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Aims Left ventricular hypertrophy (LVH) is the most common form of myocardial remodelling and predicts adverse out-
comes in patients with coronary artery disease (CAD). However, sex-specific prevalence and prognostic signifi-
cance of LVH patterns are poorly understood. We investigated the sex-specific influence of LVH pattern on clinical
outcomes in patients undergoing cardiovascular magnetic resonance (CMR) and coronary angiography following ad-
justment for co-morbidities including CAD burden.

...................................................................................................................................................................................................
Methods
and results

Patients undergoing CMR and coronary angiography between 2005 and 2013 were included. Volumetric measure-
ments of left ventricular (LV) mass with classification of concentric vs. eccentric remodelling patterns were deter-
mined from CMR cine images. Multivariable Cox analysis was performed to assess independent associations with
the primary outcome of all-cause mortality. In total, 3754 patients were studied (mean age 59.3 ± 13.1 years),
including 1039 (27.7%) women. Women were more likely to have concentric remodelling (8.1% vs. 2.1%,
P < 0.001), less likely to have eccentric hypertrophy (15.1% vs. 26.8%, P < 0.001) and had a similar prevalence of
concentric hypertrophy (6.1 vs. 5.2%, P = 0.296) compared to men. At a median follow-up of 3.7 years, 315 (8.4%)
patients died. Following adjustment including CAD burden, concentric hypertrophy was associated with increased
all-cause mortality in women [adjusted hazard ratio (HR) 3.48, P < 0.001] and men (adjusted HR 2.57, P < 0.001).
Eccentric hypertrophy was associated with all-cause mortality only in women (adjusted HR 1.78, P = 0.047).

...................................................................................................................................................................................................
Conclusion Patterns of LV remodelling differ by sex and LVH and provides prognostic information in both men and women.

Our findings support the presence of sex-specific factors influencing LV remodelling.
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Introduction

Left ventricular (LV) mass and pre-defined definitions of left ventricu-
lar hypertrophy (LVH) are well-recognized markers of cardiovascular
risk in patients with known or suspected coronary artery disease
(CAD).1 In the Framingham heart study, left ventricular mass index
(LVMI), indexed for height, was independently associated with

cardiovascular events and all-cause mortality.2 Objectively defined
thresholds of LVH based on LVMI were also independently associ-
ated with sudden cardiac death following adjustment for relevant co-
morbidities,3 a finding that has been confirmed among patients with
stable CAD.4 The presence of LVH determined by cardiovascular
magnetic resonance (CMR) imaging, which provides reproducible
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and precise measures of LV mass and LVH pattern,5 has also been
demonstrated to increase risk for all-cause mortality.6

Beyond LVMI, phenotypic patterns of LVH have been reported to
yield incremental prognostic information. Velagaleti et al.7 illustrated
that eccentric hypertrophy was associated with incident heart failure
with reduced ejection fraction while concentric hypertrophy was
associated with incident heart failure with preserved ejection fraction.
Conversely, an analysis from the Multi-ethnic Study of
Atherosclerosis cohort found that LVMI had a stronger association
with clinical outcomes than did the pattern of LVH.8 However, a key
factor that may influence the prognostic value of LVH pattern and
LVMI is sex. In a large echocardiography-based study of hypertensive
patients, women were more likely than men to develop LVH.9

Petrov et al.10 observed a higher prevalence of concentric remodel-
ling and hypertrophy in women as well as greater prognostic rele-
vance of eccentric hypertrophy.

Overall, existing studies suggest a need to clarify sex-related differ-
ences in both LVH extent and pattern. To accomplish this, we
studied a large cohort of patients undergoing both CMR imaging and
diagnostic coronary angiography to assess sex-related differences in
patterns of LVH and their prognostic significance, adjusting for im-
portant co-morbidities including extent of CAD at baseline.

Materials and methods

Study population
The patient population was identified from the Alberta Provincial Project
for Outcomes Assessment in Coronary Heart Disease (APPROACH)
registry, a prospective registry of patients undergoing diagnostic coronary
angiography. Database and data collection methods have been described
previously.11 Additional details regarding the patient population, data ele-
ments, and assessment of CAD severity are available in the
Supplementary data online.

CMR imaging and analysis
Details of image acquisition and quantification are available in the
Supplementary data online. Categories of LVH were defined using previ-
ously published CMR reference values which are referenced for gender
and age.12 LV mass patterns were classified as normal, concentric remod-
elling, eccentric hypertrophy, or concentric hypertrophy using a two-
tiered classification system.13 Concentric remodelling was defined as a
normal LVMI with an increase in concentricity [LVM/left ventricular end-
diastolic volume (LVEDV) ratio]; eccentric LVH as increased LVMI with-
out an increase in concentricity; and concentric LVH as an increase in
both values. Increased concentricity was defined as >95th percentile for
concentricity (>0.95 g/mL for women and >1.15 g/mL for men).14,15 All
measurements were performed at the time of clinical image reporting.
Examples of the LVH patterns are shown in Supplementary data online,
Figure S1. Since there are multiple reference values used in the literature,
we repeated our analysis using reference values from Maceira et al. and
identified no significant differences in LVH classification.16

We also assessed the four-tiered system for LV geometry classification
proposed by Khouri et al.17 and validated using data from the Dallas
Heart Study. In this analysis, similarly performed by CMR, the aim was to
sub-classify LVH on the basis of concurrent chamber dilation, concentric
thickening, or both. In this classification system, LVH was defined as LV
mass/height2.7> 39 g/m2.7 in women and >48 g/m2.7 in men.18 Increased
LV dilation was defined as LVEDV/Body surface area >_68 mL/m2 in

women and >_74 mL/m2 in men.17,18 We used the same calculation for
concentricity0.67 (LV mass/LVEDV0.67) with increased concentricity0.67

defined >_8.1 g/mL0.67 in women and >_9.1 g/mL0.67 in men. Using these
definitions, four classes of hypertrophy are established: ‘thick hyper-
trophy’ in patients with increased concentricity0.67 without dilation,
‘dilated hypertrophy’ in patients with increased dilation without increased
concentricity0.67, ‘thick and dilated hypertrophy’ in patients with
increased dilation and concentricity0.67, and ‘indeterminate hypertrophy’
in patients with neither increased dilation nor increased
concentricity0.67.17

Clinical outcomes
The primary outcome was all-cause mortality, determined by linkage
with Alberta Vital Statistics.11 The secondary outcome was a combination
of all-cause mortality or symptom-driven late percutaneous or surgical
coronary revascularization, ascertained from APPROACH. Early revascu-
larization, defined as within 30 days of coronary angiography, was
excluded to minimize influence of revascularization related to baseline
angiographic findings or procedural complications.

Statistical analysis
Baseline features of men versus women in the study population were
compared. Categorical variables were summarized as number (propor-
tion) and compared with a v2 or Fisher exact test. Continuous variables
were summarized as mean [standard deviation (SD)] and compared with
a Student’s t-test if normally distributed, and otherwise summarized as
median [interquartile range (IQR)] and compared with a Wilcoxon rank
sum test.

Associations between LVMI categories and the primary and secondary
outcomes were performed using univariable and multivariable Cox-
proportional hazards models, adjusting for variables from Tables 1 and 2.
This included baseline clinical characteristics, co-morbidities, presence of
LGE, and severity of angiographic CAD as determined by the Duke
Jeopardy score. We used a stepwise backwards elimination method to
refine the multivariable models, excluding variables with non-significant
association until only variables significantly associated with the outcome
remained (P < 0.05).19 We assessed for interactions between LV remod-
elling patterns and all other variables in the final models. There was a sig-
nificant interaction between sex and eccentric hypertrophy for
association with death or late revascularization P = 0.029. Therefore, the
primary and secondary analyses were stratified by sex. The proportional
hazards assumption was assessed using Schoenfeld residuals and found to
be valid in all analyses. Collinearity was assessed using covariance matrix
estimates, with no substantial collinearity identified in the final models.

The additive prognostic utility with the addition of LVH pattern to the
multivariable model was assessed using the continuous net re-
classification index (NRI) for 1-year outcomes and models with and with-
out LVH pattern were compared using the likelihood-ratio test. Model
calibration was assessed with the Hosmer–Lemeshow goodness of fit
test using deciles of risk and all models were found to be well calibrated
(P > 0.05).

Sensitivity analyses
Given the presence of significant differences between male and female
patients, propensity-matching analysis was performed. We used 1:1 near-
est neighbour matching to identify a matched group of men with similar
age, LVEF, Duke Jeopardy score, and indication for CMR as women
included in the study. The prevalence of LVH pattern was compared in the
matched cohort. Additionally, multivariable Cox analysis of association
with the primary and secondary outcome were performed in the matched
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..population. Additionally, the primary analysis was repeated in patients in
whom gadolinium was administered.

All analyses were performed using Stata version 13 (StataCorp,
College Station, TX, USA). This study complies with the Declaration of
Helsinki and was approved by the institutional review board at the
University of Calgary. Data will be made available upon receipt of written
request.

Results

Baseline clinical characteristics
Baseline characteristics of the study population are shown in Table 1.
The mean age of the cohort was 59.3 ± 13.1 years (IQR 51.0–
68.9 years) with 1039 (27.7%) women included. Women demon-
strated a higher median BMI (27.6 vs. 26.5 kg/m2, P < 0.001) and were
less likely to have diabetes (20.6% vs. 25.9%, P = 0.001) or prior CAD
(17.4% vs. 29.1%, P < 0.001). However, the prevalence of obesity was
similar in women and men (31.6% vs. 31.7%, P = 0.969). Diagnostic
angiography and CMR imaging were performed with a median inter-
val of 19 days (IQR 3–93). The prevalence of any coronary stenosis
>_70% was lower in women (35.5 vs. 60.0%, P < 0.001) and the 75th

percentile of the Duke Jeopardy score was also lower (2 vs. 6,
P < 0.001).

Early revascularization (within 30 days of coronary angiography)
occurred in 854 (22.8%) patients. During this period, women were
less likely to undergo revascularization (13.0% vs. 26.5%, P < 0.001),
including those women with angiographic CAD [130/368 (35.3%) vs.
710/1609 (44.1%), P = 0.002].

CMR-based imaging findings
CMR imaging characteristics are shown in Table 2. Abnormal LGE
was present in 38.0% of women compared to 48.1% of men
(P < 0.001). Median LVMI was also significantly lower in women than
men when indexed by body surface area (54.5 vs. 69.1 g/m2,
P < 0.001) and by height (62.0 vs. 81.0 g/m2, P < 0.001).

Overall, 28.9% of patients demonstrated LV myocardial mass that
was above pre-defined limits of normal (21.2% of women and 32.0%
of men). However, women were more likely to have LVH using the
criteria established by Khouri et al. (21.2% vs. 14.6%, P < 0.001).
Women were more likely to have concentric remodelling (8.1% vs.
2.1%, P < 0.001) and less likely to have eccentric hypertrophy (15.1%
vs. 26.8%, P < 0.001). Comparisons of LVH pattern using the four-

....................................................................................................................................................................................................................

Table 1 Baseline clinical and cardiovascular magnetic resonance (CMR) patient characteristics

Women (n 5 1039) Men (n 5 2715) P-value

Clinical characteristics

Age, mean ± SD 60.0 ± 13.1 59.0 ± 13.1 0.031

BMI, median (IQR) 26.5 (22.8–31.2) 27.6 (24.5–31.1) <0.001

Past medical history, n (%)

Hypertension 562 (55.9) 1572 (59.3) 0.071

Diabetes mellitus 214 (20.6) 704 (25.9) 0.001

Hyperlipidaemia 667 (64.2) 1911 (70.4) 0.001

Current smoker 187 (18.0) 638 (23.5) <0.001

CAD 181(17.4) 789 (29.1) <0.001

CHF 200 (19.3) 594 (21.9) 0.082

PVD 69 (6.9) 294 (11.2) <0.001

CVD 110 (11.1) 308 (11.8) 0.641

CKDa 46 (4.4) 184 (6.8) 0.008

Malignancy 91 (8.8) 278 (10.2) 0.178

Coronary angiography

Systolic BP (mmHg), median (IQR) 119 (104–135) 114 (100–129) <0.001

Diastolic BP (mmHg), median (IQR) 68 (60–75) 70 (62–78) <0.001

Heart rate, median (IQR) 71 (63–82) 71 (61–83) 0.682

Angiographic CAD (>_70%), n (%) 368 (36.5) 1609 (60.0) <0.001

Duke jeopardy, median (IQR) 0 (0–2) 0 (0–6) <0.001

Medications

Statin, n (%) 669 (64.4) 1844 (67.9) 0.044

ACE-inhibitor or ARB, n (%) 572 (58.5) 1506 (58.1) 0.849

Beta-blocker, n (%) 670 (67.4) 1769 (67.3) 1.000

Calcium-channel blocker, n (%) 145 (14.7) 365 (14.0) 0.592

No. of anti-hypertensives, median (IQR) 1 (1–2) 1 (1–2) 0.817

Angiographic CAD defined as any lesion >_50% visually.
aChronic kidney disease defined as an eGFR <45 mL/min/1.76 m2.
BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; CVD, cerebrovascular disease; IQR, inter-
quartile range; PVD, peripheral vascular disease.

Sex-specific relationships with LVH 985
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/21/9/983/5864168 by guest on 23 April 2024



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.tiered classification are shown in Table 2. In patients undergoing con-
trast examinations, women were more likely to have no LGE (54.5%
vs. 35.9%, P < 0.001) and less likely to have sub-endocardial (13.7%
vs. 24.8%, P < 0.001) or transmural LGE patterns (12.5% vs. 18.6%,
P < 0.001).

Primary outcome: all-cause mortality
The median follow-up was 3.7 years (IQR 1.7–6.0 years). During
follow-up a total of 315 (8.4%) patients died with similar cumulative
mortality observed in women and men (7.3% vs. 8.8%, P = 0.148).
The Kaplan–Meier survival curves for all-cause mortality stratified by
LVH pattern using the two-tiered classification are shown in
Supplementary data online, Figure S2 and for the four-tiered classifica-
tion in Supplementary data online, Figure S3.

Unadjusted associations with the primary and secondary outcomes
are shown in Supplementary data online, Table S1. In unadjusted analy-
ses, women demonstrated strong associations between LVH pattern
and all-cause mortality for both eccentric hypertrophy [unadjusted
hazard ratio (HR) 2.61, P = 0.001] and concentric hypertrophy (un-
adjusted HR 3.89, P < 0.001) patterns, with a non-significant increase

observed for concentric remodelling (unadjusted HR 2.19, 95% CI
0.98–4.89; P = 0.056). Similar results were observed in men.

Multivariable analyses for all-cause mortality in all patients (men
and women combined) are shown in Supplementary data online,
Table S2.

Multivariable analyses of the association with all-cause mortality
stratified by sex are shown in Table 3, and corresponding associations
with the two-tier LVH pattern are visualized in Figure 1. Eccentric
hypertrophy was independently associated with increased all-cause
mortality in women (adjusted HR 1.78, 95% CI 1.01–3.15; P = 0.047)
with a similar trend in men (adjusted HR 1.20, 95% CI 0.89–1.61;
P = 0.239; interaction P-value 0.103). Concentric hypertrophy was
associated with increased all-cause mortality in both women
(adjusted HR 3.48, 95% CI 1.73–6.99; P < 0.001) and men (adjusted
HR 2.57, 95% CI 1.61–4.13; P < 0.001; interaction P-value 0.261).
LVMI as a continuous variable was not significantly associated with
all-cause mortality in women (adjusted HR 1.06 per 10 g/m2,
P = 0.427) or men (adjusted HR 0.94 per 10 g/m2, P = 0.191). Using
the four-tier classification, dilated hypertrophy (adjusted HR 2.53,
P = 0.001) and indeterminate hypertrophy (adjusted HR 5.38,
P = 0.005) were associated with all-cause mortality in women but not

....................................................................................................................................................................................................................

Table 2 Population imaging characteristics

Women (n 5 1039) Men (n 5 2715) P-value

CMR indication, n (%)

Ischaemic CM 137 (13.2) 598 (22.0) <0.001

Non-ischaemic CM 207 (19.9) 464 (17.1) 0.046

Undifferentiated CM 234 (22.5) 697 (25.7) 0.047

Stress perfusion 57 (5.5) 121 (4.5) 0.198

Myocarditis 232 (22.3) 395 (14.6) <0.001

Other 172 (16.6) 440 (16.2) 0.805

CMR characteristics

LVMI, median (IQR) 54.5 (45.6–67.9) 69.1 (57.7–84.4) <0.001

Cardiac index, median (IQR) 2.6 (2.2–3) 2.6 (2.1–3) 0.997

LVEDVI, median (IQR) 84 (68–109) 106 (86–139) <0.001

LVESVI, median (IQR) 34 (24–55) 47 (32–78) <0.001

LVEF, median (IQR) 54 (38–63) 46 (31–57) <0.001

Low LVEF, n (%) 266 (25.6) 1016 (37.4) <0.001

Any visual fibrosis by LGE, n (%) 395 (38.0) 1306 (48.1) <0.001

LV geometry (two-tier), n (%)

Normal 735 (70.7) 1790 (65.9) 0.005

Concentric remodelling 84 (8.1) 57 (2.1) <0.001

Eccentric hypertrophy 157 (15.1) 727 (26.8) <0.001

Concentric hypertrophy 63 (6.1) 141 (5.2) 0.296

LV geometry (four-tier), n (%)

Normal 819 (78.8) 2318 (85.4) <0.001

Thick hypertrophy 47 (4.5) 81 (3.0) 0.026

Dilated hypertrophy 124 (11.9) 199 (7.3) <0.001

Thick and dilated hypertrophy 37 (3.6) 110 (4.1) 0.512

Indeterminate hypertrophy 7 (0.3) 12 (1.2) 0.001

Angiographic CAD defined as any lesion >_50% visually.
CM, cardiomyopathy; IQR, interquartile range; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume;
LGE, late gadolinium enhancement; LVMI, left ventricular mass indexed to body surface area.
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..men (adjusted HR 1.21, P = 0.410 and adjusted HR 3.11, P = 0.125, re-
spectively). There was no interaction between the presence of LVH
and sex (interaction P = 0.077). There was no interaction between
age and LVH pattern when modelled as a categorical variable (age >
60) or a continuous variable (P > 0.05 for all patterns). Results were
similar in the full multivariable model (Supplementary data online,
Table S3) in the subgroup of patients administered gadolinium con-
trast (Supplementary data online, Table S4).

The continuous NRI was 0.484 (P = 0.002) in women and 0.379
(P = 0.027) in men when added to the remaining variables in the multi-
variable analysis, suggesting that inclusion of the two-tier LVH classifica-
tion significant improved prediction for both men and women.
Conversely, the addition of LVMI did not significantly improve perform-
ance when added to the remaining clinical variables in the multivariable
models (continuous NRI in women 0.331, P = 0.052; in men 0.030,
P = 0.199) Use of the four-tier classification did not improve risk predic-
tion in women (NRI 0.281, P = 0.092) or men (NRI 0.051, P= 0.630).

Secondary outcome: all-cause mortality
or late revascularization
During follow-up, 168 patients (4.5%) experienced late revasculariza-
tion (occurring beyond 30 days; 54 by percutaneous coronary inter-
vention and 114 by coronary artery bypass grafting). Women
experienced similar rates of late revascularization compared to men
(3.7% vs. 4.8%, P = 0.158), but they were less likely to experience the
secondary composite outcome of all-cause mortality or late revascu-
larization (10.4% vs. 13.1%, P = 0.023). The Kaplan–Meier survival
curves for all-cause mortality or late revascularization stratified by
LVH pattern using the two-tiered classification are shown in

Supplementary data online, Figure S4 and for the four-tiered classifica-
tion in Supplementary data online, Figure S5.

Results of multivariable analyses for the secondary composite out-
come of all-cause mortality or revascularization are shown in
Supplementary data online, Table S5 and associations with LVH pat-
tern are shown in Figure 2. There was a significant interaction be-
tween sex and eccentric hypertrophy (interaction P-value 0.029) and
well as sex and dilated hypertrophy (interaction P-value 0.049).
There was no interaction between the presence of LVH and sex
(interaction P = 0.264). In women, eccentric hypertrophy (adjusted
HR 2.05, 95% CI 1.28–3.27; P = 0.003) was independently associated
with the composite outcome but not in men (adjusted HR 1.21, 95%
CI 0.94–2.22; P = 0.132). LVMI was not associated with the compos-
ite outcome in women (adjusted HR 1.09 per 10 g/m2, P = 0.190) or
men (adjusted HR 1.00, P = 0.994). There was no interaction be-
tween age and LVH pattern when modelled as a categorical variable
(age > 60) or a continuous variable (P > 0.05 for all LVH patterns).

Prediction of 1-year survival free of revascularization was
improved with the addition of the two-tier LVH classification in
women (NRI 0.407, P = 0.007), but not in men (NRI 0.247, P = 0.178)
when added to the remaining variables in the multivariable analysis.
Use of the four-tier classification did not improve risk prediction in
women (NRI 0.292, P = 0.142) or men (NRI 0.032, P = 0.710).

Propensity-matched cohort
In the matched cohort of men and women with similar age, left ven-
tricular ejection fraction (LVEF), Duke Jeopardy score, and indication
for CMR, concentric remodelling remained more common in women
than men (8.1% vs. 3.3%, P < 0.001), while eccentric hypertrophy was
less common in women than men (15.1% vs. 19.9%, P = 0.005).

....................................................................................................................................................................................................................

Table 3 Multivariable analyses of association between LV geometry and all-cause mortality

Women

N 5 1039, 76 (7.3%) deathsMedian

follow-up 3.7 years

MenN 5 2715, 239 (8.8%)

deathsMedian follow-up 3.6 years

Variables Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value

LV geometry (two-tier) normal as reference

Concentric remodelling 1.65 (0.73–3.70) 0.228 1.28 (0.40–4.06) 0.677

Eccentric hypertrophy 1.78 (1.01–3.15) 0.047 1.20 (0.89–1.61) 0.239

Concentric hypertrophy 3.48 (1.73–6.99) <0.001 2.57 (1.61–4.13) <0.001

Age (per 10 years) 1.44 (1.17–1.76) 0.001 1.88 (1.66–2.13) <0.001

Diabetes 2.07 (1.28–3.37) 0.003 1.41 (1.08–1.85) 0.006

Duke Jeopardy score 1.10 (1.04–1.17) 0.001 1.05 (1.02–1.08) 0.002

BMI – – 0.97 (0.95–0.99) 0.006

Low LVEF – – 2.15 (1.63–2.85) <0.001

LV geometry (four-tier) normal as referencea

Thick hypertrophy 2.16 (0.77–6.06) 0.142 0.90 (0.36–2.22) 0.819

Dilated hypertrophy 2.53 (1.48–4.32) 0.001 1.21 (0.77–1.89) 0.410

Thick and dilated hypertrophy b b 0.73 (0.30–1.80) 0.494

Indeterminate hypertrophy 5.38 (1.66–17.5) 0.005 3.11 (0.73–13.2) 0.125

–indicates that the variable was not included in the final model due to lack of statistical significance.
HR, hazard ratio; LV, left ventricular; LVH, left ventricular hypertrophy; LVEF, left ventricular ejection fraction.
aThe two-tier and four-tier classification were assessed in separate models.
bUnable to obtain HR estimates due to small number of events.
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..Details of the matched group are shown in Supplementary data on-
line, Table S6. Adjusted associations with all-cause mortality and all-
cause mortality or late revascularization are outlined in
Supplementary data online, Table S7.

Discussion

In this large, retrospective study of patients with known or suspected
CAD we identified that women had a lower prevalence of eccentric
hypertrophy, higher prevalence of concentric remodelling, and simi-
lar prevalence of concentric hypertrophy compared to men.
Following adjustment for underlying CAD burden and other relevant
confounders, concentric hypertrophy was associated with the great-
est risk of both all-cause mortality and death or revascularization in
men and women. Additionally, pattern of LVH had greater prognostic
utility compared to LVMI alone. Overall, our findings support the
presence of sex-specific factors influencing patterns of LV remodel-
ling and that LVH pattern is associated future cardiovascular out-
comes in both men and women with known or suspected CAD.

Our findings support the conclusion that the myocardial remodel-
ling response to disease may be unique in women vs. men. We found
that women were more likely to show elevation in myocardial mass
relative to LV end-diastolic volume (i.e. concentric remodelling) and
less likely to develop balanced elevations in LV mass and LV end-
diastolic volume (i.e. eccentric hypertrophy). This observed

predisposition for concentric remodelling has been described previ-
ously among women with aortic valve disease.10,20 Treibel et al.20

also demonstrated that eccentric hypertrophy was more prevalent in
men with aortic stenosis. Differential patterns of remodelling have
also been observed following myocardial infarction (MI), with women
being more likely to develop eccentric or concentric patterns of
hypertrophy.21 Collectively, these findings provide compelling evi-
dence that sex-dependent influences exist in myocardial remodelling
pathways. Further studies are required to elucidate the pathophysio-
logic mechanisms.

Importantly, our study examined the incremental prognostic rele-
vance of LVH patterns separately in women and men. Among
patients referred for known or suspected CAD, the identification
of any LVH pattern, using in the two-tier classification (eccentric
hypertrophy or concentric hypertrophy), in women was associated
with greater impact on outcomes than that observed in men.
Dilated hypertrophy, using the four-tier classification, was also associ-
ated with increased risk in women. However, it should be noted
that formal interaction testing was only significant with respect to
the combined outcome of death or revascularization. Our findings
may suggest that the cut-offs for hypertrophy and concentricity in
women should be different. However, the results reflect the per-
formance of commonly utilized criteria. Importantly, we identified
sex-specific differences with respect to both the prevalence
and prognostic significance of LVH pattern using both classification
systems.

Figure 1 Associations between LVH pattern and all-cause mortality. Eccentric hypertrophy was associated with increased all-cause mortality in
women (adjusted HR 1.78, P = 0.047), but not men (adjusted HR 1.20, P = 0.239). CI, confidence interval; HR, hazard ratio.
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..Few studies have not assessed for sex-specific differences in the in-
fluence of LVH on clinical outcomes. Petrov et al.10 reported that
concentric hypertrophy was associated with increased all-cause mor-
tality in women, but not men undergoing aortic valve replacement
for severe aortic stenosis. Other studies have provided compelling
data linking LVH to adverse clinical outcomes in mixed-sex cohorts.
From the same referral population, our group identified that moder-
ate to severe LVH was associated with a 1.7-fold increase in the risk
of death in patients with known or suspected CAD.6 Verma et al.21

also demonstrated that concentric hypertrophy was associated with
an increase in death and non-fatal cardiovascular events in patients
following acute MI, independent of LVMI. Finally, in patients with
hypertension, the presence of dilation in patients with LVH (i.e. pro-
gression to eccentric hypertrophy) is associated with an increase in
major adverse cardiovascular events.22

Pathophysiologic studies of sex-based differences in relevant refer-
ral populations are limited. However, women have been shown to
experience less myocyte loss or cellular hypertrophy with age com-
pared to men.23 Women are also less likely to experience myocyte
apoptosis in response to ischaemia.24 Further, women with aortic
stenosis develop greater LVMI and relative wall thickness compared
to men with similar aortic valve gradients.25 Overall, these differences
suggest altered compensatory pathways in women which predispose

to concentric remodelling instead of eccentric hypertrophy in re-
sponse to myocardial stress.25 Whether such differences exist due to
known paracrine influences of circulating oestrogen on the myocar-
dium or sex-related differences in gene expression remain
unknown.26

Study limitations
Our study has several important limitations. First, the requirement of
patients to have undergone CMR imaging introduces an inherent re-
ferral bias to this cohort. Additionally, we studied only those patients
also undergoing coronary angiography which adds to the referral
bias. However, this was intentional to allow adjustment for extent of
underlying CAD, a major confounder of the future need for revascu-
larization. We observed that women were more likely to have been
referred to CMR for the evaluation of non-ischaemic cardiomyop-
athy compared to men, thus explaining the lower prevalence of CAD
in the female population. Second, we employed a provincial vital sta-
tistics database to identify death, which did not allow us to identify
cause of death. Third, as a large, retrospective cohort study we did
not employ core laboratory-based quantification of LV mass or vol-
umes. Rather we used measurements performed in clinical practice,
representing a conservative, ‘real world’ estimate of the value pro-
vided by LVH pattern description. The CMR Centre maintained

Figure 2 Associations between LVH pattern and all-cause mortality or late revascularization. Eccentric hypertrophy was associated with increased
all-cause mortality or late revascularization in women (adjusted HR 2.05), but not men (adjusted HR 1.21). CI, confidence interval; HR, hazard ratio.
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.
standard operating procedures for all contouring throughout the
course of patient enrolment. Additionally, tissue characterization,
with myocardial T1 or T2 values, was not routinely performed during
the study period but may have important interactions with LVH pat-
tern and associations with cardiovascular outcomes.27 While our
results demonstrate the importance of LVH pattern defined using
CMR, it is not clear if these findings can be extrapolated to LVH pat-
terns defined with other modalities such as echocardiography. Finally,
due to the registry-based methodology of this study we are unable to
determine the duration or severity of hypertension, which may be an
important driver of LVH-related outcomes.

Conclusions

In patients with known or suspected CAD, patterns of LVH differ in
women compared to men. Following adjustment for relevant con-
founders, inclusive of age, LVEF, extent of CAD, and LVMI, the pres-
ence of concentric hypertrophy in both women and men was
associated with the highest risk of death. Overall, our findings support
the presence of sex-specific factors influencing patterns of LV remod-
elling and that LVH pattern is associated with future cardiovascular
outcomes in both men and women with known or suspected CAD.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.

Funding
APPROACH was initially funded with a grant from the W. Garfield
Weston Foundation. The ongoing operation of the APPROACH project
has been made possible by support from Alberta Health Services
(Calgary Zone, Edmonton Zone), Libin Cardiovascular Institute of
Alberta, and Mazankowski Alberta Heart Institute. The APPROACH ini-
tiative has also received contributions from Alberta Health and Wellness,
and the following industry sponsors Merck Frosst Canada Inc., Eli Lily
Canada Inc., Servier Canada Inc. to support the basic infrastructure of this
cardiac registry initiative.

Conflict of interest: Dr R.J.H.M. was supported by the Arthur J E Child
fellowship Grant. Dr J.A.W. receives funding from the Calgary Health
Trust, Siemens Healthineers, and is a shareholder in Cohesic Inc. Dr
S.B.W. reports receiving grant support from Medtronic Canada, Boston
Scientific, and Abbott and consulting for Arca Biopharma. Dr M.T.J. is sup-
ported by a Canadian Institutes of Health Research New Investigator
Award and is an investigator on an investigator-initiated research grant
funded by Amgen Canada.

References
1. Krumholz HM, Larson M, Levy D. Prognosis of left ventricular geometric pat-

terns in the Framingham Heart Study. J Am Coll Cardiol 1995;25:879–84.
2. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic implica-

tions of echocardiographically determined left ventricular mass in the
Framingham Heart Study. N Engl J Med 1990;322:1561–6.

3. Haider AW, Larson MG, Benjamin EJ, Levy D. Increased left ventricular mass and
hypertrophy are associated with increased risk for sudden death. J Am Coll
Cardiol 1998;32:1454–9.

4. Turakhia MP, Schiller NB, Whooley MA. Prognostic significance of increased left
ventricular mass index to mortality and sudden death in patients with stable cor-
onary heart disease (from the Heart and Soul Study). Am J Cardiol 2008;102:
1131–5.

5. Myerson SG, Bellenger NG, Pennell DJ. Assessment of left ventricular mass by
cardiovascular magnetic resonance. Hypertension 2002;39:750–5.

6. Abdi-Ali A, Miller RJH, Southern D, Zhang M, Mikami Y, Knudtson M et al. LV
mass independently predicts mortality and need for future revascularization
in patients undergoing diagnostic coronary angiography. JACC Cardiovasc Imaging
2018;11:423–33.

7. Velagaleti RS, Gona P, Pencina MJ, Aragam J, Wang TJ, Levy D et al. Left ventricu-
lar hypertrophy patterns and incidence of heart failure with preserved versus
reduced ejection fraction. Am J Cardiol 2014;113:117–22.

8. Bluemke DA, Kronmal RA, Lima JA, Liu K, Olson J, Burke GL et al. The relation-
ship of left ventricular mass and geometry to incident cardiovascular events. J Am
Coll Cardiol 2008;52:2148–55.

9. Li H, Pei F, Shao L, Chen J, Sun K, Zhang X et al. Prevalence and risk factors of
abnormal left ventricular geometrical patterns in untreated hypertensive patients.
BMC Cardiovasc Disord 2014;14:136.

10. Petrov G, Dworatzek E, Schulze TM, Dandel M, Kararigas G, Mahmoodzadeh S
et al. Maladaptive remodeling is associated with impaired survival in women but
not in men after aortic valve replacement. JACC: Cardiovasc Imaging 2014;7:
1073–80.

11. Ghali WA, Knudtson ML. Overview of the Alberta Provincial Project for out-
come assessment in coronary heart disease. On behalf of the APPROACH inves-
tigators. Can J Cardiol 2000;16:1225–30.

12. Hudsmith LE, Petersen SE, Francis JM, Robson MD, Neubauer S. Normal human
left and right ventricular and left atrial dimensions using steady state free preces-
sion magnetic resonance imaging. J Cardiovasc Magn Reson 2005;7:775–82.

13. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al.
Recommendations for cardiac chamber quantification by echocardiography in
adults. J Am Soc Echo 2015;28:1–39 e14.

14. Chuang ML, Gona P, Hautvast GLTF, Salton CJ, Breeuwer M, O’Donnell CJ et al.
CMR reference values for left ventricular volumes, mass and ejection fraction
using computer-aided analysis. J Magn Reson Imaging 2014;39:895–900.

15. Ganau A, Devereux RB, Roman MJ, de Simone G, Pickering TG, Saba PS et al.
Patterns of left ventricular hypertrophy and geometric remodeling in essential
hypertension. J Am Coll Cardiol 1992;19:1550–8.

16. Maceira AM, Prasad SK, Khan M, Pennell DJ. Normalized left ventricular systolic
and diastolic function by steady state free precession cardiovascular magnetic
resonance. J Cardiovasc Magn Reson 2006;8:417–26.

17. Khouri MG, Peshock RM, Ayers CR, de Lemos JA, Drazner MH. A 4-tiered clas-
sification of left ventricular hypertrophy based on left ventricular geometry. Circ
Cardiovasc Imaging 2010;3:164–71.

18. Drazner MH, Dries DL, Peshock RM, Cooper RS, Klassen C, Kazi F et al. Left
ventricular hypertrophy is more prevalent in blacks than whites in the general
population. Hypertension 2005;46:124–9.

19. Steyerberg EW, Eijkemans MJ, Harrell FE Jr, Habbema JD. Prognostic modelling
with logistic regression analysis: a comparison of selection and estimation meth-
ods in small data sets. Stat Med 2000;19:1059–79.

20. Treibel TA, Kozor R, Fontana M, Torlasco C, Reant P, Badiani S et al. Sex di-
morphism in the myocardial response to aortic stenosis. JACC Cardiovasc Imaging
2018;11:962–73.

21. Verma A, Meris A, Skali H, Ghali JK, Arnold JMO, Bourgoun M et al. Prognostic
implications of left ventricular mass and geometry following myocardial infarc-
tion. JACC Cardiovasc Imaging 2008;1:582–91.

22. Verdecchia P, Angeli F, Mazzotta G, Bartolini C, Garofoli M, Aita A et al. Impact
of chamber dilatation on the prognostic value of left ventricular geometry in
hypertension. J Am Heart Assoc 2017;6.

23. Olivetti G, Giordano G, Corradi D, Melissari M, Lagrasta C, Gambert SR et al.
Gender differences and aging: effects on the human heart. J Am Coll Cardiol 1995;
26:1068–79.

24. Guerra S, Leri A, Wang X, Finato N, Di Loreto C, Beltrami CA et al. Myocyte
death in the failing human heart is gender dependent. Circ Res 1999;85:856–66.

25. Kostkiewicz M, Tracz W, Olszowska M, Podolec P, Drop D. Left ventricular
geometry and function in patients with aortic stenosis: gender differences. Int J
Cardiol 1999;71:57–61.

26. Piro M, Della Bona R, Abbate A, Biasucci LM, Crea F. Sex-related differences in
myocardial remodeling. J Am Coll Cardiol 2010;55:1057–65.

27. Wu L-M, Wu R, Ou Y-R, Chen B-H, Yao Q-Y, Lu Q et al. Fibrosis quantification
in hypertensive heart disease with LVH and non-LVH: findings from T1 mapping
and contrast-free cardiac diffusion-weighted imaging. Sci Rep 2017;7:559.

990 R.J.H. Miller et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/21/9/983/5864168 by guest on 23 April 2024

https://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeaa164#supplementary-data

	jeaa164-TF10
	jeaa164-TF1
	jeaa164-TF2
	jeaa164-TF9
	jeaa164-TF4
	tblfn1
	tblfn2
	tblfn3
	tblfn4

