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ABSTRACT 

There is considerable evidence to show that obesity is associated with the 

development of heart failure independent of traditional risk factors. However, clarity is 

required on the process involved in the transition from obesity-associated left ventricular 

hypertrophy (LVH) to LV dysfunction. In the present thesis I evaluated the extent to 

which central obesity explains variations in LV diastolic function at a community level 

independent of LV mass (LVM), LV remodelling or haemodynamic factors; whether 

obesity-related increases in LVM exceeding that predicted by workload (inappropriate 

LVM [LVMinappr] or alternative haemodynamic factors explains variations in LV ejection 

fraction (EF) at a community level; whether regression of LVMinappr is more closely 

associated with improvements in EF than LVM or LVM index (LVMI); and whether 

obesity-associated insulin resistance may explain decreases in LV diastolic function and 

variations in LVMinappr. Data were obtained in either 626 or 478 participants whom were 

representative of a randomly selected community sample and in 168 mild to moderate 

hypertensives treated for 4 months. 

In 626 randomly selected participants over 16 years of age from a community 

sample with a high prevalence of excess adiposity (~24% overweight and ~43% obese) 

after adjustments for a number of confounders including age, sex, pulse rate, 

conventional diastolic (or systolic) blood pressure (BP), antihypertensive treatment, 

LVMI and the presence of diabetes mellitus or an HbA1c>6.1%; waist circumference 

(p=0.0012) was independently and inversely associated with a reduced early-ro-late 

transmitral velocity (E/A), with similar findings noted for e’/a’ in a subset of 212 

participants with tissue Doppler measurements. Waist circumference-E/A relationships 

persisted even after adjustments for other adiposity indices including body mass index 

(BMI) (p<0.05-0.005). No independent relationships between adiposity indices and E/e’ 

were noted (n=212). In contrast to the effects on diastolic function, waist circumference 
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was not correlated with EF (p=0.83). The independent relationship between waist 

circumference and E/A was second only to age and similar to BP in the magnitude of the 

independent effect on E/A. The inclusion of relative wall thickness rather than LVMI in 

the regression equation produced similar outcomes. The inclusion of carotid-femoral 

pulse wave velocity (PWV), or 24-hour BP as confounders, failed to modify the 

relationship between waist circumference and E/A. Thus, waist circumference is second 

only to age in the impact of the independent association with E/A in a community sample 

with a high prevalence of excess adiposity. This effect was not accounted for by left 

ventricular hypertrophy or remodelling, 24-hour BP or arterial stiffness. 

In 478 randomly selected participants from a community sample, waist 

circumference, but not BMI was independently associated with the homeostasis model 

assessment of insulin resistance (HOMA-IR). HOMA-IR was inversely correlated with 

E/A (p<0.0001) and in a multivariate model with adjustments for waist circumference, 

age, sex, conventional diastolic or systolic BP, diabetes mellitus or an HbA1c>6.1%, 

regular tobacco use, regular alcohol intake, pulse rate, treatment for hypertension and 

either LVMI or LV relative wall thickness in the model, the relationship betwreen HOMA-

IR and E/A persisted (partial r=-0.13 to 0.14, p<0.005). With further adjustments for 

either 24-hour systolic or diastolic BP (partial r=-0.11, p<0.05, n=351) or for aortic PWV 

(partial r=-0.11, p<0.02, n=410), the independent relationship between HOMA-IR and 

E/A also remained. Therefore, the relationship between indices of an excess adiposity 

and abnormalities in LV diastolic function may be explained in-part by insulin resistance 

beyond haemodynamic factors. 

In 626 randomly selected adult participants from a community sample with a high 

prevalence of obesity, the strongest independent predictor of LVMinappr was BMI 

(p<0.0001). With adjustments for LV stress and other confounders there was a strong 

inverse relationship between LVMinappr and EF (partial r=-0.41, p<0.0001), whilst only 
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modest inverse relations between LVM or LVMI and EF were noted (partial r=-0.07 to -

0.09, p<0.05-0.09)(p<0.0001, comparison of partial r values). The independent 

relationship between LVMinappr and EF persisted with further adjustments for LVM or 

LVMI (partial r=-0.52, p<0.0001). LVMinappr and LV midwall fractional shortening were 

similarly inversely related (p<0.0001) and these relations were also stronger than and 

independent of LVM or LVMI. In conclusion, in a community sample with a high 

prevalence of obesity, inappropriate LVM is strongly and inversely related to variations in 

EF independent of and more closely than LVM or LVMI and BMI was the strongest 

independent determinant of inappropriate LVH. Therefore LVH is a compensatory 

response to workload, but when exceeding that predicted by workload, as may occur in 

obesity, is associated with LV systolic chamber decompensation. 

In 168 mild-to-moderate hypertensives treated for 4 months, although in patients 

with an LVMI>51g/m2.7 (n=112)(change in LVMI=-13.7±14.0 g/m2.7, p<0.0001), but not in 

patients with an LVMI≤51g/m2.7(n=56)(change in LVMI=1.3±9.3 g/m2.7) LVMI decreased 

with treatment; treatment failed to increase EF in either group (1.2±10.8% and 

2.7±10.7% respectively). In contrast, in patients with inappropriate LVH (LVMinappr>150%, 

n=33) LVMinappr decreased (-32±27%, p<0.0001) and EF increased (5.0±10.3%, 

p<0.0001) after treatment, whilst in patients with a LVMinappr≤150% (n=135), neither 

LVMinappr (-0.5±23%), nor EF (0.9±10.3%) changed with therapy. With adjustments for 

circumferential LV wall stress and other confounders, whilst on-treatment decreases in 

LVM or LVMI were weakly related to an attenuated EF (partial r=0.17, p<0.05), on-

treatment decreases in LVMinappr were strongly related to increases in EF even after 

further adjustments for LVM or LVMI (partial r=-0.63, confidence interval=-0.71 to -0.52, 

p<0.0001). In conclusion, decreases in LVMinappr are strongly related to on-treatment 

increases in EF beyond changes in LVM and LVMI. LVH can therefore be viewed as a 
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compensatory change that preserves EF, but when in excess of that predicted by stroke 

work, as a pathophysiological process accounting for a reduced EF. 

In 478 participants of a randomly selected community sample with adjustments 

for waist circumference, age, sex, conventional systolic BP, diabetes mellitus or an 

HbA1c>6.1%, regular tobacco use, regular alcohol intake, pulse rate, and treatment for 

hypertension, an independent relationship between HOMA-IR and LVMinappr was noted 

(partial r=0.14, p<0.002). With further adjustments for either 24-hour systolic BP (partial 

r=0.11, p<0.05, n=351), aortic PWV (partial r=0.13, p<0.02, n=410), or circumferential 

LV wall stress (partial r=0.12, p<0.02, n=478) the independent relationship between 

HOMA-IR and LVMinappr also remained. Thus, the relationship between indices of an 

excess adiposity and LVM beyond haemodynamic factors may be explained in-part by 

insulin resistance. 

In conclusion, the results of the present thesis provide clarity on the process 

involved in the transition from obesity-associated LVH to LV dysfunction. In the present 

thesis I demonstrated that an index of central obesity explains a considerable proportion 

of the variation in LV diastolic function at a community level independent of LVM, LV 

remodelling and haemodynamic factors; that obesity-related increases in LVM 

exceeding that predicted by workload (LVMinappr) or alternative haemodynamic factors 

explains a marked proportion of variations in EF at a community level; that regression of 

LVMinappr is more closely associated with improvements in EF than LVM or LVM index 

(LVMI); and that obesity-associated insulin resistance may explain decreases in LV 

diastolic function and variations in LVMinappr and hence EF. Therefore, studies are 

warranted to evaluate the impact of interventions that improve insulin sensitivity on 

obesity-related decreases in LV diastolic function and increases in LVMinappr.
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PREFACE 

The impetus to perform the studies described in the present thesis was derived 

from the increasing prevalence of obesity noted in urban, developing communities of 

African ancestry; the knowledge that obesity translates into a risk for the development of 

heart failure independent of a number of traditional risk factors; but the lack of 

understanding of the exact mechanisms responsible for this effect. As obesity is often 

difficult to manage through weight loss programmes, a better understanding of the 

process responsible for the development of heart failure in obesity is necessary to 

develop appropriate management strategies for the obese. Importantly, it is well 

acknowledged that obesity is one of the major determinants of left ventricular 

hypertrophy and that left ventricular hypertrophy is a strong and independent risk factor 

for the development of heart failure. Whether left ventricular hypertrophy is an important 

pre-requisite for the progression from obesity to either diastolic or systolic dysfunction 

and consequently heart failure, is currently unknown. In this regard, preclinical evidence 

of either diastolic or systolic dysfunction has been demonstrated to be a strong risk 

factor for the development of heart failure. 

In the present thesis I evaluated the extent to which obesity may account for left 

ventricular diastolic dysfunction at a community level, and whether this relationship is 

largely determined by left ventricular hypertrophy, structural remodelling of the left 

ventricle, or the coexistence of insulin resistance, a metabolic change often associated 

with obesity. Moreover, because current evidence for a relationship between left 

ventricular hypertrophy and systolic chamber dysfunction of the heart is conflicting, I 

further evaluated the notion that left ventricular hypertrophy in excess of that predicted 

by stroke work, may be the major component of cardiac hypertrophy that accounts for 

systolic chamber dysfunction. In this regard, at a community level I noted that obesity 



 xxii 

and coexistent insulin resistance were the major factors responsible for variations in left 

ventricular hypertrophy in excess of that predicted from stroke work. 

In the present thesis, in chapter 1 I have first reviewed the scientific literature that 

describes the relationships between either obesity or left ventricular hypertrophy and 

abnormalities of LV function or the development of heart faillure. This review is designed 

to lead the reader through a series of arguments that support the hypotheses tested in 

the present thesis. Chapters 2-6 consist of a series of semi-independent chapters, each 

divided into an “abstract”, “introduction”, “methods”, “results” and “discussion” sections, 

describing the studies performed in the present thesis, the data obtained, and the 

implications of these data. Although these chapters are best dealt with as separate 

entities, throughout these chapters I have underscored the progression of the arguments 

provided. Finally, in chapter 7 I provide a summary and concluding statement of the work 

described in the present thesis. 

In support of this thesis I am either first or second author on three papers 

published to date with second authorship indicating an equal contribution to these 

papers as the first author. These papers have been published in the American Journal of 

Cardiology (Libhaber et al 2009), the Journal of Hypertension (Libhaber et al 2013) and 

the journal Hypertension (Woodiwiss, Libhaber et al 2012). In addition, further 

manuscripts are currently being prepared for submission to international journals for 

consideration of publication.         

 


