� Re-MI   �   �     �.��

Toumpou�is 
et �l[��] ����

Pros 
cohort

CABG    �5�� ����    ��.�    ��.� < �.��� CVA      �.�      �.� NS
B�eeding      �.�      �.5       �.5��

MI      �.�      �.7       �.�57
Liu et �l[�5] 
����

Pros 
cohort

STEMI + 
PCI

     ���   ���    ��.�    ��.7   �.�� MACE      �.�      �.�     �.5�

Berger 
et �l[��] ����

Pros 
cohort

PCI    ��5� ����    ��.�    ��.� < �.��� MACE      �.�      �.�       �.���
CVA      �.�      �.�       �.��5
MI      �.�      �.7 NS

Access site      �.�      �.�       �.���
Chiu et �l[��] 
����

Pros 
cohort

PCI �� 7�� 5���    ��.�    ��.5 < �.��� Transfusion   � ��   < �.���
Haematoma   5   �       �.5��

Setoguchi 
et �l[��] ����

Pros 
cohort

AMI      ��7 ���� �� �� < �.��� CVA   �   �     �.57

Singh 
et �l[7�] ����

Retro 
cohort

PCI    7��� ���5    ��.7    ��.�   �.�� CVA      �.5      �.�     �.��
MI      �.�      �.�     �.��

Ti��manns 
et �l[��] ���5

Pros 
cohort

STEMI      5��   �7� �� ��   < �.���� Re-MI   �   � NS

�After �� d. MI: Myocardia� infarction; CABG: Coronary artery bypass grafting; PCI: Percutaneous coronary inter�ention; ACS: Acute coronary syndrome; 
STEMI: ST e�e�ation MI; NS: Not signi��cant; CVA: Cerebrovascular accident; MACE: Major adverse cardiac events.

The proportion of  men and women undergoing 
CABG was equal[10,11,26,28,30-32,37,79] as shown in Table 4. In 
women undergoing CABG, the internal mammary ar-
tery was used less often than in men. The usage of  this 
artery was associated with a decrease in mortality after 
CABG[16]. Furthermore, women underwent surgery more 
commonly on an urgent basis than men[12,16,20,34,36,63,75].

Prognosis
Many discrepancies existed between the different stud-

ies investigating the prognosis of  men and women with 
an ACS. Some studies showed that women had more 
complications during hospital admission compared with 
men[7,9,13,18,22,30,36,53,61,64,78,80], while others showed no differ-
ences[23,25,28,33-35,38,40,44,46,48,54,56-58,62,81] (Table 5). Particularly at 
younger ages, women tended to have a greater risk for car-
diac events compared with men at the same age[64,82]. This 
difference disappeared in patients older than 65 years[82,83].

Many discrepancies existed in the short-term mor-
tality rate of  patients with ACS. Some studies revealed 
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a higher short-term mortality risk among wom-
en[7,12,17,22,24,27,28,35,36,57,64,78], while others did not[9-11,16,18,26,32-34, 

46,48,54,59,65,81] (Table 6). As discussed above, older age at pre-
sentation was an important confounding factor in this re-
gard[29,39,54,58,75,77,84].

An important finding was that women with ACS had 
an increased mortality risk at younger ages compared 
with men of  the same age[39,45,52,64]. Figure 1 illustrates the 
gender differences in mortality after a MI among differ-
ent age categories. As shown in this Figure, the difference 
in mortality risk was reduced in older age[12,26,27,64,83,85].

Independent predictors of  mortality were old age[20,29,

39-41,49,50,54,59,75,77,84], with an OR of  1.06 (95% CI: 1.05-1.07) 
for each additional year[40,74], diabetes[20,24,29,49,54,62,74,77,84], 
heart failure[20,29,39], CAD[29], duration of  ischemia, mul-
tiple vessel disease, history of  MI, hypertension[41,77], 
CVA[77], anemia[20], cardiogenic shock, peripheral vascular 
disease[39], and ST-elevation[74]. Whether female gender 
can be considered as an independent risk factor remains 
unclear. Some studies claimed it could[24,27,51,55,57,75,77], but 
others showed no significant association after adjust-
ment for risk factors[16,22,29,34,38-40,42-46,49,50,53,54,58,59,61,62,66,80,82,84]. 
After adjustment for several risk factors, female gender 
persisted as a risk factor for in-hospital mortality in ACS 
only for patients aged 51-60 years (OR, 1.78; 95% CI: 
1.04-3.04)[74]. After adjustment for age and cardiovascular 
risk factors, the long-term mortality rate was equal for 
both men and women[13,20,22-24,29,31,32,40,41,44-46,48,49,58-60,62,65,79] 

or even in favor of  women[10,31,34,42,54,55,63,77,84], as shown in 
Table 6 and Figure 2.

In the past 20-25 years the mortality rate at 30 d af-
ter PCI or CABG has declined equally in both men and 
women[76,79]. Data were inconsistent on the differences 
between men and women in the number of  readmis-
sions[86-88] and the number of  second PCIs[10,18,21,23-26,28,33,35]. 
Interestingly, differences were found in the restenosis 
rates after PCI. In the first 6 mo after coronary stenting, 
restenosis was found in 28.9% of  the women, compared 
with 33.9% of  men (P = 0.01)[60,89]. After adjustment of  
gender, age and multiple risk factors, women showed a 
23% risk reduction in angiographic restenosis compared 
with men (OR, 0.77; 95% CI: 0.63-0.93). Diabetes and 

small vessel size were identified as the most important 
predictors of  restenosis. However, despite the higher 
prevalence of  diabetes in women and smaller vessel size, 
women tended to have a lower incidence of  restenosis[89]. 
Whether this can be explained by the protective mecha-
nism of  estrogens in women is still unknown. Estrogens 
were shown to have an antiinflammatory effect on the 
vessel wall and induce vasodilatation in coronary arter-
ies[1]. However HRT in post-menopausal women did not 
lower the risk of  mortality from CVD after adjustment 
for other risk factors[90-92]. HRT is therefore not recom-
mended as primary or secondary prevention of  CVD in 
women[73].

DISCUSSION
Women with CVD tended to have more cardiovascu-
lar risk factors such as diabetes, hypertension, and hy-
percholesterolemia when presenting with ACS. More 
importantly, women with an ACS at a young age had a 
higher mortality rate during index hospitalization and 
during 30 d of  follow-up compared with men[24]. A pos-
sible explanation could be that pre-menopausal women 
enjoyed some protection against ACS from estrogens and 
those women who developed ACS despite this hormonal 
protection were more likely to have a higher cardiovas-
cular risk factor burden leading to a more severe clinical 
presentation and worse outcome. None of  the discussed 
studies adjusted for the use of  hormone therapy among 
women. This might lead to information bias, because 
hormone therapy could influence the outcome of  wom-
en with ACS. In the elderly, the long-term mortality rate 
was equal for both men and women, and even slightly 
in favor of  women[13,20,22-24,29,31,32,79]. This small advantage 
in survival might possibly be due to the greater aware-
ness and control of  hypertension in women, compared 
with men, as hypertension is an important risk factor for 
CVD[72].

Study results were inconsistent, but it seems that an 
angiogram was less often performed in women than in 
men. This phenomenon could partly be explained by the 
higher average age of  women as fewer diagnostic CAG 
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Figure 1  Gender differences in mortality after a myocardial infarction 
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Figure 2  Gender differences in mortality risk in patients with coronary 
artery disease. An odds/hazard ratio higher than one indicates an increased 
mortality in women in comparison to men. OR: Odds ratio; HR: Hazard ratio.
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were performed in both male and female patients of  
older age. However, where a CAG was performed, wom-
en and men received the same therapy for similar vessel 
disease[9,11,18,24,28,30]. No differences between genders were 
found in the number of  performed CABGs.

The current review has several limitations. Most in-
cluded studies were retrospective in nature and performed 
a post hoc analysis by stratifying by gender. Included stud-
ies were hard to compare due to different patient char-
acteristics; some studies included patients with STEMI, 
while others also included non-STEMI or patients with 
unstable angina. Another important limitation is the large 
difference in mean age between the included men and 
women across the different studies. Consequently, a com-
parison between the two genders was very difficult and 
no firm conclusion can be drawn. In addition, women 
are still underrepresented in most studies (inclusion rate 
< 30%). Due to the relatively low incidence of  outcomes 
(e.g. complications, death), greater statistical power is 
needed to reach statistical significance. Therefore, large 
prospective observational cohort studies are needed in 
the future to provide sufficient power to answer the ques-
tion whether female gender is an independent risk factor 
for cardiovascular morbidity and mortality. 

CVD is the main cause of  death among women. The 
prevalence of  CVD is higher among men, but this gap 
narrows after the menopause. Women present approxi-
mately 10 years later with ACS than men, and at the time 
of  presentation have a higher cardiovascular risk factor 
burden. Women are less often assigned to receive a CAG 
and subsequently less PCIs are performed. In addition, 
women have more complications and a higher short-term 
mortality after revascularization. Finally, mortality rates 
are higher among young women with ACS, but this dif-
ference tends to disappear with age, and long-term prog-
nosis is even better among older women during long-
term follow-up. 
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