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Sex-related differences in treatment
and outcome in patients with ACS
Dragana Radovanovic, MD1 . Marc Auer, MD2 . paul Erne, MD2

I n N7estern counrries, acute coronary syndrome (ACS) accounts for

I most cases of cardiovascular morbidity and mortarity in both sexes.
I ncs encompasses a spectrum of clinical conditions. These include

acute myocardial infarction (MI), which encompasses both sr-segment
elevation MI (STEMI) and non-STEMI (NSTEMI), and unstable angina
pectoris. The differences in presentation, awareness, diagnosis, trearment,
and outcome between men and women with ACS have been widely in,
vestigated.l 5 Some studies have found that although reperfusion therapy
benefits all patients with ACS and has become standard practice, not all
women who experience acute MI receive this treatment.

We investigated sex-related differences in management and in-
hospital outcomes in a large, randomly selected population of patients
(N = 26,452) admitted to hospitals in switzerland for ACS between 1997
and 2007. \7e also assessed whether women with ACS are at a disadvan-
tage compared with men regarding treatment and outcomes, something
previous studies do not address.

Suhjects and nrethods
In January 1997, the Steering Committee, consisting of members of

the swiss societies of cardiology, Intensive care, and Internal Medicine,
initiated the AMIS (Acure Myocardial Infarction in Switzerland) plus
project, a prospective cohort study of ACS patients admitted to academic
and nonacademic hospitals in switzerland. The project was approved by
the over-Regional Ethics committee for clinical Studies and the swiss
Board forData Security.

centers participated voluntarily, with coordinators at each institution
providing deidentified data for patients using a standardized question-
naire administered electronically or on paper. All data were checked for
plausibility and consistency, and incomplete questionnaires were returned
to their respective enrollment centers for completion. patients were in-
cluded in the study if they met the following criteria for specific ACS con-
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The AlVllS (Acute tvlyocardial Infarc-

tion in Switzerland) plus prospective

cohort study compared treatment

and in-hospital outcomes between

men and women with acute coro-

nary syndrome (N = 26,452) admit-

ted to Swiss hospitals between 1997

and2OOT.The study reached several

important conclusions: women had

different baseli ne cha racteristics

than men at admission, were treat-

ed with different drug regimens,

and were srgnificantty less likely to
undergo percutaneous coronary in-

tervention. After adjusting for these

differences, researchers found no

significant difference in the rates of
in-hospital mortality beftveen men

and women, except for women

aged 51 to 60 years, who were more
I'kely to die in-hospital.
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ditions: STEMI, defined as ST-segment eleva-

tion or new left bundle branch block on initial
electrocardiogram (ECG) and elevated cardiac
enzymes (levels of total creatinine kinase [CK;
normal, <2.8 pkat/Ll or CK-MB fractions [nor-
mal, <5 pg/L] at least twice the upper limits of
normal); NSTEMI, defined as symptoms andlor
ECG changes compatible with ACS and elevat-

ed cardiac enzymes not meeting the criteria for
STEMI; and unstable angina pectoris, defined

as symptoms and/or ECG changes compatible

with ACS and normal cardiac enzymes.

AMIS Plus enrolled a cumulative 26,698
patients admitted to 74 Swiss hospitals between

1997 and 2007. The study included only those

patients for whom valid data on their initial
ECG and reperfusion therapy had been pro-
vided. Baseline characteristics between men

and women were compared using /-test and chi-

square tests (Table 1). Independent predictors

of in-hospital mortality were calculated using

logistic regression models that considered all
variables available at hospital admission (Table

1): per year increase in age; history of coronary
heart disease; presence of arterial hypertension,
dyslipidemia, or diabetes; current smoking; de-

lay >6 hours between symptom onset and hos-

pital admission; left bundle branch block, ST-

segment elevation, ST-segment depression, and

Q-waves on initial ECG; Killip class, body mass

index, heart rate, and systolic blood pressure at

admission; and whether the patient underwent

percutaneous coronary intervention (PCI). Var-

iables significant at the 0.05 level were included

in the stepwise logistic regression analysis us-

ing the backwards method. Statistical analyses

were performed using SPSS software (Chicago,

Illinois; Version 14.0).

ffi*si.lHts

The 26,452 ACS patients included in the

analysis compriqe 7341 women and 19,111

men. The mean age of women in the study was

Table 1. Baseline characteristics of patients with ACS and treatment
received, according to sex

Characteristics
[) i.i ait C:,i ii i ] it i {l 5

Age (years), mear (SD)

Bl\41 (k8/m'?), mean (SD)

Deray frorn symptom onset
to admission (hours), median
(interouartile range)

i,aifi!!iarlCiri.l r i:,,, i.iatl,'t:i. ori

Coronary artery disease

Diabetes

Hypertensiol

Dyslipldemia

uut rer t smoKer

Overweight (BMl >25 kg/m')

ST-segment evaluation

Q WaVeS
qT-eaomanf danrpqernn

l-wave changes

retL bundle branch block
' ) i'

Sinus rhythm

Atrial fibril'atio'r
!ir:t:iai I i I r tS ai :ar r-aai :iir':'i i- i

r0| |

Dyspnea

Heart rate (beats/min),
mean (SD)

Qrr<tnlir hlnnel nraa< rra
vyJLv]|!vvvvPIUJJU|9

(mm Hg), mean (SD)

Djastolic blood pressure
(mm H$, mean (SD)

Killip class I

Killip crass ll

Killip class lll

Kil ip class lV

ir j, l.l i : t..:,. :r-,r i i : t i': i 
I i.- i : :l t :: :']

il(-iil:ii tiit.r aal

Aspirin

Clop dogre

Glycoprotein llb/llla artaSonisr

Beta-blockers
Nlil rA lp

Lipid-lowering drugs
;

Thrombolysrs
Dal

Men Women P
(n = 19,111) (n =7341) value

63.4 (12.9) 71.2 (12.3\ <.001

26.9 (3.9) 26.3 (5.0) < 001

4.43r.ru r?.?q .OOB(1:s3,11:30) j'^.ii,
IJ.JU,]

39.6

18.6

53.3

582
42.8

67.0

91.9

4.6

al q

23.8

558 527 <00'1

2A2 ß.2 <OO1

24.7 26.6 .001

24.7 26.7 .001

5.0 6.1 < 001

37.7 .011

23.6 <.001

66.4 <.001

54.6 <.001

25.1 <.001

55.3 < 001

89.2 .132

7 O <.001

81.6 <.001

32.6 < 001

11.9 <.001

33.3 <.001

78 t20) 81 (22) <.001

136 (27) 138 (30) < 001

Bo (18) 78 {18) < oo1

79.4 70.7 <.001

14.3 2A.6 <.001

3.8 6.3 <.001

2.5 2.4 .989

947 92:7 <.001

53.3 43.9 <.001

36.0 25.9 <.001

72.6 66.8 < 001

64.6 64.6 .943

75 3 65.8 <.001

14.8

43.8

ACS indicates acute coronary syndrome, BN/1, body mass index; ECG, electro-
aaralinoram Dal norar +an0n-Jus coronary intervention; SD, standard deviatron.
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Table 2. Sex as an independent predictor of in-hospital mortality in various age groups
(N = 26,4s2)-

OR (9s% Clfor OR)

Men
Age group (years) (reference)

<50 (n = 3871) 1

51.60 (n = 5570) ' ':'1 t ,

61-70 (n = 6481) 1

71-80 {n :6979)

>80 (n - 3551) 1

'Adjusted for Killip class; history of diabetes, hypertension, or dyslipidemia; sr-elevatlon on
initiai electrocardiogram; and percutaneous coronary intervention.
Cl indicates confidence interval. OR. odds ratio.

7 years greater than the mean age

of the men. \üomen were more

likely to have preexisting hyperten-
sion and diabetes, but less likely to
have dyslipidemia, be overweight,
or smoke. On average, women ar-
rived at the hospital 1 additional
hour after symptom onset com-
pared with men.

At admission, more women
than men were ranked Killip class

II or III, and presented with dysp-
nea, ST-segment depression, left
bundle branch block, or atrial fi,
brillation. Women were less likely
to receive aspirin, clopidogrel (Pla-

vix, Iscover, Clopilet), glycoprotein
IIb/IIIa antagonisrs, beta-blockers,
and lipid-lowering drugs. 'Vüomen

were also less likely to undergo
PCI than men, and even after ad-
justing for covariables, being of the

female sex remained an independ-
ent factor that decreased a patient's
likelihood of undergoing PCI (odds

ratio [OR], 0.831, 95% confidence
interval [CI], 0.78-0.89; P <.001).

Crude in-hospital mortality
was hieher overall for women than

Women, Women,
unadjusted adjusteda

2.31(1.36-3.92)
't.si(:az-z,ztS

1.34 (1 .03-1.76)

f ,i2$.861.2A)
1.03 (0.87-1.22)

1.27 (0.54-2.95)

167 ß,0312.72i

1.28 (0.92-1.79)

1.06 {4.$1,1,291

0.94 (0.76-1.17)

men (9,8"/" vs 5.9"Ä, respectively;

P <.001). In-hospital mortality was

also higher for more women than
men with STEMI (12.0% vs 6.7"Ä,

respectively; P <.001) and NSTEMI
(6.8% vs 4.7"h, respectively;

P <.001) and for women who
underwent PCI (4.2% vs 3.1%;
P = .009). After adjusting for co-

variables, it was determined that
sex is not an independent predictor
of in-hospital mortality for ACS

patients (adjusted OR for men vs

women) 1.07; 9 57" CI, 0.94-1.22).
Table 2 provides unadjusted and

adjusted ORs for in-hospital pa-

tient mortality for women, allo-
cated by age group. For the most
part, direct comparisons between

men and women of the same age

ranges indicate no significant dif-
ferences between the sexes in the

in-hospital mortality rates for ACS

patients. F{owever, the in-hospital
mortality rate for women aged 51

to 60 years is statistically greater
(P = .038) than the mortality rate

for men of this age range, even af-

ter adjustment.

Discussion
Some studies have shown that

even when women with ACS present

with greater risk factors and have

a higher in-hospital mortality risk
than men, they receive less aggres-

sive treatment.6 Data from AMIS
Plus show that in addition to dif-
ferences in baseline characteristics
between men and women admitted
for ACS between 1997 and 2007,
their conditions were treated dif-
ferently from the outset. For ex,

ample, women in our study were

less likely to receive certain drug
treatments and reperfusion ther-
apy. This finding supports other
studies that have concluded women
and men do not receive identical in-
rerventional treatment and women
are less likely to receive PCI, al-
though they have comparable or
better outcomes than men follow-
ing the procedure.a'7

Routine PCI appears to be a
safe revascularization procedure. It
is associated with a low rate of clin-
ical complications in patients with
STEMI, NSTEMI, or unstable an-
gina pectoris and has become the
preferred treatment in Switzerland
for patients with ACS. It is unclear
why the women with ACS in our
study underwent PCI less frequent-
ly than the men, and this should be

investigated further.
The TACTICS-TIMI (Treat

Angina with Aggrastat and De-

termine Cost of Therapy with an

Invasive or Conservative Strategy

--Thrombolysis in Myocardial In-
farction)-18 trial found that em-
ploying an early invasive approach
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in ACS patients with non-ST-seg-
ment elevation benefitted both men
and women.s In contrast, the FRISC
II (Fragmin and Fast Revasculariza-
tion During Instability in Coronary
Artery Disease) and RITA 3 (Third
Randomized Intervention Trial of
Unstable Angina) trials found that
these women did not benefit from
an early invasive approach.e,io

Some studies have documented
a higher mortality rare in women
following interventional treat-
ment,11 which was attributed to dif-
ferences in body size between men
and women, anatomical differences,
basic biological differences,12,13

and I or the differing pathophysiolo -

gy of ACS conditions dependent on
patient age.la On the whole, how-
ever, our study found similar rates
of in-hospital mortality for men
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Successful PCI in an elderly woman

awaken

sternal

75-year-old woman who
experienced chest discom-
fort that caused her to

and persisted as retro-
pain was admitted to the

emergency department. Her med-

ical history included arterial hy-

pertension, diabetes, hypercho-
Iesterolemia, and a 50-pack-year
history of cigarette smoking, but
she had no history of major med-

ical events. Her drug regimen
consisted of a once-daily dose

of aspirin (100 mg), metoprolol
(50 mg), felodipine (5 mg), and

simvastatin (20 mg), and a twice-
daily dose of gliclazide (40 mg).

On physical examination, she

had dyspnea and appeared uncom-
fortable. Her respiratory rate was

25 breaths per minute, her oxygen
saturation was 887o on room air,
and her blood pressure was 170190

mm Hg. Auscultation of her chest

revealed crackles in the lungs and

a regular rhythm with an So gal-

Iop. Cardiomegaly and bilateral
edema were documented by a chest

radiograph. An electrocardiogram

showed a left bundle branch block,
and blood tests indicated elevated

levels of total creatinine kinase

and troponin T. Echocardiography

documented a markedly reduced

ejection fraction of 0.40, based on

an anterolateral hypokinesia with

dilated left ventricle.
In the emergency department,

the patient received furosemide,
nitroglycerin, clopidogrel, and low-
molecular-weight heparin. Subse-

quent coronary angiography dem-

onstrated 3-vessel disease. Approx-
imately 5 hours after her symptoms

started, the patient underwent per-

cutaneous coronary intervention
(PCI). During the procedure, 2 bare

metal stents were deployed in the

left anterior descending artery and

1 drug-eluting stent was deployed

in the right coronary artery. The

patient was discharged from the

hospital with a 12-month prescrip-
tion for clopidogrel 75 mg daily. *
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Differences in treatment and outcomes
in women with ACS

ore than 1 million percutaneous

coronary interventions (PCIs)

are performed annually in the
United States.l Although more women
than men die from cardiovascular disease

inthis country every year, and the benefits
of PCIin reducing fatal and nonfatal isch-

emic complications in patients with acute
myocardial infarction (MI) and high-risk
acute coronary syndromes (ACS) are well-
established, less than one-third of PCIs
annually are performed in women.t. Sig-

nificant sex-related disparities exist in
time to intervention, referral to diagnostic
catheterization, and use of evidence-based
medicine.r-7 '$(/hile 

some of these dispari-
ties have been explained by women's older
age at presentation, greater risk profile,
and increased risk for an adverse proce-
dural outcome: differences in symptoms
and in pain perception between men and
women, and a lower predictive accuracy
of noninvasive testing in women; data
from numerous studies suggest sex bias in
treatment.4-7

The AMIS (Acute Myocardial Infarc-
tion in Switzerland) Plus prospective co-
hort study (page 21) compared trearment
and in-hospital outcomes between men
and women with ACS admitted to Swiss

hospitals between 1997 and 2007. This
study provides a unique opportuniry to
explore sex differences in care and clinical
outcomes in a large, nationally representa-
tive cohort of men and women. In total,
7341 women and 19,111 men (N = 26,452\

were randomly selected for the analysis.
Patients were included in the study if they
met the following criteria: ST-segment el-
evation MI (STEMI), defined as ST,seg-

ment elevation or new left bundle branch
block on initial electrocardiogram (ECG)

and elevated cardiac enzymes (levels of
total creatinine kinase iCK; normal, <2.8
pkat/L] or CK-MB fractions [normal, <5

pC/Ll) at least twice the upper limits of
normal; non-ST-segment elevation MI
(NSTEMI), defined as symproms and/or
ECG changes compatible with ACS and
elevated cardiac enzymes not meeting the
criteria for STEMI; and unstable angina
pectoris, defined as symptoms and/or ECG
changes compatibie with ACS and normal
cardiac enzymes.

Not surprisingly, the mean age of the
women in the study was 7 years greater
than the mean age of the men. \(/omen
were more likely to have hypertension and
diabetes, but less likely to have dyslipi-
demia, be overweight, or smoke compared
with men. On average, women arrived lat-
er after symptom onset, with higher Killip
class, and more dyspnea, ST-segment de-

pression, left bundle branch block, or atrial
fibrillation compared with men. \7ith re-
spect to rreatment strategies. women were
less likely to receive aspirin, clopidogrel,
glycoprotein IIb/IIIa anragonists, beta-
blockers, and lipid-lowering drugs than
men. \fomen were also less likely to un-
dergo PCI than men. After robust adjust-
ment, female sex remained an independ-

JoAnne lV Foody, N4D,

is associate profes-
sor, Harvard lvedtcal
School, director, Car-
diovascular Wellness
Center, Brigham and
Women's Hospital,
Boston, lMA.
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ent factor that decreased a patient's

likelihood of undergoing PCI (odds

ratio [OR], 0.83; 95% confidence

interval [CI], 0.78-0.89 P <.001).

While crude in-hospital mortality
was higher overall for women than

for men (9.8% vs 5.97o, resPective-

ly; P <.001) irrespective of NSTE-

MI, after adjusting for covariates,

sex was no longer an independent

predictor of in-hospital mortality
(adjusted OR for men vs women'

1.07; 95% CI, 0.94-1'.22). Con-

sistent with other studies, young

women (aged 51 to 60 years) had

statistically greater mortality than

men of the same age.

The AMIS PLUS study con-

firrns findings from other large

studies that women tend to have

higher risk ACS presentations than

men, which results from delays in

seeking treatment and older patient

age at presentation. Furthermore,

women are less likely to receive

evidence-based therapies, includ-

ing PCI, when presenting with
ACS. However, once these signifi-

cant differences are accounted for,

Rrf*flqiltä$
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mortality rates are similar between

the sexes, except for young women

presenting with ACS. This is con-

sisrent with clinical trial data from

such studies as the TACTICS-
TIMI (Treat Angina with Aggra-

stat and Determine Cost of Ther-

apy with an Invasive or Conser-

vative StrategylThrombolysis in

Myocardial Infarction)-18 trial
that found that employing an earlY

invasive approach in ACS patients

with non-ST-segment elevation

benefitted both sexes, although this

finding is contrary to the FRISC Ii
(Fragmin and Fast Revasculariza-

tion During Instability in Coro-

nary Artery Disease II) and RITA

3 (Third Randomized Intervention

Trial of Unstable Angina) trials,

which found no benefit of an early

invasive approach in women.

The AMIS PLUS study reached

several important conclusions that

provide further insight into the

management of ACS in women. It
is well-described that women have

different baseline characteristics

compared with men at admission,

are less likely to be treated with
evidence-based therapies, and are

significantly less likely to undergo

PCI. After adjusting for these dif-

ferences, there were no significant

differences in the rates of in-hos-

pital mortality between men and

women, overall. These results pro-

vide important impetus for strate-

gies to increase awareness in wom-

en and physicians alike regarding

the signs and symptoms of ACS

in order to promote earlier Pres-

entation and diagnosis, consistent

application of evidence-based ap-

proaches irrespective of sex, and

rapid referral of both men and

women for PCI. The one excep-

tion is that younger women remain

at higher risk of mortality when

presenting with MI. The AMIS
PLUS study is not unique in this re-

gard. Ongoing studies, such as the

VIRGO (Variation ln Recovery:

Role of Gender on Outcomes of
Young AMI Patients; http://www.

virgostudy.com) study may shed

light on sex-disparities in young

women with ACS. *
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