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Abstract

Beyond conventional risk factors, obesity is a well-recognised predictor of several major
cardiovascular events. However, the exact mechanisms responsible for this effect are uncertain.
A contemporary hypothesis explaining the adverse effects of obesity on the cardiovascular
system is that through the production of several adipocytokines, obesity represents a state of
low-grade inflammation. Although studies exploring relationships between most adipocytokines
and events are inconsistent, more consistent relationships between circulating concentrations of
resistin and several major events or their severity have been noted. However, the exact
mechanisms responsible for the cardiovascular effects of resistin are uncertain. In the present
thesis in a large community-based study of African ancestry, | explored relationships between
resistin concentrations and several cardiovascular intermediate phenotypes known to cause
events.

In 739 randomly selected participants of African ancestry from a community sample
(43.6% obese), | assessed relations between circulating resistin concentrations and left
ventricular mass index (LVMI), LVM beyond that predicted by stroke work (inappropriate LVMI
[LVMinappr]) and systolic and diastolic LV function (echocardiography). Although resistin
concentrations were not independently associated with blood pressure (BP), they were
associated with LVMI (p<0.0005), LVMinappr (p<0.0001) and LV hypertrophy (p<0.001)
independent of BP, body mass index (BMI), the homeostasis model of insulin resistance
(HOMA-IR) and additional confounders including C-reactive protein (CRP). Resistin
concentration (p<0.002 in all and p<0.0005 in untreated) was the only factor independently
associated with LV midwall fractional shortening and these relations were enhanced at
incremental concentrations of CRP, Thus, resistin in-part explains variations in LVM,
hypertrophy and myocardial systolic dysfunction, and these effects are independent of insulin
resistance and general inflammatory changes.

In 683 randomly selected participants of African ancestry from SOWETO, South Africa
whom had never received antihypertensive therapy | determined independent relations between
circulating resistin concentrations and aortic pulse wave velocity (PWV) and wave reflection.
Resistin concentrations were not independently associated with office or 24-hour (n=492) BP. In
a stepwise regression model with BMI included in the model, age (p<0.0001), mean arterial
pressure (p<0.0001), plasma resistin concentrations (p<0.005), female gender (p=0.01) and
creatinine concentrations (p<0.01) contributed independently to variations in PWV. Independent
relations between resistin concentrations and PWV persisted with further adjustments for CRP
(p<0.005), and HOMA-IR (p<0.02). Thus, resistin is independently associated with aortic

stiffness and these effects occur beyond BP, insulin resistance and general inflammation.



In a cross-sectional community-based study in 1010 randomly selected participants of
African ancestry | determined the extent to which obesity-associated metabolic and
inflammatory changes are associated with renal damage and chronic kidney disease (CKD) as
compared to modifiable conventional risk factors. In multivariate regression models with
adjustments for conventional risk factors (including HbAlc, office BP or any adiposity index) and
additional confounders, HOMA-IR (standardized [B-coefficient [B-coeff]=-0.13+£0.02, <0.0001)
and plasma resistin concentrations (3-coeff=-0.13+0.02, <0.0001) were second only to age and
equivalent to systolic BP (B-coeff=-0.09+£0.03, <0.005) in the impact on eGFR, whilst alternative
conventional risk factors, including BMI contributed little to eGFR. Similar results were obtained
in relations with CKD. CRP was not independently associated with eGFR. Neither 24-hour BP,
aortic BP, nor PWV, modified the relative contribution of HOMA-IR and resistin concentrations
versus alternative parameters to eGFR. Thus, at a community level the combined impact of
obesity-associated metabolic and inflammatory changes on glomerular filtration rate and CKD is
greater than that of modifiable conventional risk factors. Targeting conventional risk factors
alone is therefore likely to result in a marked residual impact on the development of CKD in
communities with a high prevalence obesity.

In 739 randomly selected participants of African ancestry from a community sample |
assessed the extent to which relationships between circulating resistin concentrations and LVM
are explained by the adverse effects of resistin on aortic stiffness (ventriculo-vascular coupling)
and renal function (cardio-renal syndrome). Independent of confounders, LVMI, LVMinappr and
LVH were independently associated with PWV and eGFR. However, adjustments for either
PWYV or eGFR failed to modify relations between resistin concentrations and LVMI, LVMinappr OF
LVH. Moreover, in product of coefficient mediation analysis, neither eGFR nor PWV explained a
significant proportion of the relationship between resistin and LV structural alterations. Thus,
relationships between circulating concentrations of resistin and LVM are not explained by the
impact of resistin on ventricular-vascular coupling or the cardio-renal syndrome. Resistin’s effect
on LVMI are therefore likely to be through direct actions on the myocardium.

In conclusion, in the present thesis | show that elevated circulating concentrations of the
adipocytokine resistin, but not CRP are associated with LV hypertrophy and systolic
dysfunction, aortic stiffness and glomerular dysfunction beyond conventional risk factors
including adiposity indices and BP (office, aortic and ambulatory). Importantly, these effects
were similarly independent of insulin resistance as indexed by the homeostasis model and
relationships between resistin concentrations and eGFR could not be explained by increases in
aortic stiffness and between resistin concentrations and LV hypertrophy could not be explained
by the cardio-renal syndrome or ventriculo-vascular coupling. Thus, the present thesis suggests

that resistin, possibly through direct effects on several organ systems, may contribute to



cardiovascular events through an impact on LV hypertrophy and dysfunction, increases in aortic

stiffness and reductions in glomerular filtration.
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Preface

The increasing prevalence of obesity in both developed and developing nations has had
a major impact on the age of onset of cardiovascular events. There is substantial evidence that
a significant proportion of the adverse effects of obesity on the cardiovascular system are
mediated by conventional risk factors, such as age (men >/- 45 years, women >/- 55 years),
hypertension (BP >140/90mmHg or on antihypertensive medication), type Il diabetes mellitus,
cigarette smoking, obesity / lack of exercise, hypercholesterolemia, low HDL cholesterol
(<1.03mmol/l), and hypertriglyceridemia (>2.26mmol/l). Importantly, these risk factors are
readily targeted by pharmacological agents. However, adjustments for these risk factors have a
remarkably limited effect on the ability of obesity to predict events. Thus, alternative factors are
thought to play a major role in mediating obesity-associated cardiovascular events.

An obvious solution to prevent obesity-associated cardiovascular events is to ensure the
adequate implementation of weight reduction programs and to change lifestyles to prevent the
development of obesity. However, despite considerable public health measures and media
exposure world-wide on this topic, there is little evidence for a reduction in the high prevalence
rates of obesity. Furthermore, once obesity is established weight reduction programs seldom
achieve target body weights and are generally not sustainable. Thus, a better understanding of
the independent relationships between obesity and cardiovascular disease is required. With this
understanding alternative therapeutic approaches may be developed that could prevent
cardiovascular events in obese individuals. In this regard, more recently the focus of attention
has been on the possibility that through the synthesis and release of adipocytokines, obesity
represents a state of low-grade inflammation and that obesity-associated inflammatory changes
mediate cardiovascular disease either directly or through insulin resistance.

In the present thesis | focused my attention on the possible role of one of the
adipocytokines, resistin, a molecule that has in comparison to alternative adipokines, provided
the most consistent evidence to-date as a possible candidate for mediating cardiovascular
events beyond all alternative risk factors and obesity per se. Much previous work has been
published on the cellular and molecular effects of resistin on the cardiovascular system and on
the ability of resistin to predict events. Hence, | concentrated my efforts on better understanding
the possible effects of resistin on intermediate cardiovascular phenotypes at a community level.
In this regard, at the time of initiating the present thesis, previous studies assessing the impact
of resistin on intermediate cardiovascular phyenotypes had several limitations. They had been
conducted in limited study samples; were confounded by the treatment of conventional risk
factors; were insufficiently thorough to determine the exact extent of the contribution of resistin
to these intermediate cardiovascular phenotypes, and were thus characterized by conflicting

evidence. In the present thesis | provide strong evidence for a role of resistin in mediating
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adverse effects on several cardiovascular end organs (sites of cardiovascular damage,
previously termed target organs) including the heart, vasculature and kidney.

In chapter 1 of the present thesis | review the current understanding and controversies
related to obesity effects on the cardiovascular system, thus arguing in favour of conducting the
studies described herein. In this chapter | focus my attention on the possible importance of a
role for resistin. In chapters 2 - 5, | describe each of the studies, their results and the
implications thereof. These chapters are constructed as semi-independent chapters and each
includes its own abstract, introduction, methods, results and discussion sections. The present
thesis concludes with a chapter (chapter 6), which provides a summary of the findings reported,
highlights the novelty of these findings and places them in context of our current understanding
of obesity and resistin effects on the cardiovascular system. In support of this thesis, the data
provided in chapter 2 has been published in the International Journal of Cardiology (Norman et
al., 2015); chapter 3 has been published in the Journal of Hypertension (Norman et al., 2016);
chapter 4 is currently under review in the journal Cardiovascular Journal of Africa (Norman et
al., 2019) and chapter 5 is currently under review in the journal Biomarkers (Norman et al.,
2019).



CHAPTER 1

Introduction

Cardiovascular Effects of Obesity and its Metabolic Consequences: Possible Role
for Resistin



1.0 Introduction

Over the past three decades there has been a steady increase in the prevalence of
obesity in both developed and developing countries (Bourne et al., 2002; Ogden et al., 2007;
Finucane et al., 2011; Flegal et al., 2013). This increase has in some countries, been dramatic.
In the USA in 1986, 1 in 200 adults were noted to be morbidly obese. By 2000, approximately
20% of adults were reported to be obese (body mass index [BMI] = 30kg/m?) (Mokdad et al.,
2003). By 2004, the prevalence of obesity in the USA was reported to have increased to ~31%
in men and ~33% in women (Ogden et al., 2007), that is 1 in 50 people were obese. The extent
of fat accumulation in obese individuals has been substantial with more recent reports of over
3% of the total population (adults and children) of the USA estimated to be morbidly obese (BMI
= 40kg/m? (Bastien et al., 2014; Ng et al., 2014). Currently in the USA, 1 in 5 adults are morbidly
obese (BMJ Publishing Group Ltd, 2016). The USA is not the only developed country to
experience striking increasers in the prevalence of obesity. Since 2000, obesity has increased
from 10% to 40% in European countries, and has more than doubled in England (Agha and
Agha, 2017). In the 2008 health survey conducted in England, 65% of men and 25% of women
were reported to be obese, that is 1 in 4 adults (Department of Health, 2011). It is presently
estimated that in some European countries 8% of 1-2-year-old children (Barker, 1999) and 80%
of 10-14-year olds will become obese adults (Perez-Pastor et al., 2009). The obesity epidemic
has not been restricted to adulthood, but has been noted in early childhood. Indeed, in England,
approximately 750,000 boys and 676,000 girls were reported to be obese in 2003, and in 2010,
792,321 (19%) of boys and 910,630 (22%) of girls were obese. Current evidence suggests that
by 2050, in children aged 6-10 years, the number of obese boys will be greater than girls with
an estimated 50% of boys becoming obese by 2050 (NHS Digital Statistics Team, 2018).

South Africa is following this worldwide trend of obesity with the largest increase
occurring amongst those with a high socioeconomic status, rural dwellers, and young women
where there is a decrease in physical activity (Cois and Day, 2015). In South Africa, during the
last three decades, in a nationally representative population sample of 13 089 participants,
~29% of men and ~57% of women were estimated to be obese (Puoane et al., 2002; Bourne et
al., 2002; Mozaffarian et al., 2015). A more recent report suggests that as compared to previous
surveys (Puoane et al., 2002; Bourne et al., 2002) an increase in the prevalence of obesity has
occurred in South Africa, and irrespective of socioeconomic status a greater proportion of
women are now obese and most wealthy men are obese (Alaba and Chola, 2014).

Importantly, although weight reduction programs have proved to be successful, they
seldom result in obese individuals reaching target body weights and they fail to maintain this
decrease in body weight (Anderson et al.,, 2001; Narbro et al.,, 2004; Lambert and Kolbe-
Alexander, 2013 National Department of Health, 2013; Alaba and Chola, 2014). In this regard,



the perceptions of obesity related diseases amongst obese and overweight persons differs
greatly with many failing to acknowledge the health risks of obesity and thus being
unresponsive to weight reduction programs (Alaba and Chola, 2014; Joubert et al., 2007). Thus,
a better understanding of the mechanisms responsible for the health risk associated with

obesity is required to identify possible obesity-associated changes that could be targeted.

11 Obesity as a risk factor for cardiovascular disease beyond conventional risk
factors

Obesity is a well-recognised determinant of damage to cardiovascular structure (Alpert
et al., 2014; Murdolo et al., 2015) and function (Seven, 2015; Mahajan et al., 2015), leading to
an increased risk for cardiovascular disease. This increased risk occurs for myocardial infarction
(MI), stroke, heart failure and renal failure (Eckel et al., 2002; Klein et al., 2004; Poirier et al.,
2006; Murphy et al., 2006). Overall obesity is therefore associated with an increased risk of fatal
and non-fatal cardiovascular events (Murphy et al.,, 2006). Although much of this risk is
determined by obesity-associated increases in blood pressure (BP), diabetes mellitus and
changes in lipid concentrations, it is also acknowledged that this increased risk is also
substantially beyond these conventional risk factors. Importantly, it is now well-recognized that
an increased visceral or abdominal adipose tissue, which is closely associated with the
metabolic disturbances (insulin resistance and disturbances of glucose and lipid metabolism)
that occur in obesity, is more strongly associated with cardiovascular risk than the measure of
general obesity, BMI (Larsson et al., 1984). Indeed, waist circumference, a measure of
abdominal obesity is a more consistent predictor of cardiovascular disease than BMI (Janssen
et al., 2004). Although obesity has an adverse impact on the cardiovascular system, an obesity
paradox is now well established, where although associated with the development of events,
overweight is also related to an improved survival (Lavie et al., 2014).

Several large studies including the INTERHEART study (Steyn et al., 2005; MacMahon
et al., 2009) have demonstrated strong independent relationships between obesity and coronary
heart disease (CHD) (Freedman et al., 2001). Importantly, obesity causes CHD (Eckel and
Krauss, 1998) including MI, irrespective of the presence or absence of the conventional risk
factors hypertension, dyslipidemia and hyperglycemia (Thomsen and Nordestgaard, 2014). For
example in a large cohort study with 111,847 participants, 6% of whom were morbidly obese,
these individuals developed MI 16 years earlier than their lean counterparts (Madala et al.,
2008). In that study (Madala et al., 2008), independent of conventional risk factors and
medication use, obesity was strongly associated with the onset of first non-ST-segment
elevation MI. Those with extreme obesity also present with ST segment elevation Ml at younger

ages (Das et al., 2011). Although the younger age of presentation of ST segment elevation Ml is



associated with less extensive coronary artery disease and better left ventricular (LV) systolic
function (the obesity paradox), extreme obesity nevertheless remains independently associated
with higher in-hospital mortality (Das et al., 2011). The extent to which obesity associated CHD
(Freedman et al., 2001) is determined by the metabolic disturbances that accompany obesity
(insulin resistance, impaired glucose metabolism and lipid disturbances) is uncertain. However,
the risk of Ml is more strongly associated with the presence of metabolic disorders than with
overweight per se (Anderson et al., 2015).

Independent of the conventional risk factors hypertension, diabetes mellitus and
changes in cholesterol concentration; overweight and obesity also increase the risk for total,
ischaemic and hemorrhagic stroke, (Kurth, 2002; Gu et al., 2006; Go et al., 2013; Wan, Vogel
and Chen, 2014; S. et al.,, 2015; Valma et al., 2018; Kang et al.,, 2018). Obesity has a
particularly major impact on the risk of stroke in younger persons (Dehlendorff, KK and TS,
2014; Muldoon et al., 2016). In South Africa 45% of ischaemic strokes are due to excess body
weight and as the impact of obesity increases so too does the prevalence of stroke (Joubert et
al., 2007). There is also evidence of an obesity paradox in stroke, in that, a higher waist
circumference on admission (Witberg et al., 2016; Thomsen and Nordestgaard, 2014)
associates with milder baseline stroke severity among patients with acute ischaemic stroke
(Kang et al., 2018). Moreover, obesity may protect patients from a second stroke (Dey et al.,
2003). Indeed, in the USA, a heterogeneous association between BMI and all-cause mortality
occurs in the middle aged and older adults with acute ischaemic stroke, where obesity is
protective whilst morbid obesity detrimental (Skolarus et al., 2014). As with CHD, the extent to
which obesity-associated stroke is determined by the metabolic disturbances that accompany
obesity (insulin resistance, impaired glucose metabolism and lipid disturbances) is uncertain.
The risk of ischaemic stroke is also more strongly associated with the presence of metabolic
disorders than with overweight per se (Anderson et al., 2015).

As with CHD and stroke, a relationship independent of conventional risk factors exists
between the degree of adiposity and the development of heart failure (England, 1997a;
Manuscript and Structures, 2009; Ingelsson, et al., 2005; Ingelsson et al., 2005; Bahrami et al.,
2008; Spies et al., 2009; Nichols, 2014; He et al., 2001; Arnldv, et al., 2005; Bastien et al.,
2014). This relationship has been demonstrated in the elderly (Chen et al., 1999; Nicklas et al.,
2006; Lavie et al., 2009), in the middle aged (Ingelsson, et al., 2005), in men (Wilhelmsen et al.,
2001; Ingelsson et al., 2005), and in women (He et al., 2001); in the general practice setting
(Johansson et al.,, 2001), in physicians (England, 1997) and in persons with established
coronary artery disease (Spies et al., 2009). In this regard, there is a 39 to 49% increase in the
risk of heart failure with obesity (Bahrami et al., 2008). The independent risk for heart failure in
overweight or obese people is quantitatively comparable with the impact of the presence of

hypertension, or diabetes mellitus in these studies depending on the study design and



population (Alpert, Lavie, et al., 2014). Although adjustments for conventional cardiovascular
risk factors, including hypertension, diabetes mellitus, cholesterol concentrations and
adjustments for coronary events, modify the relationship between excess adiposity and the
development of heart failure, the impact of these adjustments is modest. In obese and
overweight persons the risk for heart failure is reduced by only 1-13% with these adjustments
(He et al., 2001; Ingelsson et al., 2005; Ingelsson et al., 2005; Nicklas et al., 2006; Spies et al.,
2009) and by 55% where obesity increased the risk for heart failure by 180% (Kenchaiah et al.,
2009).

1.2 Obesity effects on cardiovascular structure and function beyond conventional risk

factors.

1.2.1 Left ventricular structure and function

1.2.1.1 Importance of left ventricular hypertrophy

A number of clinical, community or population-based observational studies have
demonstrated that LV hypertrophy (LVH) is an independent predictor of the development of
heart failure (Casale et al., 1986; Levy et al., 1990; Levy et al., 1991; Gottdiener et al., 2000;
Gardin et al., 2001; Aurigemma 2001). Moreover, it is now well established that regression of
LVH produced by antihypertensive therapy is independently associated with a reduction in
cardiovascular events, including stroke and MI (Devereux et al., 2004; Okin et al., 2004;
Wachtell et al., 2007; Verdecchia et al., 2003). Nevertheless, these relationships between LVH
and heart failure or alternative events are not necessarily cause-effect relationships as there are
no studies that have specifically targeted LVH therapeutically and demonstrated an ability to
prevent the development of heart failure or other events.

Of all the cardiovascular events that LVH may mediate the most likely event that may be
causally associated with LVH is heart failure. In this regard, in keeping with the classical tenet
that LVH is a compensatory response to increases in LV load, earlier studies demonstrated that
an increased LV mass (LVM) is associated with an unchanged LV chamber systolic function as
indexed by ejection fraction (EF) (Aurigemma et al., 1995; de Simone® et al., 1994, Shimizu et
al.,1991). LVH may even be associated with an enhanced EF for that predicted by wall stress
(Hartford et al. 1985). More contemporary studies have demonstrated that independent of
traditional risk factors, including conventional (office) BP, LVH is associated with the
development of a decreased LV EF (Drazner et al., 2004) suggesting a pathophysiological
rather than compensatory role in LV function. Indeed, as a reduced LV EF in asymptomatic

patients is associated with the subsequent development of heart failure (Wang et al., 2003), it is



possible that LVH may be a critical pathophysiological mechanism which drives the transition to
heart failure. Importantly, in the Losartan Intervention For Endpoint reduction (LIFE) study, a
greater regression of LVH occurred in the patient group treated with an angiotensin Il receptor
blocker in combination with other antihypertensive agents, as compared to the patient group
receiving a B-adrenoreceptor blocker together with other antihypertensive agents (Okin et al.,
2003). As compared to the [B-adrenoreceptor blocker-treated group, patients receiving the
angiotensin 1l receptor blocker experienced a greater reduction in overall cardiovascular
mortality (Dahlof et al., 2002). Surprisingly though, the secondary end-point of heart failure was
not reduced to a greater extent in the angiotensin Il receptor blocker treated group (Dahlof et
al., 2002). Moreover, in the echocardiographic subgroup of the LIFE study, on-treatment
decreases in LVM were related to reductions rather than increases in indices of LV systolic
chamber function, despite improvements in indices of myocardial systolic function (Wachtell et
al., 2002). Thus, the LIFE Study provides contradictory evidence for a pathophysiological role
for LVH as a cause of cardiac decompensation. In the Heart Outcomes Prevention Evaluation
(HOPE) trial, angiotensin-converting enzyme inhibition both reduced LVM and improved LV
function beyond BP control (Lonn et al., 2004), providing some evidence that LVH may be
causally related to LV dysfunction.

One possibility that may account for the transition from compensated LVH to LV systolic
chamber decompensation is that LVH in-keeping with work load (i.e. stroke work=blood
pressure x stroke volume) is compensatory, whilst that exceeding workload (i.e. “inappropriate”
LVM [LVMinappr]) (de Simone et al., 1998) contributes toward decompensation. Indeed a number
of earlier studies had demonstrated an inverse relationship between LVMinaper and LV systolic
chamber function (Palmieri et al., 1999; Palmieri et al., 2001; Celentano et al., 2001; De Simone
et al., 2004; Chinali et al., 2006; Chinali et al., 2007; Cioffi et al., 2011). Whether LVMinappr iS
associated with a reduced systolic chamber function independent of and more strongly than
absolute or indexed LVM was at this time uncertain. Some prior studies conducted in select
clinical samples demonstrated inverse correlations between LV systolic chamber function and
both absolute LVM as well as LVMinappr (Palmieri et al., 1999; Palmieri et al., 2001) and in one of
these studies LVM was equally as strongly inversely correlated with EF as LVMinappr (Palmieri et
al.,, 2001; de Simone et al., 1991) . This finding is at odds with the notion that it is only LVM
beyond stroke work that explains decompensation. Moreover, prior relationships between
LVMinappr @nd LV systolic chamber function were demonstrated in cross-sectional studies
(Palmieri et al., 1999; Palmieri et al., 2001; Celentano et al., 2001; De Simone et al., 2004,
Chinali et al., 2006; Chinali et al., 2007; Cioffi et al., 2011). Conclusions regarding cause and
effect cannot be drawn from cross-sectional studies. Indeed, relationships between LVMinappr
and LV systolic chamber function may reflect residual confounding effects or compensatory

increases in LVM as a consequence of systolic dysfunction (reverse causality). Although one



previous study at that time had reported that on-treatment regression but not persistence of
LVMinappr iS associated with an improved EF (Muiesan et al., 2007), whether increases in EF in
the participants showing regression of LVMinappr in that study were independent of or stronger
than changes in LVM or LVMI was uncertain. More recent studies from our group have
demonstrated in a large community-based sample a clear and strong relationship between
LVMinappr and EF beyond LVMI or LVM and conventional risk factors and confounders (Libhaber
et al.,, 2013), and a strong relationship between on-treatment decreases in LVMinappr, but not
LVMI or LVM and EF (Woodiwiss et al., 2012). Thus, LVH is indeed an important cause of LV
systolic decompensation.

1.2.1.2 Obesity and left ventricular hypertrophy

Obesity is a well-recognised cause of increases in cardiac loading conditions. Increases
in cardiac loading will contribute to the development of LVH (Chinali et al., 2006; Lavie et al.,
2013), and hence cardiac dysfunction and heart failure; possibly cardio-embolic stroke (through
the development of heart failure or atrial fibrillation), and through the development of LVH, CHD
(Lavie et al., 2013). Although, the effects of obesity on cardiovascular events are independent of
BP, the question arises as to whether obesity can promote LVH independent of BP? Obesity not
only increases loading conditions through an impact on BP, but also increases blood volume,
which enhances stroke volume and cardiac output and this increases workload on the heart
(Landsberg et al., 2013; Buchwald et al., 2004; Lavie et al., 2014; Skinner et al., 2015; Alpert et
al., 2014; Alpert et al., 2016). Thus, consideration must also be given to whether LVH in obesity
is through afterload effects on the LV mediated by increases in BP, an enhanced workload on
the heart, or through cellular changes independent of both BP and workload. What is the
evidence for obesity effects on LVH beyond BP or workload?

A strong relationship between body size and LVM is supported by a number of studies
with large sample sizes (Lauer et al., 1991; Lauer et al., 1992; de Simone et al., 1992; de
Simone et al., 1994; Gottdiener et al., 1994; Urbina et al., 1995; Gardin et al., 1995; Sherif et al.,
2000; Lorber et al., 2003; Fox et al., 2004). Importantly, even in large cohorts of mild-to-
moderate hypertensive patients, BMI is the strongest predictor of LVM (Lauer et al.,1992;
Gottdiener et al., 1994). The effects of body size may be through either the impact of adiposity
and muscularity, effects which are accounted for by indexing LVM for body surface area, or
simply by growth effects, which are in-turn, accounted for by indexing LVM for height to
appropriate allometric signals (growth signals). Importantly, LVM indices that incorporate the
impact of adiposity on LVM (those indexing LVM for allometric signals of height) are associated
with a higher proportion of incident cardiovascular events than are LVM indices that discount

the impact of adiposity on LVM (those indexing LVM for body surface area) (de Simone et al.,



2005). Consequently, unlike normal growth effects on LVM which are physiological in nature,
obesity-induced LVH is currently considered to be of pathophysiological significance. Obesity
enhances the impact of BP on LVM (Avelar et al., 2007; Norton et al., 2009) potentially through
the adverse effects of leptin (Norton et al., 2009). As BP effects on the heart are of pathological
relevance, these data support a view that obesity effects on LVM are of pathophysiological and
not just physiological significance.

As an increased LVM exceeding that predicted from stroke work (LVMinappr) iS strongly
related to LV systolic decompensation (see above), the obvious question is whether obesity
plays a role in mediating LVMiapp? Although several studies have demonstrated an
independent association between BMI and LVMinappr (Palmieri et al., 2004; Lopez et al., 2007;
Palmieri et al., 2001; de Simone et al., 2004; Chinali et al., 2007; Chinali et al., 2006; Palmieri et
al., 1999; Celentano et al., 2001; Ratto et al., 2008). A number of studies have also failed to
demonstrate these relationships (de Simone et al., 2001; Muiesan et al., 2007; Mureddu et al.,
2001; Cioffi et al., 2011). Thus, there is considerable uncertainty as to the role of obesity as a
determinant of LVMinappr. Discrepancies between studies may be attributed to several factors
including the use of select clinical samples; adolescents; the lack of relationships assessed in
continuous analysis with adjustments for confounders or the impact of alternative
haemodynamic factors such as 24-hour BP or arterial stiffness being more pronounced in some
than in other populations. Importantly, what should also be considered is that factors associated
with obesity that may be more striking in some than other populations may account for obesity

effects on LVMinappr.

1.2.1.3 Obesity and left ventricular function

Although the impact of obesity on LVM beyond conventional risk factors is undisputed,
the effects of obesity on LV function are less clear. Despite the effects of obesity on EF
produced by increases in LVMinappr, it is only with long-standing and more advanced obesity that
obesity may be associated with reductions in EF beyond LVMinaper. Indeed, most obese
individuals have a normal EF. Although there is some evidence that obesity decreases more
subtle indices of LV systolic myocardial function, such as tissue Doppler indices or longitudinal
strain (Peterson et al., 2004; Wong et al., 2004), these studies have generally been conducted
in small samples of select individuals or have not adjusted for all confounders including LVMinappr
and have not been reproduced by subsequent larger studies Despite the limited evidence to
support a role of obesity in mediating LV systolic dysfunction beyond LVH or additional
confounders, the evidence to support a role for obesity in mediating LV diastolic dysfunction is
more striking. Indices of excess adiposity have consistently been shown to be associated with

several indices of LV diastolic function beyond BP and LVMI in large study samples of



hypertensives (Tsioufis et al., 2008), beyond ambulatory and central BP and LVMI or the degree
of concentric LV remodelling in the general community (Libhaber et al., 2009) and beyond
conventional risk factors and LVM in general or elderly community samples (Russo et al., 2011;
AlJaroudi et al,. 2012; Cil et al., 2012). Although BP effects on LV diastolic function in a
community sample are far more important than obesity effects on LV diastolic function (Millen et
al., 2014), the metabolic consequences of obesity strongly interact with the degree of LV
geometric remodeling to determine LV diastolic dysfunction (Peterson et al., 2015). As a
consequence, the metabolic effects of obesity determine the extent to which diastolic
dysfunction occurs in hypertensives (Bamaiyi et al., 2019). Importantly, in a systematic review
and meta-analysis of 23 studies assessing the effects of bariatric surgery on cardiac structure
and function in obese patients with preserved systolic function, improvements in LV diastolic
function were indeed a consequence of weight loss (Cuspidi et al., 2014).

1.2.2 Aortic dysfunction

1.2.2.1 Importance of aortic dysfunction.

Meta-analyses (Vlachopoulos et al.,, 2010; Ben-Shlomo et al., 2014), including an
individual patient meta-analysis (Ben-Shlomo et al., 2014) have demonstrated the ability of
increases in carotid-femoral (aortic) pulse wave velocity (PWV), an index of aortic stiffness, to
predict cardiovascular events beyond brachial BP. This relationship is noted for both Ml and
stroke and occurs across several subgroups including at a younger age (Ben-Shlomo et al.,
2014). The measurement of aortic PWV is recommended by hypertension guidelines to
enhance risk prediction. The relationship between aortic PWV and cardiovascular events
beyond brachial BP is to some extent surprising given the importance of aortic stiffness as a
determinant of BP (Roman et al., 2007; Vlachopoulos et al., 2013). Aortic stiffness is a strong
determinant of the impedance (resistance in a pulsatile system) to flow during ventricular
ejection and characteristic impedance (impedance in the absence of wave reflection) is thought
to be the main determinant of pulse pressure (PP) and hence systolic BP. The impact of aortic
PWYV on events beyond brachial BP was initially thought to be in-part accounted for by brachial
BP being an inadequate index of central aortic BP (PP is amplified from the aorta to the
peripheral arteries). Several lines of evidence including a meta-analysis (Vlachopoulos et al.,
2010) suggest that aortic PP may not predict events that much beyond brachial PP. Although
this meta-analysis may have excluded key studies published in the same year and included
some studies that employed approaches that may be criticized, the Framingham Heart Study
demonstrated an ability of PWV but not aortic PP to predict events beyond brachial PP (Mitchell

et al., 2010). There is significant evidence that aortic PWV predicts events beyond both brachial
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as well as aortic PP. Nevertheless, the authors of the Framingham Heart Study subsequently
reported an ability of the forward pressure wave component (Pf) of aortic PP, that pressure
wave that is driven by aortic stiffness, to predict events (Cooper et al., 2015). However, there
are several lines of evidence to suggest that changes in aortic stiffness may cause
cardiovascular damage beyond pulsatile load, including Pf. What is this evidence?

An early hypothesis was that increases in large artery stiffness mediate atherosclerotic
changes independent of pulsatile loads. This hypothesis arose from several studies suggesting
effects on atherogenesis beyond pressure pulsatility. When endothelial cells are plated in a
compliant versus a stiff conduit and then exposed to the same pulsatile loads, those in the stiff
conduit show worse function as compared to those in the compliant conduit (Peng et al., 2003).
Moreover, whilst collagen, which increases arterial stiffness has been demonstrated to directly
activate endothelial cell adhesion molecules in the vascular wall, elastin, which improves aortic
elasticity improves endothelial function (Orr et al., 2009; Gonzales-Santiago et al., 2002). As
endothelial dysfunction is an essential step in the atherosclerotic process, these findings (Peng
et al., 2003; Orr et al.,, 2009; Gonzales-Santiago et al., 2002) suggest that arterial stiffness
promotes atherosclerosis beyond pulsatile loads. Nevertheless, this notion suggests that
atherosclerosis is more likely in the vascular wall where stiffness occurs. Hence, these studies
posit a mechanism through which aortic PWV could contribute to aortic aneurysm formation and
related events (rupture or dissection). However, as aortic PWV is an index of stiffness in the
aorta and not in smaller arteries, it will not explain either Ml or stroke, which are produced by
atherosclerotic changes in intra-or extracranial arteries or coronary vessels.

A more recent hypothesis that has emerged is that increases in aortic stiffness reduce
the normal impedance mismatch that exists between the aorta (low impedance) and more distal
arterial beds (higher impedance), and thus promotes an increased transmission of pulsatile
energy into these distal beds (O'rourke et al., 2010; Smulyan et al., 2016). In this regard, this
will increase pulsatile flow in and cause damage to the microvasculature of low resistance
organs such as the brain and the kidney. This hypothesis has evidence to support it for white
matter lesions and cognitive function, dementia, renal disease and endothelial function in the
microvasculature of the forearm (Hashimoto et al., 2011; Mitchell et al., 2011; Woodard et al.,
5015; Cooper et al., 2016; Webb et al., 2012). However, once again there is evidence lacking
for stroke itself and this hypothesis cannot explain relationships between aortic stiffness and
coronary artery disease which occurs because of damage to major arteries and not
microvascular damage.

Through ventricular-vascular coupling an increased proximal aortic stiffness may also
impose a load on the left ventricle beyond aortic PP or its pressure wave components causing
hypertrophy and dysfunction (Bell et al., 2015; Ohyama et al., 2016; Bello et al., 2017). Through

LVH an increased aortic stiffness may subsequently enhance the chances of Ml beyond
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pulsatile pressure loads (LVM is a risk factor for Ml). Because of its elasticity, the healthy aorta
has a high capacity to store energy during systole and thus through recoil in diastole, contribute
to flow. It is well recognized that as the aorta increases its stiffness it loses its capacity for
elastic recoil and hence the ability to contribute to systemic blood flow in diastole. As coronary
flow mainly occurs in diastole, it is possible that an increased aortic stiffness contributes to a
reduced myocardial blood flow. Several studies have indeed produced the evidence to show
that increases in aortic stiffness are associated with coronary microcirculatory dysfunction
(Watanabe et al., 1993; Ikonomidis et al., 2008).

In short an increase in aortic stiffness may, through several mechanisms unrelated to
changes in pulsatile load, contribute to cardiovascular events. What is the evidence that obesity

or its metabolic effects cause increases in aortic stiffness?

1.2.2.2 Obesity and aortic dysfunction.

Numerous studies have reported on a relationship between excess adiposity and an
increase in arterial stiffness as indexed by aortic PWV or alternative measures (Resnick et al.,
1997; Palmieri et al., 1999; Sutton-Tyrrell et al, 2001; Selzer et al., 2001; Wildman et al., 2003;
Ferreira et al., 2004; Ferreira et al.,, 2004; Snijder et al., 2004; Cote et al., 2015; Garcia-
Espinosa et al., 2016) effects which are noted both in the young (Tounian et al., 2001; Ho,
2009; Cote et al., 2015) and the elderly (Ingelsson et al., 2005; Sutton-tyrrell et al., 2001;
Wildman et al., 2003). However, the extent to which these relationships are independent of
haemodynamic factors, such as BP and heart rate or beyond diabetes mellitus (DM) or
alternative risk factors such as dyslipidaemia is not clear. Indeed, some studies have
demonstrated strong relationships between adiposity indices and PWV beyond conventional
risk factors (Sutton-Tyrrell et al., 2001; Wildman et al., 2003; Ferreira, Twisk, et al., 2004; Safar,
2006; Lurbe et al., 2012). Yet, other studies failed to show similar strong independent
relationships between adiposity indices and PWV beyond conventional risk factors (Amar et al.,
2001; Nakanishi, Suzuki and Tatara, 2003; A. et al., 2003; Mitchell et al., 2004; Zebekakis et al.,
2005, Majane et al., 2009). These discrepancies in relationships between obesity and aortic
stiffness raises the question of whether factors associated with obesity rather than obesity per

se explain obesity-aortic stiffness relationships.
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1.2.3 Renal dysfunction

1231 Importance of renal dysfunction as a determinant of cardiovascular events.

Chronic kidney disease, as defined by reductions in estimated glomerular filtration rate
(eGFR), is in most countries, a major public health problem with substantial social and
economic consequences (Levey et al., 2007; Bello et al., 2005). Chronic kidney disease
progresses to end-stage renal disease and predicts cardiovascular events beyond conventional
risk factors (Go et al., 2004; Matsushita et al., 2010; Mahmoodi et al., 2012; Matsushita et al.,
2015; Waheed et al., 2012; Hui et al., 2013). Of importance to the present thesis however is that
through the cardio-renal syndrome, well before the onset of renal failure, reductions in
estimated glomerular filtration rate are strongly associated with LVM and these effects are not
attributed to an impact of hemodynamic factors (Maunganidze et al., 2014). The possible
mechanisms of this effect have been extensively reviewed, but also go beyond the scope of the
present thesis.

1.2.3.2 Obesity effects on glomerular filtration rate

The relationship between obesity and renal dysfunction has been recognized for over a
century with a recent review (Bayliss et al.,, 2012) highlighting very early evidence of
albuminuria on obese individuals described as early as 1923(Cobb and Blythe, 2010) with
subsequent studies performed much later in the century confirming these findings (Weisinger et
al., 1974; Cohen, 1975). Although much of this relationship is attributed to co-morbidities in
obesity including hypertension and type Il diabetes mellitus, there is clear evidence that
adiposity indices predict indices of renal dysfunction beyond conventional risk factors. In this
regard, recent meta-analyses demonstrate an independent ability of BMI to predict CKD onset
and albuminuria in 39 cohorts with 630,677 participants of general adult populations with a
mean of 6.8 years of follow up (Garofalo et al., 2017). Importantly, weight loss results in a
marked regression of proteinuria on a low calorie diet (Morales et al., 2003). In the latter half of
the last century renal dysfunction in obesity was attributed to the development of focal
segmental glomerular sclerosis (Verani, 1992). In this regard, obesity is associated with larger
glomeruli and glomerular hyperfiltration, changes attributed to the hyperdynamic circulation
often noted in obesity (Bayliss et al.,2012). Indeed, a retrospective analysis of 6818 renal
biopsies demonstrated that an increased BMI over time was associated with an obesity-related
glomerulopathy (Kambham et al., 2003). Despite strong evidence to suggest that obesity

associated renal dysfunction is associated with glomerular hyperfiltration and hence destruction
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of glomeruli. Several additional mechanisms may also explain the conventional risk factor-

independent association between obesity and reductions in eGFR.

13 Mechanisms that may explain obesity effects on the cardiovascular system
beyond conventional risk factors?

1.3.1 Cardiovascular effects of insulin resistance.

One possible mechanism that may account for cardiovascular disease in obesity beyond
conventional cardiovascular risk factors is through the adverse actions of insulin resistance.
Insulin resistance may occur as a consequence of excess adiposity (Zeyda and Stulnig, 2009),
and this change is thought not only to lead to diabetes mellitus, but also to adverse
cardiovascular changes independent of diabetes mellitus. At a cellular level, insulin binds to its
receptor on the surface of target cells, causing tyrosine auto phosphorylation and consequent
intracellular signalling. This event culminates in cellular responses where translocation of
glucose transporters to the cell surface allow glucose to be taken up for use or glycogen storage
(Caro et al.,, 1989). In obesity, insulin signalling may be defective, where Insulin-stimulated
protein kinase activity of the insulin receptor, which mediates tyrosine auto phosphorylation, is
reduced, and it is further reduced in patients with obesity-induced type |l diabetes mellitus
(Mykkanen et al., 1998).

There is considerable evidence to suggest that a large proportion of obese individuals
are insulin-resistant, but that compensatory hyperinsulinaemia maintains fasting blood glucose
concentrations (Kriketos et al., 2004). Therefore, insulin resistance goes undetected in these
individuals (Monteiro and Azevedo, 2010; McArdle et al., 2013). Hyperinsulinaemia in insulin
resistance may promote adverse cardiovascular effects through several mechanisms. In this
regard, insulin resistance is well recognised as activating the sympathetic and the renin-
angiotensin-aldosterone systems (Whaley-Connell and Sowers, 2018; Smekal and Vaclavik,
2017), changes which can promote LVH and LV dysfunction through load-independent
mechanisms (Norton et al., 2018). Hyperinsulinaemia can induce hypertrophy of the vascular
wall through an increased synthesis of collagen and proliferation of vascular smooth muscle
cells and thus induce increases in arterial stiffness (Cameron and Cruickshank, 2007; DeFronzo
and Ferrannini, 1991; Avena et al., 1998; King and Wakasaki, 1999; Popele et al., 2000) and
insulin resistance can promote endothelial dysfunction (Arcaro et al., 2002) and thus contribute
toward and enhanced atherogenesis. Insulin resistance involves not only skeletal muscle, but
myocardial muscle tissue, where it downregulates glucose uptake thus preventing the energy
advantage provided by the glucose from being used as opposed to free fatty acid oxidation

(Nikolaidis et al., 2004; Ouwens et al., 2005; Coort et al., 2007). Insulin resistance is also
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associated with an accumulation of intracellular triacylglycerol which is lipotoxic (Coort et al.,
2007). Obesity could therefore promote LV dysfunction through a reduced efficacy of energy
utilisation or through apoptosis due to lipotoxicity. As insulin resistance is associated with leptin
resistance (Smekal and Vaclavik, 2017), a reduced cardiac efficiency and reduced myocardial
glucose metabolism may be seen in obesity with leptin resistance (Buchanan et al., 2005;
Myers et al., 2010; Séinz et al., 2015; Sainz et al.,, 2015). These myocardial substrate
metabolism changes may contribute to an increased cardio-myocyte apoptosis in obesity with
leptin deficiency or leptin resistance (Barouch et al., 2006). This cardio-myocyte apoptosis
occurs through reduced cardio-protective action by leptin, which is induced by an increase in
lipid overload in cardio-myocytes, as seen in an animal study of leptin resistant or leptin
deficient animals (Zhou et al., 2000; Wang et al., 2017). Thus, when considering the adverse
impact of obesity on the cardiovascular system the role of insulin resistance should be
considered foremost as a potential mechanism mediating these effects. Moreover, molecules
that alter insulin resistance should be considered as potentially important as determinants of
cardiovascular damage beyond conventional risk factors.

1.3.2 Obesity-associated inflammatory changes

A more contemporary notion of the possible mechanisms that may account for
cardiovascular disease in obesity beyond conventional risk factors is through the adverse
actions of obesity-associated chronic inflammation (Zeyda and Stulnig, 2009). Obesity changes
the morphology and composition of adipose tissue, leading to alterations in protein production
and secretion, including several pro-inflammatory mediators, which are produced by
macrophages resident in adipose tissue. The changes in inflammatory status of adipose tissue
with obesity has rendered a growing recognition that obesity represents a state of chronic low-
level inflammation (Stienstra et al., 2007). Changes in adipose tissue with obesity (Zeyda and
Stulnig, 2009) are associated with an increase in systemic circulating levels of the pro-
inflammatory molecules including C-reactive protein (CRP), interleukin-6 (lI-6), tumour necrosis
factor-a (TNF-a), plasminogen activator inhibitor-1 (PAI-1), interleukin -1 (IL-1), interleukin-8 (IL-
8), interleukin-10 (IL-10), and interleukin-15 (IL-15), leukemia inhibitory factor, hepatocyte
growth factor, SAA3, macrophage migration inhibitory factor, haptoglobin, complement factors
B, D, C3, prostaglandin E2, and potential inflammatory modulators such as leptin and resistin
produced by adipose tissue (Berg and Scherer, 2005; Forsythe et al., 2008; Forsythe, Wallace
and Livingstone, 2008). In addition, obesity is thought to result in a decrease in circulating
concentrations of the anti-inflammatory adipokine adiponectin (Fantuzzi, 2013; Esfahani et al.,
2015; Smekal and Vaclavik, 2017). The primary function of several adipokines is to control fat

metabolism, energy homeostasis, appetite, and insulin sensitivity. However, being inflammatory
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molecules, these substances clearly have ubiquitous effects and these effects are often
detrimental to the cardiovascular system.

Substantial work has been performed on assessing the role of the two most studied
adipokines, adiponectin and leptin. In this regard, adiponectin is protective to the development
of diseases associated with obesity and by reducing proliferation and migration of smooth
muscle cells, inhibiting the conversion of macrophages into foam cells, suppressing the
production of reactive oxygen species (ROS) and increasing the production of nitric oxide (NO),
adiponectin is considered to be anti-atherosclerotic (Smekal and Vaclavik, 2017). The normal
function of leptin is to suppress appetite, regulate food intake and increase metabolism, but with
obesity and insulin resistance, circulating leptin concentrations are increased and this is partly
explained by leptin resistance which results in higher levels of SOCS3, which is involved in
negative regulation of cytokines that signal through the JAK/STAT pathway, thereby inhibiting
the activity of JAK kinase (Smekal and Vaclavik, 2017). Although insulin resistance has been
postulated to play a key role in the adverse effects of obesity on cardiovascular events (see
aforementioned discussion), several of the more well-described adipokines, such as leptin and
adiponectin have similarly been demonstrated to mediate either adverse or beneficial effects,
but these data are inconsistent. | explored the role of the adipokine, resistin and in-part
compared its association to that of adiponectin (an anti-inflammatory adipokine) on several

obesity-associated cardiovascular structural and functional changes.

133 Obesity and resistin

Resistin is a low molecular weight, 12.5 kDa, cysteine-rich protein (murine 114 amino
acids, human 104 amino acids) secreted from adipose tissue (Shojima et al., 2002; Patel et al.,
2003). The direct regulation of resistin secretion from adipose tissue by peroxisome proliferator-
activated receptor y (PPAR-y) may provide one link between the protein and insulin signalling in
type Il diabetes mellitus (Savage et al., 2001). Resistin was initially observed to be secreted by
rodent fat cells, and noted to impair glucose metabolism and insulin action in mouse models of
obesity and cultured adipocytes (Steppan et al., 2001). Importantly, immuno-neutralization of
resistin improves insulin action in mice with diet-induced obesity (Steppan et al., 2001).
Overexpression of resistin in metabolically healthy mice leads to insulin resistance and
dysregulated lipid metabolism with an increased accumulation of triglycerides and cholesterol
(Sato et al., 2005; Satoh et al., 2004). Plasma resistin concentrations are increased in genetic
mice models of obesity (db/db, ob/ob) and in diet-induced obese mice (Steppan et al., 2001),
while resistin mRNA levels in adipose tissue of obese rodents are decreased (Rajala et al.,
2002). Notably, mice lacking resistin have an improved glucose tolerance as compared with wild

type controls both in diet-induced obesity (Banerjee et al., 2004) and in ob/ob mice (Qi et al.,
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2006), suggesting a role for resistin in insulin resistance and the hyperglycemia associated with
obesity. Loss- and gain-of-function studies have demonstrated that resistin modulates glucose
metabolism through inhibition of AMP-activated protein kinase and increased expression of
gluconeogenic enzymes in the liver (Banerjee et al.,, 2004; Qi et al., 2006; Qi et al., 2008).
However, resistin may also act centrally to regulate glucose homeostasis (Muse et al., 2004;
Singhal et al., 2007). Resistin is a target of the anti-diabetic drug thiazolidinedione (TZD) as
TZD treatment suppresses resistin expression in adipocytes and in white adipose tissues of
mice fed a high fat diet (Steppan et al., 2001). Collectively, these findings provide evidence that
resistin may function as a significant contributor to the development of insulin resistance and
type Il diabetes mellitus. In view of the possible role of resistin as a mediator of insulin
resistance, and the aforementioned effects of insulin resistance on cardiovascular structure and
function, one should consider the possibility that resistin may mediate adverse cardiovascular
effects beyond conventional risk factors including diabetes mellitus. However, for several
reasons the pathophysiological role of resistin in humans has been questioned.

The human homologue of resistin is only 59% identical to mouse resistin at the amino
acid level and the source of resistin appears to differ between humans and mice (Steppan et al.,
2001; Ghosh et al., 2003). Unlike mice, resistin in humans is undetectable in adipocytes but
highly expressed in macrophages. Indeed, the major source of circulating resistin in humans is
likely to be peripheral blood mononuclear cells (Kaser et al., 2003). Nevertheless, in humans,
resistin expression also occurs in myocytes (Nagaev and Smith, 2001; Dietze et al., 2002;
Savage et al., 2001), and endothelial cells (Lu et al., 2002; Nagaev and Smith, 2001; Savage et
al., 2001; Patel et al., 2003). Importantly, TZD drugs down-regulate the expression of human
resistin in macrophages and reduce serum resistin concentrations (Patel, et al., 2003; Lehrke et
al., 2004; Samaha et al., 2006). Resistin expression is found in the non-adipocyte stromal
vascular fraction in white adipose tissue, in the fibrotic liver, and in atherosclerotic lesions in
humans, indicating that macrophages are the main source of resistin in humans (Fain et al.,
2003; Bertolani et al., 2006; Burnett et al., 2005; Jung et al., 2006a). Nevertheless, obese
individuals who are likely to have a greater infiltration of macrophages in adipose tissue show
increased expression of resistin in adipose tissue samples and higher circulating concentrations
of resistin than lean individuals (Savage et al., 2001; Pagano et al., 2005). The relationship
between obesity and circulating resistin concentrations is however highly variable. Indeed, in
obese subjects undergoing weight reduction through diet or bariatric surgery, serum resistin
concentrations are reduced, or remained unchanged, despite weight loss (Azuma et al., 2003;
Azuma et al., 2003; de Luis et al., 2011). Moreover, several reports indicate that serum resistin
concentrations are not associated with obesity or insulin resistance (McTernan et al., 2003; Lee
et al.,, 2003; Lee et al.,, 2003). However, circulating resistin concentrations have been as-

sociated with visceral, intrathoracic, and pericardial fat (Jain et al., 2009). Thus, obesity-
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associated changes in resistin may play a major role in the development of several disorders
even if the relationship between adiposity indices and resistin concentrations are difficult to
show. What is the role of resistin in mediating insulin resistance in humans?

Numerous clinical studies have examined a possible relationship between resistin and
insulin resistance in obesity with or without diabetes. Since obesity and type Il diabetes mellitus
are both associated with chronic inflammation in white adipose tissue, and resistin is mainly
produced by macrophages in humans, it is possible that hyper-resistinaemia is a contributing
factor to these pathophysiological states. However, as discussed above, the relationship
between human resistin concentrations and insulin resistance, or type Il diabetes mellitus is
inconsistent (Lazar, 2007; McTernan et al., 2003; Lee et al., 2003; Youn et al., 2004; Hivert et
al., 2008; Tsiotra et al., 2008). Nevertheless, transgenic mice expressing human resistin in
macrophages develop white adipose tissue inflammation and insulin resistance (Qatanani et al.,
2009), and in prospective case-control studies, elevated baseline levels of resistin
concentrations increase the risk of developing type Il diabetes mellitus even after adjusting for
conventional risk factors (Chen et al., 2009; Daniel et al., 2011). Importantly, the expression of
human resistin in macrophages raises the question of what inflammation does to resistin and
what resistin does to inflammation? Resistin is robustly induced in response to various pro-
inflammatory stimuli such as lipopolysaccharide (LPS), TNF-a, IL-6, IL-1B3, and resistin itself,
suggesting a role for resistin in inflammation in humans (Kaser et al., 2003; Lehrke et al., 2004;
Bokarewa et al., 2005). Furthermore, resistin has been shown to up-regulate the expression of
pro-inflammatory cytokines TNF-a, IL-6, IL-12, and monocyte chemoattractant protein (MCP)-1
in macrophages, through the nuclear factor-kB signalling pathway (Bertolani et al., 2006;
Bokarewa et al., 2005; Silswal et al., 2005). Consistent with these findings, circulating resistin
concentrations associate with inflammatory markers such as C-reactive protein (CRP), TNF-q,
IL-6, or plasminogen activator inhibitor (PAI)-1 (Reilly et al., 2005; Tahara et al., 2007; Shetty et
al., 2004; Bo et al., 2005; Kunnari et al., 2006; Qi et al., 2008; Fargnoli et al., 2010; Konrad et
al., 2007) and increased resistin levels occur in chronic inflammatory conditions (Filkové et al.,
2009; Senolt et al., 2007; Konrad et al., 2007). Importantly several inflammatory substances up-
regulated by human resistin are known to be involved in the development of insulin resistance.
Therefore, it is possible that resistin may play a role in the development of insulin resistance in
humans through inflammatory effects. Indeed in mice lacking murine resistin but transgenic for
a bacterial artificial chromosome containing human resistin whose expression was similar to
that in humans, developed hepatic insulin resistance under chronic endotoxemia, accompanied
by inflammation in liver and skeletal muscle (Park et al., 2011). The close relationship between
insulin resistance or inflammation and cardiovascular effects has prompted the notion that at
least some of the adverse effects of obesity on the cardiovascular system could be explained by

the association of resistin. Emerging evidence now suggests that cardiovascular disease is
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accompanied by changes in circulating resistin concentrations in humans. What is this

evidence?

1.33.1 Adverse cellular effects of resistin on the cardiovascular system

Resistin produces several adverse effects on cardiovascular tissue. The data discussed
below are summarized in Figure 1.1 for easy reference. Resistin is found in human atheroscle-
rotic lesions and affects vascular endothelial function (Burnett et al., 2005; Jung et al., 2006a;
Verma et al., 2003). Increased proliferation and migration of human endothelial cells and
vascular smooth muscle cells is induced by resistin through the extracellular signal-regulated
kinase, PI3K, or p38 mitogen-activated protein kinase pathways (Mu et al., 2006; Calabro et al.,
2004; Shen et al., 2006; Tarkowski et al., 2010). Resistin inhibits endothelial NO synthase, and
increases oxidative stress in human aortic and coronary artery endothelial cells (Shen et al.,
2006; Chen et al., 2010). Indeed, resistin reduces eNOS mRNA, protein and activity levels, and
eNOS mRNA stability and cellular NO levels are reduced (Jamaluddin et al., 2012). In addition,
resistin up-regulates the expression of adhesion molecules such as intercellular adhesion
molecule-1, vascular cell adhesion molecule-1, P-selectin, and fractalkine; increases
proinflammatory MCP-1, PAI-1, endothelin-1, matrix metalloproteinases, and vascular
endothelial growth factor receptors, and, thus, promotes monocyte adhesion in vascular
endothelial cells (Barnes and Miner, 2009; Jung et al., 2006b; Verma et al., 2003; Mu et al.,
2006; Hsu et al., 2011; Manduteanu et al., 2010). Furthermore, resistin increases vascular wall
lipid accumulation through the up-regulation of CD36 expression and an increase in cholesteryl
ester deposition in human macrophages (Burnett et al., 2005; Jung et al., 2006b; Xu et al.,
2006; Rae et al., 2007). Thus resistin modulates the transformation of macrophages into foam
cells. In addition, resistin induces a prothrombotic phenotype by up-regulating tissue factor
expression in human coronary artery endothelial cells (Calabro et al., 2011; Jamaluddin et al.,
2012). Thus resistin plays an important role in the pathogenesis and progression of
atherosclerosis in humans.

There is an increasing evidence for a role for resistin in adversely modifying cardiac
structure and function. In this regard, there are several lines of evidence to support such a role.
Cardiac tissues from those with diabetes mellitus express elevated levels of resistin (Rauch et
al., 2012; Karakikes et al., 2009). Furthermore, myocardial resistin expression is up-regulated
by cyclic stretch and aorta-caval shunt (Wang et al., 2007). Resistin impairs glucose transport in
isolated mouse cardiomyocytes (Graveleau et al., 2005). Resistin may contribute to the adverse
effects of myocardial ischaemia through endothelial dysfunction and the promotion of ischemia-
reperfusion (IR) myocardial injury (Gao et al., 2007; Gualillo et al., 2007; Rothwell et al., 2006).

Nevertheless, whilst some studies show that resistin administered prior to ischemia worsened
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I/R injury (Rothwell et al., 2006), Another study notes that pre-treatment with resistin reduces
myocardial injury through PI3K/Akt/PKC-mediated pathways (Gao et al., 2007). Overexpression
of resistin promotes a hypertrophic response associated with an increased left ventricular wall
thickness and end-diastolic pressure (Kim et al.,, 2008). Resistin has been demonstrated to
induce cardiac hypertrophy and myocardial insulin resistance, possibly via the AMP-activated
kinase (AMPK) /activation of tuberous sclerosis complex 2/mammalian target of rapamycin
(mTOR)/ p70S6K and apoptosis signal-regulating kinase 1/1/c-Jun N-terminal Kinase (JNK)
pathway, a system known to stimulate insulin resistance (JNK)/reduced serine 307
phosphorylation of IRS1 (IRS1) pathways (Kang et al., 2011). Adenoviral overexpression of
resistin induces cardiac hypertrophy, contractile dysfunction with impaired Ca?* handling (Kim et
al., 2008), together with insulin resistance in isolated rat cardiomyocytes (Kang et al., 2011).
Long-term cardiac specific overexpression of resistin in vivo using adeno-associated virus
serotype 9 significantly decreases cardiac contractility and induces a complex phenotype of
oxidative stress, fibrosis, apoptosis and myocardial remodelling (Chemaly et al., 2011). In
addition, recombinant human resistin exacerbates cardiac I/R injury, and stimulates TNF-a
secretion and upregulates cardiac injury markers such as atrial natriuretic peptide, brain
natriuretic peptide and creatine kinase through an NF-kB signalling pathway (Rothwell et al.,
2006). Furthermore, animal models of cardiac hypertrophy associated with fibrosis (diabetes,
pressure overload and heart failure) demonstrate elevated tissue levels of resistin compared to
non-fibrosing hypertrophy (volume overload) where resistin is minimally or not elevated
(Chemaly et al., 2013). Resistin is expressed locally in infarct as opposed to remote myocardial
areas (Chemaly et al., 2013). In cardiac tissue from animals with pressure and volume overload,
resistin inversely correlates with mRNA levels of angiotensin Il receptor type 1. Further, an
increased resistin expression occurs in cardiac myocytes and fibroblasts in response to

neurohormonal stimuli (Chemaly et al., 2013).

1.3.3.2 Resistin and cardiovascular events

At the clinical level, several studies have demonstrated associations between high circulating
resistin concentrations and the development or severity of cardiovascular disease, including
CAD, heart failure and stroke. With respect to disease of the coronary vasculature, plasma
resistin concentrations are increased in CHD and MI (Pischon et al., 2005; McTernan et al.,
2003; Korah et al., 2011; Erer et al., 2014). Moreover, in 26,490 healthy individuals, a relative
risk of 2.09 for the development of Ml was noted in those with the highest quartile of resistin
concentrations (Weikert et al., 2008). Higher plasma resistin concentrations predict not only the
development of, but also the severity of CAD (Reilly et al., 2005) and all-cause mortality in

patients with acute Ml (Lee et al., 2007). In addition, circulating resistin concentrations are a
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strong independent predictor of major adverse cardiac and cerebrovascular events in patients
with stable multi-vessel coronary artery disease (Krecki et al., 2011). A meta-analysis of
prospective studies noted an association between elevated concentrations of resistin and
increased mortality risk in high risk patients with diabetes mellitus and CAD (Fontana et al.,
2015). Further, resistin concentrations are independent predictors of recurrent coronary events
following hospitalisation for acute coronary syndrome (Khera et al., 2015).

As with relationships between resistin concentrations and CHD, strong independent
relationships have been noted between circulating resistin concentrations and heart failure. In
this regard, the Framingham Heart Study demonstrated that increased circulating resistin
concentrations predict incident heart failure in 2739 offspring of the original Framingham study
(Frankel et al., 2009; Levy et al.,2010). Several studies published at a similar time or soon
thereafter have similarly demonstrated that independent of conventional risk factors, circulating
resistin concentrations predict the development of heart failure (Kang et al., 2011; Butler et al.,
2009). Large cohorts studies have not only demonstrated that resistin concentrations predict
incident heart failure; but in addition, increase the risk for heart failure hospitalization (Frankel et
al., 2009; Butler et al., 2009) and all-cause mortality (Zhang et al., 2010). Serum resistin
concentrations are not only increased in patients with heart failure, but are also associated with
an increased severity of heart failure (Takeishi et al., 2007). Further, serum resistin
concentrations are associated with a higher mortality rate in patients with heart failure and a
reduced ejection fraction (Benjamin et al., 2017).

As with CHD and heart failure, circulating resistin concentrations predict an increased
risk for stroke (Ledén et al.,2014) with this relationship noted for ischaemic stroke including
lacunar and atherothrombotic infarction (Osawa et al., 2007, 2009). In this regard, the resistin
polymorphism at -420 (C—G) is also a risk marker for stroke susceptibility in type Il diabetes
mellitus (Tsukahara et al., 2009). Resistin may also determine prognosis after first stroke as in
patients with atherothrombotic strokes, plasma resistin concentrations are associated with an
elevated risk of 5-year mortality (Efstathiou et al., 2007). Plasma resistin concentrations are
higher in those with ischaemic stroke and worse neurological deficits (Kochanowski et al.,
2012). Associations between resistin concentrations and stroke have not always been
consistent. In a large sample (n=26 490) of middle aged subjects although associated with the
risk for MI, circulating resistin concentrations did not predict ischaemic stroke (Weikert et al.,
2008). It is possible that resistin concentrations predict stroke better in combination with
alternative risk factors. In this regard, increased resistin concentrations are more likely to be
noted in diabetic patients who have suffered a stroke (Tsukahara et al., 2009; Schwartz and
Lazar, 2011). Elevated resistin concentrations have been reported to be a risk factor for
cardiovascular disease and all-cause mortality in diabetic patients (Menzaghi et al., 2013). The

combination of high circulating resistin concentrations and the presence of either diabetes
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mellitus or hypertension was noted to increase the risk of ischaemic stroke (Chin et al., 2018;
Osawa et al., 2009). In the Women’s Health Initiative Observational study cohort, in 972 women
circulating resistin concentrations were associated with an increased risk of incident ischaemic
stroke in menopausal women (Rajpathak et al., 2011). Alternative risk factors are not a
prerequisite for the impact of resistin on events. Circulating resistin concentrations add
incremental value to traditional risk factors in predicting ischaemic stroke (Prugger et al., 2013).

To some extent relationships between resistin concentrations and cardiovascular events
may be mediated by insulin resistance as the treatment of diabetes mellitus may result in
decreased plasma resistin concentrations (Bajaj et al., 2004). Several studies have failed to
show any association between circulating resistin concentrations and insulin resistance
(Heilbronn et al., 2004; Lee et al., 2003). The inflammatory effects of resistin may also explain
relationships with cardiovascular events. In the Health, Aging, and Body Composition Study of
3044 subjects resistin concentrations predicted cardiovascular events independently of clinical
risk factors and metabolic markers, but these effects were attenuated by adjustments for the
presence of inflammatory markers (Gencer et al.,2016).

1.3.3.3 End-organ effects of resistin

To better understand the ability of risk factors to predict cardiovascular events, it is
important to understand not only the molecular, cellular and neurohumoral mechanisms
involved, but also the structural and functional changes in the cardiovascular system that
mediate the impact of these risk factors on events. The data discussed in the sections below
are summarized in Figure 1.2 for easy reference. Although this can often be demonstrated in
preclinical studies, associations in human studies are equally necessary to support a role for a
risk factor. Preclinical information often does not translate at a clinical level. Although
relationships between obesity, insulin resistance or associated metabolic abnormalities and end
organ effects have been well described, the relationships between circulating adipokines and
end organ changes have been less well researched. If clear independent relationships between
resistin concentrations and LVH, or LV function are demonstrated then this will provide insights
into the possible mechanisms that explain the ability of resistin concentrations to predict heart
failure and to some degree CHD. Similarly, if clear independent relationships between resistin
concentrations and aortic dysfunction are demonstrated then this will provide insights into the
possible mechanisms that explain the ability of resistin concentrations to predict CHD or stroke.
If clear independent relationships between resistin concentrations and eGFR are demonstrated
then this will provide insights into the possible mechanisms that may explain any cardiovascular

event or the development of end stage renal failure.
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1.3.33.1 Resistin and left ventricular hypertrophy and function

Associations between circulating resistin concentrations and LVM and myocardial
function in humans were equivocal (Akinci et al., 2013; McManus et al., 2012; Allison et al.,
2013). Relationships with LVM had been demonstrated in a small study sample of children
(Akinci et al., 2013), but independent relationships were not reported in large adult population
samples (McManus et al., 2012; Allison et al., 2013). Prior community-based studies that had
failed to show independent associations between circulating resistin concentrations and LVM
(McManus et al., 2012; Allison et al., 2013) had not assessed whether these relationships occur
with LVMinappr. INdeed, as discussed in aforementioned sections, increases in LVMinappr, rather
than LVMI are associated with LV ejection fraction (Woodiwiss et al., 2012). It is possible that
the transition to heart failure predicted by LVM is mediated by increases in LVMinappr and
consequently decreases in systolic function. Further, even in large samples only modest
independent relationships between circulating resistin concentrations and LV systolic function
were reported (McManus et al.,, 2012; Allison et al.,, 2013). In these prior studies these
relationships showed either only trend effects (p=0.04) despite a large study sample (n=2615)
(McManus et al., 2012), or were not adjusted for confounders such as BP and diabetes mellitus
(Allison et al., 2013). In addition, blood adipokine concentrations were not contemporaneous
with echocardiographic assessments (McManus et al., 2012). | assessed whether independent
relationships between circulating resistin concentrations and LVM, LVMinappr, LV hypertrophy or
LV function occur in a relatively large community-based sample with prevalent obesity and
never-treated hypertension. This study was published in the International Journal of Cardiology
(Norman et al., 2015) and the findings and the implications thereof are described in chapter 2 of

the present thesis.

1.3.3.3.2 Resistin and aortic dysfunction

One small (n=271) case-control study suggested that circulating resistin concentrations
are associated with increases in brachial-ankle PWV (Yang et al., 2009). In contrast, in a large
(n=749) cross-sectional study conducted in a sample with a high prevalence of antihypertensive
treatment, circulating resistin concentrations were inversely related to aortic PWV (Windham et
al., 2010), and in a small study (n=141) conducted in treated hypertensives, circulating resistin
concentrations failed to predict changes in PWV over 24-months of follow-up (Youn et al.,
2013). The presence of antihypertensive treatment (Yang et al., 2009; Windham et al., 2010;
Youn et al., 2013), small study samples (Yang et al., 2009; Youn et al., 2013), and the use of
brachial-ankle PWV measurements (Yang et al., 2009), which assess stiffness of large and

medium-sized arteries, are likely to have confounded the results of previous studies (Yang et
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al., 2009; Windham et al., 2010; Youn et al., 2013). The assessment of independent
relationships between circulating resistin concentrations and aortic PWV or wave reflection
which occur in a relatively large community-based sample with prevalent obesity and never-
treated hypertension, have been published in the Journal of Hypertension (Norman et al.,
2016), and the findings and the implications thereof are described in chapter 3. Another study
demonstrating a similar association between circulating resistin concentrations and aortic PWV
in patients with coronary artery disease, supports the view that the ability of resistin
concentrations to predict Ml is in-part mediated by increases in aortic stiffness (Wang et al.,
2017).

1.3.3.3.3 Resistin and glomerular filtration rate

Markers of inflammation are associated with a rise in serum creatinine concentrations
and a decline in estimated GFR (Fried, 2004). Resistin is one such circulating inflammatory
marker that is increased in concentration in renal disease. Circulating resistin concentrations
are inversely associated with eGFR and directly correlated with urinary micro-albumin excretion
in patients with both end-stage and mild-to-moderate renal disease (Axelsson and Stenvinkel,
2008; Axelsson, et al., 2006; Risch et al., 2007; Menzaghi et al., 2012; Zhang et al., 2015;
Moreno et al., 2015) and the relationships with GFR have been demonstrated using not only
equations applied to serum creatinine concentrations, but also to serum Cystatin C
concentrations (Zhang et al.,, 2015). Resistin concentrations are inversely related to the
proportion of individuals with chronic kidney disease as defined by an eGFR<60 ml/min/1.73m?
(Moreno et al., 2015). Although several studies have suggested that increases in resistin
concentrations in chronic kidney disease may be attributed to a decreased renal excretion of
resistin (Axelsson and Stenvinkel, 2008; Nusken et al., 2006), resistin concentrations are
independently related to eGFR in untreated, non-diabetic hypertensives subjects without
chronic kidney disease and independent of alternative factors responsible for decreases in GFR
(Ellington et al., 2007; Dimitriadis et al., 2009). Increases in circulating resistin concentrations
are perceived as a risk factor for decreases in eGFR rather than as a consequence of
reductions in resistin clearance. The adverse effect of resistin on the kidney are thought to be
produced by a preglomerular microvasculopathy mediated by increases in the expression of
endothelin, adhesion molecules, and matrix metalloproteinases (Dimitriadis et al., 2009).
However, there are no large community or population-based studies that have evaluated the
extent to which resistin accounts for reductions in eGFR as compared to obesity per se, the
metabolic abnormalities associated with obesity including insulin resistance or the
haemodynamic effects of obesity, or resistin per se. If resistin accounts for aortic dysfunction,

then resistin may mediate renal effects through a reduction in the impedance mismatch
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between the aorta and smaller arteries in the kidney. Moreover, the extent to which obesity,
insulin resistance and increases in pro-inflammatory adipokines such as circulating resistin
either alone or together account for reductions in GFR as compared to traditional risk factors

such as hypertension or diabetes mellitus has not been reported on.

1.3.34 Are relationships between resistin and end-organ measures determined by

alternative factors?

Through effects that are independent of pulsatile load in the aorta, increases in aortic
stiffness may reduce the normally high impedance mismatch that exists between the aorta and
distal vessels, enhance pulsatile flow in distal vessels and hence cause damage to
microvascular beds that normally show pulsatile flow such as the kidney. An important question
that arises is whether the consistent relationships that have been described between resistin
concentrations and eGFR can be ascribed to an enhanced aortic stiffness. Increases in aortic
stiffness can also cause LVH or dysfunction without altering aortic pulsatile loads. This is
thought to occur through ventricular-vascular coupling. A further important question that arises
is whether relationships between resistin concentrations and LV structure or function can be
accounted for by an enhanced aortic stiffness and hence ventriculo-vascular coupling. It is well
recognized that beyond loading conditions reductions in renal function increases LVM, an effect
attributed to the cardio-renal syndrome. The question that arises is whether relationships
between resistin concentrations and LV structure or function can be accounted for by an impact

of resistin on renal function.

1.3.4 Problem statement

Although there is substantial evidence that obesity has adverse effects on
cardiovascular structure and function and hence contributes to cardiovascular events beyond
conventional risk factors the exact mechanisms responsible for these effects are unknown.
There is nevertheless considerable evidence to show that unlike alternative adipokines which
have failed to produce consistent data, the pro-inflammatory adipokine resistin relatively
consistently predicts several cardiovascular events including CHD, stroke and heart failure or
determines their severity. However, the exact mechanisms of this effect are uncertain. Although
there was some suggestion that resistin may be independently associated with several
cardiovascular structural and functional changes known to play an important role in the
development of events (LVH and dysfunction, and aortic dysfunction), these data were obtained

in small study samples and were remarkably inconsistent. The extent to which resistin’s effects
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on these cardiovascular structural and functional changes could be attributed to an indirect
effect mediated by insulin resistance was unknown. The extent to which the consistent
relationship between resistin and eGFR previously described, accounts for variations in eGFR
at a community or population level as compared to the impact of alternative traditional risk
factors such as hypertension or diabetes mellitus, was uncertain. In addition, whether
relationships between resistin and eGFR could be accounted for by an impact of increases in
aortic stiffness and hence on the impedance mismatch between the aorta and more distal
vessels, was unknown. Further, whether relationships between resistin and LV structure could
be accounted for by the impact of the cardio-renal syndrome or ventricular-vascular coupling

was similarly unknown.

1.3.5 Aims

In the present thesis | therefore aimed

1. To determine the independent relationship between circulating concentrations of the
adipokine resistin and LV structure and function in a large community-based sample with a high
prevalence of obesity. These data have been published in the International Journal of
Cardiology, 2015:196:81-87 and are described and discussed in chapter 2.

2. To determine the independent relationship between circulating concentrations of the
adipokine resistin and aortic function in a large community-based sample with a high prevalence
of obesity. These data have been published in the Journal of Hypertension 2016 Feb: 34: (2)
274-81 and are described and discussed in chapter 3.

3. To determine the extent to which insulin resistance and the pro-inflammatory marker,
resistin account for variations in eGFR in a large community-based sample with a high
prevalence of obesity. These data are under review in the Cardiovascular Journal of Africa and
are described and discussed in chapter 4.

3. To determine the extent to which the cardio-renal syndrome or ventricular-vascular
coupling account for independent relationship between circulating concentrations of the pro-
inflammatory adipokine, resistin and LV structure in a large community-based sample with a
high prevalence of obesity. These data are under review in Biomarkers and are described and

discussed in chapter 5.

To address these aims | performed studies using a population sample of participants recruited
from Soweto. In chapter 3 analysis was done in participants who were not receiving treatment

for hypertension in order to avoid the possible confounding effects of antihypertensive



theraphyvoid the confounding effects of antihypertensive therapy. The sample size differed

depending on what was analyzed as not all measurements were available in all participants.
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CHAPTER 2

Independent Associations Between Resistin and Left Ventricular Mass and Myocardial

Dysfunction in a Community Sample with Prevalent Obesity.

The data in this chapter have been published in
International Journal of Cardiology 2015; 196:81-87
Glenda Norman, Gavin R Norton, Carlos D Libhaber, Frederic Michel, Olebogeng HI Majane,
Aletta ME Millen, Pinhas Sareli, Angela J Woodiwiss.
Independent associations between resistin and left ventricular mass and myocardial

dysfunction in a community sample with prevalent obesity.

| was involved in data collection from 2014 until 2019. In addition | retrieved the samples
from storage and aliquoted the samples before assisting with running the Elisas for the
resistin, CRP and HOMA-IR. Furthermore, | did all the data analysis for the publications

using SAS software, version 9.4.
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2.0 Abstract

Aims: Although the adipokine resistin may play a role in heart failure, the mechanisms of this
effect are uncertain. Relationships with left ventricular mass (LVM) and function are uncertain.
Methods: In 739 randomly selected participants from a community sample (43.6% obese), we
assessed relationships between circulating resistin concentrations and LVM index (LVMI), LVM
beyond that predicted by stroke work (inappropriate LVMI [LVMinappr]) @and systolic and diastolic
LV function (echocardiography).

Results: Resistin concentrations were not independently associated with blood pressure (BP).
However, resistin concentrations were associated with LVMI (partial r=0.12, p<0.0005),
LVMinappr (partial r=0.18, p<0.0001) and LV hypertrophy (partial r=0.13, p<0.001) independent of
BP, BMI, the homeostasis model of insulin resistance and additional confounders. Independent
relationships between resistin concentrations and LVMI and LVMinappr persisted with further
adjustments for C-reactive protein concentrations. Resistin concentration (partial r=-0.12,
p<0.002 in all and partial r=-0.15, p<0.0005 in untreated) was the only factor independently
associated with LV midwall fractional shortening and these relationships were enhanced at
incremental concentrations of CRP. Resistin was not independently associated with transmitral
and myocardial tissue Doppler indices of LV diastolic function.

Conclusions: Resistin in-part explains variations in LVM, hypertrophy and myocardial systolic
dysfunction, and these effects are independent of insulin resistance and general inflammatory

changes.

Key words: obesity, inappropriate left ventricular mass, myocardial systolic function, resistin.
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2.1 Introduction

Independent of conventional risk factors and myocardial infarction, obesity predicts the
development of heart failure (Kenchaiah et al ., 2002; Ingelsson et al., 2005; Bahrami et al.,
2008). The mechanisms responsible for this effect are nonetheless uncertain. Although insulin
resistance may play an important role in mediating obesity-induced heart failure, insulin
resistance accounts for only a minor proportion of these effects (Ingelsson et al., 2005; Bahrami
et al., 2008). More recently, several inflammatory substances released from adipocytes
(adipocytokines or adipokines) have been suggested to contribute toward the adverse effects of
obesity on the heart. However, at present the contribution of resistin, a circulating adipokine
which in humans is predominantly expressed in monocytes and macrophages, and which is
responsive to inflammatory stimuli (Patel et al., 2003; Lu et al., 200; Kaser et al., 2003), is
uncertain.

Cardiomyocyte overexpression of resistin promotes myocardial hypertrophy and
dysfunction in mice (Chemaly et al., 2011; Kang et al., 2011; Kim et al., 2008). Furthermore,
mice transgenic for the human resistin gene develop worse cardiac function in response to a
cardiotoxic intervention and these changes are associated with an increased resistin expression
(Schwartz et al., 2013). Moreover, circulating resistin concentrations predict the development of
and prognosis in heart failure (Butler et al., 2009; Frankel et al., 2009; Zhang et al., 2011; Wu et
al., 2012; Takeishi et al., 2007; Muse et al., 2015). Thus, resistin may in-part explain
independent relationships between obesity and heart failure (Kenchaiah et al., 2002; Ingelsson
et al., 2005; Bahrami et al., 2008). However, the mechanisms that account for the ability of
resistin to predict human heart failure are unclear. In this regard, associations between
circulating resistin concentrations and left ventricular mass (LVM) and myocardial function in
humans are equivocal (Akinci et al., 2013; McManus et al., 2012; Allison et al., 2013). Indeed,
relationships with LVM have been demonstrated in a small study sample of children (Akinci et
al., 2013), but independent relationships were not reported in large adult population samples
(McManus et al., 2012; Allison et al., 2013). Further, even in large samples only modest
independent relationships between circulating resistin concentrations and LV systolic function
were reported (McManus et al., 2012; Allison et al., 2013). However, in these studies
(McManus et al., 2012; Allison et al., 2013) low average blood pressure (BP) levels suggest
that most participants had well-controlled BP on therapy, which is likely to confound
relationships with LVM and function; blood adipokine concentrations were not contemporaneous
with echocardiographic assessments (McManus et al., 2012); and relationships were not
adjusted for BP or diabetes mellitus (Allison et al., 2013). In the present study we therefore

aimed to assess whether independent relationships between circulating resistin concentrations
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and LVM, LV hypertrophy or LV function occur in a relatively large community-based sample

with prevalent obesity and never-treated hypertension.

2.2 Methods

2.2.1 Study group. The present study was conducted according to the principles outlined
in the Helsinki declaration. The Committee for Research on Human Subjects of the University of
the Witwatersrand approved the protocol (approval numbers: M02-04-72 renewed as M07-04-
69 and M12-04-108). Participants gave informed, written consent. The study design has
previously been described (Norton et al., 2012; Woodiwiss et al., 2009). Nuclear families of
black African descent with siblings older than 16 years were randomly recruited from the South
West Township (SOWETO) of Johannesburg, South Africa. Of the 1024 participants recruited,
in a sub-study, 739 participants had echocardiography, of whom 554 were not receiving
treatment for hypertension. Of the sample 498 had 24-hour ambulatory BP measurements that
met with pre-specified quality control criteria (longer than 20 hours and more than 10 and 5
readings for the computation of day and night means, respectively).

2.2.2 Clinical, demographic and anthropometric measurements. Demographic and
clinical data were obtained using a standardized questionnaire (Norton et al., 2012; Woodiwiss
et al., 2009). Height, weight, waist (WC) and hip circumference were measured using standard
approaches and participants were identified as being overweight if their body mass index (BMI)
was 225 kg/m? and obese if their BMI was 230 kg/m?. Central obesity was defined as an
enlarged WC (=88 cm in women and 2102 cm in men). Laboratory blood tests of renal function,
liver function, blood glucose, lipid profiles, hematological parameters, and percentage glycated
hemoglobin (HbAl1c)(Roche Diagnostics, Mannheim, Germany) were performed. Fasting
plasma insulin concentrations were determined from an insulin immulite, solid phase, two-site
chemiluminescent immunometric assay (Diagnostic Products Corporation, Los Angeles, CA,
USA) and insulin resistance was estimated by the homeostasis model assessment of insulin
resistance (HOMA-IR) using the formula (insulin [uU/ml] x glucose [mmol/l])/22.5. Diabetes
mellitus (DM) or abnormal blood glucose control was defined as the use of insulin or oral
hypoglycemic agents or an HbAlc value greater than 6.1% respectively.

2.2.3 Brachial and aortic blood pressure. Brachial BP measurements were obtained by a
trained nurse-technician using a standard mercury sphygmomanometer and using SpacelLabs
monitors (model 90207) (ambulatory 24-hour BP) as previously described (Woodiwiss et al.,
2009). Monitors were programmed to measure BP at 15-minute intervals from 06:00 to 22:00
and at 30-minute intervals from 22:00 to 06:00. Aortic BP was determined using radial
applanation tonometry and SphygmoCor software as previously described (Norton et al., 2012).

After participants had rested for 15 minutes in the supine position, arterial waveforms at the
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radial (dominant arm) artery were recorded during an 8-second period using a high-fidelity SPC-
301 micromanometer (Millar Instrument, Inc., Houston, Texas) interfaced with a computer
employing SphygmoCor, version 9.0 software (AtCor Medical Pty. Ltd., West Ryde, New South
Wales, Australia). To determine aortic BP, the pulse wave obtained from radial tonometer
recordings was calibrated by manual measurement (auscultation) of brachial BP taken
immediately before the recordings. The radial pressure waveform was converted into a central
(aortic) waveform using a validated generalized transfer function (GTF) incorporated in
SphymoCor software.

2.2.4 Echocardiography. Echocardiography was performed as previously described
(Norton et al., 2012; Woodiwiss et al., 2009; Woodiwiss et al., 2012). All measurements were
recorded and analyzed off-line by experienced investigators whom were unaware of the clinical
data of the participants. Left ventricular mass (LVM) was determined using a standard formula
(Devereux et al., 1986) and indexed (LVMI) to height'’. Left ventricular hypertrophy was defined
as an LVMI=60 g/m'’ in women and LVMI=80 g/m*’ in men (Chirinos et al., 2010). Stroke
volume was evaluated from the difference between LV end diastolic and systolic volumes
determined using the Z-derived method (Woodiwiss et al., 2012). Circumferential LV systolic
wall stress was calculated as previously described (Woodiwiss et al., 2012). The extent of
LVMinappr Was determined from predicted LVM (Woodiwiss et al., 2012), where predicted LVM
was calculated as 55.37+(6.64 x height?>")+(0.64 x [systolic BP x stroke volume x 0.014]) —
(18.07 x gender), where male gender=1 and female gender=2, and where stroke volume was
calculated from LV volumes assessed from the Z-derived method. Inappropriate LVM was
expressed either as actual-predicted LVM in grams, or % actual LVM/predicted LVM.

Left ventricular ejection fraction (EF)(biplane Simpson) was calculated to determine LV
chamber systolic function using a standard formula (Woodiwiss et al., 2012). Endocardial
(FSend) (LV systolic chamber function) and midwall (FSmid)(LV systolic myocardial function)
fractional shortening were similarly determined as previously described (Woodiwiss et al.,
2012). Left ventricular diastolic function was assessed from a pulsed wave Doppler examination
of the mitral inflow at rest in all participants and using tissue Doppler indexes (TDI) in 442
participants (Millen et al., 2014). Pulse wave Doppler recordings of transmitral velocity are
obtained with the sample volume at the tip of the mitral valve in the apical 4-chamber view.
Transmitral velocity measurements are obtained during the early (E) and late (atrial-A) period of
left ventricular diastolic inflow and expressed as the E/A ratio. To perform TDI, the velocity of
myocardial tissue lengthening at the level of the mitral annulus was recorded in the apical four-
chamber view. The sample volume was positioned at the septal and lateral corners of the mitral
annulus. To determine diastolic function using TDI, peak tissue velocity during early (e’) diastole

was measured and data are expressed as the E/e’ ratio (an index of LV filling pressures).
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2.2.5 Inflammatory markers and adipokines. Blood samples were centrifuged and
immediately stored at -80°C. Plasma concentrations of human resistin, adiponectin and high-
sensitivity (range 0.01 to 50 ng/ml) C-reactive protein (CRP) concentrations were measured
using enzyme-linked immunosorbent assays (Quantikine, R&D Systems Inc, Minneapolis, MN,
USA). The resistin assay had a lower detection limit of 0.026 ng/ml and intra-assay and inter-
assay coefficients of variation ranging from 3.8 to 5.3% and 7.8 to 9.2% respectively. The
adiponectin assay had a lower detection limit of 0.246 ng/ml and intra-assay and inter-assay
coefficients of variation ranging from 2.5 to 4.7% and 5.8 to 6.9% respectively. The CRP assay
had a mean lower detection limit of 0.010 ng/ml and intra-assay and inter-assay coefficients of
variation ranging from 3.8 to 8.3% and 6.0 to 7.0% respectively. CRP concentrations could not
be determined on 27 participants whose concentrations were below the lower level of detection.

2.2.6 Data analysis. Database management and statistical analyses were performed
with SAS software, version 9.1 (SAS Institute Inc., Cary, NC, USA). Continuous data are
reported as meanzSD. Unadjusted means and proportions were compared by the large-sample
z-test and the c2-statistic, respectively. As resistin concentrations were positively skewed
(skewness=2.59, kurtosis=12.9; Shapiro-Wilk's statistic=0.80, p<0.0001) resistin concentrations
were log transformed. Log transformation of resistin concentrations resulted in an improved
distribution (skewness=0.15, kurtosis=0.37; Shapiro-Wilk’s statistic=1.00). Moreover, as
adiponectin concentrations were positively skewed (skewness=1.51, kurtosis=3.02, Shapiro-
Wilk’s statistic=0.88, p<0.0001) adiponectin concentrations were also log transformed. Log
transformation of adiponectin concentrations resulted in an improved distribution (skewness=-
0.63, kurtosis=0.79; Shapiro-Wilk’s statistic=0.98). As CRP concentrations and HOMA-IR were
positively skewed, these were also log transformed and log transformation resulted in an
improved distribution (data not shown).

Bivariate correlations for continuous data were assessed from Pearson’s correlation
coefficients. Independent relationships were assessed from mulltivariate linear regression
analysis with appropriate adjustors. Probability values were further adjusted for non-
independence of family members using the method of maximum likelihood as implemented by
the mixed procedure as defined in the SAS package. As antihypertensive treatment may

influence LVM and function, sensitivity analysis was conducted in untreated participants.

2.3 Results

2.3.1 Participant characteristics. As compared to those without echocardiographic or TDI
measurements, those with echocardiographic or TDI measurements were modestly older, and
had only a moderately greater BMI, WC, % obese, % treated for hypertension and % treated for

DM (Tables 2.1 and 2.2). In all participants and in participants whom had never received
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antihnypertensive therapy, a high proportion was overweight or obese and had central
(abdominal) obesity (Table 2.3). Furthermore, a high proportion of all participants and of
participants whom had never received antihypertensive therapy was hypertensive (Table 2.3).
47% of participants had LVH. Of the participants who were receiving treatment for hypertension,
80.0% were receiving diuretic agents; 18.9% blockers of the renin-angiotensin aldosterone
system; 15.7% calcium channel blockers and only 1.6% were receiving beta blockers.

2.3.2 Relationships between adiposity indexes and circulating adipokine concentrations.
In multivariate adjusted models, BMI, WC and waist-to-hip ratio were directly associated with
CRP concentrations as well as HOMA-IR, but inversely associated with adiponectin
concentrations (Table 2.4). BMI and WC were only modestly associated with resistin
concentrations in untreated participants (Table 2.4).

2.3.3 Relationships between circulating adipokine concentrations and HOMA-IR or CRP.
With adjustments for age, sex, and DM or HbA1c>6.1% (except for HOMA-IR), regular smoking,
regular alcohol intake and treatment for hypertension, adiponectin concentrations were
inversely associated with CRP concentrations (partial r=-0.12, p<0.005) and HOMA-IR (partial
r=-0.16, p<0.0001). With adjustments for age, sex, and DM or HbA1c>6.1% (except for HOMA-
IR), regular smoking, regular alcohol intake and treatment for hypertension, resistin
concentrations were directly associated with CRP concentrations (partial r=0.18, p<0.0001), but
not HOMA-IR (partial r=0.006, p=0.87).

2.3.4 Associations between adipokines and BP. On bivariate analysis, office, 24-hour
and aortic BP were correlated with CRP (p<0.0005 for all), but not with resistin (p>0.14)
concentrations. Only a trend for a bivariate correlation was noted between office DBP and
adiponectin concentrations (r=-0.09, p<0.05). With adjustments for confounders, no
independent associations were noted between BP and either CRP or resistin concentrations
(Table 2.5). Multivariate adjusted direct relationships between adiponectin concentrations and
office, aortic and 24-hour SBP were noted (Table 2.5).

2.3.5 Associations between adipokines and LVM. On bivariate analysis adiposity
indexes, circulating resistin concentrations, CRP concentrations, and HOMA-IR, but not
circulating adiponectin concentrations were associated with LVMI and LVMinappr (p<0.0001 for
all). In stepwise regression models with the inclusion of resistin, but not with the inclusion of
adiponectin in the models; BMI, HOMA-IR, and resistin concentrations were directly associated
with LVMI and LVMinappr (Table 2.6). With adjustments including BMI, LVMinappr inCcreased across
octiles of resistin concentrations with the highest 2 octiles showing markedly greater LVMinappr
than the lowest 2 octiles of resistin concentrations (Figure 2.1). Similar relationships were noted
with WC rather than BMI in the models (Table 2.7). Independent of confounders including age,
sex, BMI, SBP, regular smoking, regular alcohol consumption, treatment for hypertension and

log HOMA-IR, resistin concentrations were also independent associated with LVH (partial



Table 2.1. Characteristics of study participants with and without echocardiography.

Echocardiography—  With (n=739)

Without (n=285)

% Women

Age (years)

Body mass index (kg/m?)
Waist circumference (cm)
% Overweight/obese

% Central obesity

% Hypertension

% Treated for hypertension
% Treated for DM

% DM or HbAlc >6.1%
% Regular smoking

% Regular alcohol

Office SBP/DBP (mm Hg)

63.3
44.6+18.1
29.5+7.8

91.1+16.8
23.7/43.6
42.6
45.3
25.0
8.8
26.3
15.0

19.6

128+22/84+13

63.2
41.3+18.4*
28.5+7.9
88.3+16.5*
22.8/36.1*
40.4
40.7
16.5*
4.2*
23.9
16.1
20.7
128+23/84+12

36

All continuous data are expressed as mean+SD. DM, diabetes mellitus, SBP, systolic blood

pressure; DBP, diastolic BP. *p<0.05 versus with.
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Table 2.2. Characteristics of study participants with and without tissue Doppler indexes (TDI) of

left ventricular function.

TDI— With (n=442) Without (n=582)
% Women 62.9 63.5
Age (years) 45.2+17.9 42.5+18.4*
Body mass index (kg/m?) 29.8+8.1 28.8+7.7*
Waist circumference (cm) 91.8+17.4 89.1+16.1*
% Overweight/obese 22.4/45.3 24.3/38.6*
% Central obesity 43.9 40.4
% Hypertension 44.6 43.6
% Treated for hypertension 26.5 19.8*
% Treated for DM 9.9 5.7*
% DM or HbAlc >6.1% 26.5 24.9
% Regular smoking 17.2 13.9
% Regular alcohol 18.8 20.8
Office SBP/DBP (mm Hg) 127+23/84+13 129+23/84+12

All continuous data are expressed as mean+SD. DM, diabetes mellitus, SBP, systolic blood

pressure; DBP, diastolic BP. *p<0.05 versus with.



Table 2.3. Characteristics of study participants.
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All (n=739) Untreated (n=554)
% Women 63.3 58.7
Age (years) 44.6+18.1 40.0£16.1
Body mass index (kg/m?) 29.5+7.8 28.0+7.4
Waist circumference (cm) 91.1+16.8 87.41£16.1
% Overweight/obese 23.7/43.6 24.4/35.9
% Central obesity 42.6 33.6
% Hypertension 45.3 27.1
% Treated for DM 8.8 2.0
% DM or HbAlc >6.1% 26.3 17.0
% Regular smoking 15.0 17.9
% Regular alcohol 19.6 22.6
Office SBP/DBP (mm Hg) 128+22/84+13 125+21/82+12
Pulse rate (beats/min) 66+11 65+11
24-hour SBP/DBP (mm Hg) 119+15/73+11 (n=498) 117+14/72+10 (n=383)
Aortic SBP (mm Hg) 120+22 116121
LV mass (LVM)(qg) 153+53 148+49
LVM index (g/m*7) 67.9+23.7 64.9+21.5
% LVH 46.7 41.5
% Actual LVM/Predicted LVM 134435 132+33
Actual LVM-predicted LVM (g) 38.0+£40.8 34.8+£37.2
LV ejection fraction (%) 6719 67+8
FSend (%) 40.048.1 39.7+7.8
FSmid (%) 23.4+5.4 23.445.1
E/A 1.29+0.49 1.41+0.48
E/e’ 7.6614.29 (n=442) 7.02+3.68 (n=325)

Adiponection (mg/l)
Resistin (ng/ml)

7.4 (range=0.08-36.6)
10.6 (range=1.4-83.0)

7.6 (range=0.08-36.6)
10.4 (range=1.4-62.2)

CRP (mg/l) 3.87 (range=0.04-53.8) (n=712) 3.05 (range=0.04-53.8) (n=529)

Continuous data are expressed as mean+SD or median (range). DM, diabetes mellitus, SBP,

systolic blood pressure; DBP, diastolic BP; FSend, endocardial fractional shortening; FSmid,

midwall fractional shortening; E/A, early-to-atrial transmitral blood flow velocity; e’, myocardial

lateral wall tissue velocity in early diastole.
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Table 2.4. Relationships between indices of adiposity and circulating concentrations of

adipokines or C-reactive protein (CRP), or the homeostasis model of insulin resistance (HOMA-

IR) in separate models.

All participants™ (n=739)

Partial r* (Cl)

Untreated participants’ (n=554)

p value Partial r* (Cl) p value

Body mass index versus

0.03 (-0.04 to 0.10)
Log adiponectin -0.22 (-0.29 to -0.15)
Log CRP 0.32 (0.25 t0 0.38)
Log HOMA-IR 0.16 (0.09 to 0.23)

Waist circumference versus
Log resistin 0.03 (-0.04 t0 0.11)
Log adiponectin -0.28 (-0.35 to -0.22)
Log CRP 0.30 (0.23 to 0.36)
Log HOMA-IR 0.22 (0.14 t0 0.28)

Waist-to-hip ratio versus
Log resistin 0.06 (-0.02t0 0.13)
Log adiponectin -0.24 (-0.31 to -0.16)
Log CRP 0.12 (0.05 to 0.20)
Log HOMA-IR 0.22 (0.15 to 0.29)

Log resistin

=0.41

<0.0001
<0.0001
<0.0001

=0.39

<0.0001
<0.0001
<0.0001

=0.12
<0.0001
<0.005
<0.0001

0.09 (0.01t00.17)  <0.05
-0.20 (-0.28 t0 -0.12) <0.0001
0.31(0.23t00.38)  <0.0001
0.17 (0.08 t0 0.25)  <0.0001
0.09 (0.00t00.17)  <0.05
-0.25 (-0.32 t0 -0.16) <0.0001
0.29 (0.2110 0.37)  <0.0001
0.21 (0.13t0 0.29)  <0.0001
0.08 (-0.006 to 0.17) =0.07

-0.22 (-0.30t0 -0.13)  <0.0001
0.12 (0.03t0 0.20)  <0.01
0.18 (0.10t0 0.27)  <0.0001

*Adjustments are for age, sex, diabetes mellitus or an HbA1c>6.1% (except for log HOMA-IR),

regular smoking, regular alcohol intake and treatment for hypertension (in all). TFor CRP, n=712

for all participants and 529 for untreated participants.
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Table 2.5. Relationships between circulating adipokine concentrations or inflammatory markers and blood pressure (BP) in a community sample.

All participants Untreated participants
n= Partial r* (Cl) p value n= Partial r* (Cl) p value

Log resistin versus

Office SBP 739 0.005(-0.07t0 0.08) =0.89 554 0.01 (-0.07t0 0.09) =0.81

Office DBP 739  -0.06 (-0.13t0 0.01) =0.09 554  -0.06 (-0.14t00.02) =0.16

24-hour SBP 498 -0.004 (-0.09t0 0.08) =0.93 383 -0.01(-0.11t00.09) =0.81

24-hour DBP 498 -0.08 (-0.16 t0 0.01) =0.09 383 -0.06 (-0.16t0 0.04) =0.23

Aortic SBP 739 -0.03 (-0.10to0 0.05) =0.50 554  -0.02 (-0.10t0 0.07) =0.66
Log adiponectin versus

Office SBP 739 0.14 (0.07t0 0.21) <0.0005 554 0.15(0.07t0 0.23)  <0.001

Office DBP 739 0.003(-0.07t0 0.08) =0.92 554 0.01 (-0.07t0 0.09) =0.80

24-hour SBP 498 0.10(0.01to0 0.19) <0.05 383 0.10 (0.00t0 0.20)  =0.05

24-hour DBP 498 0.04 (-0.05t0 0.13) =0.34 383 0.03 (-0.07t0 0.13) =0.56

Aortic SBP 739 0.13(0.06 to 0.20) <0.001 554 0.14 (0.06 t0 0.22)  <0.002
Log C-reactive protein versus

Office SBP 712  -0.04 (-0.12t00.03) =0.26 529 0.001 (-0.08 to 0.09) =0.98

Office DBP 712  0.01 (-0.06 to 0.08) =0.78 529 0.04 (-0.04t0 0.13) =0.33

24-hour SBP 487 -0.01(-0.10t00.08) =0.85 372 0.01 (-0.09t0 0.11) =0.83

24-hour DBP 487  0.02 (-0.07 to 0.11) =0.66 372 0.04 (-0.07t0 0.14) =0.50

Aortic SBP 712  -0.04 (-0.12t00.03) =0.26 529  -0.002 (-0.09 to 0.08) =0.96

SBP, systolic BP, DBP, diastolic BP. *Adjusted for age, sex, body mass index, diabetes mellitus or an HbA1lc>6.1%, regular smoking, regular



alcohol intake and treatment for hypertension (in all).
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Table 2.6. Relationships between circulating adipokine concentrations and left ventricular mass

(LVM) in a community sample.

All participants (n=739) Untreated participants (n=554)

Partial r* (ClI) p value Partial r* (ClI) p value

Models with resistin

LVMI versus
BMI 0.34 (0.27t0 0.42) <0.0001 0.29(0.21t00.37) <0.0001
Log resistin 0.12 (0.05t0 0.19) <0.0005 0.08 (0.005to 0.16) <0.05
SBP 0.26 (0.191t0 0.33) <0.0001 0.38 (0.30to 0.46) <0.0001

Log HOMA-IR 0.11 (0.04 to0 0.18) <0.002 0.07 (-0.01t0 0.15) =0.07
LVMinappr VErsus
BMI 0.31 (0.24t00.38) <0.0001 0.33(0.25t0 0.41) <0.0001
Log resistin 0.18 (0.11t0 0.25) <0.0001 0.13(0.05t00.21) <0.002
Log HOMA-IR  0.09 (0.02 to 0.16) <0.005 0.07 (-0.01 to 0.15) =0.08
Models with adiponectin

LVMI versus
BMI 0.34 (0.27t0 0.42) <0.0001 0.29 (0.21t0 0.37) <0.0001
Log adiponectin ~ 0.08 (0.01 to 0.15) <0.01 0.10 (0.02t0 0.18) <0.01
SBP 0.26 (0.19t0 0.33) <0.0001 0.38 (0.30t00.46) <0.0001
Log HOMA-IR 0.11 (0.04t0 0.18) <0.001  0.08 (0.004 to 0.16) <0.05
LVMinappr_ VErsus
BMI 0.31 (0.24t0 0.38) <0.0001 0.33(0.25t00.41) <0.0001
Log adiponectin 0.04 (-0.04 to0 0.11) =0.30 0.05 (-0.03t0 0.13) =0.19
Log HOMA-IR 0.10 (0.03t0 0.17) <0.005 0.07 (-0.01t0 0.15) =0.10

LVMI, LVM indexed to height’; LVMinappr, inappropriate LVM; BMI, body mass index; SBP,
office systolic blood pressure; HOMA-IR, homeostasis model of insulin resistance. *Additional
factors included in the stepwise regression models include age, sex, regular smoking, regular
alcohol intake, treatment for hypertension (in all) and office SBP in models for both LVMI and
LVMinappr-
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Figure 2.1. Multivariate adjusted left ventricular mass (LVM) beyond that predicted by stroke
work (inappropriate LVM or LVMinappr) across octiles (Oct) of log resistin concentrations.
Adjustments are for age, sex, body mass index, office systolic blood pressure, treatment for
hypertension, diabetes mellitus or an HbA1c>6.1%, regular smoking, and regular alcohol intake.
*p<0.05, **p<0.001, ***p<0.0001 vs octile 1; Tp<0.05, Tp<0.001, Tp<0.0001 vs octile 2;
#p<0.01, ¥#p<0.001 vs octiles 3 and 4; #p<0.05 vs octile 5.
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Table 2.7. Relationships between circulating adipokine concentrations and left ventricular mass

(LVM) in a community sample with waist circumference (WC) in the models.

All participants (n=739)

Partial r* (Cl)

p value

Untreated participants (n=554)

Partial r* (Cl) p value

Models with resistin

LVMI versus
wC 0.36 (0.29t0 0.43) <0.0001 0.26 (0.18 to 0.34) <0.0001
Log resistin 0.10 (0.03t0 0.17) <0.005 0.07 (-0.01 to 0.15) =0.07
SBP 0.23 (0.16t0 0.30) <0.0001 0.38 (0.30 to 0.46) <0.0001
Log HOMA-IR 0.10 (0.03t0 0.17) <0.005 0.07 (-0.01 to 0.15) =0.08
LVMinappr_ VErsus
wcC 0.30 (0.23t0 0.37) <0.0001 0.30 (0.22 t0 0.38) <0.0001
Log resistin 0.18 (0.11t0 0.25) <0.0001 0.12 (0.04 to 0.20) <0.005
Log HOMA-IR 0.07 (0.01t0 0.14) <0.05 0.05 (-0.03 t0 0.13) =0.22
Models with adiponectin
LVMI versus
wcC 0.36 (0.29t0 0.43) <0.0001 0.26 (0.18 to 0.34) <0.0001
Log adiponectin  0.08 (0.01 to 0.15) <0.05 0.08 (0.01t0 0.16) <0.05
SBP 0.23 (0.16t0 0.30) <0.0001 0.38 (0.30 to 0.46) <0.0001
Log HOMA-IR  0.10(0.03t0 0.17) <0.005 0.08 (0.00 to 0.16) <0.05
LVMinappr VErsus
WC 0.30 (0.23t0 0.37) <0.0001 0.30 (0.22 to 0.38) <0.0001
Log adiponectin  0.06 (-0.01t0 0.13) =0.10 0.06 (-0.02 t0 0.14) =0.12
Log HOMA-IR  0.07 (0.01t0 0.14) <0.05 0.05 (-0.03 t0 0.13) =0.20

LVMI, LVM indexed to height®’; LVMiappr, inappropriate LVM; SBP, clinic systolic blood

pressure; HOMA-IR, homeostasis model of insulin resistance. *Additional factors included in the
stepwise regression models include age, sex, regular smoking, regular alcohol intake, treatment

for hypertension (in all) and office SBP in models for both LVMI and LVMinappr.



45

Table 2.8. Relationships between circulating C-reactive protein (CRP) concentrations and left

ventricular mass (LVM) in a community sample.

All participants (n=712) Untreated participants (n=529)
Partial r* (ClI) p value Partial r* (Cl) p value

LVMI versus

BMI 0.34 (0.27t0 0.41) <0.0001 0.27 (0.18 to 0.35) <0.0001

Log CRP -0.006 (-0.08 to 0.07) =0.88 -0.01 (-0.09 t0 0.08) =0.72

SBP 0.26 (0.19t0 0.33) <0.0001 0.39 (0.30t0 0.47) <0.0001

Log HOMA-IR 0.11 (0.04t0 0.18) <0.001 0.07 (-0.01 to 0.15) =0.06
LVMinappr_ VErsus

BMI 0.29 (0.22t0 0.36) <0.0001 0.31 (0.22 t0 0.39) <0.0001

Log CRP 0.05 (-0.02t0 0.12) =0.15 0.05 (-0.03t0 0.13) =0.21

Log HOMA-IR 0.11(0.04t0 0.18) <0.005 0.07 (-0.01 to 0.15) =0.07

LVMI, LVM indexed to height!’; LVMinappr, inappropriate LVM; BMI, body mass index; SBP,
clinic systolic blood pressure; HOMA-IR, homeostasis model of insulin resistance. *Additional
factors included in the stepwise regression models include age, sex, regular smoking, regular
alcohol intake, treatment for hypertension (in all) and office SBP in models for both LVMI and
LVMinappr.
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r=0.13, p<0.001). Although adiponectin concentrations were directly associated with LVMI, no
independent associations were noted with LVMinappr (Tables 2.6 and 2.7). CRP concentrations
showed no independent relationships with LVMI or LVMinappr (Table 2.8). Relationships between
resistin concentrations and LVMinappr persisted with the inclusion of LVMI, (partial r=0.15,
p<0.0001), CRP (partial r=0.20, p<0.0001) or aortic rather than brachial SBP (partial r=0.19,
p<0.0001) in the models. Relationships between resistin concentrations and LVMI (partial
r=0.14, p<0.0005) or LVH (partial r=0.13, p<0.001) also persisted with the inclusion of CRP
concentrations in the models.

2.3.6 Associations between adipokines and LV systolic function. On bivariate analysis no
single factor was associated with either EF, or FSend (data not shown). However, resistin (r=-
0.12, p<0.005) and a trend for HOMA-IR (r=-0.07, p=0.05) were inversely correlated with
FSmid. In multivariate models, with the inclusion of adiposity indexes and additional possible
confounders forced into the models, relationships between resistin concentrations and FSmid,
but not between HOMA-IR and FSmid persisted (Table 2.9). Neither adiponectin nor CRP
concentrations were independently associated with FSmid (Table 2.9). Nevertheless, an
interaction between resistin and CRP concentrations was associated with FSmid independent of
the individual terms (partial partial r=-0.10, p<0.01). This translated into an incremental increase
in the strength (partial r) and magnitude (B-coefficient or slope) of the independent relation
between resistin concentration and FSmid across tertiles of CRP concentrations (Figure 2.2).

2.3.7 Associations between adipokines and LV diastolic function. On bivariate analysis
adipokine concentrations, adiposity indexes, HOMA-IR, and CRP concentrations were all
associated with E/A (p<0.005 for all). Although adiposity indexes, HOMA-IR and CRP
concentrations were correlated with E/e’ (p<0.05 for all), neither resistin nor adiponectin
concentrations were correlated with E/e’ (p>0.28). In multivariate models, although WC and
HOMA-IR (for E/A) were, neither resistin, nor adiponectin concentrations were independently
associated with either E/A (Table 2.10) or E/e’ (Table 2.11).

2.4 Discussion

The main findings of the present study are as follows: In a randomly selected community
sample of African ancestry with a high prevalence of obesity and untreated hypertension,
circulating resistin, but not adiponectin or CRP concentrations were associated with both LVMI
and LVMiappr beyond adiposity indexes, BP, HOMA-IR and additional confounders.
Furthermore, circulating resistin concentrations were the only factor consistently and
independently associated with variations in myocardial function, as determined from FSmid.
Importantly however, the independent relationships between resistin concentrations and FSmid

increased across tertiles of CRP concentrations.
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Table 2.9. Relationships between circulating adipokine or C-reactive protein (CRP)
concentrations and left ventricular midwall fractional shortening (FSmid) in a community sample.
All participants™ (n=739) Untreated participantst (n=554)

Partial r* (ClI) p value Partial r* (CI)  p value

Model with resistin

FSmid versus

BMI -0.04 (-0.11t0 0.03) =0.25  -0.08 (-0.16 to -0.003) =0.05
Log resistin -0.12 (-0.19 t0 -0.05) <0.002 -0.15 (-0.23t0 -0.07)  <0.0005
SBP 0.01 (-0.06 10 0.08) =0.80 -0.07 (-0.15t00.01) =0.10

Log HOMA-IR  -0.07 (-0.14 t0 0.002) =0.07 -0.04 (-0.12t0 0.04) =0.39
Model with adiponectin

FSmid versus

BMI -0.07 (-0.14t0 0.00) =0.05 -0.11(-0.19t0-0.03) <0.02
Log adiponectin -0.05 (-0.12t0 0.02) =0.20 -0.05(-0.13t00.03) =0.25
SBP 0.02 (-0.05t0 0.09) =0.62 -0.07 (-0.15t0 0.01) =0.09

Log HOMA-IR -0.07 (-0.14 t0 0.002) =0.06 -0.04 (-0.12t0 0.04) =0.33
Model with CRP

FSmid versus

BMI -0.06 (-0.13t0 0.01) =0.13  -0.10(-0.18t0 -0.01) <0.02
Log CRP -0.03 (-0.10t0 0.04) =0.42  -0.01(-0.10t0 0.08) =0.87
SBP -0.001 (-0.07 t0 0.07) =0.86  -0.08 (-0.16 to 0.005) =0.06
Log HOMA-IR  -0.07 (-0.14 to 0.004) =0.06 -0.03 (-0.12t0 0.06)  =0.43

BMI, body mass index; SBP, office systolic blood pressure; HOMA-IR, homeostasis model of
insulin resistance. *Additional factors included in the stepwise regression models include age,
sex, regular smoking, regular alcohol intake and treatment for hypertension (in all). TFor CRP
n=712 for all participants and 529 for untreated participants.
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Log Resistin vs FSmid partial r 95% ClI p value
Tertile 1 of Log CRP —61— -0.03 (-0.16 to 0.10) =0.64
Tertile 2 of Log CRP —e—  -0.09 (-0.21 to 0.04) =0.18
Tertile 3 of Log CRP

—o— ¥ -0.23 (-0.34 to -0.10) <0.001
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Figure 2.2. Multivariate adjusted relationships between log circulating resistin concentrations
and left ventricular midwall fractional shortening (FSmid) across tertiles of C-reactive protein
concentrations (CRP). A comparison of the strength of the relationships (partial r) and the
magnitude of the effect of resistin on FSmid (B-coefficient) are shown. Adjustments are for age,
sex, body mass index, office systolic blood pressure, treatment for hypertension, diabetes
mellitus or an HbA1c>6.1%, regular smoking, and regular alcohol intake. *p<0.05 vs tertile 1;
Tp=0.05 vs tertile 2.
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Table 2.10. Relationships between circulating adipokine or C-reactive protein (CRP)
concentrations and left ventricular diastolic function as determined from transmitral blood flow

velocity measurements in a community sample.

All participants™ (n=739) Untreated participants’ (n=554)
Partial r* (Cl) p value Partial r* (Cl) p value

Model with resistin

E/A versus
wcC -0.13 (-0.20t0 -0.06)  <0.0001 -0.10(-0.18t0-0.02) <0.005
Log resistin -0.04 (-0.11 t0 0.03) =0.15 -0.04 (-0.12t0 0.04) =0.18
DBP -0.09 (-0.17t0-0.02) <0.001 -0.08 (-0.16 t0 -0.01) <0.02
Log HOMA-IR -0.07 (-0.14t0 -0.01) <0.01 -0.07 (-0.15t0 -0.01) <0.05
Model with adiponectin
E/A versus
wcC -0.12 (-0.19t0-0.05)  <0.0001 -0.10 (-0.18t0-0.02) <0.005
Log adiponectin ~ -0.02 (-0.09 to 0.05) =0.55 -0.06 (-0.14t0 0.01) =0.07
DBP -0.09 (-0.17t0-0.02)  <0.001 -0.08 (-0.16 to -0.01) <0.02
Log HOMA-IR -0.07 (-0.14t0 -0.01) <0.01 -0.07 (-0.15t0 -0.01) <0.05
Model with CRP
E/A versus
wcC -0.10 (-0.17t0 -0.03)  <0.0005 -0.04 (-0.12t0 0.04) =0.18
Log CRP -0.005 (-0.08 to 0.07) =0.89 -0.005 (-0.09 t0 0.08) =0.91
DBP -0.12 (-0.19t0 -0.05)  <0.0001 -0.10 (-0.18 t0 -0.02) <0.005
Log HOMA-IR -0.08 (-0.15t0-0.01) <0.01 -0.09 (-0.17 t0 -0.01) <0.02

E/A, ratio of early-to-late (atrial) transmitral blood flow velocity; WC, waist circumference; DBP,
clinic diastolic blood pressure; HOMA-IR, homeostasis model of insulin resistance. *Additional
factors included in the stepwise regression models include age, sex, pulse rate, regular
smoking, regular alcohol intake, and treatment for hypertension (in all). TFor CRP, n=712 for all

participants and 529 for untreated participants.
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Table 2.11. Relationships between circulating adipokine or C-reactive protein (CRP)
concentrations and left ventricular diastolic function as determined from transmitral blood flow

and myocardial tissue velocity measurements in a community sample.

All participants™ (n=442) Untreated participants’ (n=325)
Partial r* (Cl) p value Partial r* (Cl) p value

Model with resistin

E/e’ versus
wcC 0.09 (0.01 to 0.18) <0.05 0.13(0.02t0 0.24) <0.02
Log resistin -0.04 (-0.13t0 0.05) =0.32 -0.06 (-0.17t0 0.05) =0.21
SBP 0.18 (0.09t0 0.27)  <0.0001 0.19 (0.08 t0 0.30) <0.0005
Log HOMA-IR 0.05 (-0.04 to 0.14) =0.27 0.01 (-0.10t0 0.11) =0.88
Model with adiponectin
E/e’ versus
wcC 0.09 (0.01 t0 0.18) <0.05 0.13(0.02t0 0.24) <0.02
Log adiponectin 0.007 (-0.09t0 0.10) =0.88 -0.01(-0.11t0 0.10) =0.84
SBP 0.18 (0.09t0 0.27) <0.0001 0.19 (0.08 t0 0.30) <0.0005
Log HOMA-IR 0.05 (-0.04 t0 0.14) =0.27 0.01 (-0.10t0 0.11) =0.79
Model with CRP
E/e’ versus
wcC 0.10 (0.01t0 0.19) <0.05 0.34 (0.23t0 0.45) <0.0001
Log CRP -0.08 (-0.18t0 0.01) =0.08 -0.10 (-0.21t0 0.01) =0.07
SBP 0.16 (0.06 t0 0.25)  <0.0005 0.19 (0.08 t0 0.30) <0.001
Log HOMA-IR 0.07 (-0.02 t0 0.17) =0.12 0.04 (-0.07 to 0.15) =0.50

E, early transmitral blood flow velocity; e’, early lateral wall myocardial tissue velocity; WC, waist
circumference; SBP, clinic systolic blood pressure; HOMA-IR, homeostasis model of insulin
resistance. *Additional factors included in the stepwise regression models include age, sex,
pulse rate, regular smoking, regular alcohol intake, and treatment for hypertension (in all). TFor

CRP, n=416 for all participants and 301 for untreated participants.
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Although circulating resistin concentrations predict the development of and prognosis in
heart failure (Butler et al., 2009; Frankel et al., 2009; Zhang et al., 2011; Wu et al., 2012;
Takeishi et al., 2007; Muse et al., 2015), the mechanisms that account for this effect are
unclear. Although preclinical studies indicate that resistin produces cardiomyocyte hypertrophy
(Kim et al.,, 2008; Chemaly et al., 2011; Kang et al., 2011), and LV hypertrophyis a well-
recognized predictor of outcomes, associations between circulating resistin concentrations and
LVM in humans are equivocal (Akinci et al., 2013; McManus et al., 2012; Allison et al., 2013). In
large community-based studies, a lack of independent relationship between circulating resistin
concentrations and LVM have been reported (McManus et al.,, 2012; (Allison et al., 2013).
However, these studies are confounded by a high prevalence of participants receiving
antihypertensive therapy (McManus et al., 2012; Allison et al.,, 2013), and a lack or
contemporaneous blood and echocardiographic assessment (McManus et al.,, 2012). In the
present study we show independent relationships between resistin concentrations and LVMI,
LVMinappr and LVH in a community sample with a high prevalence of hypertension, but with a low
prevalence of antihypertensive therapy, and these findings were reproduced in untreated
participants. The present results are therefore the first to suggest that increases in LVM may be
one pathway that explains the ability of circulating resistin concentrations to predict human heart
failure.

Prior community-based studies that have failed to show independent associations
between circulating resistin concentrations and LVM (McManus et al., 2012; Allison et al., 2013)
have not assessed whether these relationships occur with LVM beyond that predicted by
loading conditions (stroke work) (LVMinappr). In this regard, in the present study relationships
between resistin concentrations and LVM tended to be stronger for LVMinappr than LVMI. As
LVMinappr and reductions in LVMinappr, rather than LVMI or reductions in LVMI are associated with
LV ejection fraction (Woodiwiss et al., 2012), it is possible that the transition to heart failure
predicted by circulating resistin is mediated in-part by increases in LVMinappr and consequently
decreases in systolic function. Indeed in the present study circulating resistin concentrations
were independently and inversely associated with FSmid, an index of myocardial systolic
function. However, these relationships did not translate into decreases in ejection fraction.
Whether resistin produces myocardial systolic dysfunction and subsequently compensatory
LVH, thus maintaining systolic chamber function, or increases in LVM and hence myocardial
systolic dysfunction is uncertain. Further prospective studies are warranted to evaluate whether
circulating resistin predicts the development of a reduced ejection fraction and consequently
heart failure.

The inverse relationships between circulating resistin concentrations and myocardial
systolic function noted in the present study are in keeping with large, community-based studies

which have similarly reported on inverse relationships between circulating resistin
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concentrations and LV systolic function (McManus et al., 2012; Allison et al., 2013). However,
in these prior studies these relationships showed either only trend effects (p=0.04) despite a
large study sample (n=2615) (McManus et al., 2012), or were not adjusted for confounders such
as BP and diabetes mellitus (Allison et al., 2013). In both studies, a high proportion of
participants were receiving antihypertensive therapy (McManus et al., 2012; Allison et al.,
2013). In contrast, in the present study we show more convincing relationships between
circulating resistin concentrations and myocardial systolic function (p<0.005) which were
pronounced in participants not receiving antihypertensive therapy (p<0.0005) and these
relationships were independent of multiple confounders including brachial BP and diabetes
mellitus. In addition we show an association between myocardial systolic function and an
interaction between circulating resistin and CRP concentrations, independent of the
independent terms, an effect which translated into incremental relationships between resistin
concentrations and myocardial function across tertiles of CRP concentrations. Hence, the
present study provides more convincing evidence for a resistin effect on myocardial systolic
function in the human heart, and suggests that these effects may depend on the overall level of
inflammation that exists.

As insulin resistance has previously been demonstrated to be associated with LVM
(Millen et al., 201; Hwang et al., 2012) and the development of heart failure (Ingelsson et al.,
2005), and resistin promotes myocardial insulin resistance (Kang et al., 2011), an important
consideration of the present study is whether relationships between circulating resistin
concentrations and LVM or dysfunction are mediated through insulin resistance. In this regard,
in the present study HOMA-IR was independently associated with increases in LVMI and
LVMinappr, but not FSmid. Relationships between circulating resistin concentrations and LVM,
LVH or FSmid were nevertheless independent of HOMA-IR. Hence, it is possible that resistin
versus LVM or LVH and resistin versus FSmid relationships are explained through effects other
than insulin resistance. In this regard, resistin overexpression in the rat heart promotes
myocardial oxidative stress, fibrosis and apoptosis (Chemaly et al., 2011).

The limitations of the present study include the cross-sectional design which precludes
us from drawing causal inferences. Second, TDI measures of diastolic function were available in
60% of participants with echocardiograms, albeit that the characteristics of this group were
similar to those without TDI measurements. Thus, we cannot be certain that circulating resistin
concentrations are not associated with E/e’. Third, our study sample was exclusively of African

ancestry. Whether similar findings occur in other ethnic groups requires further consideration.
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2.5 Conclusions

In the present study conducted in a community sample with a high prevalence of obesity
and where antihypertensive therapy was limited, we show that circulating resistin concentrations
are indeed independently associated with LVM and systolic function beyond adiposity indexes,
diabetes mellitus, BP, HOMA-IR and general inflammation. The present study therefore
supports the view that resistin may mediate the transition to heart failure in-part through

increases in LVM and myocardial systolic dysfunction.
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CHAPTER 3

Circulating Resistin Concentrations are Independently Associated with Aortic Pulse

Wave Velocity in a Community Sample.

The data in this chapter have been published in
Journal of Hypertension 2016 Feb; 34 (2):274-81
Glenda Norman G, Gavin R Norton, Monica Gomes, Frederic Michel, Olebogeng HI Majane,
Pinhas Sareli, Aletta ME Millen, Angela J Woodiwiss

Circulating resistin concentrations are independently associated with aortic pulse wave
velocity in a community sample.
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3.0 Abstract

Aims: The role of the adipokine, resistin in mediating increases in aortic stiffness is uncertain.
We aimed to determine independent relationships between circulating resistin concentrations
and aortic pulse wave velocity (PWV) and wave reflection in a community-based sample with a
high prevalence of untreated hypertension and obesity.

Methods: Plasma resistin, adiponectin and C-reactive protein (CRP) concentrations (ELISA);
carotid-femoral (aortic) PWV and the aortic reflected wave index (RI)(applanation tonometry and
SphygmoCor software) were determined in 683 randomly selected participants of African
ancestry from SOWETO, South Africa whom had never received antihypertensive therapy.
Results: Resistin concentrations were not independently associated with office or 24-hour
(n=492) blood pressure (BP). In a stepwise regression model with BMI included in the model,
age (p<0.0001), mean arterial pressure (p<0.0001), plasma resistin concentrations (p<0.005),
female gender (p=0.01) and creatinine concentrations (p<0.01) contributed independently to
variations in PWV. Independent relationships between resistin concentrations and PWV
persisted with further adjustments for C-reactive protein concentrations (p<0.005), and the
homeostasis model of insulin resistance (HOMA-IR) (p<0.02). Similar relationships were noted
with waist circumference rather than BMI in the model. Resistin concentrations were not
independently associated with RI or aortic BP.

Conclusion: Resistin is independently and directly associated with aortic stiffness and these

effects occur beyond BP, insulin resistance and general inflammation.

Key words: obesity, aortic pulse wave velocity, aortic wave reflection, resistin.
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3.1 Introduction

The steady increase in the global prevalence of obesity (Finucane et al., 2011) and its
associated cardiometabolic risk factors is a critical obstacle to the effective prevention of
cardiovascular disease. Although a half to three-quarters of obesity-related cardiovascular
disease may be attributed to conventional risk factors, the remaining one quarter to a half
remains unaccounted for (Lu et al., 2014; Lu et al., 2015). More recently, several inflammatory
substances released from adipocytes (adipocytokines or adipokines) have been suggested to
contribute toward the adverse effects of obesity on the cardiovascular system. However, at
present the contribution of resistin, a circulating adipokine, which in humans is predominantly
expressed in monocytes and macrophages, and which is responsive to inflammatory stimuli
(Patel et al., 2003; Lu et al., 2002; Kaser et al., 2003), is uncertain.

Although some studies suggest that circulating resistin concentrations predict the
development of cardiovascular events (Menzaghi et al., 2013; Muse et al., 2015; Butler et al.,
2009; Frankel et al., 2009), these findings are not supported by all studies (Luc et al., 2010; Lim
et al., 2008). A fundamental mechanism that may explain relationships between circulating
resistin concentrations and vascular disease has only recently begun to emerge. Importantly,
few studies have evaluated relationships between resistin concentrations and large artery
function, including aortic (carotid-femoral) pulse wave velocity (PWV) and reflected waves, both
of which predict cardiovascular outcomes beyond conventional risk factors (Vlachopoulos et al.,
2010; Ben-Shlomo et al., 2014; Wang et al., 2010; Chirinos et al., 2012; Weber et al., 2012).
One small (n=271) case-control study suggests that circulating resistin concentrations are
associated with increases in brachial-ankle PWV (Yang et al., 2009). In contrast, in a large
(n=749) cross-sectional study conducted in a sample with a high prevalence of antihypertensive
treatment, circulating resistin concentrations were inversely related to aortic PWV (Windham et
al., 2010), and in a small study (n=141) conducted in treated hypertensives, circulating resistin
concentrations failed to predict changes in PWV over 24-months of follow-up (Youn et al,
2013). The presence of antihypertensive treatment (Yang et al., 2009; Windham et al., 2010;
Youn et al., 2013), small study samples (Yang et al., 2009;Youn et al., 2013), and the use of
brachial-ankle PWV measurements (Yang et al., 2009), which assess stiffness of large and
medium-sized arteries, are likely to have confounded the results of previous studies (Yang et
al., 2009; Windham et al., 2010; Youn et al., 2013) . Therefore, in the present study we aimed to
assess whether independent relationships between circulating resistin concentrations and aortic
PWYV or wave reflection occur in a relatively large community-based sample with prevalent

obesity and never-treated hypertension.
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3.2 Methods

3.2.1 Study group. The present study was conducted according to the principles outlined
in the Helsinki declaration. The Committee for Research on Human Subjects of the University of
the Witwatersrand approved the protocol (approval numbers: M02-04-72 renewed as M07-04-
69 and M12-04-108). Participants gave informed, written consent. The study design has
previously been described (Norton et al.,, 2012; Woodiwiss et al., 2009). Nuclear families of
black African descent with siblings older than 16 years were randomly recruited from the South
West Township (SOWETO) of Johannesburg, South Africa. Of the 1211 participants recruited,
1041 participants had aortic PWV measurements of whom 683 were not receiving treatment for
hypertension. 492 of the sample had 24-hour ambulatory BP measurements that met with pre-
specified quality control criteria (longer than 20 hours and more than 10 and 5 readings for the
computation of day and night means, respectively).

3.2.2 Clinical, demographic and anthropometric measurements. Demographic and
clinical data were obtained using a standardized questionnaire (Norton et al., 2012; Woodiwiss
et al., 2009). Regular tobacco use was defined as daily cigarette smoking and regular alcohol
consumption as either one beer a day, a bottle of wine (750 mls) a week or 250 mls of spirits a
week. Height, weight and waist circumference (WC) were measured using standard approaches
and participants were identified as being overweight if their body mass index (BMI) was =25
kg/m? and obese if their BMI was =30 kg/m?. Central obesity was defined as an enlarged WC
(=88 cm in women and 2102 cm in men). Laboratory blood tests of renal function, liver function,
blood glucose, lipid profiles, haematological parameters, and percentage glycated haemoglobin
(HbAlc) (Roche Diagnostics, Mannheim, Germany) were performed. Fasting plasma insulin
concentrations were determined from an insulin immulite, solid phase, two-site
chemiluminescent immunometric assay (Diagnostic Products Corporation, Los Angeles, CA,
USA) and insulin resistance was estimated by the homeostasis model assessment of insulin
resistance (HOMA-IR) using the formula (insulin [uU/mI] x glucose [mmol/])/22.5. Diabetes
mellitus (DM) or abnormal blood glucose control was defined as the use of insulin or oral
hypoglycaemic agents or an HbAlc value greater than 6.5% respectively.

3.2.3 Blood pressure. Nurse-derived conventional BP was measured after 10 minutes of
rest in the seated position as previously described (Norton et al., 2012; Woodiwiss et al., 2009)
within a half hour of obtaining blood samples and in the opposite arm to that subjected to
venesection. These measurements were performed to an accuracy of 2 mm Hg by a trained
nurse using a mercury sphygmomanometer and an appropriate sized cuff according to the
European Society of Hypertension guidelines (O’Brien et al.,, 2003). Five consecutive BP
readings were obtained 30 to 60 seconds apart. The average of the five readings was taken as

the BP. Only 0.29 % of visits had fewer than the planned BP recordings. The frequency of
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identical consecutive recordings was 0.44% for systolic BP (SBP) and 1.46% for diastolic BP
(DBP). No BP values were recorded as an odd number. Hypertension was diagnosed as a
conventional BP=140/90 mm Hg.

Ambulatory 24-hour, day and night BP were determined using SpacelLabs monitors
(model 90207; Spacelabs, Redmond, Washington, USA) as previously described (Woodiwiss et
al., 2009). The size of the cuff was the same as that used for conventional BP measurements.
Monitors were programmed to measure 24-hour BP at 15-min intervals from 06:00 to 22:00
hours and at 30-min intervals from 22:00 to 06:00 hours. Intra-individual means of the
ambulatory measurements were weighted by the time interval between successive readings
(Woodiwiss et al., 2009). The average (xSD) number of BP readings obtained was 60.8+12.2
(range=24 to 81) for the 24-h period.

3.2.4 Central aortic haemodynamics. Central aortic haemodynamics were determined as
previously described (Norton et al., 2012; Woodiwiss et al., 2009). After participants had rested
for 15 minutes in the supine position, arterial waveforms at the radial (dominant arm), carotid
and femoral artery pulses were recorded by applanation tonometry. Pressure waveforms were
recorded during an 8-second period using a high-fidelity SPC-301 micromanometer (Millar
Instrument, Inc., Houston, Texas) interfaced with a computer employing SphygmoCor, version
9.0 software (AtCor Medical Pty. Ltd., West Ryde, New South Wales, Australia). Aortic PWV
was determined from sequential waveform measurements at carotid and femoral sites as
previously described (Woodiwiss et al., 2009). The time delay in the pulse waves between the
carotid and femoral sites was determined using an electrocardiograph-derived R wave as a
fiducial point. Pulse transit time was taken as the average of 10 consecutive beats. The
distance which the pulse wave travels was determined as the difference between the distance
from the femoral sampling site to the suprasternal notch, and the distance from the carotid
sampling site to the suprasternal notch. Aortic PWV was calculated as the ratio of the distance
to the transit time (m/sec). To derive an approximate standard aortic PWV (“converted standard
PWV”) for comparative purposes, we multiplied travel distance derived from the subtracted
distance by the ratio (50.7:45.5=1.114) of mean reference distance/mean tape measure
distance using the “subtraction” approach given in Table 1 of the recent consensus document
(Van Bortel et al., 2012). However, as advised by the consensus document (Van Bortel et al.,
2012) in order to perform our primary analysis we did not employ formulae published to convert
subtracted distance to direct distance as these formulae introduce additional errors.

To determine aortic wave reflection and aortic BP the pulse wave obtained from the
radial tonometer recordings was calibrated by manual measurement (auscultation) of brachial
BP taken immediately before the recordings. The radial pressure waveform was converted into
a central (aortic) waveform using a validated generalized transfer function incorporated in

SphymoCor software. The aortic backward (reflected) (Pb) and the aortic forward (Pf) wave
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pressures were determined from the aortic pulse wave using SphygmoCor software which
separates the aortic waveform using a triangular flow wave (Westerhof et al., 2006). Reflected
wave index (RI) was calculated as Pb/Pf x 100, as previously described (Chirinos et al., 2012).
Central aortic SBP (SBPc) was derived from the aortic waveform and central aortic pulse
pressure (PPc) was calculated from the difference between SBPc and DBP.

3.2.5 Inflammatory markers and adipokines. Blood samples were centrifuged and
immediately stored at -80°C. Plasma concentrations of human resistin, adiponectin and high-
sensitivity (range 0.01 to 50 ng/ml) C-reactive protein (CRP) concentrations were measured
using enzyme-linked immunosorbent assays (Quantikine, R&D Systems Inc, Minneapolis, MN,
USA). The resistin assay had a lower detection limit of 0.026 ng/ml and intra-assay and inter-
assay coefficients of variation ranging from 3.8 to 5.3% and 7.8 to 9.2% respectively. The
adiponectin assay had a lower detection limit of 0.246 ng/ml and intra-assay and inter-assay
coefficients of variation ranging from 2.5 to 4.7% and 5.8 to 6.9% respectively. The CRP assay
had a mean lower detection limit of 0.010 ng/ml and intra-assay and inter-assay coefficients of
variation ranging from 3.8 to 8.3% and 6.0 to 7.0% respectively. CRP concentrations could not
be determined on 15 participants whose concentrations were below the lower level of detection.

3.2.6 Data analysis. Database management and statistical analyses were performed
with SAS software, version 9.3 (SAS Institute Inc., Cary, NC, USA). Continuous data are
reported as mean+SD or mean (range). Unadjusted means and proportions were compared by
the large-sample z-test and the c?-statistic, respectively. As HOMA-IR was positively skewed
(skewness=4.39, kurtosis=26.05; Shapiro-Wilk's statistic=0.56, p<0.0001) HOMA-IR was log
transformed which resulted in an improved distribution (skewness=0.44, kurtosis=-0.29;
Shapiro-Wilk’s statistic=0.97). Similarly, as resistin concentrations were positively skewed
(skewness=2.97,  kurtosis=18.78;  Shapiro-Wilk’'s  statistic=0.80, p<0.0001) resistin
concentrations were log transformed which resulted in an improved distribution
(skewness=0.07, kurtosis=0.77; Shapiro-Wilk’s statistic=0.99). Moreover, as adiponectin
concentrations were positively skewed (skewness=1.18, kurtosis=1.72; Shapiro-Wilk’s
statistic=0.92, p<0.0001) adiponectin concentrations were similarly log transformed which
resulted in an improved distribution (skewness=-0.68, kurtosis=0.61; Shapiro-Wilk’s
statistic=0.97). Bivariate correlations for continuous data were assessed from Pearson’s
correlation coefficients. Independent relationships were assessed from mulltivariate linear
regression analysis with appropriate adjustors (see legends of Tables). As aortic functional
changes not only contribute toward increases in PP and SBP, but increases in PP and SBP are
risk factors for aortic functional changes, in separate models adjustments for clinic and 24-hour
PP and SBP were made when assessing independent relationships between circulating

adiponectin or resistin concentrations and aortic function. Probability values were further
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adjusted for non-independence of family members using the method of maximum likelihood as

implemented by the mixed procedure as defined in the SAS package.

3.3 Results

3.3.1 Participant characteristics. Table 3.1 shows the characteristics of the participants
in the study sample. More women than men participated and a high prevalence of hypertension
(27%) and obesity (30.8%) was noted. Of the regular smokers, only 4 participants smoked 1
cigarette per day. None of the sample were receiving lipid lowering therapy (they are not
available at a primary care level in the public healthcare sector of South Africa).

3.3.2 Relationships between adiposity indices and circulating adipokine concentrations.
On bivariate analysis, BMI and WC were directly associated with resistin and CRP
concentrations as well as HOMA-IR, but inversely associated with adiponectin concentrations
(p<0.0001). However, with adjustments for confounders although adiposity indices remained
associated with adiponection and CRP concentrations and HOMA-IR, no independent
relationships were noted with resistin concentrations (Table 3.2).

3.3.3 Relationships between circulating adipokine concentrations and metabolic factors
and CRP. In multivariate adjusted models adiponectin concentrations were inversely associated
with  HOMA-IR and triglyceride concentrations and directly related to HDL cholesterol
concentrations (Table 3.3). In contrast, in multivariate adjusted models, resistin concentrations
were directly associated with CRP and creatinine concentrations, but unrelated to other
metabolic factors including lipid concentrations (Table 3.3).

3.3.4 Associations between adipokines and BP. Although office, 24-hour and aortic BP
were correlated with circulating adiponectin, resistin or CRP concentrations (p<0.0001 for all),
with adjustments for confounders, only modest associations were noted between adiponectin
concentrations and clinic and aortic SBP (Table 3.4).

3.3.5 Associations of plasma adipokine concentrations with aortic PWV. On bivariate
analysis and in multivariate adjusted models including adjustments for brachial office or 24-hour
mean arterial pressure (MAP)(distending pressures), PP or SBP in separate models, plasma
resistin (Table 3.5), but not adiponectin (Table 3.6) concentrations were associated with aortic
PWV. These relationships were independent of either BMI or WC (Table 3.7). These
relationships were noted in women, but failed to achieve significance in men (Tables 3.5 and
3.8). In stepwise regression models, plasma resistin concentrations were third only to age and
MAP and similar to creatinine and female gender in the impact (standardized B-coefficient) of
the relationships with PWV (Table 3.7).
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Table 3.1. Characteristics of study sample having never received antihypertensive therapy.

Number (% Women) 683 (58.1)

Age (years) 37.8£16.4

Body mass index (kg/m?) 27.1+6.7

% Overweight/obese 24.5/30.8

% Regular tobacco* 18.7

% Regular alcohol* 23.1

% DM or HbAl1c>6.5% 6.3

% Hypertension 27.2

Total cholesterol (mmol/l) 4.41+1.08

LDL cholesterol (mmol/l) 2.47+0.90
Creatinine (pumol/l) 73.6+15.8
Office SBP/DBP (mm Hg) 125+20/82+12
24-Hour SBP/DBP (mm Hg)(n=492) 116+14/72+10
Aortic pulse wave velocity (PWV)(m/sec) 5.79+2.21
Converted standard aortic PWV (m/sec)? 6.45+2.47

Aortic pulse pressure (mm Hg) 33t14

Aortic SBP (mm Hg) 116122

Aortic forward wave pressure (mm Hg) 22.8+8.3

Aortic backward wave pressure (mm Hg) 15.7+£7.5

Aortic reflected wave index (%) 69+20
Adiponectin (mg/l) 8.4 (range=0.08 to 36.6)
Resistin (ng/ml) 10.5 (range=1.4 to 82.5)
C-reactive protein (mg/l) 2.86 (range=0.04 to 53.8)
HOMA-IR 1.58 (range=0.21 to 42.0)

DM, diabetes mellitus; HbAlc, glycated haemoglobin; LDL, low density lipoprotein; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostasis model of insulin
resistance. *See methods for definitions. TCalculated from 1.114 x subtracted wave travel

distance (see methods for explanation).
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Table 3.2. Factors independently associated with adiposity indices.

BMI vs WC vs
B-coefficient* p-values B-coefficient*  p-values
(xSEM) (+SEM)

Age 0.17+0.04 <0.0001 0.30+0.04 <0.0001
Mean arterial pressure 0.19+0.04 <0.0001 0.14+0.04 <0.0002
Female gender 0.35+0.04 <0.0001 0.13+0.04 <0.005
DM or HbA1c>6.5% -0.002+0.03  =0.96 0.02+0.03 =0.61
Regular smoking 0.13+0.04 <0.0005 0.10+0.04 <0.005
Regular alcohol 0.02+0.03 =0.55 -0.03+£0.03 =0.35
Pulse rate -0.07+0.03 <0.05 -0.04+0.03 =0.27
LDL cholesterol 0.07+0.03 <0.05 0.06+0.03 =0.09
Creatinine -0.004+0.04 =0.92 -0.04+0.04 =0.29
Log resistin 0.04+0.03 =0.28 0.02+0.03 =0.58
Log adiponectin -0.17+0.03 <0.0001 -0.21+0.03 <0.0001
Log CRP 0.22+0.04 <0.0001 0.22+0.04 <0.0001
Log HOMA-IR 0.09+0.03 <0.01 0.14+0.03 <0.0001

*Indicates standardized B-coefficient. BMI, body mass index; WC, waist circumference; DM,
diabetes mellitus; HbAlc, glycated haemoglobin; CRP, C-reactive protein concentrations;

HOMA-IR, homeostasis model of insulin resistance.
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Table 3.3. Relationships between plasma adipokine concentrations and metabolic and

inflammatory indices.

Partial r (95% CI)* p value
Log adiponectin vs
Log CRP -0.03 (-0.11 t0 0.04) =0.39
Log HOMA-IR -0.12 (-0.20t0 -0.04)  <0.005
Total cholesterol 0.02 (-0.06 to 0.09) =0.69
LDL cholesterol -0.06 (-0.14 t0 0.01) =0.10
HDL cholesterol 0.26 (0.19t0 0.33) <0.0001
Triglyceride -0.19 (-0.26t0 -0.11)  <0.0001
Creatinine 0.06 (-0.01 to 0.14) =0.11
Log resistin vs
Log CRP 0.22 (0.15t0 0.29) <0.0001
Log HOMA-IR -0.06 (-0.14t0 0.02) =0.13
Total cholesterol -0.02 (-0.09 to 0.06) =0.67
LDL cholesterol -0.02 (-0.10 to 0.05) =0.57
HDL cholesterol -0.005 (-0.08 t0 0.07) =0.90
Triglyceride -0.06 (-0.14 to 0.01) =0.10
Creatinine 0.15 (0.07 to0 0.22) <0.0002

Cl, confidence intervals; CRP, C-reactive protein concentrations; HOMA-IR, homeostasis model
of insulin resistance. *Adjustments are for age, gender, body mass index, regular smoking,
regular alcohol intake, diabetes mellitus or an HbAlc>6.5%. Probability values are further

adjusted for non-independence of family members.
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Table 3.4. Relationships between circulating adipokine concentrations and blood pressure (BP)

in participants having never received antihypertensive therapy.

Partial r* (95% CI) p value

Log resistin versus

Clinic SBP (n=683) -0.01 (-0.08 to 0.07) =0.81
Clinic DBP (n=683) -0.04 (-0.11 to 0.04) =0.32
24-hour SBP (n=492) 0.01 (-0.08 to 0.10) =0.88
24-hour DBP (n=492)  -0.04 (-0.12 to 0.05) =0.43
Aortic SBP (n=683) -0.01 (-0.08 to 0.07) =0.82
Log adiponectin versus
Clinic SBP (n=683) 0.08 (0.01 to 0.15) <0.05
Clinic DBP (n=683) -0.01 (-0.08 to 0.07) =0.82
24-hour SBP (n=492) 0.08 (-0.01t0 0.17) =0.06
24-hour DBP (n=492) 0.02 (-0.06 t0 0.11) =0.60
Aortic SBP (n=683) 0.09 (0.02 t0 0.17) <0.02

SBP, systolic BP, DBP, diastolic BP. *Adjusted for age, sex, body mass index, diabetes mellitus

or an HbA1c>6.5%, regular smoking, and regular alcohol intake.
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Table 3.5. Relationships between plasma resistin concentrations and carotid-femoral (aortic)

pulse wave velocity (PWV) in participants having never received antihypertensive therapy.

Log resistin vs log aortic PWV

Adjustments Partial r (95% ClI) p value Model r?
(n=683)

Unadjusted 0.17 (0.09 to 0.24) <0.0001  0.027

* 0.10 (0.03t0 0.17) <0.01 0.396

* + office MAP 0.11 (0.04 t0 0.19) <0.005 0.451

* + office PP 0.09 (0.021t0 0.17) <0.02 0.432

* + office SBP 0.11 (0.04 t0 0.19) <0.005 0.453

with 24-hour BP (n=492)

Unadjusted 0.18 (0.10 to 0.27) <0.0001  0.033
* 0.11 (0.02 to 0.19) <0.02 0.407
* + 24-hour PP 0.10 (0.01 to 0.19) <0.05 0.411
* + 24-hour SBP 0.11 (0.02 to 0.20) <0.02 0.432

Women (n=397)

Unadjusted 0.16 (0.07 to 0.26) =0.001 0.027
* 0.12 (0.02 to0 0.22) <0.02 0.417
* + office MAP 0.12 (0.02 to 0.21) <0.05 0.487
* + office PP 0.12 (0.02 to 0.21) <0.05 0.446
Men (n=286)
Unadjusted 0.18 (0.06 to 0.28) <0.005 0.031
* 0.07 (-0.04 to 0.19) =0.21 0.388
* + office MAP 0.10 (-0.01 t0 0.22) =0.09 0.431
* + office PP 0.06 (-0.05 to 0.18) =0.296 0.432

Cl, confidence intervals; office, brachial blood pressure; MAP, mean arterial pressure; PP, pulse
pressure; SBP, systolic BP. *Adjustments are for BP as indicated in separate models, age,
gender, pulse rate, body mass index, regular smoking, regular alcohol intake, diabetes mellitus
or an HbAl1c>6.5%, LDL cholesterol, and creatinine concentrations. Probability values are

further adjusted for non-independence of family members.
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Table 3.6. Unadjusted relationships between plasma adiponectin concentrations and carotid-
femoral (aortic) pulse wave velocity (PWV).

Log adiponectin vs log aortic PWV

n= Partial r (95% CI) p value
All 683 0.04 (-0.03t0 0.12) =0.25
Women 397 0.04 (-0.06 to 0.14) =0.44
Men 286  0.07 (-0.04 t0 0.18) =0.23

Cl, confidence intervals.
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Table 3.7. Factors independently associated with carotid-femoral (aortic) pulse wave velocity

(PWV) in 683 participants having never received antihypertensive therapy.

With BMI in model With WC in model
Log PWV vs B-coefficient* p-values  B-coefficient* p-values

(£SEM) (£SEM)
Age 0.47+0.04 <0.0001 0.47+0.04 <0.0001
Mean arterial pressure 0.28+0.03 <0.0001 0.28+0.03 <0.0001
Log resistin 0.09+0.03 <0.005 0.08+0.03 <0.01
Body mass index -0.01+0.04  =0.83 - -
Waist circumference - - -0.01+0.03 =0.74
Female gender 0.10+0.04 =0.01 0.11+0.04 <0.01
DM or HbAl1c>6.5% 0.01+0.03 =0.91 -0.001+0.03 =0.98
Regular smoking 0.01+0.03 =0.63 0.01+0.03 =0.66
Regular alcohol -0.07+0.03 <0.05 -0.08+0.03 <0.02
Pulse rate -0.03+0.03 =0.30 -0.034+0.03 =0.31
LDL cholesterol -0.10+0.03 <0.005 -0.10+0.03 <0.002
Creatinine 0.10+0.03 <0.01 0.10+0.04 <0.01

*Indicates standardized B-coefficient. BMI, body mass index; WC, waist circumference; DM,
diabetes mellitus; HbAlc, glycated haemoglobin; LDL, low density lipoprotein.



68

Table 3.8. Sex-specific relationships between plasma resistin concentrations and carotid-

femoral (aortic) pulse wave velocity (PWV) with adjustments for 24-hour blood pressure.

Log resistin vs log aortic PWV

Adjustments Partial r (95% CI) p value Partial r (95% CI) p value
Women Men

with 24-hour BP (n=282) with 24-hour BP (n=210)

Unadjusted 0.18 (0.07t00.29) <0.005 0.19 (0.06t0 0.32) <0.01

* 0.14 (0.03t0 0.26)  <0.02 0.06 (-0.08 to 0.19) =0.41

* + 24-hour PP 0.14 (0.02t0 0.26) <0.02 0.05 (-0.09to 0.19) =0.46

* + 24-hour SBP 0.15(0.03t0 0.27)  <0.02 0.06 (-0.08 to 0.19) =0.42

Cl, confidence intervals; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic BP.
*Adjustments are for age, blood pressure as indicated in separate models, pulse rate, body
mass index, regular smoking, regular alcohol intake, diabetes mellitus or an HbA1c>6.5%, LDL
cholesteroland creatinine concentrations. Probability values are further adjusted for non-

independence of family members.
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3.3.6 Associations of plasma adipokine concentrations with aortic reflected wave and
aortic BP. In multivariate adjusted models neither plasma resistin (Table 3.9), nor adiponectin
(data not shown) concentrations were independently associated with RI or PPc.

3.3.7 Associations of plasma resistin concentrations with aortic PWV are independent of
CRP and HOMA-IR. In bivariate models, CRP concentrations (Pearson’s r=0.22, CI=0.14 to
0.29, p<0.0001), but not HOMA-IR (p=0.50) were correlated with aortic PWV. However, with
adjustments for confounders, CRP concentrations failed to associate with PWV (partial r=0.01,
Cl=-0.07 to 0.08, p=0.83). With multivariate adjustments including CRP concentrations and
HOMA-IR in the models, circulating resistin concentrations remained independently associated
with aortic PWV (Table 3.10).

3.4 Discussion

The main findings of the present study are as follows: In a relatively large randomly
selected community sample of black African ancestry with a high prevalence of obesity and
untreated hypertension, circulating resistin, but not adiponectin or CRP concentrations were
associated with aortic PWV beyond adiposity indexes, BP, HOMA-IR, general inflammation (as
indexed by CRP concentrations) and additional confounders. However, neither adiponectin, nor
resistin concentrations were independently associated with aortic BP or aortic backward waves.

Although circulating resistin concentrations have been noted to predict cardiovascular
events beyond conventional risk factors (Menzaghi et al., 2013; Muse et al., 2015; Butler et al.,
2009; Frankel et al., 2009), the mechanisms that account for this effect are unclear. In the
present study we show that circulating resistin concentrations are directly associated with an
increased aortic PWV independent of adiposity indices, concentrations of the inflammatory
marker CRP, insulin resistance as indexed by HOMA-IR, and conventional cardiovascular risk
factors. These data are in sharp contrast to a similarly large (n=749) cross-sectional study
conducted in a sample with a high prevalence of antihypertensive treatment (which will
decrease PWYV), where circulating resistin concentrations were inversely related to aortic PWV
(Windham et al.,, 2010), and in a small longitudinal study (n=141) conducted in treated
hypertensives, where circulating resistin concentrations failed to predict changes in PWV over
24-months of follow-up (Youn et al., 2013). Only one prior case-control study conducted in a
small study sample (n=271) suggests that circulating resistin concentrations are directly
associated with increases in PWV (Yang et al., 2009). However, that study (Yang et al., 2009)
assessed brachial-ankle PWV which is determined by a composite of elastic and muscular
artery stiffness. Hence, the present study provides the first clear evidence that circulating

resistin concentrations are independently and directly associated with aortic stiffness and these
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Table 3.9. Relationships between plasma resistin concentrations and aortic reflected wave

index (RI) or aortic pulse pressure in participants having never received antihypertensive

therapy.
Adjustments Partial r (95% CI) p value Model r?
Log resistin vs aortic reflected wave index (n=683)
Unadjusted -0.03(-0.11t0 0.04) =0.38 0.001
* -0.06 (-0.14 t0 0.01) =0.09 0.419
* + office MAP -0.06 (-0.14t0 0.01) =0.11 0.438
Log resistin vs aortic pulse pressure (n=683)
Unadjusted 0.07 (-0.002 to 0.15) =0.06 0.005
* 0.03 (-0.04t00.11) =0.41 0.362
* + office MAP 0.04 (-0.03t00.12) =0.24 0.478

Cl, confidence intervals; MAP, mean arterial pressure. *Adjustments are for age, MAP as
indicated, gender, pulse rate, body mass index, regular smoking, regular alcohol intake,
diabetes mellitus or an HbA1c>6.5%, LDL cholesterol and creatinine concentrations. Probability

values are further adjusted for non-independence of family members.
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Table 3.10. Relationships between plasma resistin concentrations and carotid-femoral (aortic)
pulse wave velocity (PWV) independent of C-reactive protein (CRP) concentrations or the
homeostasis model of insulin resistance (HOMA-IR) in participants having never received

antihypertensive therapy.

Log resistin vs log PWV
Adjustments n= Partial r (95% CI) p value Model r?

Adjusted for CRP

* + office MAP + log CRP 668  0.12 (0.041t00.19) <0.005 0.449
* + office SBP + log CRP 668  0.11 (0.041t00.19) <0.005 0.450
* 4+ 24-hour SBP + log CRP 481  0.11(0.02t00.20) <0.02 0.434

Adjusted for HOMA-IR

* + office MAP + HOMA-IR 683 0.10 (0.02t0 0.18) <0.02 0.65
* + office SBP + HOMA-IR 683 0.10(0.02t0 0.17) <0.02 0.466
* + 24-hour SBP + HOMA-IR 492 0.10(0.01t0 0.19) <0.05 0.441

Cl, confidence intervals; MAP, mean arterial pressure; SBP, systolic blood pressure.
*Adjustments are for age, BP as indicated in separate models, gender, pulse rate, body mass
index, regular smoking, regular alcohol intake, diabetes mellitus or an HbAlc>6.5%, LDL
cholesterol, and creatinine concentrations. Probability values are further adjusted for non-

independence of family members.
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relationships are not explained by obesity, insulin resistance or increases in general
inflammation.

As aortic (carotid-femoral) pulse wave velocity (PWV) predicts cardiovascular outcomes
beyond conventional risk factors (Vlachopoulos et al., 2010; Ben-Shlomo et al., 2014), the
present study suggests a possible mechanism that may explain the ability of circulating resistin
concentrations to predict cardiovascular events beyond conventional risk factors (Menzaghi et
al., 2013; Muse et al., 2015; Butler et al., 2009; Frankel et al., 2009).

In the present study relationships between resistin concentrations and aortic PWV were
independent of several BP values including office and 24-hour brachial mean arterial pressure,
SBP and PP. However, adjustments for brachial PP tended to reduce the strength of the
relation. In this regard, caution should be exercised in interpreting these results as increases in
aortic PWV occur as a consequence of increases in PP, and aortic PWV also determines PP.
Hence, resistin versus PWYV relationships are likely to have been over-adjusted for with PP
included in the model, thus artificially diminishing the strength of the relation.

In the present study the independent relationship between resistin and aortic PWV failed
to translate into associations with aortic backward waves (RI), aortic pulse pressure, aortic SBP,
or 24-hour brachial BP. These findings are in accordance with a prior large study reporting on a
lack of association of circulating resistin concentrations with brachial PP (Coutinho et al., 2012).
Hence, resistin is unlikely to produce cardiovascular damage through an impact on BP.
However, increases in aortic PWV may mediate adverse cardiovascular effects through
facilitation of transmission of pulsatile energy into end-organ circulatory systems (Mitchell et al.,
2011). Moreover, increases in aortic stiffness are associated with a reduced baroreceptor
responsiveness, the consequence of which may be an increased vascular stress (Michas et al.,
2012). Alternatively, increases in PWV may reflect the extent of arteriosclerosis and therefore
herald the onset of vascular events.

Explanations for independent relationships between circulating resistin concentrations
and aortic PWV in the present study, although speculative, require consideration. Resistin
promotes endothelial activation by upregulating endothelin-1, adhesion molecules, monocyte
chemoattractant factors and pro-inflammatory cytokines (Kawanami et al., 2004; Verma et al.,
2003), the possible consequence being enhanced arteriosclerosis. In this regard, the
arteriosclerotic process is associated with vascular fibrosis and degeneration of elastic tissue,
the possible result being an increase in large artery stiffness. Alternatively, as resistin is
expressed in macrophages in atheroma (Jung et al., 2006) and increases in aortic stiffness may
reflect the extent of atherosclerosis, atherosclerotic lesions may be the source of circulating
resistin (reverse causality). Importantly, in the present study resistin concentrations were
independently associated with CRP and creatinine concentrations. Hence, it may be argued that

resistin-PWYV relationships are attributed to the previously described resistin versus CRP or
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creatinine relationships (Zhu et al., 2012; Wang et al., 2014). However, in the present study,
resistin-PWV relationships were independent of CRP and creatinine concentrations and
additional confounders.

The limitations of the present study warrant consideration. As this was a cross-sectional
study no conclusions can be drawn regarding cause and effect. Second, the present study was
conducted in a group of black African ancestry and hence the present results require validation
in alternative ethnic groups. Third, PWV measurements were obtained from pulse transit
distance using subtracted distances (difference between the distance from the femoral sampling
site to the suprasternal notch, and the distance from the carotid sampling site to the
suprasternal notch), prior to the recommendation that a standardized approach of 80% of the
direct carotid-femoral distance be used (Van Bortel et al., 2012). Hence, our PWV values are
likely to differ from standard non-invasive measurements (see converted standard aortic PWV
values given in Table 3.1). Fourth, although independent relationships between resistin
concentrations and PWV were noted in women, we were not statistically powered to show
independent relationships between resistin concentrations and PWV in men. Hence, further
studies in men are required. Fifth, the calibration of aortic pressure from radial tonometry
employs brachial pressure measurements and ignores possible amplification of pressures from
the brachial to the radial artery (Picone et al., 2015). However, although this would affect
relations between resistin concentrations and aortic PP, relationships with aortic PWV or R, the
principle outcomes of the present study, would not have been influenced by this possible error
as neither PWV nor RI depend on errors in calibration. Last, aortic wave separation was
performed using a ‘triangular’ flow waveform rather than a measured or ‘physiological’ aortic

flow waveform, and hence RI should be considered as an approximate at best.

3.5 Conclusions

In the present study we provide the first evidence derived from a relatively large,
randomly selected community-based sample of participants having never been treated with
antihypertensive therapy and with a high prevalence of obesity, that independent of
confounders, circulating resistin concentrations are independently associated with aortic PWV.
These relationships persisted with further adjustments for CRP and HOMA-IR. These findings
therefore suggest a potential mechanism that may explain relationships between circulating

resistin concentrations and cardiovascular disease.
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CHAPTER 4

Impact in a Community Sample of Obesity-Associated Metabolic and Inflammatory

Changes on Glomerular Function is Greater than Modifiable Conventional Risk Factors.

This data chapter is currently under review in Cardiovascular Journal of Africa.

Impact of Obesity-Associated Metabolic and Inflammatory Changes on Glomerular Filtration
Rate is Greater than that of Modifiable Conventional Risk Factors.
Glenda Norman, Angela J Woodiwiss, Vernice Peterson, Monica Gomes, Pinhas Sareli, Gavin
R Norton.

| was involved in data collection from 2014 until 2019. In addition | retrieved the samples
from storage and aliquoted the samples before assisting with running the Elisas for the
resistin, CRP and HOMA-IR. Furthermore, | did all the data analysis for the publications

using SAS software, version 9.4.
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4.0 Abstract

Introduction: Although obesity-associated metabolic and inflammatory changes are associated
with renal damage and chronic kidney disease (CKD), the extent to which these effects account
for decreases in renal function as compared to modifiable conventional risk factors, is uncertain.
Methods: In a cross-sectional community-based study in 1010 randomly selected (2002 to
2017) participants over the age of 16 years in an urban, developing community with a high
prevalence of obesity (41.8%), we assessed plasma resistin and C-reactive protein (CRP)
concentrations (ELISA); the homeostasis model of IR (HOMA-IR) and associated metabolic
changes, estimated glomerular filtration rate (eGFR), ambulatory blood pressure (BP)(h=688),
aortic BP and pulse wave velocity (PWV)(n=896).

Results: In multivariate regression models with adjustments for conventional risk factors
(including HbAlc, office BP or any adiposity index) and additional confounders, HOMA-IR
(standardized B-coefficient [B-coeff]=-0.13+£0.02, <0.0001) and plasma resistin concentrations
(B-coeff=-0.13+0.02, <0.0001) were second only to age and equivalent to systolic BP (3-coeff=-
0.09£0.03, <0.005) in the impact on eGFR, whilst alternative conventional risk factors
contributed little to eGFR. Similar results were obtained in relationships with CKD. CRP was not
independently associated with eGFR. Neither 24-hour BP, aortic BP, nor PWV, modified the
relative contribution of HOMA-IR and resistin concentrations versus alternative parameters to
eGFR.

Conclusions: In a community sample with a high prevalence of obesity, the combined impact
of obesity-associated metabolic and inflammatory changes on glomerular filtration rate and CKD
is greater than that of modifiable conventional risk factors. Targeting conventional risk factors
alone is therefore likely to result in a marked residual impact on the development of CKD in

communities with a high prevalence obesity.

Key words: chronic kidney disease, resistin, insulin resistance.
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4.1 Introduction

Chronic kidney disease (CKD), as defined by reductions in estimated glomerular filtration
rate (eGFR), is in most countries, a major public health problem with substantial social and
economic consequences (Levey et al., 2007; Bello et al., 2005). Chronic kidney disease
progresses to end-stage renal disease and predicts cardiovascular events beyond conventional
risk factors (Go et al., 2004; Matsushita et al., 2010; Mahmoodi et al., 2012; Matsushita et al.,
2015; Waheed et al.,, 2012; Hui et al., 2013). Although poor control of hypertension and
diabetes mellitus accounts for a substantial portion of reductions in eGFR, a significant
proportion of decreases in eGFR may be attributed to obesity (Iseki et al., 2004; Kramer et al.,
2006; Ejerblad et al., 2006). Importantly, several studies have demonstrated relationships
between the obesity associated metabolic change, insulin resistance (Mykkéanen et al., 1998;
Chen et al., 2003; Whaley-Connell et al., 2010) or increased circulating concentrations of pro-
inflammatory adipokines (Fried et al., 2004; Cabré et al., 2007; Axelsson et al., 2008; Bash et
al., 2009; Keller et al., 2010; Kawamura et al., 2010; Shankar et al., 2011; Upadhyay et al.,
2011; Hiramoto et al., 2012; Menzaghi et al., 2012; Mills et al., 2013; An et al., 2015; Moreno et
al., 2015; Liu et al., 2016) and renal dysfunction independent of diabetes mellitus or
conventional blood pressure (BP). These effects may be through direct actions on the kidney
(Whaley-Connell et al., 2017; Tomosugi et al., 1989; Bertani et al., 1989) and as a consequence
the adverse effects of these metabolic and inflammatory changes may not be amenable to
preventative strategies by targeting conventional risk factors alone. However, the extent to
which insulin resistance or adipocytokine changes contribute to decreases in eGFR as
compared to modifiable conventional risk factors is uncertain (Whaley-Connell et al., 2017).

Obesity-associated insulin resistance or adipocytokine changes may contribute to the
development of type Il diabetes mellitus or hypertension and hence the impact of these changes
on renal function may not be distinct from these conventional risk factors (Whaley-Connell et al.,
2017). Targeting conventional risk factors may therefore have major benefits to preventing
obesity-associated metabolic of inflammatory effects on CKD. Importantly, the adverse impact
of obesity-associated metabolic or inflammatory effects on BP may be best indexed by
increases in ambulatory BP (Hanninen et al., 2011) or aortic stiffness (Backdahl et al., 2018). In
this regard, the extent to which insulin resistance and adipocytokine changes as compared to
modifiable conventional cardiovascular risk factors, including alterations in ambulatory BP or
aortic stiffness contribute to decreases in renal function (Mykkanen et al., 1998; Chen et al.,
2003; Whaley-Connell et al., 2010; Fox et al., 2004; Fried et al., 2004; Cabré et al., 2007,
Axelsson et al., 2008; Bash et al., 2009; Keller et al., 2010; Kawamura et al., 2010; Shankar et
al., 2011; Upadhyay et al., 2011; Hiramoto et al., 2012; Menzaghi et al., 2012; Mills et al., 2013;

An et al., 2015; Moreno et al., 2015; Liu et al.,, 2015) is unclear. To determine the extent to
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which targeting conventional risk factors will contribute to preventing the adverse effects of
obesity-associated metabolic and inflammatory changes on CKD, in a large sample of a
community with prevalent obesity (Norman et al., 2016; Peterson et al., 2016) we assessed the
relative impact on eGFR and CKD of insulin resistance and inflammatory changes as compared

to that of modifiable conventional risk factors, including ambulatory BP and aortic stiffness.

4.2 Methods

The present study was conducted according to the principles outlined in the Helsinki
declaration. The Committee for Research on Human Subjects of the University of the
Witwatersrand approved the protocol (approval numbers: M02-04-72 renewed as M07-04-69,
M12-04-108 and M17-04-01). Participants gave informed, written consent. The study design
has previously been described (Norton et al., 2012; Woodiwiss et al., 2009). Nuclear families of
black African descent with siblings older than 16 years were randomly recruited (2002 to 2017)
from the South West Township (SOWETO) of Johannesburg, South Africa. Of the 1010
participants studied, 896 participants had aortic PWV measurements and 688 had 24-hour
ambulatory BP measurements that met with pre-specified quality control criteria (longer than 20
hours and more than 10 and 5 readings for the computation of day and night means,
respectively).

4.2.1 Clinical, demographic and anthropometric measurements. Demographic and
clinical data were obtained using a standardized questionnaire (Norton et al., 2012; Woodiwiss
et al., 2009). Regular tobacco use was defined as daily cigarette smoking and regular alcohol
consumption as either one beer a day, a bottle of wine (750 mls) a week or 250 mls of spirits a
week. Height, weight, waist circumference (WC) and hip circumference were measured using
standard approaches and participants were identified as being overweight if their body mass
index (BMI) was 225 kg/m? and obese if their BMI was =30 kg/m?. Central obesity was defined
as an enlarged WC (=88 cm in women and =102 cm in men). Fasting laboratory blood tests of
renal function, blood glucose, lipid profiles, and percentage glycated hemoglobin
(HbAlc)(Roche Diagnostics, Mannheim, Germany) were performed. Fasting plasma insulin
concentrations were determined from an insulin immulite, solid phase, two-site
chemiluminescent immunometric assay (Diagnostic Products Corporation, Los Angeles, CA,
USA) and insulin resistance was estimated by the homeostasis model assessment of insulin
resistance (HOMA-IR) using the formula (insulin [uU/ml] x glucose [mmol/l})/22.5 (Norman et al.,
2016; Peterson et al., 2016). Diabetes mellitus (DM) was defined as the use of insulin or oral
hypoglycemic agents or an HbAlc value greater than 6.5%.

4.2.2 Blood pressure. Nurse-derived conventional BP was measured after 10 minutes of

rest in the seated position as previously described (Norton et al., 2012; Woodiwiss et al., 2009)
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within a half hour of obtaining blood samples and in the opposite arm to that subjected to
venesection. These measurements were performed to an accuracy of 2 mm Hg by a trained
nurse using a mercury sphygmomanometer and an appropriate sized cuff according to
guidelines. Five consecutive BP readings were obtained 30 to 60 seconds apart. The average
of the five readings was taken as the BP. Hypertension was diagnosed in those receiving
antihypertensive therapy or having a conventional BP=140/90 mm Hg. Ambulatory 24-hour BP
was determined using SpacelLabs monitors (model 90207; Spacelabs, Redmond, Washington,
USA) as previously described (Woodiwiss et al., 2009). The size of the cuff was the same as
that used for conventional BP measurements. Monitors were programmed to measure 24-hour
BP at 15-min intervals from 06:00 to 22:00 hours and at 30-min intervals from 22:00 to 06:00
hours. Intra-individual means of the ambulatory measurements were weighted by the time
interval between successive readings (Woodiwiss et al., 2009). The average (zSD) number of
BP readings obtained was 60.7+£12.2 (range=24 to 81) for the 24-h period.

4.2.3 Estimated GFR. Serum creatinine concentrations were measured using the Advia
Chemistry systems (Siemens) with calibration traceable to isotope dilution mass spectrometry
(IDMS). The 4-variable MDRD and CKD-EPI equations were employed to estimate GFR. The
ethnicity factor as recommended in African Americans when calculating the MDRD and CKD-
EPI eGFR was not applied in the present study as the use results in overestimation of kidney
function in black Africans (Van Deventer et al., 2011; Eastwood et al., 2010).

4.2.4 Inflammatory markers. Blood samples were centrifuged and immediately stored at
-80°C. Plasma concentrations of human resistin and high-sensitivity (range 0.01 to 50 ng/ml)
CRP concentrations were measured using enzyme-linked immunosorbent assays (Quantikine,
R&D Systems Inc, Minneapolis, MN, USA). Resistin was selected as an adipocytokine with
possible adverse effects on renal function beyond that of obesity per se and CRP as a marker
of general inflammation. The resistin assay had a lower detection limit of 0.026 ng/ml and intra-
assay and inter-assay coefficients of variation ranging from 3.8 to 5.3% and 7.8 to 9.2%
respectively. The CRP assay had a mean lower detection limit of 0.010 ng/ml and intra-assay
and inter-assay coefficients of variation ranging from 3.8 to 8.3% and 6.0 to 7.0% respectively.

4.2.5 Central aortic haemodynamics. Central aortic haemodynamics were determined as
previously described (Norton et al., 2012; Woodiwiss et al., 2009). After participants had rested
for 15 minutes in the supine position, arterial waveforms at the radial (dominant arm), carotid
and femoral artery pulses were recorded by applanation tonometry. Pressure waveforms were
recorded during an 8-second period using a high-fidelity SPC-301 micromanometer (Millar
Instrument, Inc., Houston, Texas) interfaced with a computer employing SphygmoCor, version
9.0 software (AtCor Medical Pty. Ltd., West Ryde, New South Wales, Australia). To determine
aortic BP the pulse wave obtained from the radial tonometer recordings was calibrated by

manual measurement (auscultation) of brachial BP taken immediately before the recordings.
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The radial pressure waveform was converted into a central (aortic) waveform using a validated
generalized transfer function incorporated in SphygmoCor software. Central aortic SBP was
derived from the aortic waveform. Aortic PWV was determined from sequential waveform
measurements at carotid and femoral sites. The time delay in the pulse waves between the
carotid and femoral sites was determined using an electrocardiograph-derived R wave as a
fiducial point. Pulse transit time was taken as the average of 10 consecutive beats. The
distance which the pulse wave travels was determined as the difference between the distance
from the femoral sampling site to the suprasternal notch, and the distance from the carotid
sampling site to the suprasternal notch. Aortic PWV was calculated as the ratio of the distance
to the transit time (m/sec).

4.2.6 Data analysis. Database management and statistical analyses were performed
with SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). Continuous data are
reported as mean+SD or SEM, or median and interquartile range. Unadjusted means and
proportions were compared by the large-sample z-test and the c2-statistic, respectively. As
HOMA-IR and circulating concentrations of inflammatory markers were non-normally distributed,
they were transformed to improve on the distribution (Table 4.1). Bivariate correlations were
assessed from Pearson’s correlation coefficients. Independent relationships were assessed
from linear, logistic or stepwise regression analysis with appropriate adjustors. Probability
values were further adjusted for non-independence of family members using the method of

maximum likelihood as implemented by the mixed procedure as defined in the SAS package.

4.3 Results

4.3.1 Participant characteristics. Table 4.2 shows the characteristics of the participants
in the study sample. More women than men participated and a high prevalence of hypertension
and obesity was noted with many hypertensives being untreated or uncontrolled. 34.9% of the
sample had an eGFR=60-90 mls/min/1.73m? and 6.4% an eGFR=20-60 mls/min/1.73m?.

4.3.2 Adiposity indexes or associated metabolic abnormalities and eGFR. Except for
LDL cholesterol concentrations that showed only weak independent relationships with eGFR, no
adiposity index, nor obesity-associated metabolic abnormality (glucose or lipids) independently
associated with eGFR or creatinine concentrations (Table 4.3).

4.3.3 Associations between resistin or insulin resistance and eGFR. In multivariate
regression models, independent of conventional risk factors including HbAlc values (blood
glucose control), HOMA-IR, and plasma resistin concentrations (Figure 4.1), but not CRP
concentrations (Table 4.4) were independently associated with creatinine concentrations or

eGFR and these effects were unaffected by adjustments for adiposity indexes or obesity-
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Table 4.1 Distribution of circulating inflammatory markers or the homeostasis model of insulin

resistance (HOMA-IR) before and after transformation of data.

Parameter Skewness Kurtosis Shapiro-Wilk

Un-transformed

C-reactive protein 4.22 31.2 0.64
Resistin 2.81 15.8 0.80
HOMA-IR 4.33 26.3 0.57
Logarithm of:

C-reactive protein -0.37 0.04 0.99
Resistin 0.12 0.52 1.00

HOMA-IR 0.36 -0.24 0.98




Table 4.2. Participant characteristics.

All With 24-hour BP With PWV
Number (% female) 1010 (63.6) 688 (62.9) 896 (62.2)
Age (years) 44.0+£18.2 43.9+18.1 43.5+18.4
Body mass index (kg/m?) 29.3+7.9 28.7+7.6 28.6+7.4
% overweight/obese 23.5/41.8 25.4/38.2 24.3/38.8
Waist circumference (cm) 90.6+£16.8 (n=984) 89.7+16.4 (n=669) 89.5+16.1 (n=876)
% abdominal obesity 44.9 41.9 41.8
Waist/hip ratio (WHR) 0.84+0.10 (n=984) 0.84+0.10 (n=669) 0.83+0.10 (n=876)
Regular tobacco (% subjects) 14.7 14.8 16.1
Regular alcohol (% subjects) 19.9 20.3 20.5
% Females postmenopausal 43.8 41.8 42.9
% Diabetes mellitus 13.7 12.8 13.1
% Glucose lowering agents 7.5 7.0 7.3
% Hypertension 44.7 43.3 43.8
Current antihypertensive meds (%) 22.9 21.1 22.1
Glucose (mmol/l) 5.26+2.46 5.30£2.60 5.26+£2.54
LDL cholesterol (mmol/l) 2.63+0.94 2.62+0.97 2.63+0.95
HDL cholesterol (mmol/l) 1.40+0.41 1.41+0.41 1.41+0.42
Triglycerides (mmol/l) 1.24+1.12 1.25+1.28 1.23+1.15

Insulin (pU/mI)

HOMA-IR

Resistin (ng/ml)

C-reactive protein (ng/ml)
Office SBP/DBP (mm Hg)
24-hour SBP/DBP (mm Hg)

Aortic SBP (mm Hg)

Creatinine (umol/l)

eGFR (MDRD) (mls/min/1.73m?)
eGFR (CKD-EPI) (mls/min/1.73m?)

10.8 (7.7 to 15.7)
3.80 (1.42 t0 8.44) 3.45 (1.24t0 8.37) 3.65 (1.31 to 8.06)
128+22/84+13
118+15/72+10 (n=688) 118%15/72+10
Aortic pulse wave velocity (m/sec) 6.26+£2.67 (n=896) 6.39+2.78 (n=608)

120+22

75.1£22.0

94.3+26.1
95.0+22.2

128+22/83+12

119+22

75.6+19.9
03.8+25.9
94.5+22.3

8.45 (4.15 to 15.32) 8.92 (4.32 t0 17.2) 8.32 (4.02 to 15.00)
1.80 (0.84 to 3.74) 1.86 (0.88 to 4.19)
10.5 (7.5 to 15.2)

1.74 (0.82 to 3.65)
10.7 (7.7 to 15.5)

128+22/83+12
118+15/72+10

6.26+2.67
119+22
75.0+22.3
95.0+25.8
95.7£22.1

81

Data shown are mean+SD, median and interquartile range and proportions. LDL, low density

lipoprotein; HDL, high density lipoprotein; HOMA-IR, homeostasis model of insulin resistance;

SBP, systolic blood pressure; DBP, diastolic BP; eGFR, estimated glomerular filtration rate;
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MDRD, Modification of Diet in Renal Disease equation; CKD-EPI- Chronic Kidney Disease

Epidemiology equation.
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Table 4.3. Multivariate-adjusted relationships between adiposity indexes or obesity-related

metabolic changes and estimated glomerular filtration rate (eGFR) in a community sample.

eGFR versus

MDRD eGFR

Partial r (95% CI) p value

CKD-EPI eGFR

Partial r (95% CI) p value

Body mass index
Waist circumference
Waist-to-hip ratio
Glucose
Triglycerides

HDL cholesterol
LDL cholesterol

-0.011 (-0.07 to 0.05) =0.77
0.006 (-0.06 to 0.07) =0.85
-0.007 (-0.07 to 0.06) =0.84
-0.05 (-0.11 t0 0.01) =0.10
-0.002 (-0.06 to 0.06) =0.96
0.04 (-0.02t0 0.10) =0.23
-0.09 (-0.15 t0 -0.02) <0.01

0.010 (-0.05 to 0.07) =0.75
0.030 (-0.04 to 0.09) =0.42
0.002 (-0.06 to 0.07) =0.95
-0.05 (-0.11 to 0.01) =0.14

0.01 (-0.05 to 0.07) =0.80

0.03 (-0.03 t0 0.10) =0.31
-0.08 (-0.14 to -0.02) <0.05

See table 4.2 for abbreviations. *Adjustments are for age, sex, conventional systolic blood

pressure, regular tobacco use, regular alcohol consumption, diabetes mellitus, and HbAlc.



GFR—CKD—EPI versus Log HOMA—IR

adj. + BMI

adj.
adj.
adj.
adj.
adj.

adj.

GFR—CKD—EPI versus Log Resistin

+

+

-

Waist Circ. —0—

WHR

—O—

Blood Glucose

HDL

LDL

—o—
Triglycerides —©—
—o0—
—o—

-0.4-03-02-01 0 04 0.2 03 04

Partial Correlation Coefficient

adj.

adj.

adj.

adj.

adj.

adj.

adj.

+

+

BMI

Waist Circ.

WHR

Blood Glucose

Triglycerides

HDL

LDL

SRR B

Partial r {95% CI) p value
-0.162 (-0.222 to -0.101) <0.0001
-0.178 {-0.238 to —0.116) <0.0001
-0.166 (—0.227 to —0.104} <0.0001
-0.152 (-0.212 to —0.090) <0.0001
-0.160 (-0.220 to -0.098) <0.0001
-0.154 (-0.214 to —-0.092) <0.0001
-0.155 (-0.215 to —0.093) <0.0001
I L
Partial r (95% CI) p value
—0.170 (-0.230 to —0.109) <0.0001
-0.171 (-0.232 to —0.109) <0.0001
-0.174 {-0.235 to —0.111) <0.0001
-0.171 (-0.231 to —-0.109) <0.0001
-0.169 (-0.229 to —0.107) <0.0001
-0.168 (~0.228 to —0.106) <0.0001
-0.171 (-0.231 to —-0.109) <0.0001

-0.4-03-0.2-0.1 0 0.1 0.2 03 04

Partial Correlation Coefficient

84

Figure. 4.1. Independent relationships between the homeostasis model of insulin resistance

(HOMA-IR), or plasma resistin concentrations and estimated glomerular filtration rate (eGFR-

CKD-EPI) beyond indexes of adiposity or obesity-associated metabolic features in a community

sample. See table 4.2 for abbreviations. Adjustments are for age, sex, conventional systolic

blood pressure, regular tobacco use, regular alcohol consumption, diabetes mellitus, HbAlc

and the adiposity index or metabolic feature indicated.
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Table 4.4. Multivariate-adjusted (partial r) relationships between C-reactive protein (CRP)
concentrations and estimated glomerular filtration rate (eGFR- Chronic Kidney Disease

Epidemiology equation) in the community sample.

CRP versus Partial r (95% CI)  p value
MDRD eGFR -0.05(-0.11t00.01) =0.11
CKD-EPI eGFR -0.04 (-0.10t0 0.02) =0.19

See table 4.2 for abbreviations. *Adjustments are for age, sex, conventional systolic blood

pressure, regular tobacco use, regular alcohol consumption, diabetes mellitus, and HbAlc.
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associated metabolic abnormalities (Figure 4.1). The independent relationships between
HOMA-IR or resistin concentrations and eGFR or creatinine concentrations were noted in
several subgroups of the sample including men and women separately (Table 4.5), and across
tertiles of adiposity indexes (data not shown). Moreover, the independent relationships between
resistin concentrations and eGFR were independent of CRP concentrations (Table 4.6).

4.3.4 Relative impact of resistin or insulin resistance on eGFR and CKD. In stepwise
regression models, HOMA-IR and resistin concentrations were second and third only to age and
at least as strong as BP or PWV in the impact (standardized B-coefficient) on eGFR and CKD
(Tables 4.7 and 4.8). The impact of HOMA-IR and resistin concentrations together on eGFR or
CKD was markedly greater than the impact of conventional risk factors combined. The relative
impact of HOMA-IR or resistin concentrations on eGFR or CKD were similar irrespective of
whether conventional brachial BP, 24-hour BP, aortic BP or aortic PWV were included in the
regression models (Tables 4.7 and 4.8). The independent relationships between insulin
resistance or resistin concentrations and eGFR were independent of each other (Tables 4.7 and
4.8) and of CRP concentrations (Table 4.6). Independent relationships between insulin
resistance or resistin concentrations and creatinine concentrations or eGFR translated into
comparable stepwise decreases in eGFR across octiles of HOMA-IR or resistin concentrations

as did changes in eGFR across octiles of systolic BP (Figure 4.2).

4.4 Discussion

The main findings of the present study are as follows: In a large community sample with
prevalent obesity (41.8% of sample), independent of confounders, insulin resistance and
resistin concentrations combined produced a greater impact on creatinine concentrations,
eGFR and CKD than modifiable conventional risk factors. These effects were noted irrespective
of whether conventional BP or alternative obesity-associated hemodynamic changes (including
24-hour or aortic BP, and aortic PWV) were considered.

Obesity contributes to the development and progression of CKD (Iseki et al., 2004;
Kramer et al., 2006; Ejerblad et al., 2006). Animal-based studies suggest a distinct action of
insulin resistance in contributing to these effects (Whaley-Connell et al., 2017). Whilst a number
of prior studies have demonstrated independent relationships between indexes of insulin
resistance and CKD (Mykké&nen et al., 1998; Chen et al., 2003; Whaley-Connell et al., 2010;
Chen et al., 2004) these studies also show relationships that are stronger in the presence of
obesity (Mykkénen et al., 1998; Chen et al., 2003). In addition, several of these prior studies

have demonstrated that relationships between insulin resistance and glomerular function are
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Table 4.5. Sex-specific multivariate-adjusted (partial r) relationships between the homeostasis
model of insulin resistance (HOMA-IR) or resistin concentrations and estimated glomerular

filtration rate (eGFR-Chronic Kidney Disease Epidemiology equation) in the community sample.

Women (n=642) Men (n=368)
eGFR versus partial r* (95% CI) p value partial r* (95% CI) p value
HOMA-IR -0.149 (-0.224 to -0.071) <0.0005 -0.167 (-0.266 to -0.064) <0.002
Resistin -0.144 (-0.220 to -0.066) <0.0005 -0.209 (-0.306 to -0.107) <0.0001

*Adjustments are for age, sex, conventional systolic blood pressure, regular tobacco use,

regular alcohol consumption, diabetes mellitus, and HbAlc.
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Table 4.6. Impact of adjustments for C-reactive protein (CRP) on multivariate-adjusted
relationships between resistin concentrations and estimated glomerular filtration rate (eGFR-

Chronic Kidney Disease Epidemiology equation) in the community sample.

MDRD eGFR CKD-EPI eGFR
Resistin versus Partial r (95% CI)  p value Partial r (95% ClI) p value
Adjustments
eGFR * -0.160 (-0.221 to -0.099) <0.0001 -0.170 (-0.230 to -0.108) <0.0001

*+ CRP -0.153 (-0.214 to -0.092) <0.0001 -0.166 (-0.226 to -0.104) <0.0001

See table 4.2 for abbreviations. *Adjustments are for age, conventional systolic blood pressure,
regular tobacco use, regular alcohol consumption, diabetes mellitus, HbAlc and CRP as
indicated.
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Table 4.7. Relative impact (standardized slopes [B-coefficients]) of factors accounting for variations in estimated glomerular filtration rate

(eGFR)(Chronic Kidney Disease Epidemiology equation) in a community sample.

Models with— Brachial SBP 24-Hour SBP Aortic SBP Aortic PWV

n= 984 669 977 876
eGFR vs B-coeff.ASEM p value B-coeff +SEM  p value B-coeff. ASEM p value B-coeff£ASEM  p value
Age -0.67+0.03 <0.0001 -0.67+0.04  <0.0001 -0.66+0.03 <0.0001 -0.64+0.04 <0.0001
HOMA-IR -0.13+0.02 <0.0001 -0.12+0.03  <0.0001 -0.13+0.02 <0.0001 -0.14+0.02 <0.0001
Resistin -0.12+0.02 <0.0001 -0.12+0.03  <0.0001 -0.12+0.02 <0.0001 -0.12+0.02 <0.0001
Diabetes mellitus 0.005+0.030 =0.88 0.009+0.036  =0.80 0.003+0.030 =0.93 -0.006+0.032 =0.85
Hypertension 0.02+0.03  =0.42 -0.02+0.03 =0.61 0.02+0.03 =0.51 -0.002+0.030 =0.94
HbAlc 0.009+0.031 =0.77 -0.004+0.037 =0.90 0.008+0.031 =0.80 0.033+0.033 =0.32
Waist circumference  0.05+0.03 =0.06 0.05+0.03 =0.13 0.05+0.03 =0.06 0.04+0.03 =0.16
Brachial SBP -0.09+0.03 <0.005 - - - - - -
24-hour SBP - - -0.04+0.03 =0.21 - - - -
Aortic SBP - - - - -0.08+0.03  =0.005 - -
Aortic PWV - - - - - - -0.09+0.03 <0.005

B-coeff., standardized B-coefficient; HOMA-IR, homeostasis model of insulin resistance; SBP, systolic blood pressure; PWV, pulse wave velocity.

Also included in the regression models were sex, regular tobacco use, and regular alcohol consumption.



Table 4.8. Relative impact (standardized slopes [B-coefficients]) of factors accounting for chronic kidney disease (CKD) in a community sample.
24-Hour SBP

Models with—
n= CKD/Total

Brachial SBP
404/984

279/669

Aortic SBP
400/977

Aortic PWV

348/876

CKDvs B-coeff.£ASEM p value B-coeff£tSEM  pvalue B-coeffASEM p value B-coeffASEM  p value
Age 0.58+0.04 <0.0001 0.56+0.04 <0.0001 0.59+0.04 <0.0001 0.55+0.04 <0.0001
HOMA-IR 0.12+0.03 <0.0001 0.08+0.03 <0.05 0.12+0.03 <0.0001 0.11+0.03 <0.0005
Resistin 0.07+0.03  <0.02 0.08+0.03 <0.02 0.06+0.03 <0.05 0.07+£0.03 <0.02
Diabetes mellitus 0.05+0.04  =0.19 0.02+0.04 =0.63 0.05+0.04 =0.19 0.04+0.04 =0.34
Hypertension 0.02+0.04  =0.53 -0.01+0.04 =0.71 0.01+0.04 =0.72 0.03+0.04 =0.40
HbAlc -0.03+0.04  =0.47 -0.04+0.04 =0.42 -0.03+0.04 =0.45 -0.03+0.04 =0.43
Waist circumference  -0.07+0.03  <0.05 -0.04+0.04 =0.32 -0.07+0.03 <0.05 -0.07+0.04 =0.06
Brachial SBP 0.02+0.03  =0.60 - - - - - -
24-hour SBP - - 0.004+0.037 =0.91 - - - -
Aortic SBP - - - - 0.004+0.036 =0.91 - -
Aortic PWV - - - - - - 0.07+0.04 =0.07

B-coeff., standardized B-coefficient; HOMA-IR, homeostasis model of insulin resistance; SBP, systolic blood pressure; PWV, pulse wave velocity.
Also included in the regression models were sex, regular tobacco use, and regular alcohol consumption. CKD was identified as eGFR values <90

mls/min/1.73m? from eGFR determined using the Chronic Kidney Disease Epidemiology equation.
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Figure 4.2. Multivariate adjusted estimated glomerular filtration rates (eGFR-CKD-EPI) across
octiles of insulin resistance (homeostasis model-HOMA-IR) or plasma resistin concentrations as
compared to systolic blood pressure (SBP) in a community sample. Adjustments are for age,
sex, waist circumference, conventional systolic blood pressure (for HOMA-IR and resistin),
regular tobacco use, regular alcohol consumption, diabetes mellitus, and
HbA1c.*p<0.05,**p<0.005,***p<0.0001 vs octile 1,'p<0.05, p<0.0001 versus octile 2, ¥p<0.05,
#p<0.0001 versus octile 3, #p<0.05, #p<0.005, ##p<0.0001 versus octile 4, *p<0.05 versus

octile 5, ¥p<0.05 versus octile 6, Ip<0.05 versus octile 7.
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strengthened by increasing components of the metabolic syndrome such as central obesity,
hypertension, and the presence of dyslipidemia (Mykkanen et al., 1998; Chen et al., 2004).
Thus, whilst a relationship between insulin resistance and CKD is accepted, the impact of
insulin resistance relative to obesity-associated conventional risk fators on eGFR is unknown
(Whaley-Connell et al., 2017). In contrast to previous findings (Mykkanen et al., 1998; Chen et
al., 2003; Chen et al., 2004), we show that relationships between HOMA-IR and eGFR are
unaffected by the extent of obesity per se or the presence of metabolic features (glucose or lipid
abnormalities), neither of which were independently correlated with eGFR. In addition, these
effects were independent of BP. These data therefore support a view that the adverse renal
effects of insulin resistance are distinct from that of obesity or associated metabolic features
and that the impact is at least as strong as that of modifiable conventional risk factors (BP).
Importantly, in combination with circulating resistin concentrations the impact of insulin
resistance is markedly stronger than the combined impact of modifiable conventional risk
factors. Consequently, targeting conventional risk factors alone may result in a marked residual
impact on the development of CKD in communities with a high prevalence obesity.

There is also evidence to support a role for adipocytokines (obesity-associated
inflammatory changes) in the development and progression of CKD (Axelsson et al., 2008;
Kawamura et al., 2010; Menzaghi et al., 2012; Mills et al., 2013; Moreno et al., 2015; Liu et al.,
2016). Animal-based studies similarly suggest a distinct action of inflammatory substances in
contributing to these effects (Tomosugi et al., 1989; Bertani et al., 1989). However, clinical data
are again unclear as to the relative impact of adipocytokines as compared to that of
conventional risk factors on renal function. Whilst a number of prior studies have demonstrated
relationships between circulating concentrations of adipocytokines and CKD (Axelsson et al.,
2008; Kawamura et al., 2010; Menzaghi et al., 2012; Mills et al., 2013; Moreno et al., 2015; Liu
et al., 2016), whether these relationships are stronger in the presence of obesity or obesity-
associated metabolic features and the impact of adipocytokines relative to that of conventional
risk factors, has not been determined. In this regard, we show that relationships between
circulating resistin concentrations and eGFR are unaffacted by the extent of obesity, or the
presence of obesity-associated metabolic features and that the relative impact of resistin
concentrations on eGFR or CKD is at least as strong as modifiable conventional risk factors.
Importantly, the combined impact of HOMA-IR and circulating resistin concentrations on eGFR
is substantially greater than the combined impact of modifiable conventional risk factors.

Although relationships between either insulin resistance or circulating adipocytokine
concentrations and eGFR have been demonstrated on several previous occasions (Mykkanen
et al., 1998; Chen et al., 2003; Whaley-Connell et al., 2010; Axelsson et al., 2008;,Kawamura et
al., 2010; Menzaghi et al., 2013; Mills et al., 2013; Moreno et al., 2015; Liu et al., 2016; Chen et

al., 2004), these relationships have employed office conventional BP as the hemodynamic
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adjustor. In this regard, none of these studies have considered the possibility that adjustments
for office conventional BP measurements are inadequate for discounting the hemodynamic
actions of insulin resistance, inflammatory changes or obesity per se. In this regard, obesity
effects on BP, which are likely to be induced in-part by insulin resistance, are not detected using
office BP measurements alone. Indeed, obesity results in masked effects on in-office BP
(Hanninen et al., 2011). Moreover, both insulin resistance (Backdahl et al.,, 2018) and
inflammatory adipocytokines (Norman et al., 2016) may cause increases in aortic stiffness, and
through an impact on aortic impedance may produce renal microvascular damage beyond
brachial BP. Hence, it is uncertain whether relationships between insulin resistance or
adipocytokines and eGFR (Mykkéanen et al.,, 1998; Chen et al., 2003; Whaley-Connell et al.,
2010; Axelsson et al., 2008; Kawamura et al., 2010; Menzaghi et al., 2012; Mills et al., 2013;
Moreno et al., 2015; Liu et al., 2016; Chen et al.,, 2004) are indeed beyond the adverse
hemodynamic effects of these changes. However, in the present study relationships between
HOMA-IR or resistin concentrations and eGFR were largely unaffected by adjustments for 24-
hour BP, aortic BP or aortic PWV. The present study therefore suggests that the actions of
insulin resistance or resistin are distinct from that of the adverse hemodynamic consequences
of these alterations.

There are several limitations to the present study. The present study is cross-sectional in
design and hence reverse causality may account for several of the relationships noted. In this
regard, insulin resistance may be a consequence of CKD rather than a cause (Whaley-Connell
et al.,, 2017) and reductions in eGFR may result in a reduced clearance of circulating
substances and increases in circulating resistin concentrations. However, being a community-
based study few participants had late stages of CKD, which is more likely to result in insulin
resistance or a reduced clearance of circulating resistin. Indeed, the relationships between
insulin resistance or resistin concentrations and eGFR were largely in the early CKD stage
range. Second, the appropriate formula for calculating eGFR from serum creatinine
concentrations in groups of black African ancestry is uncertain and ethnic-specific formulae
have not been identified in Africa. Consequently, validation of the present study is required in
other populations where obesity or the associated lipid or glucose abnormalities contribute little
to reductions in eGFR, but where insulin resistance and adipocytokines may play a role. Third,
we assessed the impact of resistin and CRP alone on eGFR and failed to evaluate the several
additional adipocytokine changes that may influence eGFR. Consequently, we are likely to have
underestimated the contribution of obesity-associated inflammatory changes to reductions in
eGFR. Despite this possibility we nevertheless still show a combined effect of resistin and
insulin resistance on eGFR which is substantially greater than that of the combined impact of

conventional risk factors including adiposity indices per se.
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4.5 Conclusions

We show in a large community-based sample with a high prevalence of obesity that the
combined impact of insulin resistance, as indexed by HOMA-IR and circulating resistin
concentrations on eGFR or CKD is greater than that of all modifiable conventional
cardiovascular risk factors together. Importantly these effects were beyond even ambulatory or
aortic BP and aortic stiffness. These data suggest that targeting conventional risk factors alone
may result in a marked residual impact on the development of CKD in communities with a high
prevalence obesity. To adequately address the public health burden of CKD, approaches may
therefore be required that influence insulin resistance and the adverse effects of resistin.
Importantly, obesity per se was not independently associated with eGFR or CKD in the present
community sample and hence targeting obesity is unlikely to effectively address the adverse
impact of insulin resistance or resistin on CKD. It is therefore important that the cause of insulin
resistance and enhanced circulating concentrations of resistin beyond obesity effects are
identified and strategies put in-place to modify these changes.
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CHAPTER 5

Associations between Resistin and Left Ventricular Mass are Not Accounted for by

Effects on Aortic Stiffness or the Cardio-Renal Syndrome.

The data for this chapter have been submitted to the journal BMC Cardiovascular Disorders for
consideration.

Glenda Norman, Gavin R Norton, Vernice Peterson, Monica Gomes, Carlos D Libhaber, Pinhas
Sareli, Angela J Woodiwiss.

| was involved in data collection from 2014 until 2019. In addition | retrieved the samples
from storage and aliquoted the samples before assisting with running the Elisas for the

resistin, CRP and HOMA-IR. Furthermore, | did all the data analysis for the publications

using SAS software, version 9.4.
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5.0 Abstract

Background: Although, in-part through an impact on left ventricular mass (LVM), the adipokine
resistin may play a role in heart failure, whether this is explained by the adverse effects of
resistin on aortic stiffness and renal function is unknown.

Methods: In 739 randomly selected participants from a community sample, we assessed
relationships between circulating resistin concentrations and LVM index (LVMI), and LVM
beyond that predicted by stroke work (inappropriate LVMI [LVMinaper]) (echocardiography) and
evaluated, in product of coefficient mediation analysis, the extent to which these relationships
could be explained by aortic pulse wave velocity (PWV) or estimated glomerular filtration rate
(eGFR).

Results: Independent of confounders, resistin concentrations were independently associated
with LVMI, LVMinappr, LV hypertrophy (LVH), PWV and eGFR. Furthermore, independent of
confounders, LVMI, LVMinappr and LVH were independently associated with PWV and eGFR.
However, adjustments for either PWV or eGFR failed to modify relationships between resistin
concentrations and LVMI, LVMinaper Or LVH. Moreover, in product of coefficient mediation
analysis, neither eGFR nor PWV explained a significant proportion of the relationship between
resistin and LV structural alterations.

Conclusions: Independent relationships between circulating concentrations of the
adipocytokine resistin and LVM are not explained by the impact of resistin on ventricular-
vascular coupling or the cardio-renal syndrome. Resistin’s effect on LVMI are therefore likely to

be through direct actions on the myocardium.

Key words: obesity, inappropriate left ventricular mass, resistin, aortic stiffness, renal function.
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5.1 Introduction

Independent of conventional risk factors and myocardial infarction, obesity predicts the
development of heart failure.(Kenchaiah et al., 2002; Ingelsson et al., 2005; Bahrami et al.,
2008). Although insulin resistance may play an important role in mediating obesity-induced
heart failure, insulin resistance accounts for only a minor proportion of these effects (Ingelsson
et al., 2005; Bahrami et al., 2008). Importantly, beyond adiposity indexes and insulin resistance,
circulating concentrations of the adipocytokine resistin, which is predominantly expressed in
monocytes and macrophages, and which is responsive to inflammatory stimuli (Patel et al.,
2003; Lu et al., 2002; Kaser et al., 2003), predicts the development of and prognosis in heart
failure (Butler et al., 2009; Frankel et al., 2009; Zhang et al., 2011; Wu et al., 2012; Takeishi et
al., 2007; Muse et al.,, 2015). Thus, resistin may in-part explain independent relationships
between obesity and heart failure. However, at present the mechanisms responsible for resistin
effects on heart failure are uncertain.

Recently, we reported the presence of strong, independent relationships between
circulating resistin concentrations and left ventricular mass (LVM) in a large community-based
sample (Norman et al., 2015). As LVM is a well-recognized determinant of the progression to
heart failure, the impact of resistin may in-part be explained by effects on LVM. Relationships
between resistin and LVM may nevertheless be accounted for by several mechanisms. In this
regard, effects on LVM may be through direct actions on the myocardium as cardiomyocyte
overexpression of resistin promotes myocardial hypertrophy in mice (Kim et al., 2008; Chemaly
et al., 2011; Kang et al., 2011; Schwartz et al.,, 2013). However, resistin may also mediate
increases in LVM through indirect actions. Indeed, resistin independently associates with
decreases in glomerular function (Mills et al., 2013) and through the cardio-renal syndrome,
increases in LVM are strongly associated with renal dysfunction beyond haemodynamic effects
(Maunganidze et al., 2013). Alternatively, beyond blood pressure effects, resistin may also
enhance afterload to the LV through ventricular-vascular coupling. Ventricular-vascular coupling
may account for resistin’s effect on LVM through an enhanced aortic stiffness (Norman et al.,
2015), as aortic stiffness associates with LVM beyond blood pressure (Bello et al., 2017). As it
is uncertain whether resistin’s effects on LVM and hence possibly heart failure may be
accounted for by indirect (cardio-renal syndrome or ventricular-vascular coupling) or direct
myocardial effects, using product of coefficient mediation analysis, in the present study we
assessed the extent to which independent relationships between resistin and LVM in a large

community-based sample are explained by an impact of resistin on renal or aortic function.
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5.2 Methods

5.2.1 Study group. The present study was conducted according to the principles outlined
in the Helsinki declaration. The Committee for Research on Human Subjects of the University of
the Witwatersrand approved the protocol (approval numbers: M02-04-72 renewed as M07-04-
69, M12-04-108 and M17-04-01). Participants gave informed, written consent. The study design
has previously been described (Norton et al., 2012; Woodiwiss et al., 2009). Nuclear families of
black African descent with siblings older than 16 years of age were randomly recruited from the
South West Township (SOWETO) of Johannesburg, South Africa. Of the 1024 participants
recruited, in a sub-study 739 participants had echocardiography, of whom 554 were not
receiving treatment for hypertension. Of the sample 647 had aortic pulse wave velocity.

5.2.2 Clinical, demographic, anthropometric and blood measurements. Demographic
and clinical data were obtained using a standardized questionnaire (Norton et al., 2012;
Woodiwiss et al., 2009). Height, weight, waist (WC) and hip circumference were measured
using standard approaches and participants were identified as being overweight if their body
mass index (BMI) was 225 kg/m? and obese if their BMI was 230 kg/m?2. Central obesity was
defined as an enlarged WC (288 cm in women and 2102 cm in men). Laboratory blood tests of
renal function, liver function, blood glucose, lipid profiles, hematological parameters, and
percentage glycated hemoglobin (HbAlc) (Roche Diagnostics, Mannheim, Germany) were
performed. Diabetes mellitus (DM) or abnormal blood glucose control was defined as the use of
insulin or oral hypoglycemic agents or an HbAlc value greater than 6.1% respectively. Brachial
BP measurements were obtained by a trained nurse-technician using a standard mercury
sphygmomanometer.

Serum creatinine concentrations were measured using the Advia Chemistry systems
(Siemens) with calibration traceable to isotope dilution mass spectrometry (IDMS). The 4-varible
CKD-EPI equation was employed to estimate glomerular filtration rate (GFR) (Kolkenbeck-Ruh
et al., 2018). Blood samples for the measurement of insulin and resistin concentrations were
centrifuged and immediately stored at -80°C. Fasting plasma insulin concentrations were
determined from an insulin immulite, solid phase, two-site chemiluminescent immunometric
assay (Diagnostic Products Corporation, Los Angeles, CA, USA) and insulin resistance was
estimated by the homeostasis model assessment of insulin resistance (HOMA-IR) using the
formula (insulin [pU/mI] x glucose [mmol/l])/22.5 Plasma concentrations of human resistin was
measured using enzyme-linked immunosorbent assay (Quantikine, R&D Systems Inc,
Minneapolis, MN, USA). The resistin assay had a lower detection limit of 0.026 ng/ml and intra-
assay and inter-assay coefficients of variation ranging from 3.8 to 5.3% and 7.8 to 9.2%

respectively.
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5.2.3 Echocardiography. Echocardiography was performed as previously described
(Norton et al., 2012; Woodiwiss et al., 2009; Woodiwiss et al., 2012). All measurements were
recorded and analyzed off-line by experienced investigators whom were unaware of the clinical
data of the participants. Left ventricular mass was determined using a standard formula
(Devereux et al., 1986) and indexed (LVMI) to height'’. Left ventricular hypertrophy was defined
as an LVMI=60 g/m'’ in women and LVMI=80 g/m*’ in men (Chirinos et al., 2010). Stroke
volume was evaluated from the difference between LV end diastolic and systolic volumes
determined using the Z-derived method (Woodiwiss et al., 2012). To determine the impact of
resistin on LVM beyond work load, we determined inappropriate LVM (LVMinappr). The extent of
LVMinappr Was determined from predicted LVM (Woodiwiss et al., 2012), where predicted LVM
was calculated as 55.37+(6.64 x height?>")+(0.64 x [systolic BP x stroke volume x 0.014]) —
(18.07 x gender), where male gender=1 and female gender=2, and where stroke volume was
calculated from LV volumes assessed from the Z-derived method. Inappropriate LVM was
expressed either as actual-predicted LVM in grams, or % actual LVM/predicted LVM.

5.2.4 Aortic stiffness. Aortic stiffness was assessed using carotid-femoral (aortic) pulse
wave velocity (PWV) as previously described (Norman et al., 2016; Bello et al., 2017). In this
regard, after participants had rested for 15 minutes in the supine position, sequential arterial
waveforms at the carotid and femoral pulse were recorded by applanation tonometry during an
8-second period each using a high-fidelity SPC-301 micromanometer (Millar Instrument, Inc.,
Houston, Texas) interfaced with a computer employing SphygmoCor, version 9.0 software
(AtCor Medical Pty. Ltd., West Ryde, New South Wales, Australia). The time delay in the pulse
waves between the carotid and femoral sites was determined using an electrocardiograph-
derived R wave as a fiducial point. Pulse transit time was obtained from the average of 10
consecutive beats. The distance which the pulse wave travels was determined as the difference
between the distance from the femoral sampling site to the suprasternal notch, and the distance
from the carotid sampling site to the suprasternal notch.

5.2.5 Data analysis. Database management and statistical analyses were performed
with SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). Continuous data are
reported as mean+SD. Unadjusted means and proportions were compared by the large-sample
z-test and the c?-statistic, respectively. Log transformation of resistin concentrations was
performed as data were non-normally distributed and transformation improved distribution
(Norman et al., 2015). Bivariate correlations for continuous data were assessed from Pearson’s
correlation coefficients. Independent relationships were assessed from multivariate linear
regression analysis with appropriate adjustors. To determine the contribution of eGFR or aortic
PWYV to the impact of circulating resistin concentrations and LVM, multivariate adjusted product
of coefficient mediation analysis was performed. Probability values were further adjusted for

non-independence of family members using the method of maximum likelihood as implemented
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by the mixed procedure as defined in the SAS package.

5.3 Results

5.3.1 Participant characteristics. A high proportion of participants were overweight or
obese and had central (abdominal) obesity (Table 5.1). Furthermore, a high proportion of
participants were hypertensive (Table 5.1). 46.7% of participants had LVH. No differences were
noted in the characteristics of the cohort with PWV data as compared to whole cohort (Table
5.1).

5.3.2 Associations between resistin concentrations and metabolic abnormalities. With
adjustments for age, sex, regular smoking, regular alcohol intake and treatment for
hypertension, BMI (partial r=0.05, p=0.18) and WC (partial r=0.04, p=0.29) were only modestly
associated with resistin concentrations. Only modestly associated in untreated group (BMI:
partial r=0.10, p<0.05; WC,; partial r=0.09, p<0.05). No independent relationships were noted
between resistin concentrations and HOMA-IR (p=0.89).

5.3.3 Associations between resistin concentrations and eGFR or aortic stiffness. With
adjustments for age, sex, BMI, regular smoking, regular alcohol intake, treatment for
hypertension, systolic, diastolic or mean arterial blood pressure, the presence of diabetes
mellitus or an HbA1c>6.5%, circulating resistin concentrations were independently associated
with eGFR (partial r=-0.21, p<0.0001). With the same adjustments, circulating resistin
concentrations were also independently associated with aortic PWV (partial r=0.080, p<0.05).

5.3.4 Associations between eGFR or aortic stiffness and LVM. With adjustments for age,
sex, body weight, regular smoking, regular alcohol intake, treatment for hypertension, systolic
blood pressure, the presence of diabetes mellitus or an HbA1c>6.5%, eGFR was independently
associated with LVMI (Table 5.2), LVMinappr. (Table 5.2) and LVH (Odds ratio (95% CI) = 0.981
(0.971 to 0.992, p<0.001). With the same adjustments, aortic PWV was similarly independently
associated with LVMI (Table 5.2), LVMinappr. (Table 5.2) and LVH (Odds ratio (95% CI) = 1.116
(1.021 to 1.219, p<0.02).

5.3.5 Independent relationships between resistin concentrations and LVM. On bivariate
analysis circulating resistin concentrations, were associated with LVMI and LVMinappr (p<0.0001
for all). In stepwise regression models BMI, HOMA-IR, and resistin concentrations were all
directly and independently associated with LVMI and LVMinappr (Tables 5.2 and 5.3). These
relationships were not affected by the inclusion of either eGFR or aortic PWV in the models
(Tables 5.2 and 5.3). With adjustments including BMI, LVMinappr increased across octiles of
resistin concentrations with the highest 2 octiles showing markedly greater LVMinappr than the
lowest 2 octiles of resistin concentrations (Figure 5.1). These relationships were similarly

unaffected by adjustments for either eGFR or aortic PWV (Figure 5.1).



Table 5.1. Characteristics of study participants.

(n=739) (n=647) with PWV
% Women 63.3 62.8
Age (years) 44.6+18.1 44.5+18.2
Body mass index (kg/m?) 29.5+7.8 28.9+7.5
Waist circumference (cm) 91.1+16.8 90.3+£16.3
% Overweight/obese 23.7/143.6 27.0/40.7
% Central obesity 42.6 42.5
% Hypertension 45.3 47.4
% Treated for DM 8.8 8.6
% DM or HbAlc >6.1% 26.3 25.0
% Regular smoking 15.0 15.8
% Regular alcohol 19.6 20.2
Office SBP/DBP (mm Hg) 128+22/84+13 128+22/83+12
LV mass (LVM)(g) 153453 151452
LVM index (g/m*7) 67.9+23.7 67.0+23.8
% LVH 46.7 45.4
% Actual LVM/Predicted LVM 134+35 133+36
Actual LVM-predicted LVM (g) 38.0+40.8 37.2439.2
Aortic PWV (m/sec) - 6.10£2.76
eGFR (mls/min/1.73m?) 93.9+21.9 94.8+21.7

Resistin (ng/ml)

10.6 (range=1.4 to 83.0)

10.5 (range=1.4 to 83.0)
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Continuous data are expressed as mean+SD or median (range). DM, diabetes mellitus, SBP,

systolic blood pressure; DBP, diastolic BP; PWV, pulse wave velocity; eGFR, estimated

glomerular filtration rate.
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Table 5.2. Impact of adjustments for estimated glomerular filtration rate (eGFR) on the relative contribution of circulating resistin concentrations to

variations left ventricular mass (LVM) in a community sample (n=739).

LVMinappr LVMI
Models with— * *+ eGFR * *+ eGFR

B-coeff £tSEM p value B-coefftSEM p value B-coefftSEM p value B-coeff+SEM p value
Age -0.010+0.047 =0.83 -0.103+0.055 =0.07 0.100+£0.045 =0.025 0.026+0.053 =0.62
Male gender 0.052+0.041 =0.21 0.056+0.041 =0.18 0.110+0.037 <0.005 0.106+0.037 <0.005
BMI/Weight 0.234+0.043 <0.0001 0.238+0.043 <0.0001 0.233+0.037 <0.0001 0.232+0.037 <0.0001
SBP -0.151+0.040 <0.0005 -0.165+0.040 <0.0001 0.193+0.038 <0.0001 0.181+0.039 <0.0001
Log resistin 0.143+0.035 <0.0001 0.120+0.036 <0.001 0.116+0.033 <0.0005 0.094+0.034 <0.005
eGFR - - -0.154+0.049 <0.005 - - -0.125+0.047 <0.01
HOMA-IR 0.102+0.036 <0.005 0.083+0.037 <0.05 0.111+0.035 <0.005 0.096+0.035 <0.01

B-coeff, standardized B-coefficient; BMI, body mass index; SBP, office systolic blood pressure; eGFR, estimated glomerular filtration rate; HOMA-IR,
homeostasis model of insulin resistance. *Additional factors included in the stepwise regression models include regular smoking, regular alcohol

intake, treatment for hypertension and diabetes mellitus or an HbA1¢c>6.5%.
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Table 5.3. Impact of adjustments for aortic pulse wave velocity (PWV) on the relative contribution of circulating resistin concentrations to variations

left ventricular mass (LVM) in a community sample (n=647).

LVMinappr LVMI
Models with— * *+ PWV * *+ PWV
B-coeff £tSEM p value B-coefftSEM p value B-coefftSEM p value B-coeff+SEM p value
Age -0.022+0.051 =0.67 -0.022+0.055 =0.69 0.095+0.048 <0.05 0.052+0.052 =0.32
Male gender 0.091+0.045 <0.05 0.091+0.044 <0.05 0.079+£0.040 =0.05 0.077+0.040 =0.05
BMI/Weight 0.244+0.046 <0.0001 0.257+0.049 <0.0001 0.226+£0.039 <0.0001 0.242+0.041 <0.0001
SBP -0.088+0.043 <0.05 -0.089+0.046 <0.05 0.207+0.042 <0.0001 0.183+0.044 <0.0001
Log resistin 0.119+0.038 <0.002 0.118+0.038 <0.002 0.076+£0.036 <0.05 0.072+0.036 <0.05
PWV - - 0.002+0.050 =0.98 - - 0.097+0.048 <0.05
HOMA-IR 0.114+0.039 <0.005 0.083+0.037 <0.005 0.107+£0.038 <0.005 0.103+0.037 <0.01

B-coeff, standardized B-coefficient; BMI, body mass index; SBP, office systolic blood pressure; PWV, aortic pulse wave velocity; HOMA-IR,
homeostasis model of insulin resistance. *Additional factors included in the stepwise regression models include regular smoking, regular alcohol

intake, treatment for hypertension and diabetes mellitus or an HbA1¢c>6.5%.
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Figure 5.1. Impact of adjustments for aortic pulse wave velocity (PWV) or estimated glomerular

filtration rate (eGFR) on multivariate adjusted left ventricular mass (LVM) beyond that predicted

by stroke work (inappropriate LVM or LVMinpe) across octiles (Oct) of log

resistin

concentrations. Additional adjustments are for age, sex, body mass index, office systolic blood

pressure, treatment for hypertension, diabetes mellitus or an HbA1c>6.1%, regular smoking,
and regular alcohol intake. *p<0.05, **p<0.005, ***p<0.0005 vs octile 1; Tp<0.05, Tp<0.005,
T1Tp<0.0005 vs octile 2; ¥p<0.05, ¥p<0.005 vs octiles 3 and 4; #p<0.05 vs octile 5.
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5.3.6 Independent relationships between resistin concentrations and LVH. Independent
of confounders including age, sex, BMI, SBP, regular smoking, regular alcohol consumption,
treatment for hypertension, diabetes mellitus or an HbA1c>6.5% and log HOMA-IR, resistin
concentrations were also independently associated with LVH (Figure 5.2). Importantly, these
relationships were not affected by the inclusion of either eGFR or aortic PWV in the models
(Figure 5.2).

5.3.7 Contribution of eGFR or aortic PWV to relationships between resistin
concentrations and LVM. In product of coefficient mediation analysis, neither eGFR nor aortic
PWV could account for a significant proportion of the relationship between resistin
concentrations and LVMinappr Or LVMI (Figure 5.3).

5.4 Discussion

The main findings of the present study are as follows: In a large, randomly selected,
community-based sample, circulating resistin concentrations were independently associated
with indexes of structural changes in the LV including LVMI, LVMinapp, and LVH, as well as with
both eGFR and aortic stiffness (carotid-femoral PWYV). In this regard, consistent with the well-
recognized impact of ventricular-vascular coupling and the cardio-renal syndrome on LVM, both
eGFR and PWV were also independently associated with LVM and LVH. However, in
multivariate regression and product of coefficient mediation analysis, neither eGFR nor aortic
PWYV could account for independent relationships between resistin and LVM or LVH.

The mechanisms that may explain the ability of circulating resistin to predict the
development and prognosis in heart failure (Butler et al., 2009; Frankel et al., 2009; Zhang et
al., 2010; Wu et al., 2012; Takeishi et al., 2007; Muse et al., 2015) are uncertain. Whilst
overexpression of resistin mediates several adverse effects on the myocardium in mice
(Chemaly et al., 2011; Kang et al., 2011), resistin may produce several alternative changes that
may mediate increases in LVM through a multitude of indirect mechanisms. In this regard,
resistin was originally identified as a molecule with the ability to mediate insulin resistance in
mice and insulin resistance in obesity is a well-recognized cause of cardiac hypertrophy and
dysfunction. However, the role of resistin in mediating insulin resistance in humans is unclear
and as we have previously described (Norman et al., 2015) and similarly demonstrated in the
present study, resistin is not associated with HOMA-IR in the present study sample. Moreover,
HOMA-IR does not explain independent relationships between resistin and LVM (Norman et al.,
2015). Thus, an impact of resistin on LVM through direct myocardial effects mediated by
inflammatory changes (Patel et al., 2003; Lu et al., 2002; Kaser et al., 2003), requires

consideration Nevertheless, several alternative indirect effects of resistin need to be excluded.
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Log Resistin vs LVH OR (95% CI) p value
adj. ———— 3962 (1.857 to B.453] =0.0004
adj+ eGFR —©6—— 3417 (1.565 to 7.462) =0.0020
0.1 1 10

Odds Ratio

Log Resistin vs LVH OR (95% Cl)  p value
adj. —o0—— 3608 (1.590 to 8.187) =0.0021
adj+ PWV ——0—— 3521 (1536 to 8.072) =0.0029
0.1 1 10

Odds Ratio

Figure 5.2. Impact of adjustments for aortic pulse wave velocity (PWV) or estimated glomerular
filtration rate (eGFR) on multivariate adjusted relationships between log circulating resistin
concentrations and left ventricular hypertrophy (LVH) in a community sample (n=345 with LVH).
Additional adjustments are for age, sex, body mass index, systolic blood pressure, treatment for

hypertension, diabetes mellitus or an HbA1c>6.5%, regular smoking, and regular alcohol intake.
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Figure 5.3. Contribution of aortic pulse wave velocity (PWV) or estimated glomerular filtration
rate (eGFR) to the relationship between log circulating concentrations of resistin and left
ventricular mass (LVM) beyond that predicted by stroke work (inappropriate LVM or LV Minappr) OF
LVM index (LVMI) in a community sample (n=739 for eGFR and 647 for PWV). The figure
shows one standard deviation (SD) effect of log resistin concentrations before and after
adjustments (adj.) for PWV or eGFR and the contribution of PWV or eGFR to the one SD effect
of log resistin on LVMingppr Or LVM (product of coefficient mediation analysis). Additional
adjustments are for age, sex, body mass index (LVMinappr) Or body weight (LVMI), systolic blood
pressure, treatment for hypertension, diabetes mellitus or an HbA1c>6.5%, regular smoking,

and regular alcohol intake.
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In the present study we addressed the possibility that two important effects of resistin (increases
in aortic stiffness or renal dysfunction) may explain the adverse cardiac actions of resistin.

Increases in aortic stiffness are strongly associated with LVM (Bello et al., 2017,
Devereux et al., 1986) and these relationships are independent of brachial and aortic pulse
pressure as well as the aortic wave component that is driven by increases in aortic stiffness
(forward wave pressure)(Bello et al.,, 2017) In this regard, stiffness of the proximal aorta is
thought to increase afterload to the left ventricle through ventricular-vascular coupling
(Devereux et al., 1986). As resistin is independently associated with aortic PWV, but not
associated with aortic pulse pressure, nor the forward wave pressure (Norman et al., 2016), the
possibility that resistin may mediate increases in LVM through ventricular-vascular coupling
requires consideration. Importantly, in the present study, as previously described (Norman et
al., 2016; Bello et al., 2017), circulating resistin concentrations were independently associated
with aortic PWV and PWV was independently associated with LVM. However, adjustments for
PWYV failed to influence resistin-LVM relationships and in product of coefficient mediation
analysis, PWYV failed to account for a significant proportion of the relationships between resistin
and LVM. Thus, together with the fact that resistin concentrations are not independently
associated with brachial, central aortic or ambulatory BP (Norman et al., 2015), independent
relationships between resistin concentrations and LVM are unlikely to be accounted for by load-
dependent effects, including an effect of resistin on aortic stiffness. Modifying afterload to the
left ventricle is thus not a therapeutic option in preventing the adverse effects of resistin on the
heart.

Through the cardio-renal syndrome, well before the onset of renal failure, reductions in
estimated glomerular filtration rate are strongly associated with LVM and these effects are not
attributed to an impact of hemodynamic factors (Maunganidze et al., 2014). As resistin is a
well-recognized determinant of renal damage (Mills et al., 2013), and in the present study was
independently associated with a decrease in eGFR, the possibility that resistin mediates
increases in LVM through the cardio-renal syndrome was considered. Importantly however,
although eGFR was indeed strongly and independently associated with LVM, adjustments for
eGFR did not modify resistin-LVM relationships and in product of coefficient mediation analysis
eGFR failed to explain even a small proportion of resistin-LVM relationships. Thus, in risk-
prediction, the assessment of eGFR, a simple and cost-effective assessment of cardiovascular
risk, will not adequately identify the adverse effects of resistin on the LV. In this regard, the best
approach to evaluating the adverse effects of resistin on the heart is through the assessment of
LVMinappr, @ measure of LVM most closely associated with LV systolic dysfunction.?®

Resistin is induced in response to various pro-inflammatory stimuli such as tumor
necrosis factor-a (TNF-a), interleukin (IL)-6, and IL-1p (Patel et al., 2003; Lu et al., 2002; Kaser

et al., 2003). Furthermore, resistin has been shown to up-regulate the expression of pro-
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inflammatory cytokines TNF-a, IL-6, IL-12, and monocyte chemoattractant protein-1 in
macrophages. This raises the question of whether the independent relationships between
resistin and LVM can be attributed to general inflammatory effects. In this regard however,
whilst resistin is independently associated with LVM, the general inflammatory molecule C-
reactive protein is not (Norman et al., 2015). Furthermore, although circulating concentrations of
TNF-a, and IL-6 independently associate with concentric LV remodeling, there is no relationship
between these molecules and LVM (Norton et al., 2019). Hence, it is unlikely that the resistin-
LVM relationships can be explained by general inflammatory effects. Whether resistin has local
effects on macrophage function in the myocardium is nevertheless possible.

There are several limitations to the present study that require consideration. In this
regard, the present study was cross-sectional in design and hence no conclusions regarding
causality can be drawn. However, as previously emphasized (Norman et al., 2015), the present
results are supported by extensive preclinical findings suggesting a myocardial hypertrophic
effect of resistin (Kim et al., 2008; Chemaly et al., 2011; Kang et al., 2011; Schwartz et al.,
2013). Second, the present study was conducted in one ethnic group in a specific community
selected because of the high prevalence of obesity, and the limited confounding effects of
antihypertensives on LVM (Norman et al., 2015). Hence, whether resistin-LVM relationships are

consistent across populations, is uncertain.

5.5 Conclusions

In the present study conducted in a large community-based sample with a high
prevalence of obesity, we show that despite striking relationships noted between circulating
resistin concentrations and both aortic stiffness and glomerular function, these effects do not
account for the independent relationships between resistin and LVM or LVH. Thus, neither
ventricular-vascular coupling nor the cardio-renal syndrome are likely to explain the impact of

resistin on LV hypertrophy.
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CHAPTER 6

Contextual Narrative and Conclusions
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6.0 Introduction

The increasing prevalence of obesity in both developed and developing nations is likely
to translate into a trend for a rising incidence of cardiovascular disease (CVD) worldwide.
Although it is well accepted that through several conventional risk factors including type I
diabetes mellitus, hypertension and dyslipidaemia, obesity causes CVD, adjustments for these
conventional risk factors has a surprisingly modest impact on the ability of adiposity indices to
predict cardiovascular events. Thus, for several decades there has been a search for alternative
mechanisms through which obesity may cause CVD. Initial efforts in earlier years were on
attempting to identify whether insulin resistance without overt type Il diabetes mellitus mediated
these events. Although several large studies have indeed demonstrated relationships between
insulin resistance and associated metabolic abnormalities without overt type 1l diabetes mellitus
and CVD, once again these relationships were insufficiently strong to explain the impact of
obesity on CVD. The discovery that obesity is a state of low-grade inflammation and that
chronic low-grade inflammation can cause CVD has resulted in the more contemporary
hypothesis that inflammatory effects contribute to the impact of obesity on CVD. In the present
thesis | focused my efforts on a role for the inflammatory molecule resistin as a possible
important determinant of obesity-induced CVD. In the present chapter | will provide an over-
arching synthesis of my findings and how they have contributed to our understanding of the

possible role of the obesity-related inflammatory molecule resistin in mediating CVD.

6.1 Does resistin explain obesity-associated end organ changes?

In the present thesis | have demonstrated that circulating resistin concentrations are
consistently associated with several end-organ measures, including cardiac (LVMI and FSmid),
vascular (aortic stiffness), and renal (estimated glomerular filtration rate [eGFR]) end organs
independent of conventional risk factors. In this regard, despite the high prevalence of obesity in
the community sample that | studied, adiposity indices failed to show similar consistent and
independent relationships with end organ measures. Indeed, adiposity indices (either BMI or
WC) were independently associated only with LVMI, but not with FSmid, aortic PWV or eGFR.
Consequently, a dissociation between obesity and resistin effects were noted in the present
thesis. These data suggest that the adverse effects of resistin on cardiovascular end organs
described in the present thesis are through effects beyond adipose tissue. Indeed, as
underscored in the introductory chapter of the present thesis unlike mice, resistin in humans is
often undetectable in adipocytes but highly expressed in macrophages. Indeed, the major
source of circulating resistin in humans is likely to be peripheral blood mononuclear cells

(Kaser et al.,, 2003). Moreover, the relationship between obesity and circulating resistin
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concentrations is highly variable. Indeed, in obese subjects undergoing weight reduction
through diet or bariatric surgery, circulating resistin concentrations may be reduced, but often
remain unchanged, despite weight loss (Azuma et al., 2003; Moschen et al., 2009; de Luis et
al., 2011). Moreover, as noted with the studies described in the present thesis, several reports
indicate that circulating resistin concentrations are not associated with obesity (McTernan et al.,
2003; Lee et al.,, 2003; Reilly et al., 2005). Importantly, the lack of relationship between
adiposity indices and circulating resistin concentrations in the present study are not attributed to
inaccuracies in measures of excess adiposity as expected relationships between adiposity
indices and both circulating CRP and adiponection concentrations were noted. However,
circulating resistin concentrations have been associated with visceral, intrathoracic, and
pericardial fat (Jain et al., 2009), and although we assessed waist circumference and waist-to-
hip ratio, we did not perform more accurate assessments (e.g. computer assisted tomography)
of visceral fat and we did not assess intrathoracic or pericardial fat. Moreover, obese individuals
who are likely to have a greater infiltration of macrophages in adipose tissue show increased
expression of resistin in adipose tissue samples and higher circulating concentrations of resistin
than lean individuals (Savage et al., 2001; Pagano et al., 2005). Consequently, although the
impacts of resistin on end organ measures described in the present thesis are indeed
independent of indices of either general or central (abdominal) obesity, it is possible that the
circulating resistin concentrations may in some way be associated with alterations in adipose
tissue. The exact adipose tissue changes responsible for the resistin effects described in the

present thesis however require further study.

6.2 Are associations between resistin and end organ measures explained by insulin

resistance?

Resistin was originally named because it is secreted from murine adipose tissue and
acts on skeletal muscle myocytes, hepatocytes, and adipocytes themselves, reducing their
sensitivity to insulin (Shojima et al., 2002; Patel et al., 2003). In this regard, as described in the
introductory chapter to the present thesis and shown in several of the data chapters, insulin
resistance in the absence of type Il diabetes mellitus may cause several adverse cardiovascular
changes which could lead to CVD, Consequently, consideration must be given to the possibility
that relationships between resistin and cardiovascular structural and functional changes may be
accounted for by insulin resistance. Importantly however, the consistent independent
relationships between circulating resistin concentrations and several end organ measures
described in the present thesis were largely independent of the homeostasis model of insulin
resistance (HOMA-IR), a well-accepted index of insulin resistance. Indeed, adjustments for

HOMA-IR hardly modified the independent relationships between resistin concentrations and
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end organ measures. Moreover, in the studies described in the present thesis, despite
relationships noted between adiposity indices or adiponectin concentrations and HOMA-IR,
circulating resistin concentrations were not independently associated with HOMA-IR. These
findings are compatible with the inconsistent relationship noted between human resistin
concentrations and insulin resistance in several studies (Lazar MA, 2007; McTernan et al.,
2003; Lee et al., 2003; Youn et al., 2004; Hivert et al., 2008; Tsiotra et al., 2008).

Nevertheless, as highlighted in the introductory chapter, transgenic mice expressing
human resistin in macrophages develop white adipose tissue inflammation and insulin
resistance (Qatanani et al., 2009) and in prospective case-control studies, elevated baseline
resistin concentrations increase the risk of developing type Il diabetes mellitus even after
adjusting for conventional risk factors (Chen et al.,2009; Schwartz and Lazar, 2011). As HOMA-
IR provides an approximation of the extent of insulin resistance, it is possible that if | had
employed more sensitive and accurate indices of insulin resistance such as a euglycaemic
insulin clamp, that | may have demonstrated a role for insulin resistance. However, in the
present study, HOMA-IR was independently associated with both LVMI and eGFR beyond all
risk factors as well as adiposity indices, but these relationships failed to explain independent
relationships between circulating resistin concentrations and end organ measures. Hence |
assume that HOMA-IR was a sufficiently robust index of insulin resistance to detect adverse
effects on end organ measures and that insulin resistance indeed does not explain resistin-end
organ measure relationships.

As outlined in the introduction to the present thesis, | nevertheless cannot exclude the
possibility that the relationships between circulating resistin concentrations and LVMI or FSmid
are not explained by myocardial-specific insulin resistance. Indeed, resistin impairs glucose
transport in isolated mouse cardiomyocytes (Hsu et al., 2011). Furthermore, resistin has been
demonstrated to induce cardiac hypertrophy and myocardial insulin resistance, possibly via the
AMP-activated kinase (AMPK)/activation of tuberous sclerosis complex 2/ mammalian target of
rapamycin (mMTOR)/p70S6K and apoptosis signal-regulating kinase 1/1/c-Jun N-terminal Kinase
(UNK) pathway, a system known to stimulate insulin resistance (JNK)/reduced serine 307
phosphorylation of IRS1 (IRS1) pathways (Kang et al., 2011). In addition, adenoviral
overexpression of resistin induces cardiac hypertrophy, contractile dysfunction with impaired
Ca?" handling (Qatanani et al., 2009), together with insulin resistance in isolated rat
cardiomyocytes (Park et al., 2011). All of the aforementioned studies were however conducted
in rodents and it is now well recognized that resistin has a different role to play in rodents as

compared to humans (see introduction).
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6.3 Other possible explanations for relationships between resistin and end organ

measures

As underscored in the introduction to the present thesis, there are several possible
mechanisms other than insulin resistance, through which resistin could promote end organ
changes and hence mediate the development of CVD, In this regard, chronic low-grade
inflammation is now a well-recognised cause of CVD and resistin up-regulates the expression of
the pro-inflammatory cytokines TNF-a, IL-6, IL-12, and monocyte chemoattractant protein-1 in
macrophages, through the nuclear factor-kB signalling pathway (Bertolani et al., 2006;
Bokarewa et al., 2005; Silswal et al., 2005). Indeed, circulating resistin concentrations have
been shown to be associated with inflammatory markers such as CRP, TNF-qa, IL-6, or plas-
minogen activator inhibitor (Reilly et al., 2005; Osawa et al., 2007; Bo et al., 2005; Kunnari et
al., 2006; Qi et al., 2008; Fargnoli et al., 2010; Konrad et al., 2007) and in the studies described
in the present thesis, resistin was indeed independently associated with CRP concentrations. In
this regard, although we have not been able to show similar correlations, circulating
concentrations of these inflammatory markers have previously been demonstrated to be
associated with aortic stiffness (Yang et al., 2009; Windham et al., 2010; Youn et al., 2013;
Wang et al.,, 2009) and with renal dysfunction (Fried, 2004; Axelsson and Stenvinkel, 2008;
Axelsson, et al., 2006; Risch et al., 2007; Nusken et al., 2006; Menzaghi et al., 2012; Zhang et
al., 2015; Moreno et al., 2015 ). Thus, it is indeed possible that the relationships noted between
circulating resistin concentrations and aortic PWV or eGFR, could be explained by the adverse
impact of low-grade inflammatory changes on these end organs. With respect to the impact on
the heart, in the present thesis | demonstrated that the relationship between circulating resistin
concentrations and FSmid, an index of myocardial systolic function, increased over incremental
tertiles of circulating CRP concentrations. In this regard, low-grade inflammation has been well
described as contributing toward myocardial apoptosis, fibrosis and dysfunction. Hence, it is
also possible that low-grade inflammation mediates the adverse effects of resistin on cardiac
function at least. With respect to a possible impact of resistin on cardiac hypertrophy mediated
by inflammatory changes, recent data from our laboratory show that circulating concentrations
of TNF-a, and IL-6 strongly and independently associate with the extent of left ventricular
concentric geometric remodeling, but not with hypertrophy per se (Norton et al., 2019). In
contrast, in the present thesis | have demonstrated that resistin concentrations associate with
LVMI and not the extent of geometric remodeling of the left ventricle. Thus, it is unlikely that the
relationship between circulating resistin concentrations and LVMI can be explained by
inflammatory changes.

With respect to cardiac effects, resistin has repeatedly been demonstrated to produce

hypertrophic responses in preclinical studies in rodents. Indeed, cardiomyocyte overexpression
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of resistin promotes myocardial hypertrophy and dysfunction in mice (Chemaly et al., 2011;
Kang et al., 2011; Kim et al., 2008). Furthermore, mice transgenic for the human resistin gene
develop worse cardiac function in response to a cardiotoxic intervention and these changes are
associated with an increased resistin expression (Schwartz et al., 2013). Moreover, long-term
cardiac specific overexpression of resistin decreases cardiac contractility and induces a
complex phenotype of oxidative stress, fibrosis, apoptosis and myocardial remodelling
(Graveleau et al., 2005). Furthermore, animal models of cardiac hypertrophy associated with
fibrosis (diabetes mellitus, pressure overload and heart failure) demonstrate elevated tissue
levels of resistin compared to non-fibrosing hypertrophy (volume overload) where resistin is
minimally or not elevated (Sheng et al., 2013). Further, an increased resistin expression occurs
in cardiac myocytes and fibroblasts in response to neurohormonal stimuli (Sheng et al., 2013).
Thus, it is possible that resistin produces direct adverse effects on the myocardium that may not
be entirely attributed to an inflammatory response, but do involve oxidative stress, apoptosis
and fibrosis.

6.4 Consistency of relationships demonstrated between resistin and end organ

measures

It is important to note that there are few examples where circulating concentrations of
one molecule show such consistent independent relationships with so many end organ changes
including the heart, vessels and kidney. These relationships are almost as consistent as
relationships noted between conventional, well-established risk factors such as hypertension
and diabetes mellitus and end organ measures. In addition, in the present community these
relationships are far more consistent than variations in LDL cholesterol concentrations, which
seldom associate with any end organ measure. Although being a cross-sectional study the
present results do not imply causality, they certainly provide confidence that adipokines, at least
resistin, may play an important role in mediating CVD. In this regard, there are several reasons
to question the pathophysiological relevance of resistin. What are these reasons?

Although animal-based studies provide strong evidence for a role for rodent resistin as a
mediator of several adverse cardiovascular effects, as described in the introductory chapter,
human resistin differs markedly in both structure and function as compared to rodent resistin.
Thus, although studies in mice have provided invaluable insights into the impact of resistin on
the cardiovascular system, whether these data are translatable to the human condition is a
matter of debate. Clinical studies are limited in many respects, the most important of which is
that intervention studies targeting a single molecule are difficult to perform. Thus, human
studies rely on associations. Although the ability of resistin concentrations to predict events is

relatively consistent, human studies have previously provided inconsistent results with respect
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to relationships between resistin concentrations and end organ measures. These
inconsistencies have been described in chapters 1 - 3 and have been detailed in these
chapters. These inconsistencies therefore challenge the concept that relationships between
circulating resistin concentrations and CVD are cause and effect. However, inconsistencies in
human studies are often attributed to small sample sizes and confounding effects such as the
use of community-based or clinical samples where the majority of those with risk factors are
receiving therapy to control these risk factors. Moreover, adjustments are frequently not made
for all possible confounding effects. In contrast, in the present large community-based sample
that | studied, only half of all of those with risk factors were receiving therapy and those
receiving therapy do not have risk factors controlled to target levels. Moreover, adjustments in
the present study were for several confounders including 24-hour BP values and blood glucose
control as indexed by glycated haemoglobin. Hence, the results of the present study provide a
level of confidence that human resistin may have pathophysiological relevance with regards to
CVD. Nevertheless, the role of resistin will only be established as a cause of CVD once
approaches to targeting human resistin become available.

6.5 Mechanistic insights

As discussed in the introductory chapter and aforementioned sections of the present
chapter, resistin may mediate adverse cardiovascular effects through several potential
mechanisms including insulin resistance and chronic, low-grade inflammatory effects. However,
the exact adverse effects that resistin may produce have been poorly described. This is largely
due to the fact that, as discussed in the previous section, studies evaluating relationships
between circulating resistin concentrations and end-organ measures have produced
inconsistent data. What have the results of the present thesis contributed to our understanding
of how human resistin could determine CVD?

As discussed in the introductory chapter and again in chapter 2 of the present thesis,
increased circulating resistin concentrations predict incident heart failure (Frankel et al., 2009;
Levy, Wang and Meigs, 2010; Kang et al., 2011; Butler et al., 2009) and are associated with an
increased severity of heart failure (New York Heart Association functional classification) (Lee et
al., 2007). Moreover, serum resistin concentrations are associated with a higher mortality in
patients with heart failure and a reduced ejection fraction (Wu et al., 2012). However, the
mechanisms responsible for these relationships had not, until our recent work published in the
Int J Cardiol (Norman et al.,, 2015) and described in chapter 2 of the present thesis, been
identified. The strong relationships noted between resistin concentrations and LVMI, LVMinappr
and FSmid in that study (Norman et al., 2015, chapter 2), provided strong evidence to support

several preclinical studies published prior to this and discussed above suggesting that murine
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resistin at least has direct effects on the heart to promote hypertrophy and systolic dysfunction.
As highlighted in the introductory chapter, LV hypertrophy and systolic dysfunction are well
recognized precursors for heart failure. Thus, the data published by our group (Norman et al.,
2015), suggest that resistin could contribute to the development of heart failure by promoting LV
hypertrophy and systolic dysfunction.

As also discussed in the introductory chapter and again in later chapters of the present
thesis, increased circulating resistin concentrations predict not only heart failure, but also
arterial vascular events. These events include those related to the coronary circulation such as
MI (Benomar et al., 2013; Khera et al., 2015; Rothwell et a.l, 2006; Schwartz and Lazar, 2011;
Erer et al., 2014), the severity of CAD (Menzaghi et al., 2006); all-cause mortality in patients
with acute MI (Osawa et al., 2007); mortality in high risk patients with diabetes mellitus and CAD
(Fontana et al., 2015);and recurrent coronary events following hospitalisation for acute coronary
syndrome (Khera et al., 2015). Moreover circulating resistin concentrations predict an increased
risk for stroke (Leon et al., 2014) with this relationship noted for ischaemic stroke including
lacunar and atherothrombotic infarction (Osawa et al., 2009); 5-year mortality in those with
atherothrombotic strokes (Ding et al., 2011); and worse neurological deficits in those with
ischaemic stroke (Kochanowski et al., 2012). The exact mechanisms responsible for the ability
of resistin to predict arterial vascular events are uncertain. As described in the introductory
chapter there is substantial evidence to show that resistin promotes atherogenesis. In addition,
resistin induces a prothrombotic phenotype by up-regulating tissue factor expression in human
coronary artery endothelial cells (Calabro et al., 2011; Jamaluddin et al., 2012). Thus, resistin is
likely to induce arterial vascular events through atherosclerosis. However, the ability of resistin
to predict lacunar strokes is difficult to understand as this is caused largely by a microvascular
abnormality. Consequently, one has to consider what else could explain resistin’s adverse
effects on the arterial system?

As highlighted in the introductory chapter, a recent hypothesis that has emerged is that
arteriosclerotic changes in the aorta can decrease the impedance mismatch that exists between
the aorta and more distal vessels and that this can increase flow pulsatility in distal vessels, the
consequence being increased loads in the microvasculature. As resistin promotes large artery
inflammatory changes and chronic inflammation is well-recognised as contributing to increases
in aortic stiffness, in the present thesis | therefore hypothesized that resistin could associate
with increases in aortic stiffness. As demonstrated in chapter 3 and published in the J
Hypertens (Norman et al., 2016) resistin was indeed independently associated with aortic PWV
and similar relationships with aortic forward wave pressure or aortic or brachial PP were not
observed. Subsequent work by alternative authors has demonstrated a similar relationship
between resistin and aortic PWV in patients with CHD (Wang et al., 2009). Importantly, resistin-

induced increases in aortic stiffness could induce not only microvascular effects, but may
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contribute toward atherosclerotic events (stroke or CHD) through several mechanisms
described in the introductory chapter. Thus, the results of the present thesis provide strong
evidence in support of a vascular mechanism that may explain the ability of resistin to predict
arterial vascular events.

As also highlighted in the introductory chapter and again in chapter 4 of the present
thesis, through several mechanisms discussed in that chapter, a strong risk factor for CVD is
chronic kidney disease (CKD). In this regard, CKD predicts several cardiovascular events
including heart failure, Ml and stroke. The potential impact of resistin on renal function and the
development of CKD, and thus potentially on CVD, has similarly been highlighted in the
introductory chapter and again in chapter 4. Until the present thesis however, the exact
contribution of resistin or alternative obesity-associated changes to CKD had not been
appropriately described. In the present thesis in chapter 4 | show in a large community-based
study with a high prevalence of obesity that even when adiposity indices account for little of the
variation in eGFR and the presence of CKD, that resistin concentrations and insulin resistance
account for substantially more of the variation in eGFR and the presence of CKD than
conventional risk factors alone. These data therefore highlight a potential mechanism through
which resistin could contribute to a substantial portion of CVD in community samples with a high
prevalence of obesity.

An important consideration when interpreting relationships between any molecule and
end organ measures is whether these relationships can be explained by alternative factors
other than the usual conventional risk factors. In this regard, as highlighted in the introduction
relationships between resistin and eGFR could be explained by an impact of aortic stiffness
which reduces the impedance mismatch between the aorta and more distal vessels, thus
increasing pulsatile flow in the microvasculature, including in the kidney. Moreover, relationships
between resistin and LV mass could also be accounted for by increases in aortic stiffness
through ventriculo-vascular coupling. In either situation, the effects of increases in aortic
stiffness will not be mirrored by similar changes in either peripheral or central arterial pulse
pressure. Furthermore, the relationships between resistin and LV mass could also be explained
by an impact of resistin on renal function which may enhance LV mass independent of
haemodynamic factors through the cardio-renal syndrome. However, in chapter 4 of the present
thesis | show that the relationship between circulating resistin concentrations and eGFR is
independent of aortic stiffness and using product of coefficient mediation analysis in chapter 5
that the relationship between circulating resistin concentrations and LV mass is not accounted
for by resistin effects on either aortic stiffness and eGFR. Thus, the present thesis provides
evidence that the impact of resistin on renal function cannot be accounted for by an enhanced

aortic stiffness and that neither ventriculo-vascular coupling nor the cardio-renal syndrome
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account for the impact of resistin on LV mass. These data provide further evidence in support of

direct rather than indirect adverse effects of resistin on the kidney and heatrt.

6.6 Implications for healthcare

Of all of the adipokines studied to date, this study suggests that resistin, has a role in
mediating CVD. Together with the substantial evidence suggesting an ability to predict events
beyond conventional risk factors; and the innumerable studies that have provided preclinical
data showing adverse effects of resistin; the results of the present thesis showing consistent
independent relationships between resistin concentrations and several end-organ measures
often similar in impact to conventional risk factors, highlights an urgent need to identify methods
of reducing these adverse effects. Whether in high-risk patients with insulin resistance the
presence of high circulating resistin concentrations warrants the use of thiazolidinedione (TZD)
agents (which reduce resistin) at doses that decrease circulating insulin, without affecting blood
glucose concentrations, requires consideration. For this to occur however, initially preclinical
studies with animal models of CVD associated with resistin effects would need to be performed.
Until such studies are performed, strategies that involve modifying health behaviors that
effectively reduce circulating resistin concentrations (if any exist) require urgent identification. In
this regard, behavioral strategies (diet and exercise) that alter visceral, intrathoracic, or
pericardial fat, which are associated with resistin concentrations (Jain et al., 2009), require
identification. Whether modifying diet and increasing exercise can produce these effects and

hence decrease circulating resistin concentrations, is uncertain.

6.7 Limitations

The major limitations of the present thesis have largely been described and discussed in
each of the data chapters where appropriate. There are nevertheless several overarching
additional limitations that are worthy of further mention. As frequently mentioned throughout the
present thesis associations do not necessarily imply causal relationships and may be explained
by reverse causality or residual confounding. However, the associations that | selected to study
were with a molecule which has extensive preclinical data to suggest that any relationship noted
is likely to be causal and which has similarly extensive clinical evidence to suggest an ability to
predict events. Thus, the associations reported on are more likely to represent cause and effect.
Second, there are innumerable adipocytokines that may contribute to cardiovascular events,
whilst in the present thesis | focused on largely a single molecule, resistin. Hence, a
considerable proportion of the inflammatory effects of obesity on cardiovascular structure and

function may have gone undetected. However, when evaluating the role of multiple biomarkers
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simultaneously, very large study samples are required to achieve statistical power because of
the need for Bonferroni corrections or alternative statistical procedures. Hence, further
evaluation of related adipocytokines, and the possible assessment of interactive effects, would
have required study sample sizes too large for a single center to adequately evaluate. Third, the
assessment of relationships between circulating concentrations of substances and
cardiovascular phenotypes is out of necessity a once off sampling approach which fails to
account for variations in concentrations over a single day or over several days or months. Thus,
whether relationships noted are either under or overestimated using this approach is unknown.
Fourth, as the present study was conducted in one ethnic group (individuals of African descent)
in a specific community selected because of the high prevalence of obesity, whether the
relationships between resistin and LV structure and systolic dysfunction, aortic stiffness and

glomerular dysfunction are consistent across populations, is uncertain.

6.8 Conclusions

In conclusion, in the present thesis | show that circulating concentrations of the
adipocytokine resistin, but not CRP are associated with LV hypertrophy and systolic
dysfunction, aortic stiffness and glomerular dysfunction beyond conventional risk factors
including adiposity indices and BP (office, aortic and ambulatory). Importantly, these effects
were similarly independent of insulin resistance as indexed by the homeostasis model and
relationships between resistin concentrations and eGFR could not be explained by increases in
aortic stiffness and between resistin concentrations and LV hypertrophy could not be explained
by the cardio-renal syndrome or ventriculo-vascular coupling. Thus, the present thesis suggests
that resistin, possibly through direct effects on several organ systems, may contribute to
cardiovascular events through an impact on LV hypertrophy and dysfunction, increases in aortic
stiffness and reductions in glomerular filtration. The present thesis therefore provides
substantial further evidence to support a role of resistin as an essential target for drug
development in the prevention of cardiovascular events and as a possible biomarker for
enhancing cardiovascular risk prediction. As the present study was conducted in a group of
black African ancestry, the present results require validation in alternative ethnic groups. In
addition, further studies are required to assess the role of resistin as an essential target for drug
development in the prevention of cardiovascular events and as a possible biomarker for

enhancing cardiovascular risk prediction.
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1. Introduction

Independent of comventional risk factors and myocandial infrotion,
obesity predicts the development of heart failure |1-3]. The mecha-
nisms responsible for this effect are nonetheless uncertain. Although
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insulin resistance may play an impaortant mle in mediating obesity-
induced heart failure, insulin resistance accounts for only a minor
proportion of these effects |23 ] More recently, several inflammatory
substances released from adipooytes (adipooytokines or adipokines)
have been suggested to contribute towand the adverse effects of obesity
on the heart. However, at presentthe contribution of resistin, a cirulating
adipokine which in humans iz predominantly expresed in monocytes
and macrophages, and which is responsive to inflammatory stimuli
|4-6],is uncertain

Cardiomyooyte overexpression of resistin promotes myocardial
hypertrophy and dysfunction in mice [7-9]. Futhermore, transgenic
mice for the human resistin gene develop worse cardiac function in
response to a candictoxic intervention and these changes are assocated
with an increased resistin expresson | 10 Moreover, droulating resistin
concentrations predict the development of and prognosis in heart
failure | 11-16]. Thus, resistin may in-part explain independent relations
between obesity and heart failure | 1-3]. However, the mechanisms that
account for the ability of resistin to predict human heart failure are
unclear. In this regamd, although associations between circulating
resistin concentrations and left ventricular mass [LVM) have been
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demonstrated in a small study sample of children |[17], no independent
relations were noted inlarge adult population samples | 18,19 ]. Further,
in large samples only modest independent relations between crculat-
ing resistin concentrations and LV systolic function were reporbed
| 18,19). However, in these studies |18,19] low average blood pressume
[BP) levels suggest that most participants had well-<controlled BP on
thermpy, which is likely to confound relations with LVM and function;
blood adipokine concentrations were not contemporRneous with echo-
cardingraphic assessments | 18]; and relations were not adjusted for BP
or diabetes mellitus [19]. In the present study we therefore aimed to
assess whether independent relations between circulating resistin
concentrations and LVM, LV hypertrophy or [V function ooour in a
large community-based sample with prevalent obesity and never-
treated hypertension.

2. Methods

2.1. Snudy group

The present study was conducted according to the principles
outlined in the Helsinki declaration The Committee for Research on
Human Subjects of the University of the Witwatersrand approved the
protoool [ approval numbers: MOZ-04-T2 enewed as MO 7-04-69 and
M12-04-108 ). Participants gave informed, written consent. The study
design has previously been described [20,21]. Mudear families of black
African descent with siblings older than 16 years were rand omly re-
cruited from the South West Township [(SOWETO) of Johannesburg,
South Africa OF the 1024 participants recruited, in a sub-study 739
partidpants had echocardiography, of which 554 wer not receiving
treatment for hypertension Of the sample 498 had 24- hour ambul atory
BEF measurements that met with pre-specified guality control criteria
[longer than 20 h and more than 10 and 5 readings for the com putation
of day and night means, respectively).

22 Chnical, demographic and anthropometric megsuremen s

Demographic and clinical data were obtained using a standardized
questionnaire [20.21]. Height, weight, waist (W) and hip ciroumfer-
ence were measured using standand approaches and participants wene
identified as being overweight if their body mass index (BMI) was
225 kg/m® and obese if their BMI was 230 kg'm. Central obesity was
defined as an enlarged WC [2B8 cmin women and = 102 cm in men ).
Labormtory blood tests of renal functon, liver function, blood ghicose,
lipid profiles, hematological pammeters, and percentage gycated
hemoglobin ([HbAlc) [Roche Diagnostics, Mannheim, Germany ) wene
performed. Fasting plasma insulin concentrations were determmined
from an insulin immulite, solid phase, two-site chemiluminescent
immunometric assay (Diagnostc Products Corporation, Los Angeles,
CA, USA) and insulin resistance was estimated by the homeostasis
model assessment of insulin resistance [HOMAAR ) using the formula
[insulin [ull/ml] = glucose [mmaol1] }22.5. Diabetes mellitus (DM ) or
abnormal blood glucose control was defined as the use ofinsulin or
oral hypoglycemic agents or an HbAlc wvalue geater than G1%
respectively.

23. Broechial and aortic Mood pressuere

Brachial BF measurements were obtained by a trained nurse-
technician using a standard mercury sphygmomanometer and using
Spacelabs monitors [model 90207) [ambulatory 24-hour BP) as
previously described [21 | Monitors were progmmmed to measure BP
at 15-minute intervals from 06:00 to 22:00 and at 30-minute intervals
From 2200 to06:00. Acrtic BF was determined using radial applanation
tonometry and SphygmoCor software as previously described |20
After participants had rested for 15 min inthe supine positon, arterial
waveforms at the radial [dominant arm) artery were recorded during

an E-second period using a high-fidelity SPC-301 micromanometer
[Millar Instrament, Inc, Houston, Texas) interfaced with a computer
employing SphygmoCor, version 9.0 software [AtCor Medical Pty Led,
West Ryde, Mew South Wales, Australia ). To determine aortic BF, the
pulse wave obtained from radial tonometer recordings was calibrated
by manual measurement [auscultation) of brachial BP taken immedi-
ately before the recordings The radial pressure waveform wascomert-
ed into a central [aortic) waveform using a validated generalized
transfer function [GTF) incorporated in SphymoCor software.

2.4 Echocardiography

Echocamdiography was performed as previously described [20-2 2]
All measurements were reconded and analyzed off-line by experienced
investigators whom were unaware of the clinical data of the partici-
pants. Left wventricular mass [LVM) was determined using a standard
forrmula | 23] and indexed [LVMI) to height™”. Left ventricular hypertm-
phy was defined as an IVMI = 60 g/m’ 7 in women and LVMI =80 g'm'?
in men [24]. Stroke volume was evaluated from the difference betwaeen
LV end diastolic and systolic volumes determined using the Z-derived
method | 22] Oroumferential LV systolic wall stress was caloulated as
previously described [22]. The extent of INMiagy: was determined
from predicted VM [22], where predicted LVM was calkulated as
5537 + (664 = height™) 4+ (064 = [syswolic BP x stroke vol
ume = 0.014]) — (1807 = gender), where male gender = 1 and
female gender = 2, and where stroke volume was caloulated from LV
volumes assessd from the Z-derived method. Inappropriate IVM was
expressed either as actual-predicted LVM in grams, or ¥ actual IVM/
predicted LV

Left ventricular ejection fraction (EF) (hiplane Simpson ) was calos-
lated to determine LV chamber systolic function using a standard
formula | 22]. Endocamdial [Feend ) [LV systolic chamber function) and
midwall [FEmid) [V systolic myocardial function] fractional shorten-
ing was similarly determined as previously described |22). Left ventric-
ular diastolic function was assessed from a pulsed wawve Doppler
examination of the mitral inflow at restin all participants and using tis-
sue Doppler indices (TO) in 442 participants [25 | Pulse wave Doppler
recondings of tansmitral velocity are obtained with the sample volume
at the tip of the mitral vahee in the apical 4chamber viewe. Tansmitral
velocity measurements are obtained during the early (E) and late
[atrial-A) periods of left ventricular diastolic inflow and expressed as
the EfAratio. To perfiorm TDL the velocity of myocandial izsue lengthen-
ing at the level of the mitral annulus was recorded in the apical four-
chamber view. The zample volume was positioned at the septal and
lateral corners of the mitral annuhis. To determmine diastolic function
using TDI, peak tissue velocity during early (e') diastole was measured
and data are expressed as the Efe’ ratio (an index of LV Rlling pressures ).

2.5, Inflommatory markers and adipokines

Blood samples were centrifuged and immediately stored at — 80 °C
Plasma concentrations of human resistin, adiponectin and high-
sensitvity (Rnge (W01 to 50 ng'mil) C-reactive protein (CRP) concentra-
tions were measured using enzyme-linked immunosorbent assays
[Quantikine, R&D Systems Inc., Minneapolis, MM, USA). The resistin
aszay had a lower detection limit of 0026 ng/ml and intra-as=ay and
inter-assay coefficients of variation ranging from 3.8 to 53% and 78 to
9. 7% respectively. The adiponectin assay had a lower detection limit of
0246 ng/ml and intra-as=ay and inter-assay coefficdents of variation
ranging from 2.5 to 4 7% and 5.8 to 69% espectively. The CRP assay
had a mean lower detection limit of 0010 ng/ml and intra-as=ay and
inter-assay coefficients of variation ranging from 3.8 to 8.3% and 60 to
74 respectively. CRP concentrations could not be determined on 27
participants whose concentrations were below the lower level of
detection.
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2.6 Data analysis

Database management and statistical analyses were performed with
SAS software, version 9.3 [SAS Institute Inc., Cany, MC, USA). Continuous
data are reported as mean + S0, Unadjusted means and proportions
were compared by the large-zample z-test and the 3 -statistic,
respectively. As rmesistin concentrations were positively skewed
[ skewness = 259, kuntosis = 129; Shapiro-Wilk's st@atistic = 080,
p == L0001 ) resistin concentrations were log transformed. Log transfor-
mation of resistin concentrations resulted in animproved distributon
[skewness = 015, kurtosis = 0.37; Shapiro-Wilk's statistic = 1.00).
Moreover, as adiponectin concentrations were positdvely skewed
[ skewness = 1.51, kurtosis = 302, Shapiro-Wilk's statistic = 088,
p = L0001} adiponectin concentrations were also log transformed. Log
transformation of adiponectin concentrations resulted in an improved
distribution (skewness = —0.63. kurtosis = 0.79; Shapiro-Wilk's
statistic = 098], As CRP concentations and HOMA-HR were positively
skewed, these were alsolog tansformed and log tansformation resulted
in an improved distribution [(data not shown).

Bivariate correlations for continuous data were assessed from
Pearson’s correlation coefficents. Independent relations were assessed
from multivariate linear regresson analysis with appropriate adjustors.
Probability values were further adjusted for non-independence of fam-
ily mem bers using the method of maximum likelihood as implemented
by the mixed procedure as defined in the SA% package As antihyperten-
sive treatrment may influence LVM and function, senstivity analysis was
conducted in untreated participants.

3. Results

As compared to those without echocardiographic or TDI measure-
ments, those with echocardiographic or TDI measurements were
maodestly older, and had only a moderately greater BML, WC, X obese,
X treated for hypertension and % treated for DM [Tables 51 and 52). In
all participants and in participants whom had never received antihyper-
tensive thermpy, a high proportion was ovenseight or obese and had
central [abdominal ) obesity (Table 1). Furthermore, a high proportion
of all participants and of participants whom had never received antihy-
pertensive therapy was hypertensive (Table 1). 47% of particpants
had LVH.

In multwvariate adjusted models, BML WC and waist-to-hip ratio
wene directly assodated with CRP concentrations as well as HOMA-IR,
but inversely associated with adiponectin concentrations (Table 53).
BMI and W were only modestly associated with resistin concentra-
tions in untreated participants [Table 53).

With adjustments for age, sex, and DM or HbAlc = B.1% (except for
HOMA-IR ), regular smoking, regular alcohol intake and treatment for
hypertension, adiponectin concentrations were inversely assodated
with CRP concentratons (partial r = —0L12 p - U005) and HOMA-IR
[partial r = —OL16, p <= 0.0001). With adjustments for age, sex, and
DM or HhAd o= G1% [except for HOMA-IR), regular smoking, regular
aloohol intake and treatment for hypertension, resistin concentrations
were directly assocated with CRP concentrations (partial r = QU1 &,
p = 00001 ), but not HOMA-IR (partial r = QUDD6, p = 0LET).

Onbivariate analysis, office, 24-hour and aortic BP were comelated
with CRP [p = QUD005 for all), but not with resistin [ pe= 0L14]) concentra-
tions Onhy a trend for a bivanate correlation was nobed bebween office
DEF and adiponectin concentrations (r = —OQL09, p < Q05). With
adjustments for confounders, no independent asociations were noted
between BP and either CRP or resistin concentrations (Table 2). Mult-
variate adjusted direct relations between adiponectin concentrations
and office, aortic and 24-hour SBF were noted [Table 2).

Omn bivariate analysis adiposty indices, circulating resistin concen-
trations, CRP concentrations, and HOMA-IR, but not circulating
adiponedtin concentrations were associated with IVMI and IVM ...,
[p = Q0001 for all). In stepwise regression models with the inchision
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Table 1
Chamaoteristics of study particpams.
Alljn =T73) Untreated [n = 554)

1 waomen [rede] =y

Age (yean ) 6+ 181 200+ 161

Biody mass index [ kgm®) HEL+ TR a0+ 74

Waist cnoumferenos [om) 911 4+ 168 P44 161

1 overweight bhee pref i 244359

% aentral obesity L] e ]

4 hypertension 253 i

% treated for D a8 20

4 DM ar HhATc =615 23 170

% regulars moking 150 179

4 regularalcahal 196

6
Office SHPADHP [mmHg) 128 + 2284113 125 + &0 412

Pulse rate (beass fmin) 66+ 11 a5+ 11

Zahour WWDEP (mm Hg) 119+ WTI+1 117 +14/72 £ 10
[n = a8) {n = %EY)

Aartic SHP [ mm Hg) 130 422 116 + 21

LW mazs [ LVM) (g) 153 + 53 148 + 49

LvMindex (z/'m') 679+ 247 649 + 215

2 IWH 57 415

1 actual IV Prechicted 1V 134 + 35 132 + 33

Actual IVM-prediced IVM (g 300 4+ 208 3484 372

LV gjertion fracton () a7 +9 G+ 8

Fiend [1) 004+ 81 MT4+ TR

Famid (%) 34+ 54 4+ 51

EfA 128 + 048 1.41 + 048

Efe THE 4+ 4 (n =442) TAI2 4+ 368 [n = X25)
Adiponectin [mgd) 74 [range = 008-366) 76 [range = (L8 -366)
Reesistin (ngiml) M0L6 [range = 14-830) 104 [range = 1 A-GL )
CRP [mgzT) 35T [ mnge = L04-538) 305 [range = L0451 8)

{n="TZ) (n =52}

Continuous data are expressed as mean + 50 ormedian [range L DM, dishetes madlitus,
SHP, systolic hlood pressure; DBP, diastolic BP; Faend, end arasdial fracional shorening;
FEmad, madwall fractional shartening; E/A, early-to-atrial ransmatral blood flow wvelooty;
e, myocandial laveral wall oxsue wlocty in ealy diastole

of resistin, but not with the inchision of adiponectin in the models;
BMI, HOMA-IR, and resistin concentrations were directly assodated
with LVMI and VM, (Table 3). With adjustments including BMI,
LV Mg e inereased across octiles of resistin concentmations with the
highest 2 octiles showing markedly greater IVM,,, .., than the lowest
2 ortiles of resistin concentrations [Fg. 1). Similar relations were
noted with WC mther than BMI in the models [Table 54). Independent
of confounders including age, sex, BMI, SBP, regular smoking, regularal-
cohol consumption, treatment for hypertension and log HOMA-IR,
resistin concentrations were also independently associated with IVH
[partal r = 0,13, p = 001} Although adiponectin concentrations
wene directly asociated with IVML no independent asociations wene
noted with VM, 0 (Tables 3 and 54). CRP concentrations showed
no independent relations with [VMI or IVM,, ... (Table 55). Relations
between resistin concentrations and LVM,,, ... persisted with the inchs-
sion of [NMI, (partial r = 015 p = WDD01), CRP [ partial r = 0240,
p = D001} or aortic rather than brachial SBP [partial r = 0149,
p = 00001} in the models. Relations between resistin concentrations
and IVMI [partial r = Q.14 p < QD005) or LVH [parta r = Q13
p = 0L001) also persisted with the indusion of CRP concentrations in
the models.

On bivariate analysis no single factor was associated with either EF,
or FRend (data not shown ). However, resistin [r = —0.12, p < 0L005)
and a trend for HOMA-IR [r = —007, p = 005) were inversely come-
lated with FSmid. In multivariate models, with the inclusion of adiposity
indices and additional possible confounders forced into the models, re-
lations between resistin concentrations and FSmid, but not betereen
HOMA-IR and FSmid persisted (Table 4). Meither adiponectin nor CRP
concentrations were independently associated with FSmid [Table 4).
Mevertheless, an interaction between resistin and CRP concentrations
was assod ated with FSmid independent of the individual terms [ parial
partial r = — 010, p == Q01 ). This translated into an incremental




134

G, Norman et al | Iniernationsl lournal of Cardiology 196 (2015) 81-87 3
26 Data analysis Table 1
Chancterisios of sudy prtidpms.

Database management and statistical analyses were performed with Alln =73) Unireated (n = 554)
SAS software, version 9.3 (SAS Institute Inc., Cany, NC, LUSA). Continuous " 33 L)
data are reported as mean + S0 Unadjusted means and proportions Age (year) 446+ 181 00+ 161
were compared by the large-sample z-test and the 3*-statistic, Hody mass index | kgim®) X5+ 74 280+ T4
respectively. As resistin concentrations were positively skewed Wait croumderenes [em) 8114 168 &7.4 £ 161
[ skewness = 250, kurtosis = 12.9; Shapiro-Wilk's statistic = 080, ;mm e Hama
p = (D001 resistin concentrations were log transformed. Log tansfor- % hyperensian 453 71
mation of resistin concentrations resulted in animproved distribution 4 treated for DM ET] 20
[skewness = 015, kurtosis = 0.37; Shapiro-Wilk's statistic = 1.00). 4 M or HhATc =615 3 170
Muoreover, as adiponectin concentrations were positively skewed % regular smok ing 150 174
( skewness = 1.51, kurtosis = 302, Shapiro-Wilk's statistic = 088, = Evarakohl 128 28

121,k - P OfficeSEPDRP [mmHg) 128 + 2284413 125 +21 42 +12

p = (U001 adiponectin concentrations were also log transformed. Log Pulse rate (heats fmin) 66+ 11 &5+ 11
transformation of adiponectin concentrations resulted in an improved Z4hour MRDEP (mm Hg) M9+ WTI+N M7 +1472 110
distribution [skewness = —063, kurtosis = 0.79; Shapiro-Wilk's ) (n = 438) (n = 343)
statistic = 0.98). As CRP concentrations and HOMA-IR were pasitively mmm-‘gﬁ b :;’-3’- i :i;
skewed, these were alsologtansformed and log tansformation resulted LvMindsx g/m'7) 6781 737 6481 718
in an improved distibution (data not shown). 1 1¥H 47 415

Bivariate correlations for continuous data were assessed from H actual IVM Predicted W4 134 £35 15 £ 5
Pearson’s correlation coefficients. Independent relations werne assessed Aczal LVM-prediced VM (g) 380+ 208 348+ 372
from multivariate linear regression analysis with appropriate adjustors. i‘::;;? fracsin (%) gni: o gf: -
Prohahility values were further adjusted for non-independence of fam- Fomid (%) TIA+ 54 T4+ 51
ily members using the method of maximim likelihood as implemented EA 128 4+ (.48 1.41 + 048
bythe mixed procedure as defined inthe SAS package As antihyperten- i-‘; N ;ﬁiwﬁ;;%j ;ﬁ{tmﬁ;—;-‘»i]m
sivetreatment may |nchu'||:gIT\l'Mard function, senstivity analysis was Rm@:ﬂ“?a mﬁ"{‘:g;e= T 1&‘;’{:’3"#:1‘1_&2]
conducted in untreated particpants. CRP (mg/T) 187 (mnge = (L08-538) 305 {range = (L04-51.8)

3. Results

A= compared to those without echocamdiographic or TD1 measure-
ments, those with echocardiographic or TOl measurements were
modestly older, and had only a moderately greater BMI, WC, £ obese,
% treated for hypertension and £ treated for DM (Tables 51 and 52 In
all participants and in partic pants whom had never received anthyper-
tensive therapy, a high proportion was overweight or obese and had
central (abdominal ) obesity (Table 1). Furthermore, a high proportion
of all participants and of participants whom had never received antihy-
pertensive therapy was hypertensive [Table 1). 47% of partidpants
had LVH.

In multivariate adjusted models, BML WC and waist-to-hip ratio
wiere directly assodated with CRP concentrations as well as HOMA-IR,
but imversely associated with adiponectin concentrations [Table 53).
EMI and WYC were only modestly assocated with resistin concentra-
tions in unireated participants [Table 53).

With adjustments for age, sex, and DM or HbATc = 6.1% [except for
HOMA-IR ], regular smoking, regular aloohol intake and treatment for
hypertension, adiponectin concentrations were inversely assodated
with CRP concentrations (partial r = —0.12, p = (L005) and HOMA-IR
[partial r = —QL16, p =0.0001). With adjustments for age, sex, and
DM or HhAl o= G1% (except for HOMA-IR), regular smoking, regular
aloohol intake and treatment for hypertension, resistin concentrations
were directly assocated with CRP concentmtions (partial r = (0L18,
p = 00001, but not HOMAAR [ partial r = QU006, p = 0LE7).

O bivariate analysis, office, 24-hour and aortic BP were comelated
with CRP (p = 00005 for all), but notwith resistin | p= 0L14) concentra-
tion= Only a trend for a bivarate correlation was noted between office
DBP and adiponectin concentrations [r = —0L09, p < Q05). With
adjustments for confounders, no independent as=ociations were noted
between BF and either CRP or resistin concentrations (Table 2. Mult-
variate adjusted direct relations between adiponectin concentrations
and office, aortic and 24-hour SBP were noted |Tahle 2).

O bivariate analysis adiposty indices, circulating resistin concen-
trations, CRP concentrations, and HOMA-IR, but not circulating
adiponectin concentrations were associated with IVMI and IVM g
[p = QL0001 for all). In stepwise regression maodels with the inclision

(n="TZ) (n =53

Comtinuous dat ar exprezesd a5 mean + S0 or mesdian (range ). DM, diabetes mellitus,
SHP, systolichlood pressure; DBP, diastolic BP; Paend, end arasdial fractional sharening;
Pamid, midwall frarfional shortening; /A, earhy-tn-atria] transmitral hlood flow velodty;
e, myocandial lberal wall Sxsue wlociy in early diastole

of mesistin, but not with the inclusion of adiponectin in the models;
BMI, HOMA-IR, and resistin concentrations were directly assodated
with LVMI and LVM,...,,, (Table 3]. With adjustments induding BMI,
LV M s increased across octiles of resistin concentrations with the
highest 2 octiles showing markedly greater IV, 4. than the lowest
2 odtiles of resistin concentrations [ Fig. 1). Similar relations weme
noted with W mther than BMI in the models [Table 54). Independent
of confounders includ ing age, sex, BMI, 3BF, regular smoking, regularal-
cohol consumption, treatment for hypertension and log HOMA-IR,
resistin concentrations were also independently associated with LVH
[partal r = 0.13, p = Q001). Although adiponedtin concentmations
wiere directly asociated with VML no independent asociations wemne
noted with IVM,,, ... (Tables 3 and 54). (RF concentrations showed
no independent relations with LVMI or LVM,,,, ... (Table 55). Relations
between resistin concentrations and VM., ... persisted with theinclu-
sion of INMI, (partial r = 015, p = 00001), CRP [ partial r = 020,
p = 00001} or aortc rather than brachial SBP (partial r = QL19,
p = 00001} in the models. Relations between resisin concentrations
and IWMI [partial 1 = Q0.14, p = QO005) or LVH [ partial r = 013,
p = 0L001) also persisted with the inclusion of CRP concentrations in
the models.

O bivariate analysis no singe factor was associated with either EF,
or Fiend (data not shown ). However, resistin [r = —0.12, p < {L005)
and a trend for HOMAHR [r = —007, p = 005) were inversely come-
lated with FSmid. In multivariate models, with the inchision of adiposity
indices and additional possible confounders forced into the models, re-
lations between resistin concentrations and FSmid, but not beteeen
HOMAAR and FSmid persisted [Table 4). Neither adiponectin nor CRP
concentrations were independently asmdated with FSmid (Table 4).
Mevertheless, an interaction between resistin and CRP concentrations
was associated with FSmid independent of the individual terms [partial
partial r = —QU10, p = (01 ). This translated into an incremental
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Tahle2

Keations between droulaing adipokine coneentrations or inflanmamy markers and blood pressure [BP) in 2 community sample.

All participants Unteated particpants
n= Fartial * () pvale n= Partial * (3} pvalue
Log resistin versus
Office P gE-] Wo0S (—007 oomas) =08 554 001 [—007 o) =081
Office DEP g -] — 006 (-1 3w ) =8 554 -0 (—L14 w0 02) =016
24-hour SP L] —L004 [— 009 o0 08) =093 w3 =001 [—011 oo =081
24 hour DEP L] — 008 (-6 ) =8 3 -0 (—L16 o 00d) =|
Aartic SBP gE-] —003 [~ 10w OS] =050 554 —002 [~ 10 waLT) =|
Ling ad ipanesdtin verss
Qffice P gE-] 14 (007 to 021 < (LOOS 554 @15 (007 po 0LZE) <L
Office DHP g ] QW (— 007 o) =04z 554 001 (007 o) =
24 hour 3P L] @10 {007 o A1E) <iLS w3 010 {0000 o OUH) =|
24-hour DEP L] 04 (005 ooa3) =34 w3 003 (— 007 ooi3) =
Aartic SHP TH €13 (006 o (L) <L 554 001 4 (006 o QLZE) <L
Lo, Cereartive prowin versus
Office P n: —004(—01 2o 03) =02 528 0001 [—008 oaa) =|
Office DBP Tz 001 [— 006 o) =0T 528 004 (—004moas) =|
24-hour SP 287 =001 (- 0o 00E) =85 72 anl (—af9m011) =
24-hour DEP - a2 (—ad7 woi) =66 iz a4 (— 007 mai4) =|
Aartic P I — 004 [~ 0120 as) =02 528 —0002 [—0Eo00E) =

SHP, syswlic BP. DHP, dastolic HP

* Adjusted for age, sex, body mass index, diabetes mellitus or an HbAlc > 613, regular smoking, regula akmhd imake and resmen: for hypentensian (in alll

increase in the strength (partial r) and magnitude (P-coefficient or
slope) of the independent relation bebeeen resistin concentration and
FSmid acmss tertiles of CRP concentrations (Fig. 2).

O hivariate analysis adipokine concentrations, adiposity indices,
HOMA-IR. and CRF concentrations were all associated with E/A
[p = 0005 for all). Although adiposity indices, HOMA-IR and CRP
concentrations were correlated with Efe' (p < 005 for all), neither
resistin nor adiponectin concentrations were correlated with Efe’
[p = 028). In multivariate models, although WC and HOMA-IR [for
EfA) were, neither resistin, nor adiponectin concentrations were
independently amociated with either E/A [Table 56) orE/e’ [Table 57).

Table3
dationsbatwesn droulating adipa ki ne con eentrasions and ket ven tricular mass L) in
2 oMy sk

Al parsicipants n = 79

Uintreged participans: [n = 454)

Pastial * (O} pvalie  Partial P (3} pvake
M s wish re-sistin
VM versus
BMl 034 (027 o 042) <0000 039021 o 037)  <wim
Log resistin - QU2 (005 0o 019) 00005  (U08 (0U005 to (L16) <005
Hp 026 (01920 03) <0000 U (00060 0L86) <0000
Log HOMA-IR 11 (D400 (18] <0002 007 (00 ©018) =007
LV Mqapge versus
BMI 031 (0240 038) <0000 038 (02Sto041)  <w0om
Log resistin QI8 (0171 00 025) 00007 Q03 (005 to021) QUi
Log HOMAJR (P (002 to (6] <0005 Q07 (-0l o8] =008
Mo s with eddiponectin
Ll versus
L] 032 (027 to042) <00001 0290021 t00%7) <0000
log Q08 [0 o @15) <0 Q10 (02 o WIE) <0
a panein
Hp 026 (01920 03) <0000 O3 (00060 0L86) <0000
log HOMAJIR Q11 (D40 (18] <0001 Q08 (00Emw01E)  <00s
RV TN T
Ml 031 (02400 038) <0000 033 (05t 041) <00
Log O (- o) =0% 06 (-0 o013 =da19
adiponectin
Log HOMA-IR 0 (A3 to 017) <0005 Q07 [—001 o 018) =010

LML LM indeced 10 height! 73 LV Mg, inappropriate 1V BML body massindex; SHE.
affice sysinlic blood pressune; HOMA-IK, homeos @sis mod d of insulin resistance.

* Additional fctorsinciuded inthe sepeise regres jon models indud e age, s=x, regular
smoking, regular akohal intke, treament for hypartension (in all) and office SBP in
madels for both VM and 1V Mg

4. Discussion

The main findings of the present study are as follows: In a mndomby
selected community sam ple of African ancestry with a high prevalence
of obesity and untreated hypertension, circulating resistin, but not
adiponectinor CRP concentrations wasassodated with LVML IVMiuege
and IVH beyond adiposity indices, BF, HOMA-IR and additional con-
founders. Furthermore, drculating resistin concentrations were the
only factor consistently and independently assodated with vanations
inmyocardial fanction, as determined from FSmid. Importantly howeey-
er, the independent relationships between resistin concentrations and
Fimid increased acmss tertiles of CRP concentrations.

Although cirulating resistin concentrations predict the develop-
ment of and prognosis in heart failure | 11-16], the mechanisms that
account for this effect are unclear. Although preclinical studies indicate
that resistin produces cardiomyooyte hypertrophy [7-9], and IV

#
11

150 TT

Multivariate adjusted LVMgp,, (%]

130 /f:
y 7

120 / e /

p IT T

ln=l Qetl Getd Oetd  Oeid  Dets ety Qend

Qcik
192l @2 @2 (98l 2Tl (s: (a2 1%6)
Octile of Lag Plasma Resistin Concentration

Fig. 1. Multivariate adjusied beft veninioular mass (L) beyond that peediced by stoke
watk [nappropriste LVM ar VM | aomss octiles (Ot of log nesistin coneentrations.
Adjustments ax forages sex, body mass index, affice sysinlich bo d pressure, teatmen for
hypertensian, diahstes mellitus aran HhAlc = 615, regular smaking, and regular deohal
imake. *p-= Q05 “p < QOO ** p-= QOO0 vs oot 1; p <0005, Mp oo, T« wooi1vs
octile 2; ip< 001, Hp < 0001 vs octiles 3 and 4; *p < 005 v odile 5
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Tahle 4
Rebtions between croulating adipakine ar C-reartive protein (CRP) conoentrations and beft ventricular midwall fractional shortening (Fémad)) in 2 community sample.
All partigpants® (n = 739) Umtreated particdpans* {n = 554
Partid [0} p value Partial & (O} pvalue
Modal with reictin
Famid versus
HM — L0 [ — 077 o (L) =025 — (L8 [ — 016 o — QD) =04
log resistin =012 [— 019 o —005) <002 — 15 [—0ES b0 —0QOT) = Q000
;P 07 | — (L0 o DLOE) =020 — 07 [— 015 o @01 ) =
log HOMA-IR — U7 [ — 014 to (LO0E) =007 — (L0 [ — 012 o (LO4) =039
Modsl with adipon ectin
Famid versus
1] — 07 [— 14 o i) =005 —11 [—019 o —00E) =00z
log adiponectin — U0 [ — 12 to L0E) =020 — (L0 [ — 013 do (UOE) =0z5
e QL0 [ — (U0S to (LA =042 — Q07 [— 015 o Q0T =009
log HOMA-IR — 07 [— 14 mo L0 =006 — (L0 [ —0L1E o (04 =033
Muodsl with CRP
Famid versus
M1 — L06 [— 13 b0 0T =013 — 10 [— 018 o —001) <00z
log (RP — LS [ — L0 o L0k =042 — 0 [ — 010 o (L) =087
e — 00 [ — Q07 o 00T =086 — (L0 [ — (L16 o LO0S) =006
log HOMA-IR — 07 [ — 014 to (L002) =006 — (L0 [ — 012 o (UDE) =043

BN, body maes index; SHP. affiee systolic blood prssure; HOMA-IE, homes @=is modd of insulin resistanoe.
* Par CRP n = 71 2for al pati cpantss and 529 for unireated particpanis.
B Addiional Buctars induded in the s epwise regression models indude age, sex, regular smoking, regular almhal intake and treatment for hyperension (inalll

Leg Resistin vs FSmid partial r  95% Cl  p value
Tartide 1 af Log CAP —&r—  -0.03 |-016 to 0,90] =064
Tertide 2 of Log CRP —a{  -0.09 [-0.21 to 0.04) =018
Tertile 3 of Log CRP

——— -0.23 (—034 te —0.10] <0001

=04 =02 o 0.2 0.4

Fartial Correlation Coefficient

[=

= Tartilezs of Log Plasma CRP
=

] 12281 12481 [2371
:E Tertile 1 Tertile 2 Tertle 3
s B .
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Fig. 2 M lvariate adjusted relations between log dnoulating resistin concemtrations and keft ven tricu Lar mai dwal | fractional shorten ing (Pemad)) acnoss et s of Cneactive protsn aon-
centratons ({CRPL A camparison ofthe strength of the rdasions [partial r)and the magnitude of the effect of resi stin on Bmid (-mefficient) ax shown, Adjus tmen s are for age, sex, bady
massindex, office sysolich bod prssure. trement for hyperension, dizbees melimsor an HhAlc = §14%, regule smoking, and regular almhd intale. *p < Q05 vs ertle 1; = 005 vs
tertle 2
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hypertrophy is a wellrecognized predictor of outcomes, in large
community-based studies, a lack of independent relationship bebween
circulating resistin concentrations and LVM has been reported [18.19]
Howrever, these sudies are confounded by a high prevalence of partic-
pants receiving antihypertensve themapy [18.19], and a lack or contem-
poraneous blood and echocardiograp hic assessment [ 18] Inthe present
study we show independent relations between resistin concentrations
and IVMI, LW and LVH in a community sample with a high prev-
alence of hypertension, but with a low prevalence of antihyperten sive
therapy, and these findings were reproduced in untreated participants.
The present results are therefore the first to suggest that increases in
LVM may be one pathway that explains the abil ity of circulabi ng resistin
concentrations to predict human heart failure.

Prior community-based studies that hawe failed to show indepen-
dent associations between crculating resistin concentrations and LW
| 18,19] hawe not amessed whether these relations ooour with LVM be-
yond that predicted by loading conditions [stroke work) [ IVMis asge )
Inthis regamd, in the present study relations between resistin concenira-
tions and VM tended to be stronger for INMasggse than LVML As
LWV Mhisi e and reductions in LVMiaapee rather than LM or reductions
in IVMI are asociated with LV ejection fraction | 22], it is possible that
the transition to heart failure predicted by circulating resistin is mediat-
ed in-part by increases in INMiggee and consequently decreases in
systolic function Indeed in the present study circulating resistin con-
centrations were independently and inversely associated with FSmid,
an index of myocardial systolic function. However, these relations did
naot translate into decreases in ejection fracton. Whether resistin pro-
duces myocandial systolic dysfunction and subsequently com pensatory
LVH thus maintaining systolic chamber functon, or increases in LVM
and hence myocardial systolic dysfundtion, is uncertain. Further pro-
spective studies are warmanted to evaluate whether circulating resistin
predicts the development of a reduced ejection fraction and conse-
quently heart Rilure.

The imeerse relations between circulating resistin concentations
and myocardial systolic function noted in the present study are in keep-
ing with large, community-based studies which have similady reported
on imverse relations between circulating resisin concentrations and LV
systolic function | 18,19]. However, in these prior studies these relations
showed either only trend effects [ p = 0UM) despite a large shudy sam-
ple (n = 2615) | 18], or weme not adjusted for confounders such as BP
and diabetes mellitus |19]. In both studies, ahigh proportion of partic-
pants was receiving antihypertensive therapy | 18,19]. In contrast, in the
present study we show more convincing relations between droulating
resistin concentrations and myocardial systolic function [p < LD05)
which were pronounced in participants not receiving ant hypertensive
therapy (p < 0L0005) and these relations were independent of multple
confounders including brachial BP and diabetes mellitus. In addition we
show an association between myocardial systolic function and an inter-
action between droulating resistin and CRP concentratons, indepen-
dent of the independent terms, an effect which translated into
incremental relations between resistin concentrations and myocardial
function acrmoss tertiles of CRP concentrations. Hence, the present
study provides more convincing evidence for a resistin eflect on myo-
cardial systolic function in the human heart, and suggests that these
effects may depend on the overall level of inflammation that exists.

As insulin resistance has previously been demonstrated to be assoc-
ated with LVM |26,27 ] and the development of heart failure |2], and
resistin promotes myocardial insulin resistance [9], an important con-
sideration of the present study is whether relations between dulating
resistin concentrations and LVM or dysfunction are mediated through
insulin resistance. Inthis regard, in the present study HOMA-IR was in-
dependently associated with increases in LVMI and LVM, ... but not
F5mid. Relationships between dreulating resistin concentratons and
LVM, LVH or Fimid were nevertheless independent of HOMA-IR.
Hence, itis possible that resistin versus LVM or LVH and resistin versus
Fimid relations are explained through effects other than insulin

resistance. In this regard, resistin overexpression in the mt heart
promotes myocardial cecdative stress, Abrosis and apoptosis | 8.

The limitations of the present study indude the cross-sectional
design which precludes us from drawing causal inferences. Second,
TDI measures of diastolic function were available in 60% of participants
with echocardiogrames, albeit that the charmcteristics of this group were
similarto thaee without TO1 measurements. Thus, we cannot be certain
that circulating resistin concentrations are not associated with Efe'.
Thimd, our study =ample was exclusively of African ancestry. Whether
similar findings ocour in other ethnic groups requires further
consideration.

In conclusion, in the present study conducted ina large community
sample with a high prevalence of obesity and wher antihypertensive
therapy was limited, we show that circulating resistin concentrations
are independently associated with IVM, LVH and systolic function
beyond adiposity indices, diabetes mellitus, BP, insulin resistance and
general inflammation The present study therefore sup ports the view
that resistin may mediate the transition to heart failure in-part through
increases in LVM and myocandial systolic dysfunction

Sowrces of funding

This study was supported by the Medical Research Coundl of
South Africa, the University Research Coundil of the University of the
Witwatersmnd, the Mational Research Foundation of South Africa
[grant numbers: 73713, 77423, B 1026, 87768, 90527) (Women in Re-
search and the Thuthuka Program), the Grculatory Disorders Reseamch
Trust, and the Carnegie Programme.

Conflict of interest
None of the authors have any conflicts of interest to declare.

Acknowledgments

This study would not have been possible without the voluntary
collaboration of the participants and the excellent technical asistance
of Mthuthuzeli Kiviet, Nomonde Molebatsi, and Mkele Maseko.

Appendix A. Supplemmtary data

Supplernentary data to this article can be found online at bt/ fde.
doiorg 10 1016/fijcard 2015051 84

Referenoes

|1] 5 Kenchaiah, |£. Evans, D Levy, et al, Obesity and the risk ofhert Gilure, New.
Eng. )| Med 347 [2002) 305-313

12] Elngssson, | Sundstram, | Arnlov, B Zethelivs, L Lind, Ins ulin resistance and risk of
mngestive heart Bilure, JAMA 294 [2005) 134341,

|3] H Bahrami, DA Bluemkes, B Kronmal, et al, Movel metahalic risk fBriors forincdent
heart failire and their relationsh ip with obesity: the MESA [Multi-Ethnic Sudy of
Atherosclerosis) study, | Am Coll Cardiol 51 [2008) 1775-1783.

|4] L Paml AL Buckel, I Knghou, = al, Resistin is expresead in human macophages
and directly mgulased by FPAR gamma acthator, Biochem. Biophys. Res. Commun.
300 | 2003) 472470

15] S Lu WX Shieh, C¥. Chen, 5C_Hsu, HL Chen, Lipalysaccharide incresses nesistin
FENE eNpESion in vivo and in vitro, FEBS Lett. 530 (2002) 158162

I6] 5 Kaser, A Kaser, A Sandhafer, CF Ehenbichler, H. Tilg, |R. Patsch, Resistin
messenger-KNA expression is increased by proinflammatory optokines in vitra,
Miochem. Biophys. Res. Commun. 308 (3003) 286250

7] MLKam, | Oh, 5 Sakata etal Raole of resEtin in @ndiac contractility and hyperrophny.,
- Mol Cell Cardlicl 45 [2008) XP0-280

|8] ER. Chemaly, L Hadri, 5 Zhang. et al. Long-term in vivo nesistin overexpressian
induces myo@ndial dysfunction and remodeling in rats, | Mal. Cell Cardial 51
[2011) 184155

|9] 5 Kang. ER Chemalg ) Hajja, [ leheche, Resistin promotes cardiac hypertrophy
via the AMP-activated protsn kinzse/manmalian tage of rapamycin [AMP
K/mTOR) and c-jun N-terminal kinass/insulin receptor substrate 1 (KRS )
pathways, | Biol Chem. 286 [2011) 1836518473




138

. Nowman =t @l [/ Infenetiona) loarnal of Gerdiodogy 196 (2015) 8187 -1

[10] DR. Schwarz. ER Briggs. M. Jataani, et al. Human msistin in chemotherapy-
induced heart Bilure in humamnized mals mice and in women trext=d for brest
aneeT, Endomindggy 154 |"2I]1]:| A hDE-A214

[11] } Bugler, A Kak o, V. Cenrgiopoubou. |. Butler, A Kalogeropoulos, V.

. etal, for the Health ABC study, Serum resistin concentrations
:ﬂmldmwmm}mﬂlmemuhupmu.ﬂu}hiﬁl Aging and Body Coms-
[Health ABC) Study. Arteriosder. Thomb. Vasc Biol 29 (2008) 11441148

[12] DA Franlel RS Vaan, RA [FAgostino Sr., et 2, Recistin, adiponection, and risk of
heart Gilure: the Framingham Heart Smdy, | Am Coll Candiol 53 | 2009) 754-762

3] J.LI-LZZhamg_H Na NB_Schiller. MA. Whoaley. Associations of resistin with heast

= and mortality in patients with stablecoronany heart dissae: data from The
Hm‘tmds‘aﬂhldrj.(ud.mﬂ (2011 2530
[14] ML W ¥_-H Lin, A Chen, & al. Prognostic signifiance of adipogytokines in
ic heart Bilure patients, Bur. |. Chin brvesti. 42 (30 12) 1079-1086.

[15] ¥. Takeisha, T. Niizeld, T. Arimoto, et al, Semum resist nis assocated with high risk in
patients with congestive heart Bihme—a novel link betwesn methalic signals and
heart Bilure, Gre |71 (2007 S60-564

[16] ED. Muse, D1 Feldman, M) Blaha, etal, The assocation of resistin with ardiovasou lar
dizenme in the Mul§-Ethnic Sudy of Atherosdenasis, Atherosderosis 299 [2015)
101 =108

7] .l...ﬂ.hrl:l.( mht&ﬁmaﬂ,mmdrﬂmdmgﬂunthm

adipanedtin and resistin levels in obese and overweight children, | Cardiovase
e 14 [2003) X28-234
18] DO MicMamus, A ly=s, E Ingeleen, et 2, Relations of dnoulating resistin and
adipanectin and card e structure and fundion : the Framingham Offspring Study,
Ohesity 20 [2012) 1882 1886

[19] M.A- Allison, DA Huembke, B MoOelland, etal, Relation of lptn o left venimioular
hypertraphy (fram the Muki-Ethnic Study of Atherosclerosis), Am. | Cardial 112
[2N3) T26-T30L

[20] GR Norton, OUH Maiane, M) Mameko, etal. Brachial blood jpressure-d ndependent
:\r_'l.vbms bestween radil late sypsio lic shoulder-derived aortic pressures and rgs
g, Hyperension 59 [ 20N2) 885849
|21] M\wdmﬂﬂn}dﬂnﬂLMﬁﬂ.MnmﬂnﬂmmM
|pressure ata single visit pradics Grge organ changess 2 wdl as ambulatory blood
|pressure, | Hypenens. 27 (2009 ) Z87-297.
|Z2] A). Woodiwizs, (. Libhaber. E Libhaber, F. Sareli CR Noron Relationzhip
betwesn an-teatment decremmes in inappoprizs versus absolute or indexed l=ft
wvemnoular maes and inoeases in ejecton fraction in hypertension, Hyperension
60 (200 Z) gi-E7
|23] R Dewversu, DR Alonsa, EM. lutas, &t al, Echo ardiograph assecoment: of l=ft
vemriaular hypentrophy: comparison to nemopsy findings, Am |. Cardial. 57

(1986) 450458
|22] j.lLﬁm:.P.S‘cgﬂ:.lLL d:ﬂurz::.ctal.].dmmﬂﬂ. mass: alometric
saling nomative values, o T F icperfarmance, Hyp !
56 [(2010) 9188

28] AM_E Millen, 0. Libhaber, OHL Majane, etal, Redative impac of blood pressure
as comypared 1o an exess adiposity on left vemricular dimmlic dysfunctianina
commumnity symple with a high prevalence of ochesity, | Hyperens. 32 (301 4)

ST 2aGA
| 26] '\'I Hwang, |H. =, M_Kamg, EJ. R}lne.].&mg.J.LLLue. ic syndrome and
inzulin resictancs are associsted with abnarmal left ventrioular disstolic fundtbon
and structure i dﬂnndpmm:\emdﬁdmgphmmshmlnd.lm

} Cardial 23 (207 2) 107=111.
|27 LS‘u;upa,il.im'i G Carulln, etal, One-hour postioad plema goose bavels and
left ventricular mas in hyperensive patients, Disbetes Care 34 (201 1) 148061411



Original Article

139

Giritu]ating resistin concentrations are inrlf:pf:ndf:ntly
associated with aortic pulse wave wf]m:ity

m a {:{}mmunjty samplﬁ

Glenda Morman®, Gavin R. Norton®, Monica Gomes, Frederic Michel, Olebogeng H.l. Majane,
Pinhas Sareli, Aletta M.E. Millen, and Angela J. Woodiwiss®

Aims: The rale of the adipoking, resitin in mediating
increases in aortic stiffness is uncertain, We aimed to
determine independert relations between circulating
resistin concentrations and aortic puke wave velocity
(P and wave reflection in a community-based sample
with a high prevalence of untreated hypertension and
obesity.

Methods: Plasma resitin, adiponectin, and C-reactive
protein concentrations (ELISA), canotid-fermoral (aortic)
PAV and the aortic reflected wane index (applanation
tenometry and SphygmoCor softwane) were determined
in 683 randomly selected particpants of African ancestry
from SOWETO, South Africa who had never receed
antihypertensive therapy.

Results: Resistin concentrations were not independently
assodated with office or 24-h {n =492) blood pressure
{BP). In a stepwise regression model with BMI included in
the maodel, age (P< 0.0001), mean arterial pressure
{F=0.0001), plasma resistin concentrations (P <0.005),
female sex (F=0.01), and creatinine concentrations

(P = 0.01) contributed independently to vanations in PWA.
Independent relations between resstin concentrations and
PAV persisted with further adjustrments for C-reactive
protein concentrations (P <0.005), and the homeostasi
model of insulin resstance (P < 0.02). Similar relations
were noted with wast circurmference rather than BMI in
the model. Resistin concentrations were not independenthy
assodated with aortic reflected wave index or aortic BP.
Condusion: Resetin & independently and directly
assodated with aortic stiffness and these effects ocour
beyond BP, insulin resistance, and general inflammatien.
Keywords: aortic pubse wawe velodty, aortic wave
reflection, obesity, resstin

Abbreviations: BF, blood pressure; CRP, C-reactive
protein; HOMAAR, homeostasis model of irsulin resstance;
PP, pulse pressure; PWYW, aortic (carotid-femaral) pulse
wiave velodty, SBPe, central aortic SBP

INTRODUCTION
he steady increase in the global prevalence of
I obesity [1] and its assocised cardiometabaolic
risk factors is a critical obsacle w the efective
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prevention of cardiovascular disease. Although a half o
three-quarters of obesity-related  cardicvascular disease
may be attributed o comventional risk factors, the remain-
ing one-guarter o a half remains unaocounted for [23].
Momre recently, several inflammatory substances released
from adipocytes (adipocytokines or adipokines) have been
suggested to contribme wward the adverse offecs of
ohesity on the cardiovascular system. However, al present
the contribution of resisting a circulating adipokine, which
in humans is predominantly expressed in monocytes and
macrophages, and which is responsive o inflammatory
stimuli [4—6], is uncertain,

Although some studies suggest that circulating resistin
concentrations predict the development of cardiovascular
events [7—10], these findings are not supported by all
studies [11,12]. A fundamental mechanism that may explain
relations between circulating resistin concentrations and
vascular disease has only recently begun o emerge. Impaor-
tantly, few studies have evaluated relations between nesistin
concentrations and large antery function, including sortic
(carotid-femoml) pulse wave velocity (PYW) and reflected
waves, both of which predict candiovascular owcomes
beyond conventional risk factors [15-17]. One small
(= I} case—control study suggests that circulating mesis-
tin comcentrations are associated with increases in brachial-
ankle FWV [18]. In contmst, in a large (= 7490 cross-sec-
tiomal study conducted in a sample with a high prevalence
of antihyperensive treatment, circulating resistin concen-
trations were inversely related w aonic PWWY [19], and ina
small study (=141 conducted in treated hyperensives,

circulating resistin concentrations failed to predict changes
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in WV over 24 months of follow-up [20]. The presence of
antibhypertensive treatment [18-20], small stdy samples
[18,20], and the use of brachial-ankle PWY mesurements
[18], which assess stiffness of large and medivme-sized
arteries, are lkely o have confounded the results of
previous studies [18-20]. Therefore, in the present study
wie gimesd to assess whether independent relations betwesn
circulating resistin concentrations and aortic PWY or wave
reflection occur in a relatively lage community-hased
sample with prevalent obesity and neverdreated hypenen-
siomn.

METHODS
Study group

The present study was conducted acoording 10 the prin-
ciples outlined in the Helsinki declaration. The Comrmittes
for Research on Human Subjects of the University of the
Witwatersrand approved the protocol Capproval numbers:
MO2-04-72, renewed as MOT-04-09 and  M12-04-108).
Participants gave informed, written consent. The sndy
design has previowsly been described [21,22]. Nuclear fam-
ilies. of black African descent with siblings older than
16 years were randomly recruited from the South West
Torwmnship (SOWETO) of Johannesburg, South Africa. OF
the 1211 participants recruited, 1041 participants had aortic
POV measurements of which 683 were not receiving treat-
ment for hypertension. 492 of the sample had 24-h ambu-
latory blood pressure (BF) measurements that met with
prespecified quality control criteria (longer than 20h and
more than 10 and five readings for the computation of day
and night means, respectively).

Cinical, demographic, and anthropometric
measurements

Demographic and clinical data were obtained using a
standardized questionmaire [21,22]. Regular tobacoo wse
wits defined as daily cigarette smoking and regular aleo-
hol consumption as either one beer a day, a boule of
wine (730 ml}, a week or 250 ml of spirits a week. Height,
weight, and waist circumference were measured using
standard approaches and participants were identified as
being overweight if their BMI was 225 kg/m® and obese if
their BMI was =30 kg/m”. Central obesity was defined
a5 an enlarged waist circumference (288 om in women
and >102cm in men). Laboratory blood tests of renal
function, liver function, blood glecose, lipid profiles,
hematological  parameters, amnd  percentage  glycated
hemoglobin (Roche Diagnostics, Mannheim, Germany)
were performed. Fasting plasma insulin concentrations
were determined from an insulin immulite, solid phase,
two-site chemiluminescent immunometric assay  (Diag-
nostic Products Corporation, Los Angeles, California,
USA), and insulin resistance was estimated by the homeo-
stasis model assessment of insulin resistance (HOMA-IR)
using the formula [insulin (pll/ml) = glucose (mmol 107
225, Diabetes mellitus orabrnormal blood glecose control
was defined as the wse of insulin or oral hypoglycemic
agents or a glycated hemoglobin value greater than 6.5%,
respectively.
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Blood pressure

Murse-derived conventional BP was measured afier 10min
of rest in the seated position as previously described [20,21]
within a half hour of obtaining blood samples and in the
opposite am o that subjected to venesection. These
megsurements were performed to an accuracy of 2 mmHg
by a trained nurse wing a mercury sphygmomanometer
amd an appropriate-sized cuff according o the Eumpean
Society of Hypertension guidelines [23]. Five consecutive
BP readings were obtained 30605 apar. The average of
the five readings was taken as the BP. Cnly 0.20% of visits
had fewer than the planned BP recordings. The frequency
of identical comnsecutive recordings was 0.44% for SBP and
1460 for DBP, No BP values wene reconded as an odd
number. Hypertension was diagnosed as a conventional
BF = 140/%0mmHg,

Ambulatory 24-h, day and night BP was determined
using Spacelabs monitors (model 90207, Spacelabs, Red-
mond, Washington, USAD as previowsly described [22], The
size of the cuff was the same as that used for conventional
BP measurements. Monitors were programmed to measune
24-h BP at 15-min intervals from 0600 to 2200h and at 30-
min intervals From 2200 1o 0600 h. Intraindividual means of
the ambulatory measurements were weighted by the time
interval between sucoessive readings [22]. The average
(£50) number of BP readings obtaned was 60.84+122
(range = 24-81) for the 24-h period,

Central aortic hemodynamics

Central aortic hemodynamics were determined as pre-
viously described [21,22]. Afier participants had rested for
15min in the supine position, anerial waveforms at the
radial (dominant am), camtid and femoral anery pulses
were recorded by applanation tonometry. Pressure wave-
forms were recorded during an 8- period using a high-
fidelity SPC-301 micromanometer (Millar Instrument, Inc.,
Houston, Texas, USA) interfaced with a computer employ-
ing SphygmoCor, version 9.0 software (AtCor Medical Pry.
Ltd., West Ryde, New South Wales, Australia), Aortic PV
was determined from sequential waveform measurements
at carotid and femoml sites as previowsly described [22] The
time delay in the pulse waves between the carotid and
fernoral sites was determined using an electrocardiograph-
derived R wave as a fiducial point. Pulse transit time was
taken as the average of 10 consecutive beats. The distance
which the pulse wave travels was determined as the differ-
ence between the distance froom the femoral sampling site
to the suprasternal notch, and the distance from the carotid
sampling site to the suprastemal notch. Aortic PYWW was
caleulated as the ratio of the distance © the tmnsit time
(m/sec). To derive an approxdmate standard aortic PYWV
Ceonverted standard POV for comparative purposes, we
multiplied travel distance derived from the subtracted dis-
tance by the ratio (507 :45.5=1.114) of mean reference
distance,/mean tape measure distanoe using the ‘subtraction’
approach given in Table 1 of the recent consensus docu-
menit [24]. Howewer, as advised by the consensus document
[24] o perform our primary analysis we did not employ
formulae published o convert subtmcoted distance to direct
distance as these formulae introduce additional ermrs,
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TABLE 1. Characteristics of study sample having never recelved

antihypertens ive therapy
Murmber (% women) G683 (58.1)
Age lyears) NAa+164
Al (i) FrRED )
% Overereg hifobese 245008
% Reguls toheem® 1a.7
% Requls aloha® FER
% DM or HbAle »B.5% 63
% Hypertenson .2
Total cholesieral (mmal§ 441108
DL cholesteral {mmalf) 247090
Creatnine (umakf) TG+ 158
Office SBADEP {mmikg) 125+ W0 +12
28+ SHRDER (mmbgkn = 42) 16+ 1472 £10
Hartic WY (mi) 5792211
Comerted standamd andic WY (ms P G645+ 247
Bodtic pulse pr=sure (mmbg) 33+14
Baric 58P (mmg) 16+ 12
Sartic fareard wave peeture (mmig) 2883
Aartic hackward wane pressure (mmbg) 1574175
Aadic refecied wae ndex (%) 69+ X0

Adipanedin imgh) 8.4 frange —0.08-36.5)
Remmtin (rgém) 105 frange— 14-82 5)
Cermactive proten (mgf) 246 (range =0 04-518)
HOMA-IR 158 frange =021 -420)

D, diabetes melitg Hhalc, giyated hemogobig HOMAHE, homeostass modd of
rEuin eusane.

*ae Wethods' for defritions.

Baloiated fom 1,114 wsubtracted wave el digance (see metads for exp rafonl

To determine aortic wave reflection and aortic BP the
pubse wave obtained from the mdial tonometer recordings
was calibrated by manual measurement (auscultation) of
brachial BP taken immediately before the recordings. The
radial pressure waveform was converted ino a central
(aortic) waveform wing a validated generalised transfer
function incorporated in SphymoCor software. The acrtic
backward (reflected) and the aortic forward wave pressures
were determined from the aortic pulse wave using Sphyg-
moCor software which separates the aonic waveform using
a triangular ow wave [23] Aortic reflected wave index was
caleulated as aortic backward (reflected) wave pressure/
aortic  forward  wave  pressure ® 100, as  previously
deseribed [16]. Central aortic SBP was derived from the
aortic waveform and central aortic pulse pressure was
calculated from the difference between central aortic SBP
and DBRP.

Inflammatory markers and adipokines

Blood samples were centrifuged and immediaely sored at
=H0°C, Plasma concentrations of human resistin, adipo-
necting and high-sensitivity (range 0.01-50 ng/ml) C-reac-
tive protein (CRF) concentrations were mesasured using
enzyme-linked immunosorbent assays (Quantikine, R&D
Systems Inc., Minneapolis, MN, USA). The resistin assay had
a lewer detection limit of 0.026 ng/ml and intra-assay and
inter-assay coefficients of variation ranging from 38 1o 5.5%
and 7.8 10 9.2% respectively. The adiponectin assay had a
lower detection limit of 0.246ng/ml and intre-assay and
inter-assay coefficients of variation ranging from 235 1o 4.7%
and 5.8 o 6.9% respectively. The CRP assay had a mean
lower detection limit of 0010ng/ml and intra-assay and
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inter-assay coefficients of variation ranging from 5.8 w0 8.3%
and 6.0 to 7.0% respectively. CRP concentrations could not
be determined on 15 participants whose concentrations
wenre below the lower level of detection,

Data analysis

Database managemnent and statistical analyses were per-
formesd with SAS software, version 9.3 (SAS Institute Inc.,,
Cary, North Carolina, USA). Continuows data are reponed
a5 mean £50 or mean (range). Unadjusted means and
proportions were compared by the large-sample z4est
and the f—.liutiziti.c, mespectively. As HOMA-IR was posi-
tively shewed (shewness = 439, kurtosis = 26.05; Shapiro-
Wilk's statistic=0.56, P< 0001 HOMAIR was log
transformed  which resulied inoan improved  distribu-
tion (shewness =044, kurtosis = <0.2% Shapiro-Wilk's
statistic = 097). Similarly, as resisin concentrations were
positively  shewed  (shewness =297, kurtosis = 18.78;
Shapiro—Wilk's statistic = (.80, P« 0.0001) resistin concen-
trations wens log transformed  which resulted inoan
improved  distribution (skewness =007, kurosis= 077,
Shapiro—Wilk's statistic = 0.99). Moreover, as adiponecin
concentrations were positively skewed (shewness=1.18,
kunosis = 1.72; Shapiro—Wilk's sttistic = 0.92, #<0.0001)
adiponectin concentrations were similarly log transformed
which resulted in an improved  disribution  (shew-
ness= —(L68,  kurtosis=10.61; Shapiro-Wilk's  statis
tic =097 Bianae corrdations for continuous  data
wens assessod from Pearson's correlation coefficients. Inde-
pendent melations were assessed from multivariate linear
regression analysis with appropriate adjustors (see legends
of ihles). As aortic functional changes not only contribute
toward increases in PP and SBP, but increases in PP and SBP
are risk factors for aortic functional changes, in separate
models adjustments for clinic and 24-h PP and SBP were
made when assessing independent relations between cir-
culating adiponectin or resistin concentrations and aortic
function. Probability values were further adjusted for non-
independence of family members wsing the method of
maximum likelihood as implemented by the mixed pro-
cedure as defined in the SAS packape.

RESULTS
Participant characteristics

Tahle 1 shows the characteristics of the participants in the
study sample. More women than men panicipated and a
high prevalence of hypertension (27%) and obesity (30.8%)
was noted. OF the regular smokers, only four participants
smoked one cigarette/day. None of the sample was reoeiv-
ing lipid lowering therapy (they are not available at a
primary care level in the public healtheare sector of South
Africa),

Relationships between adiposity indices and
circulating adipokine concentrations

O bivariate analysis, BMI and waist cimumference were
directly associated with resistin and CRP concentmtions as
well as HOMA-IR, but invemsely associted with adiponectin
concentrations (P« (.0001). However, with adjustments for
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TABLE 2. Relationships between plasma resistin concentrations and camtid-femoral (aortic) pulse wave velocity in participanis having

never recelved antihypertensive therap

Log resistin versus log aortic PWV

Partial r (95% 1)

Unadpusied 017 (009 10024

<0001 Q.27

O 0.10{0.03 46 017 <01 0336
* 4 affce MAP 011 {004 0 019 210005 0.451
® 4 aifice PP 009 {002 10 017 il 02 0432
* 4 alfice SAP 0.11 {004 8 019 10005 0.453
With 24-h 8P {n=292)
Unadjusied 0.18 {0.10 10 027 <10.0001 0.033
- 0.11 {002 10 019 il 02 0.407
* g PR G40 {001 1o Q19 <05 0411
" 4 24h AP Q.11 {002 ta 020 <02 0.432
Women (n= 397
Unadjusied 0.16 {007 ta 026 0.001 Q.07
- 012 (002 0 022 0L 02 0417
" 4 aifice MAP 0.12 {002 1 021) <05 0.487
* 4 alfice PP 0.12 {002 8 021) <05 0. 436
e in =286
Unacu siesd 0,18 {006 1o 028) 210005 0.3
- 007 { =0.04 10 0.19) oz 0. 388
* 4 affce MAP 0.10 { -0.01 10 023 0.9 0.431
* 4 affce PP 006 { =005 1o 018 0. 296 0432

L] confidence niesva; MAR, mean artesal pressure; offoe, bachial biood presure FR, pue pressue
*adustments are for B° as indicated n sparate models, age, sex, puse rate, body mass index, megular smoking, mgular acohal indaioe, didbetes melitus or an HBATCs 65%, L0L

choleseml, and meatnine concm tatons. Pobabiity alues ae futher adusied

confounders although adipesity indices remained associated
with adiponectin and CRP concentmtions and HOMA-IR, no
independent relations were noted with resistin concen-
trations (Table 51, hitp://links . brw.com/HH/AS55).

Relationships between circulating adipokine
concentrations and metabolic factors and C-
reactive protein

In multivarate adjusted model s adiponeotin concent ratiomns
were inversely associated with HOMA-IR and triglyceride
concentrtions and directy related 1w HDL cholesterol
concentrmtions  (Table 52 hope/inks ww com/HJHS
A555). In contrast, in multivariate adjusted models, resistin
concentrmtions were directly associated with CRP and cre-
atinine concentrations, but unrelated o other metabolic
factom incuding lipid concentrations (Table 52, hup://
lirks Tewrwr com HIH /AS55).

Assodations between adipokines and blood
pressure

Although office, 24-h and aortic BP were correlated with
circulating  adiponecting resistin, or CRP concentrations
(P 000001 for all), with adjustments for confounders, only
modest associations were noted between adiponectin con-
centrations and cinic and aonic SBP (Table 53, hup:/
linkes levwv com HIH /A S55).

Assodations of plasma adipokine
concentrations with aortic (carotid-femoral)
pulse wave velodty

Om bivariate analysis and in multivariate adjusted models
including adjustments for brachial office or 24h mean

Journal of Hypertension

monindependence of family members

arterial pressume (distending pressures), PP, or SBP in
separate models, plasma resistin (Table 23, but not adipo-
mectin {Table 54, htp:/dinks v com/HIHSAS55) concen-
rations  were  associated  with  aortic PWY,  These
relationships were independent of either BMI or waist
circumferenoe (Tables 2 and 30, These relationships wens
noted in women, but failed to achieve significance in men
(Tahle 2). In stepwise regression models, plasma resistin
concentrations wene third only to age and mean arterial
pressure and similar o creatinine and female sex in the
impact (standardized Booefficient) of the relations with
FWY (Tahle 3.

Associations of plasma adipokine
concentrations with aortic reflected wave and
aortic blood pressure

In multivariate adjusted models neither plisma resistin
(Tahble 43, nor adiponectin (data not shown) concentrations
were ndependently associated with aortic reflected wave
index or aottic pulse pressure

Associations of plasma resistin concentrations
with aortic (carotid-femoral) pulse wave
velocity are independent of C-reactive protein
and homeostasis model of insulin resistance

In bivariate models, CRP concentrations [Pearson's r= (.22,
confidence  interval=0.14-0.2, P< 0.0001], but not
HOMA-IR (P=0.50 were correlated with aonic PWY.
However, with adjustments for confounders, CRP concen-
trations failed to associate with PWY (partial r = 0.01, con-
fidence interval = =007 -0.08, P=083). With multivarie
adjustments including CRP concentrations and HOMA-IR in
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TABLE 3. Factors independently associated with carotid-femoral (aortic) pulse wave velocity in 683 participants having never received

antihypertensive therap

With BMI in model

B-coeffident® (+5EM)

Bge 047 +004
Sean arieral peesune 0284003
Log restn 009003
3% 001 £0.04
Wast draumference

Femnale sex 0.10 = 0.04
O or M 1c > 65% 0.01 £003
Reqular smaking 0.0 £003
Reqular slcaha 0.07 £+ 003
Pulse mxte 003 + 003
DL chalestenal 0.10+ 003
Creatnine 0.10+ 003

With wailst circumference in model

B-coeffident" (+5EM) P value
<0000 0.47 +0.04 <0001
<0000 0.28 +0.03 <0.0001
<0005 0.08 =0.03 <001

0.83 -
0.01 =0.03 074
0. Q.11 =004 <001
0 0001 0,03 098
063 0.0 +0.03 il 11
<005 0.08 +0.03 <002
0.30 0.8 +0.03 031
<0005 Q.10 +0.03 <0002
<0 010 +0.04 <0

Od, diabetes melitus HbA I, giyated hemogobin
ndicaies standardzed Beoneffioent

TABLE 4. Relationships between plasma resistin concentrations and aortic reflected wave index or aortic pulse pressure in participants

having never received antihypertensive therap
Ad]ustments Partial r (95% CI) P value Madel

0003 {-0.11 1o 0.04
006 {=0.14 ta 0.01)
006 §-0.14 ta 0.01)

Unadpeted

L]

* 4 offue MAP
Unascfjueted Q.07 {-0.002 15 0.15)
- 0.8 {-0.04 ta 0.11)

* 4 office MAP 004 (=003 18 0.12)

Log reston vesus sarke refiscied wene ndex (n = 683)

038 a0

0. 0419

a.n 0438
Lo resistin vemus sarkc pulse presure (0 =683)

0.06 0005

04 0362

024 0478

1, confidence interval; MAR, mean arteral pressore:
*adustnents ae for age, MAF = ndicted, se, puke rate

mmass index, reguizr sTOking, reguiar Acohol ntke, dabetes malitus or an HRATc = 65%, LD colesteml and

ceatnne concamtatons. Froabiity wiue ae faer adjusied for nonindependence: of family members

the models, circulating resistin concentrations remained
independently associated with aortic PWY (Tahle 3.

DISCUSSION

The main findings of the present study are as follows: inoa
relatively lage randomly selected community sample of
hlack African ancestry with a high prevalence of obesity and
untreated hyperension, circulating resisting but not adipo-
nedin or CRP concentrations were associated with aortic

PV beyond adiposity indexes, BF, HOMA-IR, general
inflammation (as indexed by CRP concentrations) and
additional confounders. However, neither adiponecting
noT resistin concentrations were imk:p{:n{k:nl I}' associated
with aortic BP or aoric backward waves.

Although circulating resistin concentrations have been
noted o predict cardiovascular events beyond  conven-
tiomal risk Factors [7-10], the mechanisms that account for
this effect are unclear. In the present study, we show that
circulating resistin concentrations are directly associated

TABLE 5. Relationships between plasma resistin concentrations and carotid-femoral {aortic) pulse wave velodty independent of
C-reactive protein concentrations or the homeostasis model of insulin resistance in parficipants hawing never received

antihypertensive therap

Log reslstin versus log PWV

Partial r (95% C1)

Adusted far CRP

*  affice MAP 4 log TR 663 012 10,04 10 0.19) <0005 044
* j office SAP 4lag CRP 663 011 10,04 10 0.19) <0005 0450
L 2ah SR 4lag CRP a1 011 1002 1 0.0 <012 0434
Bdjuster] far HOMB-IR

* j office MAP 4 HOMAAR 643 010 10,02 10 0.18) 012 650
*  offie SAP 4 HOMAAR 643 010 10,02 10 0.17) <02 0466
* j 2&h SEP 4 HOMAAR a2 010 1001 10 0.19) 005 0441

€1, confidence: imenal; MAS, mean arteral pressure; HOMAGR, homeostass modd of meulin esstance; CAP, Cmactive proten
*Adpstnents e for age, B° as indiaied in epamte modek, sa, pulse rate, s index, reguiar sToking, reguiar sl nbke, dabetes mdits or an HRATC = 65%, LG
cholesteral, and creatnine concentmtons. Frobablity vue are frfie adjusied for nonindependence of Bmily members
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with an increased aortic PWY independent of adiposity
indices, concentrations of the inflaimmatory marker CRP,
insulin resistance as indexed by HOMA-IR, and conven-
tiomal cardiovascular risk factors. These dam are in sharp
contrast 1o a similarly large (n =749 cross-sectional study
conducted in a sample with a high prevalence of anti-
hypertensive treatment (which will decrease FWV), where
circulating resistin concentrations were inversely related
o aortic PWY (19, and in a small longimdinal swedy
(=141} conducted in treated hyperiensives, where cir-
culating resistin concentrations failed 1o predict changes
in FWY over 24-months of follow-up [20]. Only one prior
case-control dudy conducted in a small study sample
{m=271) suggests that circulating resistin concentrations
are directly associated with increases in PWV [18]. How-
ever, that study [18] assessed brachial-ankle PWY which is
determined by a compaosite of elastic and muscular arery
sliffness. Henow, the present study provides the first clear
evidence that circulating resistin concentrations are inde-
pendently and directly associated with aortic stiffness and
these relations are not explained by obesity, insulin resist-
anoe or increases in general inflammation. As aortic
{carotidfemoral ) pulse wave velocity (PWY) predicts
cardiovascular outcomes beyond conventional risk factors
[13,14], the present study suggess a possible mechanism
that may explain the ability of circulating resistin concen-
trations 1o predict cardiovascular events beyond conven-
tional risk factors [7-10.

In the present study, relations between resislin concen-
trations and aortic PWY were independent of several BP
values including office and 24-h brachial mean arterial
pressume, SBP and PP, However, adjustments for brachial
FP tended to reduce the strength of the melation. In this
regard, caution should be exercised in interpreting these
results as mereases in aortic PWY ooour as a consequence of
increases in PP, and aortic PWV also determines PP, Henoe,
resistin versus PWV relations are likely o have been over-
adjusted for with PP included in the model, thus atificially
diminishing the strength of the relation,

In the present study, the independent relationship
between resistin and aortic PWV failed w0 ranslate into
associations with aoric reflected wave index, aortic pulse
pressure, aorlic SBP, or 24-h brachial BP. These findings
are in aocordance with a prior large study reporting on a
lack of association of circulating resistin concentrations
with hrachial PP [26]. Hence, resistin is unlikely o pro-
duce cardiovascular damage through an impact on BP.
However, increases in aortic PWY may mediate adverse
cardiovascular effects through facilitation of transmission
of pulsatile energy into end-organ circulatory systems [27].
Moreover, increases in aortic stiffness are associated with
a reduced baroreceptor responsiveness, the consequencos
of which may be an increased vascular stress [28]. Alter-
matively, increases in PWY may reflect the extent of
artericsclerosis and therefore herald the onset of vascular
events,

Explanations for independent relations between circu-
lating resistin concentrations and aortic FWY inthe present
study, although speculative, require consideration. Resis-
tin promotes endothelial activation by upregulating endo-
thelin-1, adhesion molecules, monocyte chemoattractant
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factors and pro-inflaimmatory  cytokines  [20,.30], the
possible consequence being enhanced  arteriosclerosis,
In this regard, the areriosclerolic process is associaled
with vascular fibrosis and degeneration of elastic dssue,
the possible result being an increase in large artery suff-
nesss, Allernatively, as resislinis expressed in macrophages
in atheroma [31]and increases inaortic stiffness may reflect
the extent of atherosclerosis, atherosclerotic lesions may
be the source of circulating resistin Creverse causality).
Importantly, in the present study resistin concentrations
were independently associated with CRP and creatining
concentrations. Hence, it may be argued that resistin-PWy
relations are attributed 1o the previously described resistin
versus CRP or creatinine relations [32,33], However, in the
present study, resislin-PWV relations were independent of
CHP and creatinine concentrations and additional con-
founders.

The limitations of the present study warrant consider
ation. As thiswasa cross-sectional study noconclusions can
be drawn regarding cause and effect. Second, the present
study was conducted in a gmoup of black African ancestry
and hence the present results requine validation in allerna-
tive ethnic groups. Thid, PWY measurcments  wen:
obtained from pulse tansil distance wsing subtracted dis-
tances (difference between the distance from the femoral
sampling site o the suprasternal notch, and the distance
from the carotid sampling site 1o the suprasternal notch),
prior to the recommendation that a standardized approach
of 8% of the direct carotid-femoral distance be used [24].
Henoe, our PRV values ame likely to differ from standard
noninvasive measurements (see converled standard aortic
FWY values given in Table 1), Fourth, although independ-
ent relations between mesisin concentrations and PWY
were noled in women, we were nol statistically powered
o show ndependent relations betweoen resistin concen-
trations and PWY in men, Hence, further studies in men are
required. Fifth, the calibration of acrtic pressure from radial
tonometry employs brachial pressure measurements and
ignores possible amplification of pressures from the bra-
chial to the radial artery [34]. However, although this would
affect relations between resislin concentrations and aortic
PP, relations with aodic PWY or aortic reflected wave index,
the principle oulcomes of the present study, would not
have been influenced by this possible error as neither POV
nor gortic reflected wave index depend on errors in cali-
bration, Last, aortic wave separation was performed using a
‘riangular’ flow waveform rather than a measured or ‘phys-
iological’ aortic flow waveform, and hence aortic reflected
wave index should be considered as an approximate
at best.

In conclusion, in the present study, we provide the fist
evidence derived from a relatively large, randomly selected
community-hased sample of participants having  never
been treated with antiby pertensive therapy and with a high
prevalence of obesity, that independent of confounders,
circulating  resistin concentrations  are independently
associated with aomic PWY. These relations persisted with
further adjustments for CRP and HOMA-IR. These findings
therefore sugpest a potential mechanism that may explain
relations between circulating resistin conoentrtions and
cardiovascular disease.
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Reviewers’ Summary Evaluations
Reviewer 1

Aathors investigated the association between two adipo-
kimes Cadiponedtin and resisting and CHP with aortic (car-
oticdd-fernoral) stiffmess and pulse wave reflections in a
population sample from nuclear families of black African
descent living in the SOWETO wwnship of Johannesburg,
The study was well performed wsing appropriate methods.
The study showed that only resistin was an ndependent
predictor of aortic stiffiess. These results may contribute to
our understanding why some obese patients show an
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34, Pioome T35, Climmde RETY, Abuja BTHE, Keske MA, Shamman JE. Brachial-
torradial SBP amplification: implications of age ond estimaed blood
pressane and mdial enometry. § Eypaorfers 2005, 33 1876 18385,

increased aortic stiffess and others do not. The study was
performed in black Africans and has w0 be confirmed in

other ethnic populations.

Reviewer 2

Strengths: This paper took advantage of a large population
of never treated hypertensive patients and found mean-
ingful relations between resistin levels and aortic stiffness,
suggesting that the relation between increased stiffress
and obesity results from abnormal hormonal stimulation,
Weaknesses are related to the cross-sectional nature of
the study.
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