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Abstract
Obesity is associated with the development of left ventricular (LV) hypertrophy. Whether obesity in in the absence of comor-
bidities can cause LV hypertrophy to an extent which could create diagnostic uncertainty with pathological states (such as 
hypertrophic cardiomyopathy) is unknown. We used cine cardiovascular magnetic resonance imaging to precisely measure 
LV wall thickness in the septum and lateral wall in 764 people with body mass indices ranging from 18.5 kg/m2 to 59.2 kg/
m2 in the absence of major comorbidities. Obesity was related to LV wall thickness across the cohort (basal septum r 0.30, 
P < 0.001 and basal lateral wall r 0.18, P < 0.001). Although no participant had hypertension, these associations remained 
highly significant after controlling for systolic blood pressure (all P < 0.01). Each 10 kg/m2 increase in BMI was associated 
with an increase in basal septal wall thickness of 1.0 mm males and 0.8 mm in females, with no statistically significant 
difference between genders (P = 0.1). Even in class 3 obesity (BMI > 40 kg/m2), no LV wall thickness > 13.4 mm in males 
or > 12.7 mm in females was observed in this cohort. We confirm that obesity in the absence of comorbidities is associ-
ated with LV hypertrophy, and establish that the magnitude of this change is modest even in severe obesity. LV hypertro-
phy > 14 mm cannot safely be attributed to obesity alone and alternative diagnoses should be considered.
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Background

Obesity is rapidly increasing in prevalence worldwide and is 
associated with adverse cardiovascular outcomes, including 
a two-fold increase in the risk of developing heart failure [1]. 
Obesity is also associated with cardiac remodelling in the 
absence of a clinical syndrome of heart failure [2], which 
is characterised primarily by the development of left ven-
tricular hypertrophy (LVH). Although originally thought to 
be associated with mainly an eccentric pattern of left ven-
tricular hypertrophy [3], it is now recognised that obesity 
can also be associated with an increase in LV wall thick-
ness [4, 5], leading to concentric hypertrophy. The mecha-
nisms are incompletely understood but are likely to include 
an increased risk of hypertension [6], pro-hypertrophic 

adipokine signalling [7], a hyperdynamic haemodynamic 
state [8] and others.

One important clinical question arising from these 
observations is the extent to which LVH can be confidently 
attributed to obesity in the absence of comorbidities. Cur-
rent diagnostic imaging criteria for the diagnosis of hyper-
trophic cardiomyopathy include a maximum wall thick-
ness of > 13–15 mm [9, 10], especially in the context of an 
appropriate family history. International guidelines however 
also stipulate that wall thickness should be interpreted in 
the context of a history of other factors such as hyperten-
sion or athletic training [11], as it is recognised that these 
conditions can be associated with LV hypertrophy which 
can in some cases be > 15 mm and hence cause diagnostic 
uncertainty with pathological states such as hypertrophic 
cardiomyopathy.

Previous studies of LV remodelling in obesity have 
evaluated the effects of obesity upon LV mass and vol-
ume, whereas clinical evaluation and diagnostic criteria 
for suspected cardiomyopathy instead rely upon maxi-
mum wall thickness as the key measure of interest. Spe-
cifically, whether obesity in isolation could cause LVH to 
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an extent which could otherwise create clinical suspicion 
for (and diagnostic uncertainty with) pathological states 
including hypertrophic cardiomyopathy (i.e. a wall thick-
ness of > 15 mm) is unknown. An additional reason for this 
uncertainty is the difficulty in obtaining precise measures of 
LV wall thickness and in visualising the entire LV in people 
with obesity using transthoracic echocardiography, where 
acoustic windows are frequently suboptimal.

In order to address this question and understand the extent 
to which obesity could cause LVH in the absence of comor-
bidities, we used cardiovascular magnetic resonance (CMR) 
imaging to precisely measure LV wall thickness at the basal 
septum and basal lateral wall in people with no known or 
suspected cardiovascular disease.

Materials and methods

We used cardiovascular magnetic resonance (CMR) imaging 
to precisely measure LV wall thickness at the basal septum 
and basal lateral wall (Fig. 1a) in 764 people with no known 
or suspected cardiovascular disease. These participants had 
attended for research studies at our institution (e.g. as control 
participants or to studies specifically investigating the effects 
of increasing body weight). We did not include participants 
referred for clinical evaluation of known or suspected cardio-
vascular disease in order to isolate the effects of increasing 
BMI.

CMR imaging was performed using Siemens MR systems 
at field strengths 1.5–3 T at the University of Oxford Centre 
for Clinical Magnetic Resonance Research. Cine imaging 
was conducted using standard manufacturer sequences with 
retrospective electrocardiographic gating.

Inclusion criteria for this study included an age range 
between 18 and 80 years of age and the ability to provide 
written informed consent to participate in a research study. 
Exclusion criteria were an inability to provide informed 
consent, a history of suspected or known cardiovascular 
disease, a history of hypertension (systolic blood pres-
sure > 140 mmHg, diastolic blood pressure > 90 mmHg), 
competitive athletic training, a BMI below 18.5 kg/m2, a 
history of diabetes requiring medication treatment, or any 
safety-based contraindication to an MRI examination such 
as a non-conditional implantable electronic cardiac device.

Image analysis was conducted using cvi42 software (Cir-
cle, Calgary) by two experienced CMR cardiologists. LV 
wall thickness was measured by placing callipers across the 
septum and lateral walls at the point of maximum wall thick-
ness respectively (Fig. 1a). LV mass and LV end-diastolic 
volume were derived by placing LV endocardial and epi-
cardial contours covering the LV in end diastole. Statistical 
analysis was performed using SPSS and GraphPad Prism 
software. Data were evaluated for normality of distribu-
tion and are presented as median (IQR) or mean (SD) as 
appropriate with linear regression performed according to 
standard techniques.

Results

Baseline characteristics are provided in Table 1. The study 
participants had a median age of 36 (IQR 26–48) years 
(range 19–80 years) and were normotensive (median sys-
tolic blood pressure (BP) 119 (112–128) mmHg, diastolic 
BP 73 (68–79) mmHg) and normocholesterolaemic (median 
fasting total cholesterol 4.8 (IQR 4.1–5.4) mmol/l). No par-
ticipant had a diagnosis of diabetes requiring treatment and 
the median fasting blood glucose across the cohort was 
4.9 ± 0.57 mmol/L (range 3.3–6.9).

The study participants covered a wide range of body mass 
indices (cohort BMI range 18.5–59.2 kg/m2) and participants 
with obesity were well represented. Of the 762 participants, 
339 (44%) were of normal weight, whilst 204 (27%) were 
overweight (BMI 25.0–29.9 kg/m2), and 221 (29%) were 
obese (BMI > 30 kg/m2). Of the participants with obesity, 
102 (13%) had class I obesity, 44 (6%) had class II obesity 
and 75 (10% had class III obesity.

We found that obesity was related to LV wall thickness 
across the cohort (basal septum r 0.30, P < 0.001 and basal 
lateral wall r 0.18, P < 0.001 (Fig. 1b and Table 2). Although 
no participant had hypertension (systolic BP < 140 mmHg, 
diastolic BP < 90  mmHg), these associations remained 
highly statistically significant (P < 0.01) after controlling for 
differences in systolic blood pressure occurring within the 
normal range. BMI was as expected also related to total LV 
mass (r 0.31, P < 0.001) and to a lesser extent to LV end dias-
tolic volume (r 0.17, P < 0.001) consistent with prior data.

The association between BMI and wall thickness was 
present in both males (septum r 0.42, P < 0.001, lateral wall 
r 0.21, P < 0.001) and females (septum r 0.45, P < 0.001, lat-
eral r 0.31, P < 0.001). When comparing LV wall thickness 
in people of healthy weight (BMI 18.5–24.9 kg/m2) versus 
those with class III obesity (BMI > 40 kg/m2), septal wall 
thickness increased from 9.2 ± 1.3 mm to 11.2 ± 1.5 mm in 
males, and from 7.3 ± 1.2 mm to 9.3 ± 1.6 mm in females 
(Fig. 1c; all P < 0.001).

Fig. 1  Panel a precise measurement of LV wall thickness at the sep-
tum and lateral wall as well as LV mass and LV end-diastolic volume 
using CMR despite class III obesity with a BMI 47.3  kg/m2. Panel 
b obesity is related to wall thickness in both the basal septum and 
basal lateral wall. Obesity is also related to an increase in total LV 
mass and LV end diastolic volume. Panel c in the absence of comor-
bidities even severe obesity is not associated with LV hypertrophy 
of > 13.4 mm in males or > 12.7 mm in females
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Using linear regression, we found that every 10 kg/m2 
increase in BMI was associated with an increase in basal 
septal wall thickness of 1.0  mm males and 0.8  mm in 
females. There was no statistically significant difference 
in the rate of increase in LV wall thickness with increas-
ing body weight between genders (P = 0.1). Even in the 
most severe class 3 obesity (with a BMI > 40 kg/m2), in the 
absence of comorbidities, no LV wall thickness > 13.4 mm 
in males or > 12.7 mm in females was observed in this cohort 
(Fig. 1c).

Discussion

Our findings confirm that obesity is related to an increase in 
LV wall thickness, particularly in the basal septum, and add 
that the magnitude of this change is modest in the absence 
of comorbidities. These findings establish that, unlike hyper-
tension or athletic training, even severe obesity in isolation 
does not cause LVH to a degree which would be sufficient to 

cause diagnostic uncertainty with pathological hypertrophic 
states such as hypertrophic cardiomyopathy.

The mechanisms behind the development of LVH in 
obesity remain incompletely understood. They are how-
ever likely to be multifactorial and to include haemody-
namic effects via an increase in total blood volume/cardiac 
whilst concentric remodelling might also reflect activation 
of myocardial hypertrophic signalling pathways via leptin 
and another adipokines [7, 12, 13]. Obesity is known to be 
associated with hypertension, and LVH in the absence of 
hypertension [14], though participants with hypertension 
were no included in this study.

Previous studies have highlighted a degree of gender 
dependence of the LV hypertrophic response to obesity, with 
males demonstrating predominantly concentric hypertrophy, 
and females demonstrates a mixed eccentric/concentric phe-
notype [4]. In this study, the degree of wall thickness tended 
to be higher in the men than women, though the rate of 
increase in LV wall thickness with increasing BMI was not 
different between genders and in neither did LV wall thick-
ness exceed 15 mm, even in class III obesity. The association 
between BMI and an increase in both total LV mass and LV 
end-diastolic volume in this study are both consistent with 
prior work and the ability of CMR to provide whole heart 
imaging to derive LV mass is a strength of the technique.

LVH associated with obesity can regress following die-
tary or surgical weight loss [15]. The relationship between 
body weight and the risk of heart failure is complicated, 
with obesity associated to an increased risk of developing 
heart failure but an apparently paradoxical protective effect 
once heart failure is established [16–18]. Obesity is also 
independently associated with an increased in LV mass and 
the risk of developing heart failure in hypertrophic cardio-
myopathy [19]. Randomised trials are required to determine 
the optimal strategy if any for body weight management in 
heart failure and cardiomyopathy.

One limitation of this study is that gadolinium was not 
routinely administered, and late gadolinium imaging was 
therefore not performed. Late gadolinium imaging has an 
important role in the evaluation of suspected cardiomyopa-
thy, especially when wall thickness is increased. Likewise, 
native T1 mapping, which can be abnormal in specific forms 

Table 1  Baseline characteristics

Age, median (IQR), years 36 (26–48)
Female sex, n, (%) 433 (57%)
Weight, median (IQR), kg 82 (66–91)
Height, median (IQR), m 1.71 (1.64–1.79)
WHO BMI category [kg/m2, n (%)]
 18.5–24.9 kg/m2 339 (44%)
 25.0–29.9 kg/m2 204 (27%)
 30.0–34.9 kg/m2 102 (13%)
 35.0–39.9 kg/m2 44 (6%)
 Above 40 kg/m2 75 (10%)

Systolic blood pressure, median (IQR), mmHg 119 (112–128)
Diastolic blood pressure, median (IQR), mmHg 73 (68–79)
Serum glucose, median (IQR), mmol/L 4.8 (4.5–5.2)
Total cholesterol, median (IQR) 4.8 (4.1–5.4)
LVEDV median, median (IQR), ml 141 (121–161)
LV mass median, median (IQR), g 111 g (91–132)
LVEF, mean (SD), % 67 (6.2)

Table 2  Breakdown of LV 
wall thickness at the septum 
and lateral wall and total LV 
mass according to WHO BMI 
categories

Mean ± SD

WHO BMI category Septal diameter 
(mm ± SD)

Lateral wall diameter 
(mm ± SD)

LV mass (g ± SD)

Healthy weight (18.5–24.9 kg/m2) 8.2 ± 1.6 7.3 ± 1.5 106 ± 29
Overweight (25.0–29.9 kg/m2) 9.1 ± 1.6 7.8 ± 1.6 117 ± 28
Obesity class I (30.0–34.9 kg/m2) 9.3 ± 1.7 7.7 ± 1.5 118 ± 28
Obesity class II (35.0–39.9 kg/m2) 8.9 ± 1.5 7.4 ± 1.6 121 ± 28
Obesity class III (≥ 40 kg/m2) 9.7 ± 1.8 8.2 ± 1.5 134 ± 28
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of cardiomyopathy including Anderson–Fabry disease and 
haemochromatosis, was not performed in this study. How-
ever maximal LV wall thickness remains the primary imag-
ing diagnostic criterion for cardiomyopathy in international 
guidelines. As expected the strength of the correlations in 
this study were moderate, as other factors affect LV wall 
thickness.

The findings from this study confirm that obesity per se in 
the absence of comorbidities is related to an increase in LV 
wall thickness, particularly in the basal septum, but impor-
tantly establish that the magnitude of this hypertrophy is mod-
est even in severe obesity. We conclude that a basal septal wall 
thickness of > 14 mm in men and > 13 mm in women therefore 
cannot be confidently attributed to obesity alone and alterna-
tive diagnoses should be considered in this situation.
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