Sex-related differences in treatment
and outcome in patients with ACS
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n Western countries, acute coronary syndrome (ACS) accounts for

most cases of cardiovascular morbidity and mortality in both sexes.

ACS encompasses a spectrum of clinical conditions. These include
acute myocardial infarction (MI), which encompasses both ST-segment
elevation MI (STEMI) and non-STEMI (NSTEMI), and unstable angina
pectoris. The differences in presentation, awareness, diagnosis, treatment,
and outcome between men and women with ACS have been widely in-
vestigated."” 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. We also assessed whether women with ACS are at a disadvan-
tage compared with men regarding treatment and outcomes, something
previous studies do not address.

Subjects and methods

In January 1997, the Steering Committee, consisting of members of
the Swiss Societies of Cardiology, Intensive Care, and Internal Medicine,
initiated the AMIS (Acute 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 for Data 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-

From the "AMIS Plus Data Center, Institute of Social & Preventive Medicine, University of
Zurich, *department of cardiology, Canton Hospital Lucerne, Switzerland.

‘ nary syndrome N ,
" ted to Swrss hosprtals between 1997
and 2007 The study reached severai
' rmportant conclusrons vvomen oo
~ different baseline characterlstlcs -

06 52)5‘admrt-r

than men at admrssron vvere treat- ‘
ed with dn‘ferent drug regrmens

“and were srgnrﬂcant!y less likely to

undergo percutaneous coronary in-

tervention. After adj Justrng for these '

dlfferences researchers found n

‘ significant drfference in the rates of
in-hospital mortahty betvveen men

and women, except for women
aged 51 t0 60 years who were more
likely to dre, in yhospytaly.‘ .

Drsc,osurr The AM S Plus regrstry s funded
by unrestricted grants from the Swiss Heart
Foundation and from Abbott, AsrraZeneca
B|otron|l< Boehrmgerlngetherm Boston
scientific, Bristol- Myers Squlbb Essex/MSD,
G!axoSm!thKlme Gurdant IN\/ATEC Johnson _

' Medtronrc Mepha Pharrna Merck Sharp &
- Dohme-Chibret, Novartis, Pfizer, Sanofi-

Aventls, Schenngl Servier, SPSS, St. Jude
Medical, and Takeda Pharma, all in Switzer-

land. Tne supportrng institutions did net play
~anyrolein the desrgn of the registry;

collection, analysis, or rnterpretation; '
tn‘e preparation of the manuscript.

September 2008 | Vol 25 No 9 | Cardiology Review 21



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/L] or CK-MB fractions [nor-
mal, <5 pg/L] at least twice the upper limits of
normal); NSTEMI, defined as symptoms and/or
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).

The 26,452 ACS patients included in the
analysis comprise 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

Age (years), mean (SD)

BMI (kg/m?), mean (SD)

Delay from symptom onset
to admission (hours), median
(interguartile range)

Coronary artery disease
Diabetes

Hypertension

Dyslipidemia

Current smoker

Overweight (BMI >25 kg/m?)

ST-segment evaluation
Q-waves

ST-segment depression
T-wave changes

Left bundle branch block

Sinus rhythm
Atrial fibrillation

Presen Naracterisiies

Pr

Aspirin

Pain

Dyspnea

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

Systolic blood pressure
(mm Hg), mean (SD)
Diastolic blood pressure
(mm Hg), mean (SD)
Killip class |
Killip class Il
Killip class 11l

Killip class v

Clopidogrel

Glycoprotein lIb/llla antagonist
Beta-blockers

Nitrate

Lipid-lowering drugs

Thrombolysis
e

Men
(n=19111)

63.4(12.9)
26.9(3.9)

3.50
{1538 1130

39.6
18.6
533
58.2
42.8
67.0

55.8
202
24.7
247
5.0

919
4.6

84.5
23.8

78 (20)

136 (27)

80 (18)

79.4
14.3
3.8
25

94.7
5513
36.0
72.6
64.6
753

14.8
43.8

Women
(n=7341)

1203
26.3 (5.0)
4:43
225
1330)

377
236
66.4
54.6
251
563

52,7
182
26.6
26.7
6.1

89.2
70

81.6
32.6

812
138 (30)

78 (18)

70.7
20.6
6.3
27

927
439
759
66.8
64.6
65.8

119
-

P
value

<.001
<.001

.008

0N
<.001
<.001
<.001
<.001
<.001

<.001

<.001
.001
.001

<.001

132
<.001

<.001
<.001

<.001

<.001

<.001

<.001

<.001

<.001
989

<.001
<.001
<.001
<.001

945
<.001

<.001
<.001

ACS indicates acute coronary syndrome; BMI, body mass index; ECG, electro-
cardiogram; PCI, percutaneous coronary intervention; SD, standard deviation.
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Table 2. Sex as an independent predictor of in-hospital mortality in various age groups

(N = 26,452).
.  Men

Age group (years)  (reference)
<50 (n = 3871) 1
51-60 (N = 5570) 1
6170 (n = 6481) 1
71-80 (n = 6979) .
>80 (n = 3551) 1

| 152(1.02:2.27)

_ OR(95%CIforOR)

_ Women, = Wonen

Unadjusted
2.31(1.36-392)

adjusted®
1.27 (0.54-2.95)
g0
128 (0.92-179)
 1.06(0.87-1.29)
0.94 (0.76-117)

1.34 (1.03-176)
102 (0.86-1.20)
1.03 (0.87-1.22)

®Adjusted for Killip class; history of diabetes, hypertension, or dyslipidemia; ST-elevation on
initial electrocardiogram; and percutaneous coronary intervention.

Clindicates confidence interval; OR, odds ratio.

7 years greater than the mean age
of the men. Women 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
IT 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/I11a antagonists, beta-blockers,
and lipid-lowering drugs. Women
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], 0.83; 95% confidence
interval [CI], 0.78-0.89; P <.001).

Crude in-hospital mortality
was higher overall for women than

men (9.8% vs 5.9%, respectively;
P <.001). In-hospital mortality was
also higher for more women than
men with STEMI (12.0% vs 6.7%,
respectively; P <.001) and NSTEMI
(6.8% vs 4.7%,
P <.001) and for women who
underwent PCI (4.2% vs 3.1%;
P = .009). After adjusting for co-
variables, it was determined that

respectively;

sex is not an independent predictor
of in-hospital mortality for ACS
patients (adjusted OR for men vs
women, 1.07; 95% 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. However, 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.® 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-
terventional treatment and women
are less likely to receive PCI, al-
though they have comparable or
better outcomes than men follow-
ing the procedure.*’

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.® In contrast, the FRISC
IT (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.*!
Some studies have documented
a higher mortality rate in women
following interventional treat-
ment,'" which was attributed to dif-
ferences in body size between men
and women, anatomical differences,
basic biological differences,!?:13
and/or the differing pathophysiolo-
gy of ACS conditions dependent on
patient age." 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

75-year-old woman who
experienced chest discom-
fort that caused her to
awaken and persisted as retro-
sternal pain was admitted to the
emergency department. Her med-
ical history included arterial hy-
pertension, diabetes, hypercho-
lesterolemia, 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

26

had dyspnea and appeared uncom-
fortable. Her respiratory rate was
25 breaths per minute, her oxygen
saturation was 88% on room air,
and her blood pressure was 170/90
mm Hg. Auscultation of her chest
revealed crackles in the lungs and
a regular rhythm with an S, gal-
lop. 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
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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.



Differences in treatment and outcomes
In women with ACS

ore than 1 million percutaneous

coronary interventions (PCls)

are performed annually in the
United States.! Although more women
than men die from cardiovascular disease
in this country every year, and the benefits
of PClin 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 PCls
annually are performed in women."? Sig-
nificant sex-related disparities exist in
time to intervention, referral to diagnostic
catheterization, and use of evidence-based
medicine.’” While 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.*”

The AMIS (Acute Myocardial Infarc-
tion in Switzerland) Plus prospective co-
hort study (page 21) compared treatment
and in-hospital outcomes between men
and women with ACS admitted to Swiss
hospitals between 1997 and 2007. This
study provides a unique opportunity 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 [CK; normal, <2.8
pkat/L] or CK-MB fractions [normal, <5
pg/L]) at least twice the upper limits of
normal; non-ST-segment elevation MI
(NSTEMI), defined as symptoms 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 compatible 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. Women
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. With re-
spect to treatment strategies, women were
less likely to receive aspirin, clopidogrel,
glycoprotein IIb/Illa antagonists, beta-
blockers, and lipid-lowering drugs than
men. Women were also less likely to un-
dergo PCI than men. After robust adjust-
ment, female sex remained an independ-
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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 5.9%, 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-
firms 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,
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