
Left ventricular remodelling after ST-segment
elevation myocardial infarction: sex differences and
prognosis

Pieter van der Bijl1,2, Rachid Abou1, Laurien Goedemans1, Bernard J. Gersh2, David R. Holmes Jr2, Nina
Ajmone Marsan1, Victoria Delgado1 and Jeroen J. Bax1*

1Department of Cardiology, Heart Lung Centre, Leiden University Medical Centre, Leiden, The Netherlands; 2Department of Cardiovascular Medicine, Mayo Clinic, Rochester,
MN, USA

Abstract

Aims Left ventricular (LV) remodelling after ST-segment elevation myocardial infarction (STEMI) worsens outcome. The ef-
fect of sex on LV post-infarct remodelling is unknown. We therefore investigated the sex distribution and long-term prognosis
of LV post-infarct remodelling after STEMI in the contemporary era of primary percutaneous coronary intervention (PCI) and
optimal pharmacotherapy.
Methods and results Data were obtained from an ongoing primary PCI STEMI registry. LV remodelling was defined as ≥20%
increase in LV end-diastolic volume at either 3, 6, or 12 months post-infarct, and LV remodelling impact on outcome was eval-
uated with a log-rank test. A total population of 1995 STEMI patients were analysed (mean age 60 ± 12 years): 1527 (77%) men
and 468 (23%) women. The mean age of male patients was 60±11 versus 63±13 years for women (P < 0.001). A total of 953
(48%) patients experienced LV remodelling in the first 12 months of follow-up, and it was equally frequent amongst men
(n = 729, 48%) and women (n = 224, 48%). After a median follow-up of 94 (interquartile range 69–119) months, 225 patients
died: 171 (11%) men and 54 (12%) women. No survival difference was seen between remodellers and non-remodellers in the
male (P = 0.113) and female (P = 0.920) groups.
Conclusion LV post-infarct remodelling incidence, as well as long-term survival of LV remodellers and non-remodellers, was
similar in men and women who were treated with primary PCI and optimal pharmacotherapy post-STEMI.
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Introduction

Women have a worse long-term survival after ST-segment el-
evation myocardial infarction (STEMI) than men, even when
treated with guideline-directed primary percutaneous coro-
nary intervention (PCI) and optimal pharmacotherapy [rou-
tine prescription of statins, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers (ARBs) and
thienopyridines].1 The reasons for this are unclear, but might
relate to left ventricular (LV) remodelling. LV remodelling is a
complication that occurs in almost half of STEMI patients dur-
ing the first year after the event, and it is caused by an

inflammatory response, myocardial extracellular matrix deg-
radation, muscle bundle slippage, and apoptosis.2–4 Although
LV post-infarct remodelling has been linked to increased mor-
tality in the past, this does not appear to be the case in the
current era of primary PCI and guideline-directed medical
therapy.4 Conflicting data exist on sex differences in LV
post-infarct remodelling.2 The impact of sex on the incidence
and long-term prognosis of LV post-infarct remodelling has
not been investigated in a large cohort of patients receiving
contemporary, guideline-based treatment. We therefore in-
vestigated a registry of STEMI patients, treated with primary
PCI and guideline-based medical therapy, for (i) the impact of
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sex on the incidence of LV post-infarct remodelling in the first
12 months after the event and (ii) differences in survival be-
tween patients with and without LV post-infarct remodelling
in male and female groups.

Methods

Study population and data collection

Data (clinical, angiographic and echocardiographic) were col-
lected from an ongoing registry of patients with STEMI, who
received primary PCI at the Leiden University Medical Centre
(the Netherlands), according to a standardized, institutional
protocol (MISSION!).5 This management protocol is based
on contemporary guidelines from the European Society of
Cardiology and includes culprit vessel PCI, aspirin, beta-
blockers, ACE inhibitors/ARBs, aldosterone receptor antago-
nists [for heart failure patients with an LV ejection fraction
(LVEF) ≤40%], statins, and thienopyridines.6,7 All patients
were followed up during the first year after admission at
the outpatient clinic of the Leiden University Medical Centre
and underwent transthoracic echocardiography within 48 h
of admission for STEMI, as well as at 3, 6, and 12 months.
Subsequently, patients were referred to primary care centres
or cardiology outpatient referral clinics. All data used for the
present study were acquired for clinical purposes and han-
dled anonymously. Written informed consent on a patient
level was waived by the Institutional Review Board, due to
the retrospective nature of the study. The investigation con-
forms with the principles outlined in the Declaration of
Helsinki.8

Transthoracic echocardiography

Transthoracic echocardiography was performed at rest and
in the left lateral decubitus position with a commercially
available echocardiography system (VIVID 7 or E9, General
Electric Vingmed Ultrasound, Milwaukee, USA). Images (in-
cluding M-mode, two-dimensional, and Doppler) were ac-
quired with either 3.5 MHz or M5S transducers and
archived digitally for offline analysis (EchoPac 202, General
Electric Vingmed Ultrasound, Milwaukee, USA). Measure-
ment of chamber dimensions [LV end-systolic volume, LV
end-diastolic volume (LVEDV) and LVEF] was performed with
the Simpson’s biplane method, using two-dimensional api-
cal, two-chamber and four-chamber views.9 The linear
method was employed for LV mass calculation.9 Wall motion
score index was calculated by summation of individual seg-
ment scores (1 = normokinesia or hyperkinesia, 2 =
hypokinesia, 3 = akinesia, 4 = dyskinesia), divided by the to-
tal score from all 16 segments.

Data analysis and left ventricular remodelling
definition

An increase in the LVEDV of ≥20% (compared with baseline
LVEDV at 0months) at any time during the first 12months af-
ter STEMI was used as a threshold for determining the pres-
ence of LV remodelling.10 This definition was applied to
follow-up at 3, 6, and 12 months, and patients with LV re-
modelling at any of those time points (early, mid-term, or
late, respectively) were classified as LV remodellers. Inclusion
into any of the three groups (early, mid-term, or late LV
remodeller) excluded allocation to either of the remaining
two groups. This approach was taken to account for the dy-
namic nature of LV post-infarct remodelling. The study popu-
lation was therefore dichotomized according to sex (male and
female) and remodelling status (LV remodellers and LV non-
remodellers) during the first year after STEMI.

Study endpoints

Patients were followed up for the occurrence of all-cause
mortality after 12 months had elapsed since the index event
[median follow-up 94 (interquartile range 69–119) months].
Both municipal registries and telephonic follow-up were used
for collecting survival data.

Statistical analysis

Normally distributed, continuous data are presented as mean
and standard deviation and non-normally distributed data as
median and interquartile range. Categorical data are pre-
sented as frequencies and percentages. Statistical compari-
sons were performed with Student’s t-tests or Mann–
Whitney U tests for continuous variables and with χ2 and
Fisher’s exact tests (as appropriate) for categorical variables.
The Kaplan–Meier method was applied to survival analysis,
and groups were compared with a log-rank test. The SPSS ver-
sion 23.0 (SPSS, Armonk, NY, USA) was utilized for all statisti-
cal analyses. All tests were two-sided, and a P value of <0.05
was considered statistically significant.

Results

A total population of 1995 STEMI patients was analysed
(mean age 60 ± 12 years), including 1527 (77%) men and
468 (23%) women. The mean age for men was 60 ± 11 years,
compared with 63 ± 13 years for women (P < 0.001). Base-
line clinical and echocardiographic characteristics are summa-
rized in Table 1. While smoking was more common amongst
men, women more frequently had a family history of ischae-
mic heart disease and hypertension. Multivessel disease
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(≥50% stenosis in >1 epicardial coronary artery) was more
commonly observed in men. As expected, LV mass and cham-
ber dimensions were smaller in women (Table 2). There was
no difference in guideline-directed discharge medications be-
tween men and women.

Incidence of left ventricular remodelling

A total of 953 (48%) patients experienced LV remodelling in
the first 12 months of follow-up. Post-infarct LV remodel-
ling was observed with a similar frequency in men
(n = 729, 48%) and women (n = 224, 48%) during the first
year post-STEMI (Figure 1A). By 3 months, 463 (64%) men
and 150 (67%) women had experienced post-infarct remod-
elling and could be classified as early post-infarct
remodellers. The corresponding mid-term remodelling num-
bers were 172 (24%) and 44 (20%) for men and women, re-
spectively. By 12 months after the index event, 94 (12%)
and 30 (13%) of men and women, respectively, had under-
gone late remodelling (Figure 1B).

Left ventricular remodelling and all-cause
mortality

After a median follow-up of 94 (interquartile range 69–119)
months, 225 patients died: 171 were men (11%) and 54 were
women (12%). Men who were classified as LV remodellers
demonstrated a cumulative event rate of 5%, 11%, and 20%
for all-cause mortality at 40, 80, and 120 months, respec-
tively. Men without post-infarct LV remodelling experienced
similar cumulative event rates: 5%, 9%, and 16% for the same
time intervals (log-rank test, P = 0.113; Figure 2A). No signif-
icant difference in cumulative event rates was observed be-
tween women with and without post-infarct LV remodelling
in the first year after STEMI: 5%, 11%, and 20% and 3%,
10%, and 16% for all-cause mortality at 40, 80, and
120 months, respectively (log-rank test, P = 0.920; Figure 2B).

Discussion

In the present study, LV post-infarct remodelling was ob-
served with equal frequency in male and female STEMI

Table 1 Baseline clinical and echocardiographic patient characteristics

Overall population (N = 1995) Men (n = 1527) Women (n = 468) P value

Age (years) 60 ± 12 60 ± 11 63 ± 13 <0.001
Hypertension, n (%) 701 (35) 509 (33) 192 (41) 0.009
Dyslipidaemia, n (%) 401 (20) 319 (21) 82 (18) 0.279
Current smoker, n (%) 934 (47) 722 (47) 212 (45) 0.016
Ex-smoker, n (%) 225 (11) 198 (13) 27 (6) <0.001
Family history of IHD, n (%) 844 (42) 614 (40) 230 (49) 0.003
Diabetes mellitus, n (%) 207 (10) 149 (10) 58 (12) 0.102
Previous infarct, n (%) 158 (8) 138 (9) 20 (4) 0.003
Killip class, n (%)

I 1915 (96) 1471 (96) 444 (95) 0.159
II 41 (2) 28 (2) 13 (3) 0.208
III 12 (1) 7 (1) 5 (1) 0.127
IV 27 (1) 21 (1) 6 (1) 0.879

Peak cTnT (μg/L) 3.5 (1.4–7.3) 3.8 (1.4–7.5) 2.9 (1.1–6.3) <0.001
eGFR (ml/min/1.73 m2) 98.7 ± 33.2 103.0 ± 32.7 84.7 ± 30.8 <0.001
Infarct location LAD or LMS, n (%) 868 (44) 653 (43) 215 (46) 0.225
Multivessel CAD, n (%) 1073 (54) 852 (56) 221 (47) 0.001
Echocardiography
LV mass (g) 200 (163–244) 209 (174–254) 170 (138–198) <0.001
Indexed LV mass (g/m2) 101 (85-121) 105 (87-125) 93 (79-109) <0.001
LVEDV (ml) 106 ± 33 112 ± 33 87 ± 25 <0.001
LVESV (ml) 57 ± 23 60 ± 23 46 ± 17 <0.001
LVEF (%) 47 ± 9 47 ± 9 47 ± 9 0.309
WMSI 1.38 (1.19–1.63) 1.38 (1.19–1.63) 1.44 (1.19–1.69) 0.432
Medication
Beta blocker, n (%) 1887 (95) 1442 (94) 445 (95) 0.761
Aspirin, n (%) 1921 (96) 1469 (96) 452 (97) 0.826
Statin, n (%) 1982 (99) 1519 (99) 463 (99) 0.428
ACE/ARB, n (%) 1943 (97) 1494 (98) 449 (96) 0.078
Thienopyridinea 1981 (99) 1515 (99) 466 (99) 0.576

Continuous variables presented as mean ± standard deviation or median and interquartile range.
ACE, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; cTnT, cardiac troponin T;
eGFR, estimated glomerular filtration rate; IHD, ischaemic heart disease; LAD, left anterior descending coronary artery; LMS, left main
stem; LV, left ventricular; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular
end-systolic volume; WMSI, wall motion score index. These indicate significant values.
aclopidogrel or prasugrel
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patients (about 50% remodelling in each group) during the
first 12 months after the event. In addition, no significant dif-
ferences were observed in long-term survival between LV
remodellers and non-remodellers in male and female groups.

Incidence of left ventricular post-infarct
remodelling in men and women

Conflicting data exist on sex differences in LV post-infarct re-
modelling, with some reports suggesting that it is more com-
mon amongst men, while others describe a higher frequency
in women.2,10–13 The incidence of LV remodelling depends to
some degree on its definition, although this should not in
principle affect the comparison between sexes. The definition
of LV post-infarct remodelling used in the present article
takes account of its dynamic nature,10 and we found no dif-
ference in the incidence of LV remodelling in the first
12 months after STEMI between men and women. While a
larger infarct size is associated with the occurrence of post-
infarct LV remodelling,14 no sex difference in infarct size
was identified in a large meta-analysis of STEMI patients
(>2500 patients), where infarct size was measured with car-
diac magnetic resonance imaging (CMR) or 99mtechnetium
single photon emission computed tomography.1 Similarly, in-
farct size did not differ significantly between men and women
in a STEMI cohort where patients received primary PCI.15 Al-
though we found higher troponin T levels in men than in
women, this likely reflects the sex dependence of assays, so
that the absolute values cannot be compared directly.16 This
should therefore not be construed as an indicator of larger

infarct size per se in men.16 Microvascular obstruction
(quantified with CMR) has also been associated with LV
post-infarct remodelling.14 The extent of microvascular ob-
struction in men and women is variable, and while one
study found that women have less microvascular obstruc-
tion compared to men,17 another large registry did not
show any sex differences.15 Intramyocardial haemorrhage
is another aetiological factor that is implicated in post-
infarct LV remodelling, and it appears to be more common
in male STEMI patients.18,19

The efficacy of reperfusion therapy is related at least in
part to the degree of LV post-infarct remodelling, which will
develop with time.20 When reperfusion efficacy was quanti-
fied using the CMR-derived ‘myocardial salvage index’,
women had a higher reperfusion efficacy than men.2 Ad-
vanced age is also known to be a risk factor for LV post-infarct
remodelling.21 Consistent with other reports, female STEMI
patients in our study population were older.1,15 Although
ACE inhibitors, ARBs, and aldosterone antagonists ameliorate
post-infarct LV remodelling,22,23 there is little clinical evi-
dence for a differential effect in men and women. Preclinical
data suggest that sex-based differences may exist, for exam-
ple, a more beneficial effect of aldosterone antagonists on
post-infarct LV remodelling in female rats.24

The evidence demonstrating sex differences in different pa-
rameters known to impact on LV post-infarct remodelling (e.g.
infarct size, microvascular obstruction, intramyocardial haem-
orrhage, reperfusion efficacy, age, and pharmacotherapy) is
not consistent across the various registries.2,10–15,17–24 How-
ever, the composite effect does not lead to any sex difference
in the prevalence of LV remodelling in the first 12months after

Table 2 Echocardiographic patient characteristics during follow-up

Overall population (N = 1995) Men (n = 1527) Women (n = 468) P value

Echocardiography 3 months
LV mass (g) 200 (164–240) 209 (176–247) 169 (143–212) <0.001
Indexed LV mass (g/m2) 102 (86–120) 104 (88–121) 95 (81–115) <0.001
LVEDV (ml) 115 ± 39 122 ± 39 94 ± 32 <0.001
LVESV (ml) 58 ± 28 61 ± 29 47 ± 22 <0.001
LVEF (%) 51 ± 10 51 ± 10 52 ± 9 0.394
WMSI 1.25 (1.12–1.50) 1.25 (1.12–1.50) 1.19 (1.12–1.50) 0.534
Echocardiography 6 months
LV mass (g) 196 (162–240) 206 (171–248) 167 (138–202) <0.001
Indexed LV mass (g/m2) 101 (84–119) 102 (86–120) 95 (79–113) <0.001
LVEDV (ml) 114 ± 38 120 ± 38 93 ± 31 <0.001
LVESV (ml) 57 ± 31 60 ± 33 45 ± 23 <0.001
LVEF (%) 52 ± 10 52 ± 10 53 ± 10 0.121
WMSI 1.19 (1.06–1.50) 1.19 (1.06–1.50) 1.13 (1.00–1.50) 0.173
Echocardiography 12 months
LV mass (g) 194 (162–234) 201 (170–242) 167 (138–198) <0.001
Indexed LV mass (g/m2) 100 (84–119) 102 (86–121) 92 (79–109) <0.001
LVEDV (ml) 110 ± 38 116 ± 38 90 ± 32 <0.001
LVESV (ml) 54 ± 29 57 ± 30 43 ± 23 <0.001
LVEF (%) 53 ± 10 53 ± 10 54 ± 10 0.002
WMSI 1.13 (1.00–1.50) 1.19 (1.00–1.50) 1.13 (1.10–1.50) 0.140

Continuous variables presented as mean ± standard deviation or median and interquartile range.
LV, left ventricular; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic
volume; WMSI, wall motion score index.
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STEMI in a population treated with primary PCI and guideline-
based medical therapy.

Left ventricular remodelling and long-term
survival: impact of sex

In prior studies, women were reported to have a worse
outcome after STEMI when compared with men, even in
the era of primary PCI and optimal pharmacotherapy.1 Al-
though post-infarct LV remodelling has been associated
with secondary mitral regurgitation, ventricular arrhythmias,
heart failure, and increased mortality in the past, modern
treatment of STEMI with primary PCI and optimal medical
therapy has improved the outcome considerably.25–28 In a

recent CMR study of 498 STEMI patients, post-infarct LV re-
modelling was not independently associated with the pri-
mary endpoint of cardiovascular mortality, hospitalization
for heart failure, or ventricular arrhythmias.4 LV remodelling
was, however, still associated with an increased risk of car-
diovascular mortality, heart failure hospitalization, and ven-
tricular arrhythmias in the presence of a decrease in LVEF
>3%.4 This concurs with our data, where no difference in
mortality rates is seen between LV post-infarct remodellers
and non-remodellers in both sexes and can most likely be
attributed to the revolution in STEMI management that
has occurred with replacement of pharmacological throm-
bolysis with primary PCI and the introduction of optimal
medical therapy.29 Our data therefore do not support the
fact that higher mortality post-STEMI in women can be

Figure 1 Distribution of men and women with left ventricular, post-infarct remodelling. (A) Percentage (%) of left ventricular remodellers and non-
remodellers (in the first year after ST-segment elevation myocardial infarction) and (B) percentage (%) of early, mid-term, and late left ventricular
remodellers, according to temporal pattern, in men and women.
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ascribed to sex differences in post-infarct LV remodelling,
because (i) post-infarct LV remodelling does not significantly
impact on mortality in the modern era of primary PCI and
optimal medical therapy and (ii) no differences exist in
the incidence of LV post-infarct remodelling between men
and women.

The worse long-term prognosis experienced by women af-
ter STEMI may be caused by higher baseline risk, as well as
treatment differences.2,15 While female STEMI patients in
the present study were older and had a higher frequency of
hypertension (consistent with data from previous studies in-
vestigating sex differences in STEMI1,2), other baseline risk
factors were similar or worse in men. In addition, we did
not identify any differences in discharge medications be-
tween men and women in our cohort. Because there is no
difference in either the incidence or the mortality implica-
tions of post-infarct LV remodelling in men and women, both
sexes should receive (i) post-infarct surveillance with equal
frequency and (ii) an identical degree of prevention for LV
post-infarct remodelling. Some investigators have reported
women to be less likely to receive guideline-directed therapy
than men, and our study therefore adds to the published
data that female patients with STEMI are not to be consid-
ered at lower risk than men and should receive equal,
guideline-based treatment.1

This study represents a single-centre, retrospective expe-
rience, with on-site echocardiographic analysis and locally
adjudicated clinical events. Although the numbers of men
and women were not comparable, this is a limitation of a
retrospective study, where groups are not prespecified.
The percentage of women (23%) in our cohort was very
closely aligned to a recent, large meta-analysis comparing
clinical characteristics and outcomes of STEMI between
sexes.1 We were unable to perform sub-analyses for cardiac
and all-cause mortality, or to adjust for possible changes in
prescription or adherence to medical therapy during the

first 12 months post-infarct. While separate survival analy-
ses for both sexes at different time points (i.e. 3, 6, and
12 months) would have provided insight into the temporal
patterns of LV post-infarct remodelling and its outcome im-
plications, individual groups were underpowered in our co-
hort for performing such an analysis in a clinically
meaningful manner. This will require multicentre data.
CMR data were not systematically available for our study
population to quantify infarct size, microvascular obstruc-
tion, and myocardial salvage. We also could not assess
the impact of a previous infarct on post-infarct remodelling
in a subsequent infarct by quantifying the baseline scar bur-
den, for which CMR data would be required. The effect of
the age of menopause could impact on post-infarct LV re-
modelling, with preclinical data demonstrating a dose-
dependent effect of oestrogen replacement on this pro-
cess.30 We were unable to adjust our analysis for this po-
tential confounder.

The incidence of LV remodelling in the first year post-
infarct was similar between men and women, when investi-
gated in a large cohort of STEMI patients treated with
primary PCI and guideline-directed medical therapy. Fur-
thermore, there was no difference in long-term survival be-
tween LV remodellers and non-remodellers in male and
female groups. Both men and women should therefore re-
ceive guideline-based STEMI therapy, as well as equally
careful surveillance and prevention for post-infarct LV
remodelling.
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