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Aims As obesity-related cardiovascular mortality, although elevated when compared with normal weight, is lower in
females than in males at every body mass index (BMI) level, we aimed to investigate gender-specific differences in
left ventricular (LV) hypertrophy in obesity, which themselves have been shown to have varying prognostic value.

Method and
results

In total, 741 subjects (female, n ¼ 399) without identifiable cardiovascular risk factors (BMI 15.7–59.2 kg/m2) under-
went cardiovascular magnetic resonance (1.5 T) to determine LV mass, end-diastolic volume (EDV, mL), and LV mass/
volume ratio (LVM/VR). Across both sexes, there was a strong positive correlation between BMI and LV mass (male
r ¼ 0.44, female r ¼ 0.57, both P , 0.001), with males showing a greater LV hypertrophic response (male +2.3 vs.
female +1.6 g per BMI point increase, P ¼ 0.001). Concentric hypertrophy was present in both sexes and LVM/VR
positively correlated to BMI (male r ¼ 0.45, female r ¼ 0.29, both P , 0.001) on linear regression analysis. However,
the degree of concentric hypertrophy was greater in males (male +0.13 vs. female +0.06 LVM/VR increase per BMI
point increase, P ¼ 0.001). On the other hand, females showed a greater LV cavity dilatory response (female +1.1 vs.
male +0.3 mL per BMI point increase, P , 0.001). Indeed, in contrast to females, where BMI and LV-EDV were posi-
tively correlated (r ¼ 0.38, P , 0.001), BMI did not correlate with EDV in men (r ¼ 0.03, P ¼ 0.62).

Conclusion In the absence of traditional cardiovascular risk factors, obese men show predominantly concentric hypertrophy,
whereas obese women exhibit both eccentric and concentric hypertrophy. As concentric hypertrophy is more
strongly related to cardiovascular mortality than eccentric hypertrophy, our observations may explain the observed
gender difference in obesity-related mortality.
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Introduction
Obesity-related cardiovascular mortality, although elevated when
compared with normal weight, is lower in females than in males
at every body mass index (BMI)-level when adjusted for age, physical
activity, blood pressure, tobacco consumption, and heart rate.1,2

However, the reasons behind this well-documented pattern
remain unknown. Given the fact that at each BMI-level males have

less adipose tissue than females,3 the excess mortality in males
cannot solely be attributed to the effects of excess adiposity.4

This apparent paradox raises the question whether there are
gender-specific cardiac adaptations to excess body fat which pre-
dispose males to excess cardiovascular risk. Although obesity
was traditionally considered to be a state of chronic volume over-
load, with early studies reporting an association with eccentric left
ventricular (LV) remodelling, it is now becoming evident that both
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LV cavity size and LV wall thickness are increased in obesity.
Indeed, recent studies show a disproportionate wall thickness in-
crease, i.e. concentric LV remodelling.5,6

As different patterns of LV hypertrophy have been shown to
have varying prognostic value, with concentric hypertrophy more
strongly predictive of cardiovascular mortality than eccentric
hypertrophy,7,8 a gender difference in the pattern of LV hyper-
trophy in response to obesity could explain the observed patterns
in obesity-related cardiovascular mortality. On this basis, males
would be at higher cardiovascular risk than females if a more con-
centric pattern of hypertrophy occurs in response to excess fat
mass.9

Previous studies investigating LV geometry in obesity5,10,11 have
not excluded subjects with obesity-related co-morbidities such as
diabetes12 and hypertension, which are known to have independ-
ent effects on LV mass,13 and have used 2D echocardiography,
which has marked limitations in the setting of obesity.14 Cardiovas-
cular magnetic resonance (CMR) imaging is ideally suited to inves-
tigate LV geometry in obesity, as it is not hampered by the need for
acoustic windows which are limited in obesity.

As a result, the aim of this study was to use CMR to investigate
whether or not there are gender differences in LV adaptation to
obesity.

Methods

Ethics and study cohort
The study was approved by the local research ethics committee, and
informed written consent was obtained from each patient. In total,
741 subjects (female, n ¼ 399; male, n ¼ 342) without identifiable car-
diovascular risk factors were recruited to studies within the University
Oxford Centre for Clinical Magnetic Resonance Research (OCMR)
[male: normal weight (49%), overweight (30%), obese (21%); female:
normal weight (50%), overweight (22%), obese (28%)], and they
underwent CMR at 1.5 T for the assessment of LV mass (g), end-
diastolic volume (EDV, mL), and LV mass/volume ratio (LVM/VR). Al-
though underweight (BMI ,18.5 kg/m2) was not an exclusion criter-
ion, only 8 of the 740 recruits were underweight. These data have
been grouped with the normal data in Table 1.

Inclusion criteria
All subjects were screened for the presence of identifiable cardiac risk
factors and excluded if they had a history of cardiovascular disease,
hypertension, diabetes, smoking, use of prescription medications, or
were pregnant. All subjects were normotensive at the time of scanning
(taken as an average of three supine measures over 10 min under 140/
90 mmHg (Model, DINAMAP 1846-SX, Critikon Corp.). Subjects were
excluded if they had a history of coronary artery disease, cardiac chest
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Table 1 Anthropometric and left ventricular characteristics for the study group separated into WHO body mass index
categories, normal weight (body mass index < 25 kg/m2), overweight (25–29.9 kg/m2), and obese (>30 kg/m2)

Normal weight
male (n 5 170)

Normal weight
female (n 5 198)

Overweight
male (n 5 101)

Overweight
female (n 5 91)

Obese male
(n 5 71)

Obese female
(n 5 110)

Age 30 (14) 30 (18) 38+13 41+15 46+13 43+11

Body mass index (kg/m2) 23+2 22+2 27+1 27+1 33 (6) 36 (10)

Systolic blood pressure
(mmHg)

120+11 115+11 124+10 119+12 128+10 123+12

Diastolic blood pressure
(mmHg)

74+9 71+8 78+8 74+9 79+9 76+8

Left ventricular ejection
fraction (%)

65+6 69+7 67+6 69+6 69+7 69+6

Left ventricular end-diastolic
volume (mL)

158+29* 122+20 162+28 127+25 154+31 140+23‖,**

Left ventricular mass (g) 128+25* 87+17 137+23# 101+20† 155+31‡,§ 113+20‖,**

Left ventricular mass
indexed height (g/m)

71+13* 53+10 77+12# 61+11† 86+16‡,§ 69+12‖,**

Left ventricular mass
indexed height2.7 (g/m2.7)

27+5* 22+4 29+4# 26+5† 33+6‡,§ 30+6‖,**

Left ventricular mass/volume
ratio

0.82+0.15* 0.72+0.13 0.86+1.5# 0.81+0.16† 1.02+0.18‡,§,= 0.82+0.14‖

Fasting cholesterol (mmol/L) 4.5+1.1 4.7+0.9 5.0+1.0# 5.1+0.9† 5.3+0.9 5.1+0.8

Fasting glucose (mmol/L) 4.9+0.5 4.7+0.5 5.1+0.5 4.9+0.5 5.1+0.7 5.0+0.6

*P , 0.05, normal weight males vs. normal weight females.
#P , 0.05, overweight males vs. normal weight males.
†P , 0.05, overweight females vs. normal weight females.
**P , 0.05, obese females vs. normal weight females.
‡P , 0.05, obese males vs. overweight males.
§P , 0.05, obese males vs. normal weight males.
‖P , 0.05, obese females vs. overweight males.
=P , 0.05, obese females vs. obese males.
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pain, or valvular heart disease and were ,18 years of age (age range
18–80 years).

Blood samples
Fasting blood tests for glucose and cholesterol were taken on the day
of the scanning and analysed as previously described.15

Body composition analysis
Bio-electrical impedance was used to determine the total body
fat mass using Bodystatw 1500 analyser. For the calculation of the
waist:hip ratio (WHR), the average of three waist measurements was
recorded at (i) the level of the umbilicus and (ii) the level of the
greater trochanter of the femur.

Magnetic resonance imaging of the left
ventricle
All imaging was prospectively cardiac-gated with a precordial three-
lead ECG and acquired during end-expiration breathold. Images
were acquired using a steady-state free precession (SSFP) sequence
with an echo time of 1.5 ms, a repetition time of 3.0 ms, a temporal
resolution of 47.84 ms, and a flip angle of 608 as previously
described.14 –16 Steady-state free precession cine sequences were
used to acquire localization images followed by an SSFP left and
right ventricular short-axis stack of contiguous images with a slice
thickness of 7 mm and an interslice gap of 3 mm.

Data analysis
Image analysis for LV volumes and mass was performed using the
Siemens analytical software (ARGUSw). The short-axis stack was ana-
lysed manually, contouring the endocardial borders from base to apex
at end-diastole and end-systole. The epicardial border was contoured
at end-diastole to yield myocardial mass. Left ventricular mass (g) was
calculated as the epicardial volume minus the endocardial volume
multiplied by 1.05 (specific gravity of myocardium). The inter-observer
and intra-observer coefficients of variation for LV mass measures with
this method are excellent, and have been previously reported.16

Statistical analysis
All statistics were analysed using commercial software packages (SPSS
20; SPSS, Chicago, IL, USA; STATA, StataCorp, TX, USA). All data
were subjected to Kolmogorov–Smirnov tests to establish normal dis-
tribution of the data. All normally distributed results are presented as
the mean+ standard deviation; non-normally distributed data are pre-
sented as the median (inter-quartile range). Normally distributed data
were analysed using ANOVA analysis with the Bonferoni correction;
non-normally distributed data sets were analysed using the Kruskal–
Wallis tests. Linear regression analysis was used to assess the effect
of BMI on LV mass, EDV, and LVM/VR. To compare the coefficient
of regression between males and females, dummy variable regression
analysis was performed. An additional adjusted regression model
accounting for the effects of age and systolic blood pressure was
also performed. Values of P , 0.05 were considered as statistically
significant.

Results

Anthropomorphic data
Subjects were separated into groups according to gender and
World Health Organization BMI categories (Table 1). Age, BMI,
systolic blood pressure, and diastolic blood pressure were similar

between men and women, stratified by normal, overweight, or
obese groups (Table 1). In addition, all subjects were normotensive,
normoglycaemic, and normocholesterolaemic on the day of scan-
ning (Table 1).

Left ventricular function and obesity
As LV geometry is altered in the presence of heart failure and cardio-
myopathy, and to ensure that all recruits were free of overt cardio-
vascular disease, LV ejection fraction (LVEF %) was recorded in all
subjects. All subjects enrolled into the study had normal LVEF
(male: range 55–85%; female: range 56–85%, Table 1), with no signifi-
cant difference between males and females at any BMI level (Table 1).
Of note, there was no correlation between BMI and LVEF in either
males (r¼ 20.03, P¼ 0.69) or females (r¼ 0.13, P¼ 0.83).

Gender differences in left ventricular
hypertrophy in obesity
Left ventricular hypertrophy in males
In agreement with previous reports, overweight males had greater
LV mass than normal weight males (6%, P , 0.01) and obese males
had a greater LV mass than both overweight males and normal
weight males (by 11 and 18%, respectively, both P , 0.01,
Table 1). As expected, using univariable regression, there was a
strong positive correlation between BMI, fat mass and waist:hip
ratio, and LV stroke volume (LV-SV) with absolute LV mass (g)
in males (BMI r ¼ 0.43, fat mass r ¼ 0.35, WHR r ¼ 0.38, and
LV-SV r ¼ 0.52, all P , 0.001, Figure 1A). When LV mass was
indexed to height and height2.7, a similar pattern was observed
(LV mass/height r ¼ 0.48, P , 0.001; LV mass/height2.7 r ¼ 0.51,
P , 0.001). Interestingly, in males, LV-EDV was similar between
normal, overweight, and obese males (Table 1), and BMI, fat
mass, and WHR were not correlated with LV-EDV (BMI r ¼
0.06, fat mass r ¼ 0.001, WHR r ¼ 20.005, all P . 0.33,
Figure 2A). As a result of this, overweight men had a 5% higher
LVM/VR than normal weight men, and obese men a 17% greater
LVM/VR than overweight men (Table 1); LVM/VR was positively
correlated with BMI, fat mass, and WHR (BMI r ¼ 0.41, fat mass
r ¼ 0.38, WHR r ¼ 0.52, all P , 0.001, Figure 3A) and negatively
associated with LV-SV (r ¼ 0.29, P , 0.001). Put together, this
would suggest that males exhibit a progressive concentric
hypertrophic process, without LV cavity dilatation in response to
increasing body fat.

Left ventricular hypertrophy in females
Overweight females had greater LV mass than normal weight
females (by 17%, P , 0.01) and obese females a greater LV mass
than both overweight and normal weight females (by 13 and
31%, both P , 0.01, Table 1). As expected, using univariable re-
gression, there was again a strong positive correlation between
BMI, fat mass, WHR, and LV-SV with absolute LV mass (g)
in females (BMI r ¼ 0.58, fat mass r ¼ 0.54, WHR r ¼ 0.20,
LV-SV r ¼ 0.60, all P , 0.001, Figure 1B). When LV mass was
indexed to height and height2.7, a similar pattern was observed
(LV mass/height r ¼ 0.60, P , 0.001; LV mass/height2.7 r ¼ 0.61,
P , 0.001). In contrast to males, LV-EDV was similar between
normal and overweight groups, but obese females had an 11%
greater EDV than overweight and a 14% greater EDV than
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normal weight females (Table 1). As a result, both BMI and fat mass
positively correlated with LV-EDV (BMI r ¼ 0.36, fat mass r ¼ 0.39,
both P , 0.001 Figure 2B). Overweight females had a 13% higher
LVM/VR than normal weight females. As a result of this, obese
females had similar LVM/VR to overweight females, but 13%
greater LVM/VR than normal weight females (Table 1). Interesting-
ly, despite the LV cavity dilatation in obese females, LVM/VR
was still positively correlated with BMI, fat mass, and WHR (BMI
r ¼ 0.31, fat mass r ¼ 0.24, WHR r ¼ 0.19, all P , 0.001,
Figure 3B) and negatively correlated with stroke volume (r ¼ 0.19,
P , 0.001). This suggests that, although cavity dilatation occurs
along with elevated LV mass in female obesity (i.e. eccentric
hypertrophy), an initial degree of concentric hypertrophy is still
present in overweight females with increased LVM/VR.

Comparing gender-specific hypertrophy in obesity
Left ventricular mass
When comparing the coefficient of regression between BMI and
LV mass in males and females, males showed a greater LV hyper-
trophic response to increasing BMI (male LV mass increase +
2.3 g per BMI point increase vs. female, +1.6 g per BMI point in-
crease, P ¼ 0.001). However, LV mass was also positively corre-
lated with age and systolic blood pressure, fat mass and waist:hip
ratio (Table 2). When LV mass was indexed to height and
height2.7, a similar pattern was seen (data not shown). Given this
association, an adjusted model accounting for these variables was
performed. This revealed that, when adjusting for age and systolic
blood pressure, fat mass and waist:hip ratio, LV mass remained
positively correlated with BMI in both males and females; in

Figure 1 Sex-specific correlations between body mass index and absolute left ventricular mass (A, men; B, women) depicting the steeper
relationship between body mass index and left ventricular mass in men. Mean+95% CI shown for each graph.

Figure 2 Sex-specific correlations between body mass index and absolute left ventricular end-diastolic volume (A, men; B, women) depicting
the steeper relationship between body mass index (BMI) and left ventricular end-diastolic volume ratio in women. Mean+ 95% CI shown for
each graph.
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addition, the steeper relationship between LV mass and BMI
observed in males remained present (male 2.2 g vs. female 1.4 g
per BMI point increase, P ¼ 0.01).

Left ventricular end-diastolic volume
In contrast to females, where LV cavity size increased with increas-
ing BMI (+1.1 mL per BMI point increase, P , 0.001), in males
there was no relationship between LV end-diastolic cavity size
and increasing BMI (+0.3 mL per BMI point increase, P ¼ 0.39,
Figure 2A and B). This again suggests that LV hypertrophy seen in
males in response to increased BMI is not eccentric, i.e. not
related to cavity dilatation, but instead due to concentric
hypertrophy. As with LV mass, LV-EDV was associated with age
and systolic blood pressure (Table 2). Again, an adjusted model
was performed to account for this. This showed that, when
adjusting for the effects of age and systolic blood pressure, LV-
EDV remained positively correlated with BMI in females (r ¼ 0.14,
b ¼ 1.1, P , 0.001). In addition, LV-EDV was positively correlated
with fat mass in females (0.6 mL per kg fat mass increase) but not
in men (P ¼ 0.6), again suggesting that fat mass is related to cavity
dilatation in females but not males. Interestingly, as LV-EDV was cor-
related with waist:hip ratio neither in males (r ¼ 20.005, P ¼ 0.94)
nor in females (r ¼ 0.04, P ¼ 0.49), this suggests that it is the total
fat mass, not the relative distribution of central fat that is important
in determining cavity size in women.

Left ventricular mass/volume ratio
As expected, LVM/VR ratio was greater in both normal weight and
obese males than normal weight and obese females (both P ,

0.001, Table 1). However, interestingly, LVM/VR was similar in
overweight males and overweight females (P ¼ 0.46).This would
suggest that, unlike in males, increasing BMI in females is not
related to progressive concentric hypertrophy but appears to be
related to initial concentric hypertrophy in overweight, followed
by eccentric hypertrophy in overt obesity. Although present in

both sexes, on comparison of coefficient of regression, the
degree of concentric hypertrophy was greater in males, with a
steeper regression coefficient observed (males +0.13 vs. females
+0.06 LVM/VR increase per BMI point increase, P , 0.001,
Figure 3A and B). In addition to this, in males and females, LVM/
VR was associated with age and systolic and diastolic blood pres-
sure (Table 2). When adjusted for age and systolic blood pressure,
LVM/VR remained positively correlated with BMI and the relation-
ship remained steeper for males than females. This pattern of a
steeper relationship in males was seen again with both fat mass
(males +0.05 vs. females +0.02 LVM/VR per kg fat mass increase,
P ¼ 0.02) and waist:hip ratio (males +0.05 vs. females +0.029
LVM/VR per 0.1 increase in waist:hip ratio, P ¼ 0.047).

Taken together, these results suggest that the greater degree of
concentric hypertrophy seen in obesity in response to increasing
BMI, fat mass, and waist:hip ratio is not only independent of the
effects of age or systolic blood pressure (making an obesity-specific
mechanism more likely) but is also greater in males than females.

Discussion
Obesity-related mortality, irrespective of additional risk factors, is
greater in males than in females at all BMI levels above normal.1

The reasons for this are unclear, but, given the fact that at the
same BMI obese males have less fat mass than obese females,17

it is difficult to explain this mortality difference purely on the
basis of the effects of excess fat. This study has shown that in re-
sponse to obesity per se, in the absence of traditional cardiovascu-
lar risk factors, males exhibit a greater concentric hypertrophic
response than women, where a mixed eccentric and hypertrophic
response is observed. Given the link between concentric hyper-
trophy and mortality, this observation provides a plausible explan-
ation for the mortality differences between men and women in
response to obesity.

Figure 3 Sex-specific correlations between body mass index and absolute left ventricular mass/volume ratio (A, men; B, women) depicting
the steeper relationship between body mass index (BMI) and left ventricular mass/volume ratio in men. Mean+95% CI shown for each graph.
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Gender differences in left ventricular
hypertrophy in response to increasing
body mass index
Left ventricular hypertrophy in obesity has been the subject of nu-
merous previous studies with concentric hypertrophy, concentric
remodelling, and eccentric hypertrophy,18,19 all being reported.
In addition, previous studies have reported gender-specific differ-
ences in the adaptation of the LV to the combination of hyperten-
sion and obesity, with post-menopausal females being reported to
be more susceptible to concentric hypertrophy, suggesting a
gender difference in response to varying hypertrophic stimuli.19

However, as mentioned earlier, the majority of previous studies in-
vestigating gender differences in LV hypertrophy in response to
obesity have focused on populations with obesity-related co-
morbidities such as hypertension.

The Multi-Ethnic Study of Atherosclerosis (MESA) group, using
CMR, has previously published that obesity is associated with con-
centric LV hypertrophy without change in ejection fraction, and
also that males exhibit a greater degree of concentric hypertrophy
with a lesser degree of cavity dilatation than females.5 However, as
acknowledged by the authors, interpreting the effects of obesity
per se in this study is difficult given the high prevalence of hyperten-
sion, diabetes, hypercholesterolaemia, and history of smoking, and
merely 1.8% of the MESA population was obese without related

co-morbidities. To date, this is the largest study to investigate
the gender-specific effects of obesity alone on LV geometry.

This study is in direct conflict with many previous studies inves-
tigating the so-called uncomplicated obesity which have not
reported an association between obesity and LV hypertrophy
and have suggested that, without the co-morbidities of hyperten-
sion and diabetes, obesity has little effect on LV mass.11,12,14 An ex-
planation for this may be that the previous studies have used 2D
echocardiography, a technique which can have limitations in
image quality, being hampered by the need for acoustic windows
which are limited in obesity, and the need for geometric assump-
tions to generate 3D data (i.e. LV mass and LV-EDV) from 2D data.
Using CMR imaging, in a large group of subjects free of co-
morbidities, this study provides the strongest evidence to date
that obesity per se produces an LV hypertrophic response, inde-
pendent of blood pressure, age, and diabetes.

Concentric hypertrophy and mortality
It is well known that, when compared with normal weight females,
normal weight males have a greater LV mass.20 We again show that
both LV mass and LVM/VR are higher in normal weight males than
females. Interestingly, however, when comparing overweight men
and women, LVM/VR was similar between men and women.
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Table 2 Gender differences in linear regression for left ventricular mass, end-diastolic volume, and left ventricular
mass/volume ratio

Male Female

r2 b P-value r2 b P-value

LV mass (g)

Body mass index (kg/m2) 0.18 2.2 ,0.001 0.32 1.6 ,0.001

Age (years) 0.03 0.1 0.38 0.3 0.3 ,0.001

Systolic blood pressure (mmHg) 0.04 0.5 0.01 0.11 0.6 ,0.001

Diastolic blood pressure (mmHg) 0.03 0.5 ,0.001 0.05 0.6 ,0.001

Fat mass (kg) 0.14 0.86 ,0.001 0.29 0.67 ,0.001

Waist:hip ratio 0.14 0.09 ,0.001 0.04 0.05 ,0.001

LV-EDV (mL)

Body mass index (kg/m2) 0.01 0.19 0.5 0.15 1.2 ,0.001

Age (years) 0.06 20.5 ,0.001 0.001 20.06 0.52

Systolic blood pressure (mmHg) 0.001 0.01 0.94 0.002 0.25 0.012

Diastolic blood pressure (mmHg) 0.02 20.44 0.02 0.001 0.07 0.62

Fat mass (kg) 0.02 0.11 ,0.001 0.16 0.52 ,0.001

Waist:hip ratio 0.00 20.01 0.94 0.002 0.002 0.49

LV mass/volume ratio

Body mass index (kg/m2) 0.19 0.014 ,0.001 0.09 0.005 ,0.001

Age (years) 0.1 0.004 ,0.001 0.06 0.003 ,0.001

Systolic blood pressure (mmHg) 0.04 0.003 0.001 0.07 0.003 ,0.001

Diastolic blood pressure (mmHg) 0.1 0.006 ,0.001 0.06 0.004 ,0.001

Fat mass (kg) 0.13 0.005 ,0.001 0.06 0.002 0.02

Waist:hip ratio 0.15 0.006 ,0.001 0.03 0.03 0.01

b, the coefficient of regression.
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We have previously reported, in females, that an increase in BMI
from normal to overweight results in concentric LV hypertrophy,
without the expected volume-dependent change in LV dilatation
and that this is potentially mediated by the associated increase in
insulin, leptin, and other hypertrophy-generating adipokines.21

This early concentric hypertrophy would provide an explanation
for the equalization of the LVM/VR ratio seen in this study in over-
weight females and males. As male obesity was associated with ele-
vated LV mass without cavity dilatation, this explains the continuing
increase in LVM/VR. In contrast, when BMI increased from over-
weight to obese in females, the LV mass increase was accompanied
by a similar degree of cavity dilatation. The reasons for this differ-
ential response are unknown but it is likely that the greater degree
of adipose tissue in obese females is playing a role. As adipose
tissue is known to expand circulating volume,22 the subsequent in-
crease of LV-SV is believed to result in eccentric hypertrophy. This
would then provide an explanation for the gender difference in
hypertrophy seen in obesity. In support of this, we have shown
that increased LV-SV is positively related to absolute LV mass,
but negatively related to LV mass:volume ratio. This then suggests
that the overall increase in LV mass:volume ratio that occurs in
male and, to a lesser extent, female obesity is not likely to be
related to stroke volume changes.

Sex hormones and gender differences in
left ventricular mass
In addition to the obvious gender differences in LV size, the
changes in LV mass in response to hypertrophic stimuli, such as
hypertension and aortic stenosis, are also greater in men than in
women23 and are even exaggerated in women .50 years old
where sex hormone levels have reduced. Given the fact that oes-
trogen is believed to inhibit cardiac hypertrophy and testosterone
promotes LV hypertrophy,24 endogenous sex hormone differences
have been an attractive, although never fully proved, hypothesis to
account for gender difference in LV mass. However, explaining the
difference in LV mass changes that occurs in response to obesity by
the variation in endogenous sex hormone concentrations is com-
plicated by the fact that male obesity is linked to lower levels of
free testosterone,25 and fat mass itself increases serum oestrogen
levels in post-menopausal females but paradoxically decreases oes-
trogen levels in pre-menopausal women.26

The renin–angiotensin–aldosterone
system and gender differences in left
ventricular mass
A more likely mechanism to explain gender differences in LV
hypertrophy in response to obesity seen in this study is
obesity-related modulation of the renin–angiotensin–aldosterone
system. There is now recent evidence that, in C57BL/6J mice,
which are susceptible to diet-induced obesity, angiotensin-
converting enzyme (ACE) inhibition reduces food intake, body
weight, insulin resistance, and markers of inflammation.27 In add-
ition, human obesity is related to increased angiotensin II levels,
and to cardiac hypertrophy in male Wistar rats, which is abolished
by chronic angiotensin II blockade.28 When put together with data
demonstrating a gender difference in the expression of ACE in the

murine heart with greater cardiac ACE levels seen in male animals
compared with females,29 this suggests that ACE inhibition, which
is known to have beneficial effects on LV concentric hypertrophy
above and beyond its effects on blood pressure,28 may have a role
in reversing obesity-induced concentric LV hypertrophy in human
male obesity, even in the absence of hypertension.

Clinical relevance
Concentric LV hypertrophy develops in response to a chronically
increased LV afterload and is associated with increased cardiovas-
cular events and progression to systolic dysfunction, mainly as a
result of myocardial infarction.30,31 As males were seen to have
more pronounced concentric hypertrophy in response to
obesity, this provides a potential explanation for the excess cardio-
vascular risk in male obesity. Although sex hormone differences do
not provide an adequate explanation for these findings in obesity,
differences in the renin–angiotensin–aldosterone system provide a
viable explanation for the observed differences. This raises the pos-
sibility that pharmacological agents known to have beneficial
effects in concentric LV hypertrophy, such as ACE inhibitors,28

may also have beneficial effects in male obesity without co-
morbidities. As a result of this, this study suggests that an
adverse concentric pattern of LV remodelling occurs in male
obesity and that that there may, in the future, be a role for a clinical
trial investigating the effect of ACE-inhibition on male
obesity-related LV remodelling and, as a consequence,
obesity-related mortality.

Limitations
Although LV remodelling patterns have been linked to mortality,
this study is not designed or powered to investigate the effects
of obesity-related LV remodelling on cardiovascular mortality in
this healthy population. As such, further large-scale studies
looking at mortality in obesity are needed.

Conclusion
In a large age- and blood pressure-matched population of males
and females, free of cardiovascular risk factors, increasing BMI is
strongly related to increasing LV mass. In addition, gender-specific
LV adaptation to obesity exists. Whereas LV hypertrophy is more
commonly seen in this study in females than in males, the greater
degree of concentric hypertrophy is greater in males, with females
exhibiting a combination of eccentric and concentric LV hyper-
trophy. Given the fact that concentric hypertrophy is prognostical-
ly worse than eccentric hypertrophy, this may partly explain the
gender differences in obesity-related cardiovascular mortality.
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