Insulin-like growth factor-1 and
cardiometabolic function: a bi-ethnic
population study

ASE Koegelenberg
Student number: 20568894

Thesis submitted for the degree

Doctor Philosophiae in Physiology at the Potchefstroom
Campus of the North-West University.

Promoter: Prof. AE Schutte
Co-Promoters: Dr. W Smith
Prof. R Schutte

July 2016

NORTH-WEST UNIVERSITY 2
l U YUNIBESITI YA BOKONE-BOPHIRIMA

NOORDWES-UNIVERSITEIT

It all starts here ™




ACKNOWLEDGEMENTS

| would like to extend my gratitude to the following people for their input and support over the

course of this project:

To my loving and wonderful Heavenly Farther. Without you | can accomplish nothing. But
you gave me the ability and the strength to fulfii my dreams. You comfort me during
difficult times and for that | am forever grateful;

To my promoters, thank you for your kindness, professional input, time, honesty,
guidance and support throughout the duration of my studies. Prof Alta Schutte, you are
such a great inspiration and | will admire you forever;

The SABPA and SAfrEIC study participants for their willingness to participate and
allowing me to use the data;

The National Research Foundation (NRF-SARChI) for providing me with a scholarship for
the duration of my studies;

Yolandi Breet for your support, love and motivation. You are a true friend that is always
willing to help;

My beautiful husband Pieter, thank you for your love, support, encouragement and for
always believing in me;

To my adorable son Deaglan, without you knowing it, you were my greatest inspiration to
fulfil this dream. You made me laugh during difficult times and taught me how to embrace
every day and make the best out of it;

To my family, thank you for your encouragement, love and support throughout my

academic career.

Whiene God plants you, i@ whene He will Uese you and frovide for you!



TABLE OF CONTENTS

o3 {1 (Yo [ =T 0 =T | £ RS i
Table Of CONENES......ooie et e st e e i
PrEfACE. ... s v
SUMMAIY ..o, vii
ASfirmation by the aUINOTS. ... Xi
LISt OF tADIES. ... Xiii
LISt OF fIQUIES. ...ttt e et e et e e e et e e e e e nbe e e e e e XV
List of @bDreviations. ... s XVii
CHAPTER 1: BACKGROUND, MOTIVATION AND LITERATURE OVERVIEW............ 1
LR == Lo (o010 o T AP 2
2. LIErature OVEIVIEW. .......ueiiiiiiii ittt e e e e e e e e e s e e e e e e e e e e e e annes 3
G TS 10 o0 o = o PP 24
4. Aims, objectives and hYPOtNESES..........ooi i 25
B REFEIEINCES. ...ttt et e e et e e e n e e e e aaee s 27
CHAPTER 2: STUDY DESIGN AND METHODOLOGY. .........cccoiiiiiiiiieiiieeniee e 49

1. The Sympathetic Activity and Ambulatory Blood Pressure in Africans (SABPA) study.... 50

1.1

1.2

1.3

1.4

1.5

1.6

STUAY AESIGN. ...t 50
Organisational ProCEAUIES...........cuiiiiuiiiie it ee e 53
QUESHIONNAINES. ...t et 54
Anthropometric measurements.............ooo 54
Cardiovascular MeasuUremMENTS. .........cuuviiiiiiiiie i 54
Blood sampling and biochemical analyses.............ccccccciiiiiiiiiiieeeen 55



2. The South African study regarding the influence of Sex, Age and Ethnicity on Insulin

sensitivity and Cardiovascular function (SAfrEIC)........cccueeiiiiiiiiiiee e 57

2.1 08 e |2 (Y=o | o PP 57

2.2 Organisational ProCEAUIES............uuuuiiiiiiiiiiiieeeieee e e e e e e e e eeeeereeeeeeees 59

2.3 QUESHIONNAIMES. ....eciiiiiiiie et 59

24 Anthropometric measurements.............cccco 60

25 Cardiovascular MeasuremMENtS. ........cuueiiiiiiiiieiiiiee e 60

2.6 Blood sampling and biochemical analyses.............ccccccciiiii 60

3. REFEIENCES. ...ttt e et e e e e na e e e e 62

CHAPTER 3: Bioavailable IGF-1 and its relation to the metabolic syndrome in a bi-
ethnic population of men and women.......................ooooo i, 64

CHAPTER 4: Bioavailable IGF-1 and its relationship with endothelial damage in a bi-
ethnic population: The SABPA study.............ccooovvmiiiiiiiiiiiiiiiiieee, 90

CHAPTER 5: IGF-1 and NT-proBNP in a black and white population: The SABPA

STUAY .. 111
CHAPTER 6: FINAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS...... 137
L [ 11 e To [T i o o TP PP P P UPPPPPPPRPPP 138
2. Summary of main findings, discussion and comparison to the literature.......................... 138
TN @1 o T-Ta [ot=Tr=1aTo I oo ] ) {018 ] a To 1o o AP 145
S ©7o] o (o1 U1 o] o PR UPPRTRIN 147
5. Recommendations for future StUdies.............ccooiiiiiiiiiiii i 148
B. REFEIENCES. ...ttt e e e e e e e 149



ANNEXURES. ...ttt e e e e s n e e sn e e nnneeaa 154

ANNEXURE A: Declaration of language editing..............cooriiiiiiiiiiiiiiie e 154
ANNEXURE B: TUr-it=-in FEPOIt... ..o 156
ANNEXURE C: Published manuscript of research article 1.................ccccc 159
ANNEXURE C: Published manuscript of research article 2..............cccooviiiiiiiiiiiiiiiiee e 160



PREFACE

This thesis is presented in article-format, consisting of peer-reviewed published and submitted
manuscripts (presented in Chapter 3, 4 and 5). This format is approved, supported and defined
by the North-West University’s guidelines for postgraduate studies. The layout of this thesis is as
follows:

o Chapter 1, the introductory chapter, provides an overall background and motivation and
offers a detailed overview of the literature which supports the focused literature backgrounds
presented in each of the manuscripts. The aim and hypotheses are also included in this chapter.

e Chapter 2 elaborates in detail on the design of the SABPA and the SAfrEIC study and the
methods of data collection.

e Chapter 3, the first manuscript investigated the relationship between bioavailable IGF-1 and
the number of metabolic syndrome components and determined whether this relationship is
modulated by inflammation, oxidative stress and liver dysfunction. These results were published
in the journal, Hormone and Metabolic Research, 2015.

o Chapter 4 explores the contribution of reduced IGF-1 to the development of vascular
endothelial damage. This manuscript has been published in the journal, Thrombosis Research,
2015.

e Chapter 5, the third manuscript investigated the relationship between NT-proBNP, as a
marker of systolic dysfunction and cardiac overload, and IGF-1. This article is under revision at
the European Journal of Clinical Investigation.

¢ In the final chapter, Chapter 6, a summary of the main findings are provided — all the
presented results are critically discussed, conclusions are drawn and applicable

recommendations are made.



The promoter and co-promoters were included as co-authors in each manuscript. The first
author, namely the PhD candidate, was responsible for the initiation and all parts of this thesis,
including literature searches, data mining, statistical analyses, the interpretation of results, as
well as writing of the manuscripts. All co-authors gave their consent that the manuscripts may

form part of this thesis.

The relevant references are provided at the end of each chapter. Each manuscript was prepared
according to the instructions of the individual journals to authors (which were summarised after
each manuscript). In order to ensure uniformity throughout the thesis, the Vancouver reference

style was used throughout.
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SUMMARY

Motivation

Due to rapid urbanisation, black South Africans have a high prevalence of cardiovascular
disease and are prone to develop hypertension and ultimately hypertensive heart diseases.
Studies have demonstrated that black populations exhibit lower concentrations of the vasculo-
and cardioprotective peptide, insulin-like growth factor-1 (IGF-1), possibly increasing their

susceptibility to cardiovascular abnormalities.

According to the literature, IGF-1 is reduced in individuals with cardiovascular and metabolic
diseases. IGF-1 associates negatively with the metabolic syndrome and is suppressed by factors
such as inflammation, oxidative stress and liver dysfunction. At a vascular level, IGF-1 has
several vasculoprotective properties and reduced IGF-1 is linked to endothelial dysfunction,
which may lead to endothelial damage. IGF-1 also confers various cardioprotective effects and
reduced IGF-1 is associated with an increased risk for coronary artery disease, ischemic stroke

and heart failure.

However, whether reduced IGF-1 among black South Africans is associated with their vulnerable

metabolic and cardiovascular profile remain to be established.

Aim

The general aim of this thesis is to increase our understanding on the potential role of IGF-1 in
the cardiovascular system by investigating associations of IGF-1 with the metabolic syndrome,
and markers of vascular endothelial damage, cardiac overload and systolic dysfunction in black

and white South Africans.
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Methodology

Data from the SABPA (Sympathetic activity and Ambulatory Blood Pressure in Africans) study
was used and presented in the original research articles described in Chapter 4 and 5. Data from
both the SABPA and the SAfrEIC (South African study regarding the influence of Sex, Age and
Ethnicity on Insulin sensitivity and Cardiovascular function) studies was used and presented in
the original article described in Chapter 3. The SABPA study included 409 black and white
school teachers from the North West province, South Africa. The SAfrEIC study involved 750
black and white volunteers from urban areas in the North West province of South Africa.
Standardised methods were used to capture all data and included general health questionnaires
(lifestyle factors and medication use), anthropometric and cardiovascular measurements, as well
as biochemical analyses. As part of the biochemical analyses, total IGF-1 and insulin-like growth
factor binding protein-3 (IGFBP-3) were determined. Since approximately 80% of total IGF-1 is
bound to IGFBP-3, the calculation of the molar ratio of IGF-1/IGFBP-3 allows us to use the ratio
as an estimate of bioavailable IGF-1. In preparation for statistical analyses, non-Gaussian
variables were logarithmically transformed and the central tendency and spread were
represented by the geometric mean and the 5th and 95th percentile intervals. Analyses of
variance (ANOVA) and analyses of covariance (ANCOVA) were used to explore IGF-1
distribution according to the number of metabolic syndrome components. ANCOVA was also
used to explore the distribution of NT-proBNP by quartiles of IGF-1 and IGF-1/IGFBP-3 while

adjusting for covariates.

We used single and multiple regression analyses to determine the associations of IGF-1 and
IGF-1/IGFBP-3 with the number of metabolic syndrome components. Single regression analyses
and forward stepwise multiple regression analyses were used to determine the associations of
vWF and NT-proBNP with IGF-1 and IGF-1/IGFBP-3, respectively. The multivariate-adjusted
analyses were performed upon both the inclusion and exclusion of individuals with diabetes. In
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each case, covariates that were selected for inclusion in the models were selected based on the

literature and on exploratory single regression analyses. All p-values refer to 2-sided hypothesis.

Results and conclusions

Three manuscripts were written in order to achieve the three main objectives of this thesis. In the
first manuscript we explored the relationship between bioavailable IGF-1 and the number of
metabolic syndrome components in men (n=457) and women (n=450). We also determined
whether this relationship was independent of inflammation, oxidative stress and gamma-glutamyl
transferase (y-GT; a marker of liver dysfunction). We found similar total IGF-1 in men and
women, however bioavailable IGF-1 was lower in women. In multi-variable adjusted analyses,
bioavailable IGF-1 was inversely associated with the number of metabolic syndrome components
in both sexes (men: $=-0.11; p=0.013 and women: =-0.17; p=0.003). But the relationship was
dependent on oxidative stress, liver dysfunction and inflammation, suggesting underlying

processes by which the metabolic syndrome attenuates IGF-1.

Secondly, in order to determine the potential contribution of reduced IGF-1 to the development of
vascular endothelial damage, we investigated the link between bioavailable IGF-1 and von
Willebrand factor (VWWF) as a marker of endothelial damage in black and white South Africans
(42.6% black). We found that black individuals presented higher blood pressure and VWF,4 and
lower IGF-1 than the white group. VWF,, was inversely associated with IGF-1 (R*=0.18; p=-0.17;
p=0.044) and IGF-1/IGFBP-3 (R*=0.18; B=-0.17; p=0.030) in blacks, with no associations in
whites. These results suggest that low IGF-1 levels may contribute to vascular endothelial

damage in blacks.

The third manuscript investigated whether lower IGF-1 levels in black individuals (n=160) were
related to a marker of cardiac overload and systolic dysfunction, namely N-terminal prohormone

ix



B-type natriuretic peptide (NT-proBNP), when compared to whites (n=195). We found similar NT-
proBNP concentrations (p=0.72) in blacks and whites. In multi-variable adjusted forward
stepwise regression analyses, we found a link between NT-proBNP and systolic blood pressure
(SBP) in blacks (R?=0.37; B=-0.28; p<0.001), but not with IGF-1. But in the white group NT-
proBNP was inversely associated with both IGF-1 (R?*=0.39; B=-0.22; p<0.001) and SBP
(R?=0.39; B=-0.21; p=0.004). The link found in whites may support the direct cardioprotective role
of IGF-1, however in the black group the absence of an association may be due to other factors,

such as SBP, that has a greater contributory role in cardiac pathology in blacks.

General conclusion

In this thesis the cardiovascular protective role of IGF-1 was confirmed. Attenuated IGF-1 among
black South Africans are linked to the metabolic syndrome and a marker of vascular endothelial
damage. Furthermore, on a cardiac level, other factors such as systolic blood pressure may have

a greater contributory role in cardiac pathology than IGF-1 among blacks.

Keywords: insulin-like growth factor-1; insulin-like growth factor binding protein-3; metabolic

syndrome; von Willebrand factor, N-terminal prohormone B-type natriuretic peptide.
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Chapter 1

1. BACKGROUND

During 2012, a total of 56 million deaths occurred worldwide, of which 38 million were due to
non-communicable diseases (NCDs)." According to the World Health Organisation (WHO),
NCDs are estimated to account for 43% of total deaths in South Africa, of which 18% are
caused by cardiovascular diseases.? This seems due to Westernisation, which is characterised
by lifestyle, nutritional and psychological well-being and health transitions.>* Besides traditional
risk factors, cardiovascular diseases are independently related to low levels of circulating
insulin-like growth factor-1 (IGF-1).>° Increasing evidence indicates that IGF-1 has several
vasculo- and cardioprotective properties.” IGF-1 induces nitric oxide (NO) release,® enhances
insulin sensitivity’ and glucose uptake,’ prevents postprandial dyslipidemia'’ and reduces
gluconeogenesis.”® IGF-1 also has anti-apoptotic'> and anti-inflammatory properties™ and
scavenges free oxygen radicals.” Furthermore, IGF-1 has an impact on maintaining normal

cardiac structure and function.'

Black South Africans present with attenuated IGF-1 levels, which is also associated with various
cardiometabolic markers.’®"” The loss in cardioprotection by IGF-1 together with cardiovascular
risk factors found in blacks' could possibly increase the susceptibility of these individuals to
vascular and metabolic abnormalities. Thus, the high prevalence of cardiovascular and

metabolic diseases among blacks'®"®

may partly be due to their tendency for low IGF-1
concentrations. The relationship between the IGF-1 axis and various aspects of the
cardiovascular system has been extensively investigated. However, it is still uncertain to what

extent attenuated IGF-1 levels relate to the vascular and cardiac function of the hypertension

prone black population of South Africa.
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In the subsequent chapter, a broad overview of the literature is provided, mainly focussing on
the growth hormone/insulin-like growth factor-1 (GH/IGF-1) axis, and its role in the metabolic

syndrome, vascular endothelium and cardiac dysfunction.

2, LITERATURE OVERVIEW

21. The growth hormone/insulin-like growth factor-1 axis

IGF-1, a 70 amino acid single chain protein, structurally homologous to IGF-2 and pro-insulin,20
is mainly synthesised by the liver and transported to other tissue, acting as an endocrine
hormone.?"? Besides the liver, other tissues including the vascular endothelium, exercising
skeletal muscle and bone also contribute to a total secretion of approximately 3-10 mg/day.?
IGF-1 secreted by extrahepatic tissue acts locally in a paracrine manner.?"?> When GH binds to
its hepatic receptors, it stimulates the expression and release of IGF-1 into the circulation.?"??
Circulating IGF-1 is bound to a family of six different insulin like growth factor binding proteins
(IGFBPs), also synthesised mainly by the liver. These proteins not only transport IGF-1, but also
serve to prolong its half-life, modulate its tissue specificity by altering its affinity for receptors
and modify its concentrations in the interstitial fluid.?*?* IGF-1 synthesised and released from
the liver has a high affinity for IGFBPs, whereas IGF-1 produced by other tissues has a lower
affinity for IGFBPs.?"# Approximately 80% of total IGF-1 is bound by IGFBP-3 in serum and
complexed with acid-labile subunit (ALS) into a ternary complex.?®> The remaining 20% is bound

by the other IGFBPs.?

IGF-1 in its free form has a half-life of 15 minutes which accounts for its immediate availability.?
The binary complex of IGF-1 with IGFBP-2, -4, -5, and -6 has a half-life of 90 minutes, thus
regulating medium-term availability of IGF-1.?" The ternary complex of IGF-1, ALS and IGFBP-3
has a half-life of 16 hours and is responsible for long-term availability,?” while IGFBP-1 regulates
the short-term availability of IGF-1 with a half-life of approximately 30 minutes.”® Total IGF-1 is

3



Chapter 1

the most reproducible measure of IGF-1 and is routinely measured in clinical studies,”® however
the free form of IGF-1 reflects IGF-1 bioactivity better than circulating total IGF-1.%° Due to the
short half-life of free IGF-1, a surrogate measure for free or bioavailable IGF-1 may be derived

from the molar ratio of total IGF-1 and IGFBP-3.%°

IGF-1 exerts all of its known physiological effects by binding to two different cell-surface
receptors: the IGF-1 receptor (IGF-1R) and the IGF-2 receptor (IGF-2R). The IGF-1R has a high
affinity for IGF-1 and IGF-2, but a lower affinity for insulin.* Due to the structural homology
between IGF-1 and insulin, and between the insulin receptor and the IGF-1R, IGF-1 can also
bind to the insulin receptor but with a lower affinity than that of insulin.*’ IGF-2R binds IGF-2

with a higher affinity than IGF-1, but does not bind with insulin.*'
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IGF-1R signalling involves the autophosphorylation and tyrosine phosphorylation of cellular
proteins, including the adaptor protein Shc and members of the insulin receptor substrate (IRS)
family (Figure 1). IRS activates multiple signaling pathways, including the phosphoinositide 3-
kinase (PI3K)/Akt signaling pathway, the main action of which is to synthesise nitric oxide
(NO).*2 NO has multiple metabolic and vasculoprotective effects including vasodilation,® anti-
inflammatory,’® anti-apoptosis,’® anti-platelet aggregation and scavenging oxygen free
radicals,'® while promoting cell migration and proliferation.** In addition, IGF-1 enhances insulin
sensitivity,’ suppresses plasma non-esterified free fatty acids,* increases glucose metabolism
(oxidative and non-oxidative)'® and reduces triglyceride concentrations.*® IGF-1 therefore
counteracts endothelial dysfunction, atherosclerosis, plaque development and ischemic

myocardial damage.*"®

By activating Akt-2, IGF-1 promotes glucose transporter 4 translocation to the plasma
membrane and activates glycogen synthase.”® Receptor interaction with Shc activates the
rennin-angiotensin system (Ras), Raf and mitogen-activated protein kinase (MAPK) pathway,
the actions of which are related to the carcinogenic activity of IGF-1.%° In addition, IGF-1 exerts
mitogenic, migratory and proliferatory effects on the smooth muscle cells via the MAPK
pathway.?® The combination of the mitogenic and anti-apoptotic effects of IGF-1 has a profound
impact on tumor growth.?®> Therefore, cross-talk between the various signaling pathways needs

to be investigated thoroughly when considering the potential therapeutic impact of IGF-1.2>*°

Owing to its vasculo- and cardioprotective properties, evidence has accrued showing that
decreased |IGF-1 levels contribute to endothelial dysfunction, and associate with

cardiometabolic risk factors, endothelial damage and cardiac pathology.
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2.2. IGF-1, cardiovascular risk factors and endothelial dysfunction
Cardiovascular risk factors cause endothelial dysfunction, endothelial apoptosis and impaired
endothelial-dependent vascular reactivity and are therefore considered as promoters of vascular

disease.*® Reduced levels of IGF-1 may at least in part contribute to these effects, since various

17,41,42 43,45,46

risk factors such as aging, obesity,*® diabetes,”*** hypertension, reduced high-
density lipoprotein cholesterol (HDL-C),** hypertriglyceridaemia,*> smoking,*” and alcohol

abuse”® have been associated with low levels of circulating IGF-1.

Aging

Various cross-sectional studies reported lower IGF-1 levels with increasing age."”**? Since
IGF-1 exerts vascular protective effects,*® this decline in IGF-1 levels may add to age-related
diseases such as cardiovascular and metabolic diseases.® In a study by Schutte et al.”” IGF-1
declined significantly by age quartiles in both blacks and whites (Figure 2). However, black
South Africans showed a steeper decline in IGF-1 levels at much younger ages when compared

to whites,"” or from what has previously been described in other populations.®**2
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Figure 2: IGF-1 by quartiles of age of black and white men and women."”

They also found an association between low IGF-1 and various cardiometabolic risk factors in
blacks and therefore suggested that the decline in IGF-1, at much younger ages, may at least in

part contribute to the high prevalence of cardiovascular diseases among blacks."”

Smoking and alcohol abuse

As a result of the chemicals contained in tobacco products, long-term smoking can result in an
inflammatory reaction due to oxidative stress.>® Both inflammation and oxidative stress reduce
IGF-1 levels,* and unsurprisingly various studies found that IGF-1 is inversely associated with

smoking.*’** Also the ingestion of moderate amounts of alcohol significantly reduces total IGF-1

levels in healthy individuals.*® In a longitudinal study, increased alcohol intake was associated

|.17

with a decrease in IGF-1 in black men.*® Schutte et al."” also found low IGF-1 to be associated

with high alcohol use in blacks.
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Obesity

A strong relationship exists between obesity and co-morbidities such as type 2 diabetes,
hypertension, dyslipidemia and coronary heart disease.’’*® Various studies suggest that
reduced IGF-1 levels play a key role in this relationship.*®*® In a study by Rasmussen et al.,*’
IGF-1 was inversely associated with abdominal fat and the percentage body fat of obese
subjects. Also, obese subjects presented lower levels of IGF-1 when compared to normal

subjects, but after weight loss reduced levels returned to normal.®’

To the contrary, some
studies have also shown an increase in IGF-1 in obesity.®? Utz et al.®* demonstrated that
overweight women had increased IGF-1, whereas obese women showed reduced IGF-1 levels.

Imrie et al.®

suggested an initial compensatory increase in IGF-1 in the presence of IGF-1
resistance associated with obesity, and that the duration of obesity might have an impact on

IGF-1 levels.

Reduced HDL-C

The structurally complex HDL-C interacts with highly specific receptors in peripheral tissues as
well as the liver and exerts a variety of anti-atherogenic effects.®® It promotes reverse
cholesterol transport by which excess cholesterol is delivered back to the liver,%®> where it is
disposed of as bile salts.® Apart from that, HDL-C stimulates nitric oxide and prostacyclin
production (which is also anti-thrombotic), inhibits thrombosis and endothelial cell apoptosis,
decreases platelet aggregation and inhibits low density lipoprotein (LDL) oxidation.®® Low levels
of HDL-C are associated with an increased risk for coronary artery disease (CAD),®” myocardial
infarction (MI),%® and stroke.® Diseases associated with low IGF-1 such as obesity and diabetes
mellitus are also associated with low HDL-C.”® A positive association between IGF-1 and HDL-C

"in 139 offspring of mothers with type 1 diabetes™

has been reported in 132 elderly patients,
and in non-diabetic individuals between the ages of 20 and 69 years.” In addition, patients with
GH deficiency have lower HDL-C than age-matched controls, and with GH replacement therapy
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these patients’ HDL-C levels increased significantly.”” Succurro et al.”? suggested that IGF-1

may be an independent modulator of HDL-C concentrations.

Contrary to these findings, studies performed in healthy individuals,® in men who survived MI,"*
and in primary care patients with various cardiometabolic risk factors,”” found a negative
association between IGF-1 and HDL-C. It is possible that differences in clinical characteristics
and associated treatments for cardiometabolic risk factors may explain the contradictory
findings. Also, circulating concentrations of small and large HDL-C particles may also explain
the inconsistent relationship found between HDL-C and IGF-1 in different studies, since
concentrations of large HDL particles display an inverse relationship with cardiovascular risk

whereas small particles reveal a positive correlation with cardiovascular risk.”

Hypertriglyceridaemia

GH secretion results in the release of free fatty acids following triglyceride breakdown in fat
tissue and in increased free fatty acid oxidation in the liver.”” Therefore, in patients with extreme
insulin resistance, co-treatment with IGF-1 improved their glucose tolerance and decreased

hypertriglyceridaemia.*®

Hypertension

The stimulating effect of IGF-1 on NO production may involve IGF-1 in blood pressure (BP) and
regional blood flow regulation.”® Sowers et al.”® suggest a decreased ability of IGF-1 to
modulate the NO system in some patients with essential hypertension. Because of its blood
pressure lowering function, recombinant IGF-1 treatment has been considered as a potential
therapeutic target to treat hypertension.?® Various cross-sectional studies, including studies
done on black South Africans, show a significant inverse association between BP and IGF-
1.43458081 Gonversely, other cross-sectional studies found no relationship between BP and IGF-

10
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1,828 while others found that IGF-1 concentrations were significantly higher among

hypertensive patients compared to normotensives.?®® The relationship between BP and IGF-1
however seems dependent on the concentration of IGF-1.%° Low IGF-1 levels (associated with
vascular deterioration), as well as very high IGF-1 levels (possibly due to IGF-1 resistance that

develops over time), could attenuate the vasculoprotective functions of IGF-1.%

Gamma-glutamyl transferase
Recent studies indicate that elevated gamma-glutamyl tranferase (y-GT) is an independent

%091 and is also inversely

predictor of diabetes, hypertension and the metabolic syndrome,
associated with circulating IGF-1."" Traditionally, serum y-GT has been used as a biomarker of
alcoholic fatty liver disease® and various studies have demonstrated an inverse association
between IGF-1 levels and alcohol intake.'’*® In addition, increased y-GT is frequently observed
in liver damage and non-alcoholic fatty liver disease (NAFLD).*> Furthermore, Ichikawa et al.%®
found that low IGF-1 serves as a predictor for the development of liver fibrosis and steatosis in
NAFLD patients. IGF-1 has anti-fibrotic and cell protective actions but inflammatory cytokines,

which are increased in NAFLD, inhibit IGF-1 secretion from hepatocytes and causes hepatic

fibrosis.*

Inflammation and oxidative stress

Cardiometabolic risk factors such as hypertension,” hypercholesterolemia® and insulin
resistance®™ contribute to endothelial dysfunction accompanied by inflammation, the activation
of platelets, thrombus formation and oxidative stress. Direct injury to the vessel wall will result in
the synthesis of pro-inflammatory proteins, such as cytokines, that initiate the inflammatory
response.® Endothelial dysfunction characterised by the secretion of endothelin-1 or reduced

NO production will also increase the synthesis of pro-inflammatory cytokines.®” Thus,
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inflammation contributes to endothelial dysfunction, while endothelial dysfunction advances

inflammation.

IGF-1 and the inflammatory system have a close biological link since IGF-1 decreases the
expression of pro-inflammatory cytokines such as interleukin-6 (IL-6).® In a study consisting of
children with severe burn injuries, the administration of IGF-1 reduced pro-inflammatory
cytokines.® Consistent with these findings, Sukhanov et al.®® demonstrated that IGF-1
modulates macrophage function and suggested that this could represent a key mechanism
mediating the anti-inflammatory properties of IGF-1. IGF-1 suppresses macrophage infiltration
into atherosclerotic lesions and consequently down-regulates the expression of a pro-
inflammatory cytokine called tumor necrosis factor-alpha (TNF-a).® In addition, IGF-1 also

reduces lipoprotein lipase mRNA in cultured macrophages.'®

To the contrary, studies also reported that cytokines decrease circulating IGF-1 by decreasing
GH or increasing the body’s resistance to GH.>* Low circulating levels of IGF-1 have also been
associated with high levels of C-reactive protein (CRP),%® a systemic marker of inflammation

1

and also an independent predictor of cardiovascular disease,” diabetes'' and the metabolic

syndrome.'**'% CRP exerts direct pro-inflammatory effects on endothelial cells.'® Its synthesis

is stimulated by pro-inflammatory cytokines such as IL-6, IL-1 and TNF-a."%"'%®

Both high CRP and low IGF-1 are closely related to oxidative stress. In monocytes and
macrophages, reactive oxygen species increase pro-inflammatory cytokine production'®’ that
will consequently reduce bioavailable IGF-1.>* Additionally, activated inflammatory cells at the
tissue level will increase the expression of oxidant-generating enzymes that may result in
oxidative damage, and therefore further induce the inflammatory response.’” Oxidative damage
will attenuate IGF-1, since oxidative stress ultimately causes hepatocyte necrosis and

12
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apoptosis, where IGF-1 is mainly synthesised.'®"'® However, high IGF-1 reduces oxidative
stress and is responsible for free oxygen radical scavenging through the activation of

endothelial nitric oxide synthase (eNOS).""

2.3. IGF-1 and the metabolic syndrome
Cardiovascular risk factors such as hypertension, hyperglycaemia, hypertriglyceridaemia,
abdominal obesity and decreased HDL-C, cluster together as part of the metabolic syndrome

(Table 1).""?

Table 1: Criteria for clinical diagnosis of the metabolic syndrome by the International

Diabetes Federation.'"?

Categorical Cut Points
Male =94 cm; Female =280 cm (Sub-

Saharan Africa)

Measure

Elevated waist circumference

Elevated triglycerides (drug treatment for
elevated triglycerides is an alternate indicator)
Reduced HDL-C (drug treatment for elevated
HDL-C is an alternate indicator)

Elevated blood pressure (anti-hypertensive
medication is an alternate indicator)

Elevated fasting glucose (drug treatment for

2150 mg/dL (1.7 mmol/L)

Male <40 mg/dL (1.0 mmol/L);
Female <50 mg/dL (1.3 mmol/L)
Systolic 2130mmHg and/or
diastolic 285 mmHg

2100mg/dL (5.6 mmolL)

elevated glucose is an alternate indicator)

The presence of any 3 of 5 risk factors constitutes a diagnosis of the metabolic
syndrome.
HDL-C, high-density lipoprotein cholesterol

According to the International Diabetes Federation, insulin resistance plays a major role in the
development of the metabolic syndrome and is widely believed to be a central feature of the
metabolic syndrome.’"

Similarities between insulin and IGF-1 suggest a possible role of IGF-1 in the development of

the metabolic syndrome.” Large longitudinal studies found a higher risk of the metabolic
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syndrome and insulin resistance in participants with low IGF-1.22""° |n a study on 3281 healthy

adults, Sierra-Johnson et al.'’®

investigated the number of metabolic syndrome components
present and found that the mean values of bioavailable IGF-1 decreased significantly as the
number of metabolic syndrome components increased. Sesti et al.*® established that IGF-1
concentrations were significantly lower in subjects with the metabolic syndrome compared with
subjects without metabolic syndrome. In addition, in other cohorts with young and middle-aged

subjects inverse associations between IGF-1 and the metabolic syndrome were consistently

found 116-118

On balance, in cohort studies with older subjects the relationship between IGF-1 and the

|.119

metabolic syndrome was more inconsistent. Van Bunderen et a examined 1258 elderly

Dutch people and found that high-normal IGF-1 levels were associated with prevalent metabolic

syndrome. Yeap et al.'

studied a cohort of men, 70 years and older, and found a U-shape
relationship, where both low and high IGF-1 levels were associated with an increased risk for
the metabolic syndrome. The authors suggested that the association of IGF-1 with individual
cardiovascular risk factors in these individuals could contribute to the discrepancy found in
different age groups on the relationship between IGF-1 and the metabolic syndrome.'®

Schneider et al.'

also showed a U-shaped relationship between IGF-1 and the risk of
developing type 2 diabetes and suggested that a lack of protective effects against diabetes
seems to play a role in a low IGF-1 state. In states of high IGF-1, potentially increased GH

secretion may result in reduced insulin sensitivity and consequently increase the risk of

developing type 2 diabetes.’
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24. IGF-1 and vascular endothelial damage

The endothelial-protective activities of IGF-1 are vital to ensure normal vascular functioning.®’
However, reduced IGF-1 levels are linked to endothelial dysfunction,25 which is considered the
initial step in the development of endothelial damage. With endothelial damage, substances
responsible for haemostasis, fibrinolysis, the synthesis of growth factors and the regulation of

vessel tone under normal physiological conditions, are increased.'?

When endothelial damage
occurs, collagen and tissue factor (TF) are exposed at the site of injury. While collagen triggers
the initiation of primary haemostasis, TF is responsible for the initiation of secondary
haemostasis.'® During primary haemostasis, a substance known as von Willebrand factor

(VWF) is released which is responsible for platelet adhesion and aggregation at the site of

injury.'® During secondary haemostasis an unstable plug is formed and stabilised by fibrin."?®

For the purpose of this thesis, VWF will be discussed as a marker of endothelial damage.

The regulation of vWF secretion and function

126

VWF is a glycoprotein that plays an essential role in haemostasis. = vVWf release is increased

during endothelial cell damage and has therefore been proposed as a marker of endothelial

damage.’®” Also high plasma levels have been found to predict the subsequent occurrence of

fatal and non-fatal cardiovascular events.'?®

VWF is non-covalently complexed with Factor VIII (FVIII) in plasma to maintain adequate FVII
levels which are involved in thrombin generation.'®*"* In addition, it is also responsible for the

formation of a molecular bridge between platelets and the sub-endothelium of an injured vessel,

131,129

as part of the platelet adhesion process. VWF has a role in platelet aggregation and binds

to collagen and heparin in the sub-endothelial matrix."*

It does not interact with platelets in the
absence of injury, but damage to the endothelium enables vVWF to bind constituents of sub-
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endothelial connective tissue.'® This consequently allows VWF to bind platelets with sufficient

affinity and keep them at the site of injury.'®

vWEF-platelet adhesion is dependent on fluid shear
stress, therefore in veins and healthy arteries with low shear rate, platelet adhesion is not
stimulated." But in small arterioles with small diameters and in partially occluded arteries high

shear rate occur and platelet adhesion is stimulated.*

VWF is expressed by endothelial cells and megakaryocytes and stored in Weibel-Palade (WP)
bodies and a-granules, respectively.”* It is synthesised as a precursor called pro-vWF."*® Pro-
VWF in endothelial cells undergoes several maturation steps and is cleaved into 2 products
namely mature VWF and a pro-peptide.’*® Mature VWF synthesised in endothelial cells is either
released constitutively into plasma or the sub-endothelium or stored in WP bodies."** Apart from
endothelial cells, vVWF synthesised by megakaryocytes is contained in platelets. The platelet
factor is contained in organelles called a-granules.™ From endothelial cells VWF is released at
a steady state, whereas a-granules only release VWF upon platelet activation at the site of

4

injury.”® VWF, released from WP bodies, consists of large multimers and is the main

determinant of plasma vVWF levels.'

A large number of secretion agonists for VWF have been identified (Figure 3)."** One group
includes agonists that mediate a rise in cytosolic free calcium which induced acute VWF
release.’® Another group of agonists include vasoactive hormones, such as epinephrine,
adenosine, vasopressin and desmopressin, are known to raise VWF plasma levels.'?* "’ Factors
such as hypoxia, shear stress and cytokines, including TNF-a, IL-8 and IL-6, can also increase

VWF secretion, 3141
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Figure 3: The regulation of VWF secretion. Adapted from Vischer et al.
IGF-1, insulin-like growth factor-1; VEGF, vascular endothelial growth factor; eNOS, endothelial nitric
oxide synthase; NO, nitric oxide; WP body, Weibel-Palade body; cAMP, cyclic adenosine
monophosphate; VWF, von Willebrand factor; [Ca2+]|, intracellular calcium concentration.

Apart from the multiple agonists, there are also inhibitors of VWF secretion such as NO and
prostacyclin.'*'* NO mediates a negative feedback inhibition on VWF secretion possibly by
inhibiting calcium mobilisation form intracellular stores or by blocking the granule-membrane
fusion process.'® An inverse association between VWF and flow-mediated dilation exists
suggesting that VWF increases due to impaired endothelial NO synthesis."**** eNOS
expression and NO production are stimulated when IGF-1 interacts with high-affinity endothelial
binding sites.? In addition to IGF-1, insulin also activates eNOS expression and may therefore

also be an inhibitor of VWF secretion." Furthermore, high VWF levels are also associated with

other factors, also known to be associated with reduced NO and IGF-1, including inflammatory

146,147 148,149
P, , ,

markers such as CR and components of the metabolic syndrome.
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IGF-1 is also responsible for the activation of phospholipase A, which induces prostacyclin

0

(prostaglandin 1, (PGl,)) synthesis.”™® Prostacyclin inhibits platelet aggregation, induces

151

disaggregation of aggregated platelets’' and is also responsible for inducing vasodilation.'®

When adults and children with primary pulmonary hypertension were treated with long-term

prostacyclin, VWF levels were significantly decreased.'

It is possible that intervention with agents that reduces circulating vVWF, as mentioned above,

may lead to a reduction in adverse cardiovascular events associated with high levels of VWF."

2.5. IGF-1 and the heart

415 and has

IGF-1 plays a crucial role in the preservation of cardiac structure and function
beneficial effects in maintaining the structure and function of a damaged or failing heart.”” In a
study by Donath et al.” the infusion of IGF-1 in patients with heart failure improved left

ventricular performance. In addition, low IGF-1 levels is associated with an increased risk for

heart failure.>

IGF-1 receptor signaling in cardiomyocytes

Cardiac effects of IGF-1 are mediated by the activation of the plasma membrane IGF-1R."™*
When the ligand is bound to the receptor, autophosphorylation of the tyrosine residue in the
IGF-1R will initiate signaling pathways including the PI3K/Akt mechanistic target of rapamycin
(mTOR) signalling pathway and the Ras/Raf/Mitogen-activated protein kinase (MEK)/ERK
pathway."** Activation of a third pathway (the phospholipase C (PLC)/inositol 1,4,5-triphosphate
(InsP3) pathway) leads to an increase in cytosolic Ca?*."® Activation of these pathways will
ultimately link IGF-1 to the regulation of cardiomyocyte contractility, protein synthesis and
hypertrophy, autophagy, apoptosis and metabolism since the viability of cardiomyocytes is of
fundamental importance.’

18



Chapter 1

Contractility

There are several in vitro studies demonstrating the direct effects of IGF-1 on intrinsic cardiac
contractility.”*®'*” Also, when animals are treated with GH, in vitro assessments of
cardiomyocytes show improved contractility.’®'*® The GH/IGF-1 axis induce increased
contractility by (1) altering the intracellular Ca* transient through an increase in L-type calcium

160

channel activity,’ (2) by increasing the sensitivity of myofilaments to Ca®*'®" and (3) by

upregulating sarcoplasmic reticulum ATPase levels.'®

Growth

IGF-1 is a positive regulator of cardiac growth by increasing protein synthesis, cardiomyocyte
size, amino acid uptake and muscle specific gene expression.'®*'® Systemic and local IGF-1
are essential during embryonic development for appropriate organ growth.'® Besides
physiological growth, IGF-1 also promotes hypertrophy of tissues with high energy demands. In
a study by Duerr et al.,'®® IGF-1 administration to a severely dysfunctional rat heart in evolving
MI underwent additional hypertrophy and improved cardiac function. Cardiac hypertrophy
requires concomitant remodelling of the heart and it has been shown that IGF-1 promotes

'®7 and that GH increases collagen deposition in the heart."®®

collagen synthesis by fibroblasts
Apoptosis

The heart is susceptible to numerous stressors that will result in cell death which is a hallmark
for diseases such as heart failure and MI."® Therefore, the anti-apoptotic and pro-survival
properties of IGF-1 are fundamentally important in order to prevent cardiomyocyte loss.'®* At
cellular level, the anti-apoptotic effects of IGF-1 are mediated by the activation of the

Ras/Raf/MEK/ERK and the PI3K/Akt/mTOR signalling pathways (Figure 4)."%*17%1"1
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Figure 4: Simplified scheme for IGF-1 induced signalling regulating survival of cardiomyocytes. Adapted

from Mehrhof et al."%'"!

IGF-1, insulin-like growth factor-1; PI3-K, phosphoinositide 3-kinase; RAS, Renin-angiotensin system.

The Ras/Raf/MEK phosphorylation of ERK1 and ERK2 will activate pro-survival activities and
protection form apoptosis.'® ' The activation of Akt initiated by PI3K is also crucial for the anti-
apoptotic actions of IGF-1. Akt exerts its anti-apoptotic properties by inactivating pro-apoptotic
factors and by activating anti-apoptotic targets. Bcl-2-associated death promoter (BAD) protein,
procaspase-9, cyclic adenosine monophosphate (cCAMP) response-element-binding protein,
nuclear factor-kB, Forkhead family transcription factor and glycogen synthasekinase-3@3 are
some of the downstream targets of Akt."”" Nonphosphorylated BAD exerts apoptotic effects and

the activation of IGF-1R will result in Akt-dependent phosphorylation of BAD.'**

Autophagy
Autophagy is a catabolic process that occurs virtually in all cells to maintain homeostatic

functions such as protein and organelle turnover.'” Despite this vital role, autophagy
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contributes to cell death when it is extensively or inefficiently executed. Autophagy can be
strongly induced by stress conditions including nutrient starvation, oxidative stress, infection,
hypoxia and other stressors.'”* Various studies indicate that IGF-1 exerts an inhibitory effect
upon cellular autophagy. Short term treatment with IGF-1 during nutrient-deprivation stress
prevents cardiac autophagy by activating the PI3K/Akt/mTOR pathway since mTOR is a
negative regulator of autophagy.”®'’® In addition, IGF-1 increases intracellular adenosine
triphosphate (ATP) levels, mitochondrial Ca®* levels and oxygen consumption, which is reduced
during nutrient-deprivation stress.'”® As a consequence, IGF-1 inhibits adenosine
monophosphate (AMP)-activated protein kinase in cardiomyocytes, which also triggers cardiac

autophagy.'”

During conditions such as heart failure where there is added cardiomyocyte stress, an
upregulation of cardiac natriuretic peptide production occurs, which acts in a counteractive
manner in order to limit overload.””"'"® As part of this thesis, to assess the relationship between
IGF-1 and a marker of cardiac dysfunction, the natriuretic peptide called the N-terminal

prohormone B-type natriuretic peptide (NT-proBNP) will be investigated.

N-terminal prohormone B-type natriuretic peptide

The heart secretes, amongst others, two cardiac natriuretic peptides with a homologous
structure, namely arterial natriuretic peptide (ANP) and brain natriuretic peptide (BNP)."**'® The
main stimulus for BNP peptide synthesis and secretion is cardiac wall stress.'®® Under normal
conditions, BNP related peptides are predominantly produced by the atria, with notable
contributions derived from cardiac fibroblasts.'®'® However, in conditions associated with
volume overload where significant myocyte stretch occurs, such as in hypertension, left
ventricular hypertrophy (LVH), Ml and heart failure, ventricular cardiomyocytes become the
main producers of BNP peptides."””'"®'%.187 Huyman BNP is produced as a 108 amino acid
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prohormone (proBNP-108)."® ProBNP-108 is an inactive proform which is split into two parts
through cleavage by proteolytic enzymes.'® The first end-product is the biologically active

peptide BNP32, and the second is an inactive N-terminal (NT-proBNP)."®

After secretion, BNP binds to the natriuretic peptide receptor type 1 (NPR-1) or 2 (NPR-2) which
is linked to guanylyl-cyclase which up-regulates cyclic guanosine monophosphate (cGMP)

182,189

levels after ligand binding (Figure 6). cGMP exerts its biological effects by the activation of

cGMP-dependent protein kinase G type 1."®°

Biological effects of BNP include diuresis, natriuresis, vasodilation and the inhibition of renin and
aldosterone production.’®® Through inhibition of the calcineurin-nuclear factor of activated T cells

signaling pathway, BNP can also inhibit cardiac and vascular myocyte hyperthrophy.'®°
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Figure 5: Physiological pathway of NT-proBNP secretion."®
BNP, brain natriuretic peptide; NPR, natriuretic peptide receptor; GTP, guanosin triphosphate; cGMP,
cyclic guanosine monophaphate; PDE, phosphodiesterase inhibitors; PKG, protein kinase G.
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NT-proBNP and cardiovascular disease

NT-proBNP is used as a reliable marker of cardiovascular risk.”" It has a half-life of 5.45 times
longer than that of BNP'%? and rises 2-10 times higher than BNP in patients with left ventricular
dysfunction.' Thus, the greater rise during or prior to heart failure and the longer half-life make
it a better marker than BNP. Plasma NT-proBNP levels have been reported to be higher in
hypertensive patients when compared to normotensive patients, and is most pronounced when
LVH is present.’®'9%'% Even in patients with hypertension and LVH without diabetes or
clinically overt cardiovascular disease, NT-proBNP strongly predicts cardiovascular events.'® In
a study by Choi et al."® higher NT-proBNP was significantly associated with incident heart
failure in an asymptomatic multi-ethnic population, independent of traditional risk factors and LV

mass index. Hence, NT-proBNP levels are used to assess cardiac overload, left ventricular

dysfunction and heart failure.'*®

Conflicting findings are consistently reported on the relationship between NT-proBNP and IGF-
1. In acromegaly patients, the overtly elevated IGF-1 levels were associated with the

development of chronic heart failure,'’

of which elevated NT-proBNP is a well-established
biomarker. On the other hand, IGF-1 exerts beneficial cardiovascular effects by playing a role in
the development, growth and function of the cardiovascular system.” In a study by Duerr et
al."®® the administration of IGF-1 to cardiac failure patients resulted in improved cardiac function.
Petretta et al.’® found that high NT-proBNP levels accompanied by a low IGF-1 /GH ratio was
useful to stratify chronic heart failure (CHF) patients at higher risk of cardiac death.
Alternatively, adult patients with GH deficiency had increased NT-proBNP levels which were
significantly reduced after 12 months of GH replacement therapy.'® However, in a study by
Gruson et al.?® the decrease observed in NT-proBNP levels following GH treatment occurred
independently of changes in cardiac structure or function. They suggest that the effects of GH

on NT-proBNP levels may be independent of cardiovascular changes.”® Collectively, these
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studies point to a protective effect of the GH/IGF-1 axis against cardiac dysfunction and failure,

with an inverse association between circulating IGF-1 and NT-proBNP.

Although some findings indicated lower NT-proBNP in African-Americans than a white

population, 1202

evidence is sparse on whether ethnic differences exist within a South African
population. NT-proBNP levels were reported to be elevated in black South Africans when
compared to whites.?®® Supporting these findings, Sliwa et al.”® recorded data for 4162

hospitalised patients in South Africa, and found that blacks were more likely to be diagnosed

with heart failure than the rest of the cohort.

2.6. IGF-1 and ethnicity

Platz et al.?*

investigated IGF-1 levels in American men and found that blacks had lower IGF-1
concentrations than whites and Asians. With regards to South African data, Schutte et al."”
found that black populations display lower levels of both total and bioavailable IGF-1, when
compared to whites. Between the ages of 20 and 30 years, IGF-1 levels were comparable.
However in black men and women, a sudden decline in IGF-1 levels at approximately 40 years
of age was observed."” When compared to other populations,®"*? the rapid decline takes place
at a much younger age in blacks. Low IGF-1 levels are also accompanied by various

cardiometabolic risk factors in young black Africans and may therefore result in earlier disease

onset.™

3. SUMMARY

Black South Africans are prone to hypertension development,”® have a high prevalence of
cardiovascular disease and a high cardiovascular event and mortality rate.’®?®® To better
understand the pathophysiological underpinnings of cardiovascular disease development in this
particular black population, several mechanisms have been proposed.?’’?® Recently, studies
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demonstrated a significant decline in IGF-1 levels among blacks which were associated with
various cardiometabolic risk factors.”®'” Low IGF-1 concentrations may attenuate its protective
effects on the vasculature and heart among these individuals. To better understand the high
prevalence of CVD in black South Africans, it is necessary to understand the potential

involvement of IGF-1 in this particular population.

4. AIM, OBJECTIVES AND HYPOTHESES

Aim

The central aim of this thesis is to increase our understanding on the potential roles of IGF-1 in
the cardiovascular system of black and white South Africans. To achieve this, the relationship of
IGF-1 with increasing cardiometabolic risk, and with markers of vascular endothelial damage

cardiac overload and systolic dysfunction will be investigated.

Figure 6: IGF-1 axis and the cardiovascular system investigated.
vWF, von Willebrand factor; NT-proBNP, N-terminal prohormone B-type natriuretic peptide
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Objectives

1.

To investigate the relationship between bioavailable IGF-1 and the number of

components of the metabolic syndrome in black and white men and women.

2. To establish whether bioavailable IGF-1 relates to von Willebrand factor (VWWF), as a
marker of endothelial damage, in black and white South Africans.

3. To explore the association between NT-proBNP, a marker of cardiac overload and
systolic dysfunction, and IGF-1 in a black and white South African population.

Hypotheses

1. Bioavailable IGF-1 is inversely associated with the number of metabolic syndrome
components in both sexes and ethnicities.

2. Bioavailable IGF-1 is inversely associated with vVWF in both ethnicities.

3. NT-proBNP is inversely associated with IGF-1 in black and white individuals.
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Chapter 2

Within this thesis data is used form two cross-sectional studies conducted in South Africa,
namely the SABPA and the SAfrEIC studies. The methodology of each of these studies is

discussed below:

1. The Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA)

study:

1.1. STUDY DESIGN

The SABPA | study is a cross-sectional study conducted in 2008 and 2009 with the original aim
to determine neural mechanistic pathways involved in emotional distress and vascular
remodelling in black and white South Africans.” However, data on a detailed range of health

measures were collected, and were explored in secondary data analyses in the present study.

The target population for this study included urban-dwelling black and white male and female
school teachers enrolled in the 43 schools of the Dr. Kenneth Kaunda Education District
(Klerksdorp and Potchefstroom), North West province, South Africa (Figure 1). The reason for
this selection was an attempt to attain a homogenous sample from a similar socio-economic

class.
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Figure 1: Geographical location of Klerksdorp and Potchefstroom in the North West province, South

Africa.

During the recruitment phase all volunteering teachers were screened to determine if they met
the study eligibility criteria and 409 teachers were selected (Figure 2). Power calculations based
on the largest standard deviation of 24h systolic blood pressure showed that 50 participants per
group in this type of study were more than sufficient to show significant differences in biological
profiles. Participants were informed in detail in English and native languages about the nature,

benefits, risks, objectives and procedures of the study, prior to their inclusion. All participants

signed an informed consent form.
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Black and White school teachers
Aged 20-65 years
Invited: n=2170
Screened: n=471

'

Exclusion criteria:
-Pregnancy
-Lactation

-Users of a and B-blockers
-Psychotropic substance abuse
-Blood donors
-Vaccinated in last 3 months
-Ear temperature > 37°C

'

Responders: n=409 eligible and
enrolled
Non-responders: n=62

N

Black (n=200)
99 Men
101 Women

White (n=209)
101 Men
108 Women

Chapter 2

Figure 2: The Sympathetic activity and Ambulatory Blood pressure in Africans (SABPA) study population.

The SABPA study complied with all the stipulations of the Declaration of Helsinki (1975, revised

2004) for investigation of human participants and was approved by the Ethics Committee of the

North-West University (NWU-00036-07-S6). A consent and cooperation agreement were

obtained from the Department of Education, North-West Province, South African Democratic

Teacher Unions and Headmasters of Schools.
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A detailed layout of the experimental protocol and data collection procedures was previously

described.” The methodology appropriate to this sub-study is discussed in more detail below.

1.2. ORGANISATIONAL PROCEDURES

Each morning between 07h00 and 08h00 an ambulatory blood pressure (ABPM) and
electrocardiogram apparatus (MeditechCE120® Cardiotens, Budapest, Hungary) was attached
to the participants’ non-dominant arm at their workplace. Participants reported to the Metabolic
Research Unit of the North-West University (consisting of 10 bedrooms, two bathrooms, a living
room and kitchen) at 16h30 where they were informed of the procedures of the following day.
Testing for the Human Immunodeficiency Virus (HIV) was performed, and each participant
received pre-counselling and post-counselling during testing from a registered nurse.
Participants received a standardised dinner at 18h00, and had their last beverages (tea/coffee)
and two biscuits at 20h30. Thereafter they relaxed by reading, watching television, or social
interaction and refrained from consuming alcohol, caffeine, smoking and doing exercise. They
were encouraged to go to bed at around 22h00. An overnight spot urine sample was collected in
the morning. At 06h00 the ABPM apparatus was removed and anthropometric measurements
were taken. After a five minute resting period whilst in a sitting position, blood pressure
measurements were taken. Following these measurements, a resting 12-lead
electrocardiograph activity of six cardiac cycles (Norav NHH1200® Kiryat Bialik, Israel) was
recorded after being in a semirecumbent position for two hours. Hereafter, a five minute
continuous measurement of cardiovascular variables was recorded (Finometer, Finapres
Medical Systems, Amsterdam, Netherlands). Blood samples were then collected from the

participant’s right arm brachial vein branches with a sterile winged infusion set.
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After completion of all procedures, participants were thanked for their participation and enjoyed
a breakfast. After freshening up, participants were transported back to their workplace and

received feedback on their health profile within one week.

1.3. QUESTIONNAIRES
Participants completed a general health and sociodemographic questionnaires to assess
lifestyle habits (such as smoking) as well as medication use. These included among others the

use of hypertension, diabetes, lipid-lowering and anti-inflammatory medication.

1.4. ANTHROPOMETRIC MEASUREMENTS

Registered anthropometrists obtained anthropometric measurements in triplicate using standard
methods with calibrated instruments (Precision Health Scale, A & D Company, Tokyo, Japan;
Invicta Stadiometer, IP 1465, Leicester, UK).%® The stature of each participant was measured to
the nearest 0.1cm, and the weight to the nearest 0.1kg. Waist circumference (WC) was
measured over the abdomen between the costal margin and the iliac crest. Measurements were
taken to the nearest 0.1 cm using a non-stretchable standard tape (Holtain Instruments Ltd.

Wales). Body mass index (BMI) was calculated by weight divided by height squared (kg/m?).

1.5. CARDIOVASCULAR MEASUREMENTS

A validated ABPM apparatus (Meditech CE120® Cardiotens; Meditech, Budapest, Hungary)
was programmed to measure blood pressure at 30 minute intervals during the day (08h00-
22h00) and every hour during night-time (22h00-6h00). We downloaded ambulatory blood
pressure data onto a database using the CardioVisions 1.9.0 Personal Edition software
(Meditech, Budapest, Hungary). Office blood pressure (BP) was also measured with a mercury
sphygmomanometer, using the Riva-Rocci/Korotkoff method,* on the non-dominant arm, whilst
being in a sitting position. Two duplicate measures were taken with a five minute interval
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between the two measurements. A resting 12- lead electrocardiograph activity of six cardiac
cycles (Norav NHH1200® Kiryat Bialik, Israel) was recorded. Data from the 12-lead
electrocardiography (ECG) was used to determine the gender specific Cornell product as a
marker of left ventricular hypertrophy ((RaVL + SV3) x QRS = 244.0 mV.ms for men and (RaVL
+ SV3 + 0.8 mV) x QRS = 244.0 mV.ms for women).>’ Continuous BP was monitored by
making use of a validated Finometer device (FMS, Finapres Medical System, Amsterdam,
Netherlands).>® This involved a five minute recording of each participant's BP under resting, yet
awake, conditions. After the first two minutes, the finger pressure was calibrated with the upper
arm (brachial) pressure (that is, return-to-flow systolic calibration). This optimised the accuracy
of the readings taken. Finometer measurements were processed with Beatscope 1.1 software to
obtain the stoke volume, cardiac output and total peripheral resistance during resting conditions.
A high resolution ultrasound was applied to determine the carotid intima-media thickness
(CIMT).? Standardised images' of the left and right common carotid arteries were obtained from
at least two optimum angles using the Sonosite Micromaxx ultrasound system (SonoSite Inc.,
Bothell, WA, USA) and 6 - 13 MHz linear array transducer. The images were digitised and
imported into the Artery Measurement Systems automated software (AMS) Il v1.139
(Gothenburg, Sweden). We calculated the cross-sectional wall area (CSWA) using the following

equation: CSWA = 11 (d/2 + CIMT)? — 17 (d/2)? , where d denotes luminal diameter.

1.6. BLOOD SAMPLING AND BIOCHEMICAL ANALYSES
A registered nurse obtained a fasting blood sample with a sterile winged infusion set from the

antebrachial vein branches. Blood samples were stored at -80°C until analyses were performed.

Serum samples for total cholesterol (TC), high density lipoprotein cholesterol (HDL-C),
triglycerides, aspartate aminotransferase (AST), alanine transaminase (ALT), gamma-glutamyl
transferase (y-GT), creatinine and high-sensitivity C-reactive protein (CRP) were analysed using
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two sequential multiple analysers (Konelab 20i; Thermo Scientific, Vantaa, Finland; Unicel DXC
800 - Beckman and Coulter®, Germany). Low density lipoprotein cholesterol (LDL) was
determined with the Friedewald formula: LDL = TC — HDL — TG/2.17." The Chronic Kidney
Disease Epidemiology Formulas (CKD-EPI) was used to calculate estimate glomerular filtration

rate (eGFR) from serum creatinine levels, age, sex and ethnicity."

Plasma samples for blood glucose determinations were collected in tubes containing sodium
fluoride and centrifuged soon after blood collection. Blood glucose was determined using the
Beckman and Coulter time-end method (Unicel DXC 800 - Beckman and Coulter®, Germany).
The intra- and interassay coefficients of variation for standard biochemical measures performed
with auto-analysers (Konelab 20i, Unicel DXC 800 - Beckman and Coulter) were <10%. The
percentage of glycated haemoglobin (HbA1c) was determined by means of the turbidimetric
inhibition immunoassay on whole blood using the Roche Integra 400 (Roche, Basel,
Switzerland). Participants were considered as having diabetes if they had fasting glucose levels

of 27.0 mmol/L or HbA1c levels of 6.5 % and/or made use of diabetes medication.™

Total serum insulin-like growth factor-1 (IGF-1) and insulin-like growth factor binding protein-3
(IGFBP-3) were determined with immunoradiometric assays (IRMA) from Immunotech
(Beckman and Coulter®, Germany; IGF-1 — A15729; IGFBP-3 — DSL-6600). The intra- and
interassay coefficients of variation for IGF-1 were 2.92%, and 4.49%, respectively. The intra-
assay variability for IGFBP-3 ranged between 2.71% and 7.95%, and the inter-assay variability

ranged between 3.20% and 9.30%.

Serum peroxides were determined by an improved assay system based on the principle of the
derivatives of reactive oxygen metabolites test, which is recognised as an efficient method for
evaluating reactive oxygen species (ROS) in the body.” The Bio-Tek FL600 Microplate
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Fluorescence Reader (Bio-Tek, Instruments, Inc., Highland Park, Winooski, VT, USA) was used
to measure ROS levels, where 1.0 mg/L H,O, represents one unit of ROS. The intra- and

interassay coefficients of variation for ROS were <10%.

Plasma Interleukin-6 (IL-6) was analysed using the IL-6 Quantikine high sensitivity enzyme-
linked immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN USA). The intra- and
interassay coefficients of variation for IL-6 were 7.4%, and 17.0%, respectively. Citrated
samples were used for the analysis of von Willebrand factor antigen (VWF,g). VWF 4 levels were
determined with a sandwich ELISA. Polyclonal rabbit anti-vWF antibody and rabbit anti-vWF-
horseradish peroxidase antibody (DAKO, Glostrup, Denmark) were used to perform the assay.
The 6th International Standard for vVWF/FVIII was used to create the standard curve against
which the samples were measured. N-terminal prohormone B-type natriuretic peptide (NT-
proBNP) levels were determined with the electrochemiluminesence method on the e411
(Roche, Basel, Switzerland). The intra- and interassay coefficients of variation for NT-proBNP
were 4.2%, and 4.6%, respectively. HIV status was determined with an antibody test First
Response Kit (Premier Medical Corporation LTD, Daman, India) and confirmatory Pareekshak

test (Bhat Bio-tech India (P) LTD, Bangalore, India).

2. The South African study regarding the influence of Sex, Age and Ethnicity on

Insulin sensitivity and Cardiovascular function (SAfrEIC) study:

21. STUDY DESIGN

The SAfrEIC study had a cross-sectional design and was conducted in 2007. The general aim
of this study was to investigate the influence of sex, ethnicity and ageing on the relationship
between insulin sensitivity and blood pressure. For the purposes of this thesis the existing larger
dataset was also applied to address some of the specific aims.
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Trained field workers recruited volunteers from urban areas of the Potchefstroom district in the
North West province of South Africa, which included black and white men and women. Prior to
this study all the participants that were apparently ill, pregnant or lactating were excluded from

the study.

Black and White participants

Exclusion criteria:
-Pregnancy
-Lactation
-Apparently ill

Aged 20-70 years
n=750 participants

N

Black (n=381) White (n=373)
186 Men 162 Men
195 Women 211 Women

Figure 3: The SAfrEIC (South African study regarding the influence of Sex, Age and Ethnicity on Insulin
sensitivity and Cardiovascular function) study population.

Figure 4: Data collection at the Metabolic Research Unit facility, North West University, South Africa.

The Ethics Committee of the North-West University (Potchefstroom campus) approved this

study and the study complied with all the stipulations of the Declaration of Helsinki (1975,
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revised 2004) for investigation of human participants. All participants gave written informed
consent after the procedures were thoroughly explained to them. African field workers were

available to relay information to the African participants in their home language.

A detailed layout of the experimental protocol and data collection procedures was previously

described.”'® The specific methodology applicable to this sub-study is discussed below.

2.2. ORGANISATIONAL PROCEDURES

The participants were invited for a clinical examination at a Metabolic Unit facility on the campus
of the North-West University. They arrived at 07h00 and were introduced to the research
environment after which all the organisational procedures were explained to them and informed
consent forms were signed. During the course of the morning, basic health and demographic
questionnaires were completed. A fasting blood sample was collected from each participant by
a registered nurse from the ante-brachial vein, using a sterile winged infusion set and syringe.
Anthropometric measurements were subsequently taken in a private bedroom. Afterwards
cardiovascular measurements were obtained. Each participant received a feedback report
containing their basic health information, breakfast as well as financial compensation for travel

expenses to the facility.
2.3. QUESTIONNAIRES

Each participant completed a demographic and lifestyle questionnaire, including questions on

smoking and alcohol habits and medication use.
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2.4. ANTHROPOMETRIC MEASUREMENTS

Anthropometric measurements were done by qualified anthropometrists according to standard
procedures.?® Height was measured to the nearest 0.1cm using the Invicta Stadiometer (Invicta
Plastics Ltd, IP 1465, UK) and body weight was measured to the nearest 0.1kg using a
calibrated digital scale (Precision Health Scale, A&D Company, Japan). WC was measured at
midway level between the inferior rib margin and superior margin of the iliac crest.
Measurements were taken to the nearest 0.1 cm using a non-stretchable standard tape (Holtain
Instruments Ltd. Wales). All the measures were taken in triplicate. BMI was calculated by weight

divided by height squared (kg/m?).

2.5. CARDIOVASCULAR MEASUREMENTS

BP measurements were taken in duplicate after a 10 minute resting period and a five minute
interval between the two measurements. The OMRON HEM-757 (Omron Healthcare, Kyoto,
Japan) apparatus was used to measure systolic and diastolic blood pressure with the cuff on the

left upper arm in the sitting position. Appropriate cuff sizes were used for obese participants.

2.6. BLOOD SAMPLING AND BIOCHEMICAL ANALYSES

Fasting blood samples were obtained by a registered nurse. A plasma sample for fasting blood
glucose was collected in tubes containing sodium fluoride, kept on ice and centrifuged. Glucose
and serum samples for lipids (TC, HDL-C, triglycerides), AST, ALT, y-GT and CRP were
analysed using the Konelab 20i auto-analyser (Thermo Scientific, Vantaa, Finland). Participants
were considered as having diabetes if they had fasting glucose levels of 27.0 mmol/L and/or
made use of diabetes medication.”® The intra- and interassay coefficients of variation for
standard biochemical measures performed with the Konelab 20i auto-analyser were <10%. LDL

was determined with the Friedewald formula; LDL = TC — HDL — TG/2.17."

60



Chapter 2

Total IGF-1 was determined using an ELISA by BiocodeHycel (Liége, Belgium, catalog no.
EL2010). The intra- and interassay coefficients of variation for IGF-1 were 15.1% and 7.9%,
respectively. IGFBP-3 was determined with an IRMA method from Immunotech (Beckman and
Coulter®, Germany; IGFBP-3 — DSL-6600). The intra-assay variability for IGFBP-3 ranged
between 2.7% and 7.9%, and the inter-assay variability ranged between 3.2% and 9.3%. Serum
ROS were determined by a similar method as previously described for the SABPA study. The
intra- and interassay coefficients of variation for ROS were <10%. The HIV status was
determined immediately after blood sampling with a rapid test, according to the protocol of the
National Department of Health of South Africa. Serum was used for testing with the First

Response Test and was repeated with the Pareeshak test for confirmation.
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ABSTRACT

Aims: Insulin-like growth factor-1 (IGF-1), an insulin sensitivity and vasculoprotective factor,
associates negatively with the metabolic syndrome. However, IGF-1 is reduced by factors such
as inflammation, oxidative stress and liver dysfunction. We investigated the relationship
between bioavailable IGF-1 and the number of metabolic syndrome components and
determined whether this relationship is independent of inflammation, oxidative stress and
gamma-glutamyl transferase (y-GT; a marker of liver dysfunction).

Methods: This study included 907 black and white participants stratified by sex (aged 43.0
11.8 years). Among them 63 participants had fasting glucose levels of 27.0 mmol/L and/or used
diabetes medication. Via standard methods we determined waist circumference, fasting
glucose, triglycerides, high-density lipoprotein cholesterol and blood pressure. We also
determined high-sensitivity C-reactive protein (CRP), reactive oxygen species (ROS), y-GT,
IGF-1 and insulin-like growth factor binding protein-3 (IGFBP-3). We used IGF-1/IGFBP-3 as an
estimate of bioavailable IGF-1.

Results: Total IGF-1 was similar between men and women (p=0.10), however bioavailable IGF-
1 was lower in women (p<0.001). In multivariate-adjusted analyses, IGF-1/IGFBP-3 was
inversely associated with the number of metabolic syndrome components in both sexes (men:
B=-0.11; p=0.013 and women: $=-0.17; p=0.003). Upon inclusion of ROS, y-GT and CRP,
significance was lost. In patients without diabetes, the results for men changed marginally, but
were consistent for women.

Conclusion: We found an inverse association between bioavailable IGF-1 and the number of
metabolic syndrome components. But the relationship was dependent on oxidative stress, liver
dysfunction and inflammation, suggesting underlying processes by which the metabolic

syndrome attenuates IGF-1.
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Keywords: metabolic syndrome; insulin-like growth factor binding protein-3; inflammation;

oxidative stress; y-glutamyltransferase

INTRODUCTION

Insulin-like growth factor-1 (IGF-1) has several metabolic and vasculoprotective effects. IGF-1
induces nitric oxide (NO) release [1]; it enhances insulin sensitivity [2] and glucose uptake [3];
prevents postprandial dyslipidemia [4]; reduces gluconeogenesis and scavenges free oxygen
radicals [3]. IGF-1 also has anti-inflammatory properties [5]. The biological effects of IGF-1 are
modulated by six different insulin-like growth factor binding proteins (IGFBPs) which bind to
IGF-1 increasing its half-life, manages delivery to tissues and regulates movement between
intravascular and extravascular compartments [6]. Approximately 80% of total IGF-1 is bound in
serum by IGFBP-3, while the remaining 20% is bound by the other five IGFBPs [6]. Therefore,
the molar ratio of IGF-1 and IGFBP-3 could be used as a surrogate measure for bioavailable

IGF-1.

IGF-1 is reduced in individuals suffering from cardiovascular and metabolic diseases [7,8].
Cardiometabolic factors such as hypertension [8-10], hyperglycaemia [9], hypertriglyceridaemia
[8], reduced high-density lipoprotein (HDL) cholesterol and abdominal obesity [8] are all
inversely associated with IGF-1. These cardiometabolic factors aggregate together as part of
the metabolic syndrome [11], which itself is negatively associated with IGF-1 [8,12]. A negative
association also exists between the number of metabolic syndrome components present and

IGF-1[12,13].

In addition, circulating IGF-1 is adversely affected by various factors including inflammation
[14,15], oxidative stress [16] and liver dysfunction [17] and it is undetermined whether the
relationship between IGF-1 and the number of metabolic syndrome components are
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independent of these factors. We therefore examined the relationship of bioavailable IGF-1 with
the number of metabolic syndrome components in men and women; and how this relationship is
modulated by inflammation, oxidative stress and liver dysfunction to identify the possible

underlying pathophysiological mechanisms between IGF-1 and the metabolic syndrome.

SUBJECTS AND METHODS

Study design and subject selection

We included data from the SABPA (Sympathetic activity and Ambulatory Blood Pressure in
Africans) and the SAfrEIC (South African study regarding the influence of Sex, Age and
Ethnicity on Insulin sensitivity and Cardiovascular function) studies conducted by the same
research team using similar methodology. The SABPA study was conducted in 2008 and 2009,
and included 409 black and white teachers between the ages of 25 and 65 years in the North
West province of South Africa. The SAfrEIC study conducted in 2007 involved 750 black and
white volunteers from urban areas of the North West Province of South Africa (aged 20-70
years). Exclusion criteria for the SABPA study were participants with an elevated ear
temperature, making use of a- and B-receptor blockers, psychotropic substance dependence or
abuse, blood donors, individuals vaccinated in the past three months and pregnant women. The
SAfrEIC study excluded participants that were apparently ill, pregnant or lactating. For the
purpose of this study we excluded participants due to missing data (n=233) and those infected
with the human immunodeficiency virus (HIV) (n=19). The overall sample of this sub-study
consisted of 907 participants divided into men (n=457) and women (n=450) of whom 63
individuals were having fasting glucose levels of 27.0 mmol/L and/or made use of diabetes
medication. Approval for both the SABPA and the SAfrEIC studies was obtained from the Ethics
Committee of the North-West University adhering to the principles of the Declaration of Helsinki.

All participants gave written informed consent after the procedures of the study were thoroughly
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explained to them. The organisational procedures of both studies were described in detail

elsewhere [17,18].

Anthropometric measurements

Height (stature) and weight of participants were measured while being in their underwear.
Measurements were taken in triplicate using standard methods with calibrated instruments
(Precision Health Scale, A & D Company, Tokyo, Japan; Invicta Stadiometer, IP 1465,
Leicester, UK) [19]. Waist circumference (WC) was measured over the abdomen between the
costal margin and the iliac crest. Measurements were taken to the nearest 0.1 cm using a non-
stretchable standard tape (Holtain Instruments Ltd. Wales). Body mass index (BMI) was

calculated by weight divided by height squared (kg/m?).

Blood pressure measurements

In the SAfrEIC study blood pressure (BP) measurements were taken in duplicate after a 10 min
resting period and a five min interval between the two measurements. The OMRON HEM-757
(Omron Healthcare, Kyoto, Japan) apparatus was used to determine systolic and diastolic blood
pressure with the cuff on the left upper arm in the sitting position. In the SABPA study
participants rested for five minutes in a semi-recumbent position before the first measurement
was taken. BP was measured with a mercury sphygmomanometer, using the Riva-
Rocci/Korotkoff method [20], on the non-dominant arm. Two duplicate measures were taken

with a five minute interval between the two measurements.

Biochemical analyses

Serum samples for lipids (total cholesterol, high density lipoprotein cholesterol (HDL-C),
triglycerides), aspartate aminotranferase (AST), alanine transaminase (ALT), and high-
sensitivity C-reactive protein (CRP) were analysed using the Konelab 20i auto-analyser
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(Thermo Scientific, Vantaa, Finland (2008)). Low density lipoprotein cholesterol (LDL) was
determined with the Friedewald formula: LDL = TC — HDL — TG/2.17. In the SAfrEIC study a
venous sample for fasting blood glucose was collected in tubes containing sodium fluoride, kept
on ice and centrifuged. In the SABPA study, these sodium fluoride tubes were centrifuged soon
after blood collection. During the SAfrEIC study glucose and gamma-glutamyl transferase (y-
GT) were determined using the Konelab 20i auto-analyser (Thermo Scientific, Vantaa, Finland),
while during the SABPA study glucose and y-GT were determined using Beckman and Coulter
time-end method (Unicel DXC 800 - Beckman and Coulter®, Germany (2009)). Participants
were considered as having diabetes if they had fasting glucose levels of 27.0 mmol/L and/or
made use of diabetes medication [21]. The intra- and interassay coefficients of variation for
standard biochemical measures performed with auto-analysers (Konelab 20i, Unicel DXC 800 -
Beckman and Coulter) were <10%. In the SABPA study total IGF-1 was determined with an
immunoradiometric assay (IRMA) from Immunotech (Beckman and Coulter®, Germany; IGF-1 —
A15729). The intra- and interassay coefficients of variation for IGF-1 were 2.92%, and 4.49%,
respectively. In the SAfrEIC study we determined total IGF-1 using an enzyme linked
immunosorbert assay (ELISA) by BiocodeHycel (Liége, Belgium, catalog no. EL2010). The
intra- and interassay coefficients of variation for IGF-1 were 15.08% and 7.89%, respectively.
The properties of these two IGF-1 methods are comparable (Table 1S). IGFBP-3 was
determined with an IRMA method from Immunotech (Beckman and Coulter®, Germany; IGFBP-
3 — DSL-6600) in both the SABPA and SAfrEIC studies. The intra-assay variability for IGFBP-3
ranged between 2.71% and 7.95%, and the inter-assay variability ranged between 3.20% and
9.30%, for both studies. Serum reactive oxygen species (ROS) were determined by an
improved assay system based on the principle of the derivatives of reactive oxygen metabolites
test, which is recognised as an efficient method for evaluating oxidative stress in the body. The
Bio-Tek FL600 Microplate Fluorescence Reader (Bio-Tek, Instruments, Inc., Highland Park,
Winooski, VT, USA) was used to measure serum peroxide levels, where 1.0 mg/L H,0O,
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represents one unit of ROS [22]. The intra- and interassay coefficients of variation for ROS were
<10%. HIV testing was done according to standard procedures of the South African Department

of Health.

Statistical Analyses

For database management and statistical analyses we used Statistica version 12.0 (StatSoft,
Inc.,Tulsa, OK).The associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic
syndrome components were tested for interaction with sex, ethnicity or study type by introducing
appropriate interaction terms in multiple regression analyses. Variables that were not normally
distributed were logarithmically transformed (BMI, fasting glucose, triglycerides, CRP, y-GT,
AST and ALT). We subsequently compared means and proportions between men and women
with independent T-tests and Chi-square tests, respectively. We explored the IGF-1 and IGF-
1/IGFBP-3 distribution according to the number of metabolic syndrome components by using
analyses of variance (ANOVA) and analyses of covariance (ANCOVA). The number of
metabolic syndrome components was calculated using the criteria for the metabolic syndrome
compiled by the International Diabetes Federation and other international bodies in 2009 [11].
We used single and multiple regression analyses to determine the associations of IGF-1 and
IGF-1/IGFBP-3 with the number of metabolic syndrome components. The models included the
following independent variables: age, ethnicity, study type and the number of metabolic
syndrome components. We then further explored how this relationship is modulated by
inflammation, oxidative stress and y-GT. The models then included age, ethnicity, study type,
the number of metabolic syndrome components, CRP, ROS and y-GT as independent
variables. The multi-variable adjusted analyses were performed in the total group and repeated

upon exclusion of individuals with diabetes.
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RESULTS

We stratified the 907 participants according to sex due to significant interactions with sex
regarding the associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome
components (p<0.001 and p=0.010, respectively). No significant interactions were found for

ethnicity or study type (all p>0.05).

Table 1 displays the characteristics of the men and women (Table 2S for each study,
respectively). Despite a younger mean age for men compared to women (41.9 versus 44.1
years, p=0.006), men showed a higher mean waist circumference (p<0.001), triglycerides
(p<0.001), glucose (p<0.001) and BP (p<0.001), accompanied by lower HDL-C (p<0.001). y-GT
were significantly higher in men (p<0.001) while women had higher levels of CRP and ROS (all
p<0.001). IGF-1 did not differ between men and women (p=0.101), whereas women had higher

IGFBP-3 (p<0.001) and a lower IGF-1/IGFBP-3 (p<0.001).
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Table 1: Comparison of cardiovascular, biochemical and anthropometric measurements of men and

women.
Men (n=457) Women (n=450) p value
Age (yrs) 419+12.2 441114 0.006
Ethnicity, black, n (%) 200 (43.8) 184 (40.9) 0.38
Anthropometric measurements
Body mass index (kg/m?) 25.8 (17.7; 37.6) 27.5(19.3; 41.7) <0.001
Waist circumference (cm) 91.0+16.7 85.9+15.0 <0.001
Biochemical measures
IGF-1 (ng/ml) 157 £ 73.1 150 £70.2 0.10
IGFBP-3 (nmolll) 134 + 33.9 144 + 28.1 <0.001
IGF-1/IGFBP-3 1.17 £ 0.45 1.03+0.44 <0.001
Fasting glucose (mmol/L) 5.56 (4.31; 7.32) 5.26 (4.19; 6.90) <0.001
Total cholesterol (mmol/L) 5.22 +1.39 5.27 +1.47 0.64
High-density lipoprotein cholesterol (mmol/L) 1.26 + 0.56 1.43 £0.42 <0.001
Low-density lipoprotein cholesterol (mmol/L) 3.27 £1.27 3.30+1.26 0.70
Triglycerides (mmol/L) 1.27 (0.54; 3.17) 1.01 (0.46; 2.51) <0.001
C-reactive protein (mg/L) 1.66 (0.11; 14.5) 2.52 (0.13; 25.6) <0.001
Reactive oxygen species (mg/L) 78.8+18.3 98.2+27.9 <0.001
Gamma-glutamyl transferase (U/L) 46.3 (16.0; 237) 28.6 (8.00; 183) <0.001
Aspartate aminotrasferase (U/L) 25.8 (14.3; 69.0) 19.9 (11.8; 44.0) <0.001
Alanine transaminase (U/L) 23.7 (9.62; 66.3) 15.0 (5.63; 44.6) <0.001
Cardiovascular measurements
Systolic blood pressure (mmHg) 130+ 17.6 122 £ 18.9 <0.001
Diastolic blood pressure (mmHg) 84.8+12.6 81.1+11.4 <0.001
Lifestyle measures
Smoking self-reported, n (%) 155 (34.0) 86 (19.2) <0.001
Intake of medication
Anti-hypertensive medication, n (%) 81 (17.8) 76 (16.9) 0.73
Anti-diabetic medication, n (%) 7 (1.53) 3(0.67) 0.21
Lipid-lowering medication, n (%) 18 (3.94) 17 (3.78) 0.90
Diabetes, n (%) 40 (8.75) 23 (5.11) 0.031
*Hypertensive, n (%) 146 (32.0) 110 (24.4) 0.015

Data are arithmetic mean + SD or geometric mean (5" and 95" percentile intervals) for logarithmically transformed variables.

n, number of participants; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3

*Classification as hypertensive: 2140/90 mmHg.

In Table 2 we compared IGF-1, IGF-1/IGFBP-3 and the cardiometabolic profile according to the
number of metabolic syndrome components. As expected, both sexes showed that waist

circumference, glucose, triglycerides and BP increased significantly (all p<0.001), and HDL-C

decreased (p<0.001) as the number of metabolic syndrome components increased. For men we
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found a tendency of decreasing IGF-1/IGFBP-3 (p for trend=0.078), but IGF-1 decreased as the
number of metabolic syndrome components increased (p for trend=0.032). In women, IGF-1
and IGF-1/IGFBP-3 decreased significantly with the increase in metabolic syndrome
components (both p for trend<0.001, Table 2). As shown in Figure 1, this decrease persisted

after adjusting for age, ethnicity and study type (p for trend<0.001). However, the decrease of

IGF-1 in men was not significant after adjustments (p for trend=0.240).

Table 2: Mean values of IGF-1, IGF-1/IGFBP-3 ratio and metabolic syndrome components in

categories stratified according to the number of metabolic syndrome components.

Number of metabolic syndrome components p for trend
0 1-2 >3
Men
n 73 196 186
IGF-1 (ng/ml) 166 £ 79.9 147 £ 73.4 164 +69.3 0.032
IGF-1/IGFBP-3 1.28 +0.53 1.14+0.24 1.15+0.44 0.078
Waist circumference (cm) 74.8 +8.12 84.9+14.1* 104 +12.2* <0.001
Glucose (mmol/L) 4.83 (4.03; 5.49) 5.32 (4.22; 6.42)* 6.12 (4.96; 8.91)* <0.001
Triglycerides(mmol/L) 0.80 (0.42; 1.38) 1.03 (0.54; 2.02)* 1.90 (0.87; 4.44)* <0.001
High density lipoprotein (mmol/L) 1.50 £ 0.60 1.44 £ 0.61 0.98 +0.31* <0.001
Systolic blood pressure (mmHg) 116 £ 7.56 131 +17.9* 136 + 17.2* <0.001
Diastolic blood pressure (mmHg) 74.3+5.88 84.4 +12.7* 89.2 + 11.8* <0.001
Women
n 80 211 157
IGF-1 (ng/ml) 190 £79.3 148 + 67.3* 129 + 60.3* <0.001
IGF-1/IGFBP-3 1.22 +0.47 1.06 + 0.44* 0.90 + 0.39* <0.001
Waist circumference (cm) 71.0+5.31 83.5+12.8* 96.6 + 13.1* <0.001
Glucose (mmol/L) 4.76 (4.05; 5.50) 5.02 (4.22; 6.01)* 5.89 (4.21; 10.29)* <0.001
Triglycerides (mmol/L) 0.74 (0.45; 1.30) 0.90 (0.43; 1.74)* 1.38 (0.61; 2.94)* <0.001
High-density lipoprotein (mmol/L) 1.64 £0.25 1.48 £ 0.44* 1.26 + 0.40" <0.001
Systolic blood pressure (mmHg) 106 £ 9.10 121 £ 18.1* 132 +18.1* <0.001
Diastolic blood pressure (mmHg) 71.0+6.52 80.5+11.1* 87.1 +£9.81* <0.001

n, number of participants; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3

*Significance of the difference from previous category (p<0.001).
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Figure 1: The IGF-1 and IGF-1/IGFBP-3 ratio distribution according to the number of metabolic syndrome
components, adjusted for age, ethnicity and study type.

We performed multiple regression analyses with IGF-1 and IGF-1/IGFBP-3 as our dependent
variables in men and women (Table 3). In Model 1 we included the number of metabolic
syndrome components as well as age, ethnicity and study type as independent variables. We
found in all instances a negative relationship between the number of metabolic syndrome

components and IGF-1/IGFBP-3 in both sexes and with IGF-1 in women. Adjustments for CRP,
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ROS and y-GT nullified the relationships of IGF-1 and IGF-1/IGFBP-3 with the number of
metabolic syndrome components (Model 2). CRP was not significantly associated with either
IGF-1 or IGF-1/IGFBP-3, but ROS and y-GT were prominent contributors to the variance of IGF-

1 and IGFBP-3 in both sexes.

Table 3: Independent associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome
components and potential confounders.

Men (n=457) Women (n=450)
IGF-1 IGF-1/IGFBP-3 IGF-1 IGF-1/IGFBP-3
Model 1 R’=0.30 R’=0.14 R?=0.21 R?=0.20
Age (yrs) B=-0.41; p<0.001 =-0.31; p<0.001 3=-0.36 ; p<0.001 =-0.32 ; p<0.001
Ethnicity (White/African) =-0.38 ; p<0.001 B=-0.12;p=0.012  B=-0.12; p=0.004 B=0.10; p=0.016

Study (SAfrEIC/SABPA)
Number of MetS components (0-5)

Model 2 (Model 1 + CRP, ROS, y-GT)
Number of MetS components (0-5)

C-reactive protein log (mg/L)

ROS (mglL)
y-GT log (U/L)

=0.17 ; p<0.001

R’=0.34

=-0.10 ; p=0.016
=-0.20 ; p<0.001

=0.24 ; p<0.001
B=-0.11; p=0.013

R’=0.20

=-0.13 ; p=0.008
=-0.26 ; p<0.001

B=0.16 ; p<0.001
B=-0.11: p=0.014

R’=0.26

=-0.19 ; p<0.001

=0.24 ; p<0.001
=-0.17 ; p=0.003

R’=0.26

=-0.23 : p<0.001
B=-0.12 ; p=0.023

IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; ROS, reactive oxygen species; y-GT,
gamma-glutamyl transferase; MetS, metabolic syndrome.

A separate summary of the individual contribution of CRP, ROS and y-GT to Model 1 is given
in Table 3S. In sensitivity analyses we repeated Model 2 with smoking and the usage of anti-
hypertensive medication as additional covariates. This did not affect the outcome of our results

(Table 4S).

When repeating these analyses after excluding participants with fasting glucose levels of 27.0
mmol/L and/or using diabetes medication (Table 4), we found in Model 1 that the negative
relationship between the number of metabolic syndrome components and IGF-1/IGFBP-3
remained significant in women, but marginally changed in men (B=-0.09 ; p=0.078). After
including CRP, ROS and y-GT as covariates, the relationship between IGF-1/IGFBP-3 and the
number of metabolic syndrome components disappeared. Apart from ROS and y-GT being
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prominent contributors to the variance of IGF-1 and IGFBP-3 in men and women, CRP also
related to IGF-1/IGFBP-3 in men (f=0.10 ; p=0.045), and IGF-1 in women (B=-0.11 ; p=0.043).
To explore whether the aforementioned association between CRP and IGF-1/IGFBP-3 in men
are possibly driven by obesity, we included waist circumference to the model and found that the

association between CRP and IGF-1/IGFBP-3 became non-significant (=0.085 ; p=0.089).

Table 4: Independent associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome

components and potential confounders in participants without diabetes.

Men (n=417) Women (n=427)
IGF-1 IGF-1/IGFBP-3 IGF-1 IGF-1/IGFBP-3
Model 1 R’=0.31 R’=0.14 R?=0.20 R’=0.19
Age (yrs) =-0.42; p<0.001 =-0.33 ; p<0.001 =-0.37 ; p<0.001 =-0.34 ; p<0.001
Ethnicity (White/African) =-0.38 ; p<0.001 B=-0.11; p=0.027  B=-0.12; p=0.008  B=0.11; p=0.015

Study (SAfrEIC/SABPA)
Number of MetS components (0-5)

=0.15 ; p<0.001

=0.22 ; p<0.001
=-0.09 ; p=0.078

B=0.15 ; p<0.001
B=-0.12 ; p=0.015

=0.22 ; p<0.001
=-0.14 : p=0.002

Model 2 (Model 1 + CRP, ROS, y-GT) R?*=0.35 R?*=0.20 R?*=0.26 R?*=0.26
Number of MetS components (0-5)
C-reactive protein log (mg/L) 3=0.10; p=0.050 3=-0.11; p=0.046

ROS (mglL)
y-GT log (U/L)

=-0.09 ; p=0.035
=-0.20 ; p<0.001

B=-0.11 ; p=0.024
=-0.26 ; p<0.001

=-0.18 ; p<0.001

=-0.23 : p<0.001
B=-0.12 ; p=0.025

IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; ROS, reactive oxygen species; y-GT,
gamma-glutamyl transferase; MetS, metabolic syndrome.

DISCUSSION

We examined the relationship of bioavailable IGF-1 with increasing cardiometabolic risk, and
how this relationship is affected by inflammation, oxidative stress and liver dysfunction. We
focused specifically on the whole population sample but repeated our analyses upon exclusion
of patients with diabetes. We found an independent inverse association between bioavailable
IGF-1 and the number of metabolic syndrome components in the whole population of men and
women. However, significance of this relationship was lost after adjusting for CRP, ROS and y-
GT (as a marker of liver dysfunction), where both ROS and y-GT were negatively associated

with bioavailable IGF-1 in both sexes. When individuals with diabetes were excluded, the
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negative association between bioavailable IGF-1 and the number of metabolic syndrome
components remained significant in women, but a borderline association were found in men.
Again in women the significance of the relationship was lost upon inclusion of CRP, ROS and y-

GT to the model.

In agreement with our findings, several studies reported a negative association between
bioavailable IGF-1 and the number of metabolic syndrome components. Sierra-Johnson et al.
examined 3281 subjects from the Third National Health and Nutrition Examination Survey
(NHANES 111), and found that bioavailable IGF-1 decreased significantly as the number of
metabolic syndrome components increased [13]. In addition, Sesti et al. examined 509
European subjects of whom 20% were classified as having the metabolic syndrome. IGF-1 was
also lower in subjects with the metabolic syndrome compared to those without [8]. However,
none of these studies accounted for markers of inflammation, oxidative stress or y-GT in their

analyses.

When CRP, ROS and y-GT were added to the regression model the link between bioavailable
IGF-1 and the number of metabolic syndrome components became non-significant. Indeed both
ROS and y-GT were negatively associated with bioavailable IGF-1 in men and women. IGF-1
reduces oxidative stress and is responsible for free oxygen radical scavenging [3]. But oxidative
stress also attenuates IGF-1 levels, given that oxidative stress particularly affects hepatocytes
where IGF-1 is mainly synthesised [16,23]. Furthermore y-GT, as a surrogate marker of liver
damage and liver diseases such as alcoholic fatty liver disease and non-alcoholic fatty liver
disease (NAFLD), are associated with reduced IGF-1 production [24-27]. However it is beyond

the scope of this article to differentiate whether the increase in y-GT is due to alcohol or NAFLD.
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We did not find an independent association between CRP and bioavailable IGF-1 in the whole
population. This was unexpected since CRP synthesis is stimulated by pro-inflammatory
cytokines such as interleukin (IL)-6, tumor necrosis factor alpha (TNF-a) and IL-1 that are also
known to decrease both circulatory and tissue concentrations of IGF-1 [28,29]. However, CRP
has been shown to result in increased superoxide production [30], and therefore we might
speculate that CRP attenuated IGF-1 via the process of oxidative stress. This was possibly
represented by ROS that was independently related to bioavailable IGF-1 in our regression
model. In the population without diabetes we found a positive association between CRP and
bioavailable IGF-1 in men. However, this relationship disappeared upon inclusion of waist
circumference to the model. Therefore we might speculate that the relationship between CRP
and IGF-1 is driven by obesity since it is known that obesity and CRP are strongly associated

[31].

Our finding that both ROS and y-GT modulate the association between bioavailable IGF-1 and
the number of metabolic syndrome components in men and women emphasise the fact that
these components should be taken into account when investigating the link between IGF-1 and
the metabolic syndrome. These results may reflect potential mechanistic pathways (namely via
oxidative stress and liver dysfunction) by which the metabolic syndrome attenuates IGF-1
levels, given that the metabolic syndrome is associated with the overproduction of reactive

oxygen species [32] and increased levels of y-GT [33].

This study should be viewed in context of its strengths and limitations. A limitation of our study is
that it consists of two different studies, but both studies used validated techniques. Thus, we
pooled IGF-1 data that was measured with different assays (ELISA and IRMA) in the two
studies. The y-GT test is a non-specific measure that can be elevated with many types of liver
diseases; therefore we did not specify a liver disease associated with the increase in y-GT in
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our study. The results of our study were consistent after multiple adjustments however, we
cannot exclude residual confounding. In addition, due to the cross-sectional nature of this study,
causality cannot be inferred. The strengths of this study include the availability of bioavailable

IGF-1 (IGF-1/IGFBP-3) in a relatively large group of participants.

To conclude, cardiometabolic risk is inversely associated with bioavailable IGF-1, but this
association is potentially mediated by oxidative stress, inflammation and liver dysfunction.
These factors should be taken into account when investigating the link between IGF-1 and the
metabolic syndrome. Therefore, strategies aimed at improving low-grade inflammation,
oxidative stress and liver function in individuals that are metabolically compromised should be

investigated due to their potentially attenuating effects on IGF-1.
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Chapter 3

Table 1S: Comparison of assays used to determine total IGF-1 levels in the SABPA and SAfrEIC

studies.

Unit of measurement for IGF-1
Intra-assay CV (%)
Inter-assay CV (%)
Sensitivity (ng/ml)
Dilution test (%)
Recovery test (%)
Kit calibrators

CALO

CAL 1

CAL 2

CAL 3

CAL 4

CAL 5

CAL 6

IRMA

(Immunotech A15729, Beckman & Coulter)

(SABPA)
ng/ml
2.92
4.49

2

88 - 111
91-103

0

30
100
300
600
1200

ELISA

(BiocodeHycel EL2010)
(SAfrEIC)

ng/mi

15.08

7.89

4.9

73-108

101.5-109.8

45
7
133
270
570
1330

IGF-1, insulin-like growth factor-1; CV, coefficient of variation.
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Table 2S: Comparison of cardiovascular, biochemical and anthropometric measurements of men and

women in the SABPA and SAfrEIC study, respectively.

SABPA study SAfrEIC study
Men (n=189) Women (n=198) pvalue Men (n=268) Women (n=252) p value
Age (yrs) 44.1+9.92 45.2 +9.60 0.26 40.4+13.3 43.1+12.5 0.016
Ethnicity, black, n (%) 88 (46.6) 90(45.5) 0.83 112 (41.8) 94 (37.3) 0.30
Anthropometric measurements
Body mass index (kg/m?) 27.9 (20.7; 38.6) 28.5(20.0; 42.2) 0.16 25.1(16.9; 35.7) 26.8(18.7;40.9) <0.001
Waist circumference (cm) 97.9+15.6 88.9+15.0 <0.001 86.1+15.8 83.5+14.5 0.049
Biochemical measures
IGF-1 (ng/ml) 165 +59.8 158 + 63.2 0.26 152 +80.9 143 +74.8 0.19
IGFBP-3 (nmol/l) 133+£27.0 138 £26.7 0.077 134 +38.0 149 +28.4 <0.001
IGF-1/IGFBP-3 1.24 +£0.40 1.13+0.41 0.009 1.11+£0.48 0.96 + 0.45 <0.001
Fasting glucose (mmol/L) 5.87 (4.60; 9.50) 5.18 (4.19; 6.55)  <0.001 5.35(4.22;7.13) 5.32(4.19; 7.60) 0.72
Total cholesterol (mmol/L) 523+1.24 5.02+1.37 0.11 521+1.48 5.46 + 1.53 0.066
HDL cholesterol (mmol/L) 1.03+0.33 1.32+0.38 <0.001 1.42+0.63 1.52+0.43 0.027
LDL cholesterol (mmol/L) 345+1.22 3.26+1.18 0.12 3.15+1.36 3.34+£1.33 0.11

Triglycerides (mmol/L) 1.35(0.58;3.23)  0.84(0.42;2.13) <0.001  1.22(0.53;3.11) 1.16 (0.51;2.80)  0.38

C-reactive protein (mg/L) 2.19(0.65;9.60)  3.87 (0.99;28.7) <0.001  1.36(0.01;15.9)  1.80(0.07;24.0)  0.019

Reactive oxygen species (mg/L) 79.5+17.3 105+ 31.0 <0.001 78.2+19.0 92.6 +23.9 <0.001

Gamma-glutamyltransferase (U/L) 40.1 (13.0; 156) 36.2 (14.0; 242) <0.001
22.3 (13.7; 40.0)

19.9 (7.80; 55.6)

21.2(7.00;89.8) <0.001  51.2(18.6; 334)

Aspartate aminotrasferase (U/L) 17.0 (11.2; 30.0)  <0.001 28.6 (15.4;89.9) 22.6(13.3;67.6) <0.001

Alanine transaminase (U/L) 11.0 (4.53; 30.8)  <0.001 26.8(11.4;74.3) 19.1(9.82;47.9) <0.001

Cardiovascular measurements

Systolic blood pressure (mmHg) 134 £17.9 126 £ 16.4 <0.001 103 £ 16.9 118 £20.2 <0.001

Diastolic blood pressure (mmHg) 89.1+12.8 81.7+10.0 <0.001 65+ 11.5 80.7+12.3 0.29
Lifestyle measures

Smoking self-reported, n (%) 42 (22.2) 16 (8.08) <0.001 113 (42.2) 70 (27.8) <0.001
Intake of medication

Anti-hypertensive medication, n (%) 45 (23.8) 45 (22.7) 0.80 36 (13.4) 31(12.3) 0.68

Anti-diabetic medication, n (%) 7 (3.70) 3(1.51) 0.18 0(0) 0(0) -

Lipid-lowering medication, n (%) 7 (3.70) 4(2.02) 0.32 11 (4.10) 13 (5.16) 0.57
Diabetes, n (%) 14 (5.22) 18 (7.14) 0.36 26 (13.8) 5(2.53) <0.001
*Hypertensive, n (%) 80 (42.3) 62 (31.3) 0.025 66 (24.6) 48 (19.1) 0.12

Data are arithmetic mean + SD or geometric mean (5" and 95" percentile intervals) for logarithmically transformed variables.

n, number of participants; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; HDL cholesterol,
High-density lipoprotein; LDL cholesterol, Low-density lipoprotein.

*Classification as hypertensive: 2140 and/or 90 mmHg.
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Table 3S: Independent associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome

components and the individual contribution of additional confounders.

Model 1
Age (yrs)
Ethnicity (White/African)
Study (SAfrEIC/SABPA)
Number of MetS components (0-5)

Model 2 (Model 1 + CRP)
Number of MetS components (0-5)

C-reactive protein log (mg/L)

Model 3 (Model 1 + ROS)
Number of MetS components (0-5)
ROS (mg/L)

Model 4 (Model 1 + y-GT)
Number of MetS components (0-5)
y-GT log (U/L)

Men (n=457) Women (n=450)
IGF-1 IGF-1/IGFBP-3 IGF-1 IGF-1/IGFBP-3
R’=0.30 R’=0.14 R*=0.21 R?=0.20

B=-0.41; p<0.001
B=-0.38 ; p<0.001
B=0.17 ; p<0.001

R?=0.30

R?=0.32

B=-0.13 ; p=0.002

R?=0.33

B=-0.22 ; p<0.001

B=-0.31; p<0.001
B=-0.12; p=0.012
B=0.24 ; p<0.001
B=-0.11; p=0.013

R’=0.14
B=-0.14 ; p=0.010

R’=0.16
B=-0.11; p=0.030
B=-0.13 ; p=0.005

R?=0.19

B=-0.27 ; p<0.001

B=-0.36 ; p<0.001
B=-0.12 ; p=0.004
B=0.16 ; p<0.001

=-0.11; p=0.014

R’=0.23

B=-0.21 ; p<0.001

R’=0.25

B=-0.23 ; p<0.001

R?*=0.21
B=-0.10 ; p=0.044
B=-0.12; p=0.028

B=-0.32 ; p<0.001
=0.10 ; p=0.016
=0.24 ; p<0.001
B=-0.17 ; p=0.003

R’=0.22

B=-0.18 ; p<0.001

R’=0.26
B=-0.10 ; p=0.033
B=-0.26 ; p<0.001

R?*=0.21
=-0.12; p=0.013
B=-0.15 ; p=0.007

IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; ROS, reactive oxygen species; y-GT,

gamma-glutamyl transferase; MetS, metabolic syndrome.

Table 4S: Independent associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome

components and additional covariates.

Model 1
Age (yrs)
Ethnicity (White/African)
Study (SAfrEIC/SABPA)
C-reactive protein (mg/L)
ROS (mg/L)
y-GT log (U/L)
Smoking (yes/no)
Antihypertensive medication (yes/no)

Number of MetS components (0-5)

Men (n=457) Women (n=450)
IGF-1 IGF-1/IGFBP-3 IGF-1 IGF-1/IGFBP-3
R’=0.34 R’=0.20 R?=0.26 R?=0.26

B=-0.37; p<0.001
B=-0.22 ; p<0.001
B=0.91; p=0.044
B=-0.09 ; p=0.035
B=-0.19 ; p<0.001

B=-0.26 ; p<0.001
B=0.14 ; p=0.005
B=-0.12; p=0.012
B=-0.26 ; p<0.001

B=-0.35 ; p<0.001
=0.19 ; p<0.001
B=-0.19 ; p<0.001

B=-0.32 ; p<0.001
=0.19 ; p<0.001
B=0.25 ; p<0.001
B=-0.23 ; p<0.001
B=-0.12 ; p=0.020

IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; ROS, reactive oxygen species; y-GT,

gamma-glutamyl transferase; MetS, metabolic syndrome.
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ABSTRACT

Introduction: Insulin-like growth factor-1 (IGF-1) has vasculoprotective effects and can directly
oppose endothelial dysfunction in several ways. To improve our understanding on the potential
contribution of reduced IGF-1 to the development of vascular endothelial damage, we
investigated the link between bioavailable IGF-1 and von Willebrand factor (vWF) as a marker of
endothelial damage. We performed this study in black South African school teachers, known to
be prone to hypertension.

Materials and methods: From the larger Sympathetic activity and Ambulatory Blood Pressure in
Africans (SABPA) study we included 179 black and 207 white non-diabetic men and women
(aged 44.5 + 9.96 years). We measured ambulatory blood pressure and determined IGF-1,
insulin-like growth factor binding protein-3 (IGFBP-3) and VWF antigen from blood samples. We
used the molar IGF-1/IGFBP-3 ratio as an estimate of bioavailable IGF-1.

Results: Black individuals presented higher blood pressure and VWF,4 and lower IGF-1 than the
white group (all p<0.001). In multi-variable adjusted analyses, VWF,4 was inversely associated
with IGF-1 (R*=0.18; B=-0.17; p=0.044) and IGF-1/IGFBP-3 (R®=0.18; B=-0.17; p=0.030) in
blacks, with no associations in whites. Since IGF-1 is attenuated and vVWF,, elevated in
diabetes, we included patients with diabetes (n=38) and the aforementioned associations found
in blacks remained robust.

Conclusion: The inverse association between bioavailable IGF-1 and VWF in black South
Africans suggests that suppressed IGF-1 may result in endothelial damage independent of

traditional risk factors.

Keywords: insulin-like growth factor-1; insulin-like growth factor binding protein-3; von

Willebrand factor.
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INTRODUCTION

Insulin-like growth factor-1 (IGF-1) has vasculoprotective effects by activating nitric oxide
synthase (NOS) and consequently increasing nitric oxide (NO) production through the PI3-K
signalling pathway [1]. These protective effects include, among others, anti-apoptosis [2],
endothelial-dependent vasodilation [3], oxygen free radical scavenging [4], anti-inflammatory [5]
and anti-platelet aggregation properties [4]. IGF-1 is synthesised upon stimulation by growth
hormone (GH) and is bound to insulin-like growth factor binding proteins (IGFBPs) that function
as carrier proteins to regulate circulating IGF-1 transport, turnover and distribution [6]. IGF-1 is
only biologically active in its free form, therefore total circulating IGF-1 provides only a crude
estimate of biologically active IGF-1 [7]. Free IGF-1, which only account for 1% of total IGF-1,
may therefore have greater physiological and clinical relevance than total IGF-1 [8]. Since
approximately 80% of total IGF-1 is bound to IGFBP-3 [6], the calculation of the molar ratio of
IGF-1/IGFBP-3 allows us to use the ratio as an estimate of bioavailable IGF-1, which may be a

more beneficial marker to use than total IGF-1.

The endothelial-protective activities of IGF-1 are vital, with reduced IGF-1 levels linked to
endothelial dysfunction [6], which may ultimately lead to endothelial damage. Also, attenuated
IGF-1 levels associate with various cardiovascular risk factors such as hypertension [9, 10] and
diabetes mellitus [11], which may fully exert their detrimental effects through the pathway of
endothelial dysfunction, endothelial apoptosis and the development of unstable plaque [2, 12,
13]. Endothelial damage results in the elevation of von Willebrand factor (VWF) levels [14] — a
blood glycoprotein synthesised by and stored in endothelial cells [15]. Cell injury associated with

cardiovascular risk factors such as diabetes will also result in high levels of VWF [14].

Due to rapid urbanisation, black South Africans are prone to hypertension development [16] and
have a high prevalence of cardiovascular disease [17]. The evidence that an urban dwelling
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lifestyle may be detrimental to the cardiometabolic health of Africans motivated us to develop
the SABPA study that included black and white school teachers [18]. We have demonstrated in
the SABPA and another South African study that black individuals have lower levels of IGF-1
than white South Africans making them more vulnerable to vascular abnormalities [9, 19]. We
therefore investigated whether endothelial damage, measured by vWF, is related to IGF-1 in

black and white South Africans.

MATERIALS AND METHODS

Study population

This study forms part of the SABPA study conducted between February and May, 2008 and
2009. We recruited a total of 409 urbanised black and white teachers from the North West
province, South Africa. The reason for this selection was an attempt to attain a homogenous
sample from a similar socio-economic class. We invited all eligible participants between the
ages of 25 and 65 years to participate. Exclusion criteria were participants with an elevated ear
temperature, making use of a- and B-receptor blockers, psychotropic substance dependence or
abuse, blood donors, and individuals vaccinated in the past three months. For this sub-study,
participants were excluded due to missing data on IGF-1 availability (n=4). Human
immunodeficiency virus (HIV) infected participants (n=19) and participants with glycated
haemoglobin (HbA1c) levels 26.5% and/or using diabetes medication (n=38) were also
excluded. The overall sample of this sub-study consisted of 348 participants divided into a black
(n=148) and white (n=200) group. Participants were fully informed about the objectives and
procedures of the study prior to their inclusion. All participants signed an informed consent form.
The study complied with the Helsinki declaration of 1975 (as revised in 2008) for investigation of
human participants. The Health Research Ethics Committee of the North-West University

(Potchefstroom Campus) approved the study.
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Organisational Procedures

Each morning at approximately 08h00, an ambulatory blood pressure monitor (ABPM) device
was attached to the participants’ non-dominant arm at their workplace. At 16h30 participants
were transported to the Metabolic Unit Research Facility of the North-West University. This
facility consists of 10 bedrooms, two bathrooms, a living room and kitchen. Participants received
a standardised dinner and had their last beverages (tea/coffee) and two biscuits at 20h30.
Thereafter they relaxed by reading, watching television, or social interaction and refrained from
consuming alcohol, caffeine, smoking and doing exercise. They were encouraged to go to bed
at around 22h00. Urine was collected overnight. At 06h00, subjects were woken at which time
the ABPM apparatus was removed and subsequent measurements commenced. After the
collection of a urine sample and anthropometric data, nurses obtained a fasting venous blood
sample. Actical® accelerometers (Montréal, Québec) were attached around the hip of each
participant before they leave for work, in order to assess physical activity during a normal

working day.

Questionnaires

We used a general health questionnaire to determine lifestyle habits and medication use.

Anthropometric measurements

Height (stature) and weight of participants were measured while being in their underwear.
Measurements were taken in ftriplicate using standard methods with calibrated instruments
(Precision Health Scale, A & D Company, Tokyo, Japan; Invicta Stadiometer, IP 1465, London,
UK) [20]. Waist circumference (WC) was measured with measurements taken to the nearest 0.1
cm using a non-stretchable standard tape (Lufkin, Cooper Tools, Apex, North Carolina, US).

Body mass index (BMI) was calculated by weight divided by height squared (kg/m?).
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Blood Pressure Measurements

An ABPM apparatus (Meditech CE120® Cardiotens; Meditech, Budapest, Hungary) was
attached on the participant at their workplace, programmed to measure blood pressure at 30
minute intervals during the day (08h00-22h00) and every hour during night time (22h00-6h00).
We downloaded blood pressure data onto a database using the CardioVisions 1.9.0 Personal

Edition software (Meditech, Budapest, Hungary).

Blood Sampling and Biochemical Analyses

A registered nurse obtained a blood sample with a sterile winged infusion set from the
antebrachial vein branches. Serum samples for total cholesterol (TC), high density lipoprotein
(HDL) cholesterol, triglycerides, gamma-glutamyl transferase (y-GT), and high-sensitivity C-
reactive protein (CRP) were analysed using two sequential multiple analysers (Konelab 20i;
Thermo Scientific, Vantaa, Finland (2008); Unicel DXC 800 - Beckman and Coulter®, Germany
(2009)). Interleukin-6 (IL-6) was analysed using the IL-6 Quantikine high sensitivity enzyme
linked immunosorbent assay (R&D Systems, Minneapolis, MN USA). Total IGF-1 and IGFBP-3
were determined with immunoradiometric assays (IRMA) from Immunotech (Beckman and
Coulter®, Germany; IGF-1 — A15729; IGFBP-3 — DSL-6600). Serum peroxides were determined
by an improved assay system based on the principle of the derivatives of reactive oxygen
metabolites test, which is recognised as an efficient method for evaluating reactive oxygen
species (ROS) in the body. The Bio-Tek FL600 Microplate Fluorescence Reader (Bio-Tek,
Instruments, Inc., Highland Park, Winooski, VT, USA) was used to measure ROS levels, where
1.0 mg/L H,O, represents one unit of ROS [21]. Citrated samples were used for the analysis of
von Willebrand factor antigen (VWF,g). VWF,4 levels were determined with a sandwich enzyme-
linked immunosorbent assay (ELISA). Polyclonal rabbit anti-vWF antibody and rabbit anti-vWF-
horseradish peroxidase antibody (DAKO, Glostrup, Denmark) were used to perform the assay.

The 6th International Standard for VWF/FVIII was used to create the standard curve against
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which the samples were measured. The percentage of HbA1c was determined by means of the
turbidimetric inhibition immunoassay on whole blood using the Roche Integra 400 (Roche,
Basel, Switzerland). In the present sub-study, participants were considered as having diabetes if
they had HbA1c levels of 26.5 % or made use of diabetes medication [22]. HIV testing was done

according to standard procedures of the South African Department of Health.

Statistical Analyses

For database management and statistical analyses we used Statistica version 12.0 (StatSoft,
Inc.,Tulsa, OK). We tested the interaction of sex and ethnicity on the association between
VWF,4 and IGF-1/IGFBP-3 by introducing appropriate interaction terms in multiple regression
analyses. Variables that were not normally distributed were logarithmically transformed (VWF,g,
IL-6, CRP, HbA1c, triglycerides, and y-GT). We subsequently compared means and proportions
between black and white groups with independent T-tests and Chi-square tests, respectively.
We used single regression analyses and forward stepwise multiple regression analyses to
determine the associations of VWF,4 with total IGF-1 and IGF-1/IGFBP-3. The models included
the following covariates: age, sex, BMI, HbA1c, total cholesterol:HDL, triglycerides, CRP, ROS,
y-GT, smoking, pulse pressure, and antihypertensive medication. The multivariate-adjusted
analyses were also repeated upon inclusion of individuals with diabetes. All p-values refer to 2-

sided hypothesis.

RESULTS

We found no interaction of ethnicity (p=0.36) and sex (p=0.65 and p=0.48 for blacks and whites,
respectively) on the association between VWF,4 and IGF-1/IGFBP-3. We therefore pooled the
men and women, but stratified the groups according to ethnicity in line with our aim and the

literature [9, 23].
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Characteristics of the study population

Table 1 displays the characteristics of the black and white participants. Age did not differ
between blacks and whites, however black participants showed higher BMI (p<0.001), 24hr
systolic and diastolic blood pressure (all p<0.001), VWF,4 (p<0.001), CRP (p<0.001) and IL-6
(p=0.001). IGF-1 (p<0.001) and IGFBP-3 (p<0.001) were lower in the black group, but IGF-

1/IGFBP-3 was similar between the two groups (p=0.26).

Table 1: Comparison of cardiovascular, biochemical and anthropometric measurements of black and

white participants.

Black (n=148) White (n=200) p value
Age (yrs) 43.8+8.54 45.0+10.9 0.28
Sex (women, men) 79/69 105/95 0.87
Anthropometric measurements
Body mass index (kg/m”) 29.9+6.91 2741575 <0.001
Waist circumference (cm) 92.4 +14.7 924 +15.7 0.96
Biochemical measures
HbA1c (%) 5.70 (5.10; 3.60) 5.46 (5.00; 6.10) <0.001
Total cholesterol:HDL ratio (mmol/L) 4.25+1.61 4.96 +1.60 <0.001
Triglycerides (mmol/L) 1.07 (0.49; 2.77) 0.99 (0.43; 2.74) 0.20
IGF-1 (ng/ml) 142 + 54.4 178 £ 62.7 <0.001
IGFBP-3 (nmol/l) 122 £ 24.6 148 £22.9 <0.001
IGF-1/IGFBP-3 0.15+0.05 0.16 £ 0.05 0.26
VWF g (%) 90.5 (57.9; 148) 62.1 (41.0; 95.4) <0.001
C-reactive protein (mg/L) 4.49 (0.65; 33.0) 2.00 (0.99; 9.00) <0.001
IL-6 (pg/mL) 1.17 (0.33; 3.14) 0.91(0.31; 3.03) 0.001
Reactive oxygen species (mg/L) 90.7 (57.1; 145) 87.0 (57.2; 138) 0.17
Cardiovascular measurements
Ambulatory systolic blood pressure (mmHg) 132+ 16.4 124 +11.5 <0.001
Ambulatory diastolic blood pressure (mmHg) 82.4+10.8 76.3+7.87 <0.001
Ambulatory pulse pressure (mmHg) 49.7 £9.19 4724722 0.004
Lifestyle measures
Gamma-glutamyl transferase (U/L) 44.6 (20.1; 177) 18.9 (7.00; 75.0) <0.001
Smoking self-reported, n (%) 26 (17.6) 29 (14.5) 0.45
Medication use
Anti-hypertensive medication, n (%) 49 (33.1) 25 (12.5) <0.001
Lipid-lowering medication, n (%) 2 (1.35) 8 (4.00) 0.14
Anti-inflammatory medication, n (%) 10 (7.76) 12 (6.00) 0.77
Hypertensive, n (%) 103 (69.6) 87 (43.5) <0.001

Data are arithmetic mean + SD or geometric mean (5" and 95" percentile intervals) for logarithmically transformed variables.
n, number of participants; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; HbA1c,

glycated haemoglobin; VWF.g, von Willebrand factor antigen.*Classification as hypertensive: 2140/90 mmHg.
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Regression analyses

In unadjusted analyses (Figure 1) we observed an inverse association between vVWF,, and both
IGF-1 and IGF-1/IGFBP-3 in the black participants, with no associations found in the white
group. After adjusting for age, sex and BMI the association between VWF,, and IGF-1 in blacks
remained significant (r=-0.17; p=0.041) while the inverse association between VWF,4, and IGF-
1/IGFBP-3 became borderline (r=-0.14; p=0.096). These additional adjustments did not change

the non-significant results in the white group.
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Figure 1: von Willebrand factor (vWWF) as a function of insulin-like growth factor-1 (IGF-1) and IGF-
1/insulin-like growth factor binding protein-3 (IGFBP-3) in black and white individuals in single

regression analyses. Solid and dashed lines represent the regression line and the 95% CI boundaries
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Table 2: Independent associations of VWF,4 with IGF-1/IGFBP-3 and total IGF-1.

Chapter 4

Black White

VWF 4 VWF 4

B (95% ClI) p value B (95% ClI) p value
n 148 200
Model 1
Adjusted R? 0.18 0.04
Main independent variable: IGF-1/IGFBP-3 -0.17 (-0.33;-0.01)  0.044 -
Age (yrs) - 0.11 (-0.03;0.25) 0.13
Sex (women, men) - 0.12 (-0.07;0.31) 0.098
BMI (kg/m?) 0.21 (0.03;0.39) 0.025 0.11 (-0.04;0.26) 0.16
HbA1c (%) -0.11 (-0.27;0.05)  0.18 -
TC/HDL ratio -0.08 (-0.24;0.08)  0.31 -
C-reactive protein (mg/L) 0.23 (0.04;0.40) 0.016 -
Reactive oxygen species (mg/L) - 0.19 (0.02;0.36) 0.032
y-GT (U/L) - -0.12 (-0.31;0.01)  0.066
Smoking (no/yes) - -0.07 (-0.21;0.07)  0.32
Anti-hypertensive medication (no/yes) -0.19 (-0.35;-0.04) 0.016 -
Model 2
Adjusted R? 0.18 0.04
Main independent variable: IGF-1 (ng/ml) -0.17 (-0.37;-0.02)  0.030 -
Age (yrs) - 0.11 (-0.03;0.25) 0.13
Sex (women, men) 0.12 (-0.07;0.31) 0.22
BMI (kg/m?) 0.21 (0.03;0.39) 0.025 0.11 (-0.04;0.26) 0.16
HbA1c (%) -0.11(-0.27;0.04) 0.15 -
C-reactive protein (mg/L) 0.22 (0.04;0.39) 0.019 -
Reactive oxygen species (mg/L) - 0.19 (0.02;0.36) 0.032
y-GT (U/L) - -0.15(-0.31;0.01)  0.066
Smoking (no/yes) - -0.07 (-0.21;0.07)  0.32
Anti-hypertensive medication (no/yes) -0.21 (-0.37;-0.06)  0.006 -

B, partial regression coefficient; 95% Cl, 95% confidence intervals of B; VWF., von Willebrand factor antigen; 1GF-1, insulin-like
growth factor-1; IGF-1/IGFBP-3 ratio, insulin-like growth factor-1/insulin-like growth factor binding protein-3; BMI, body mass index;
HbA1c, glycated haemoglobin; TC:HDL ratio, total cholesterol:high-density lipoprotein cholesterol; y-GT, gamma-glutamyl
transferase.

Covariates included IGF-1/IGFBP-3 or IGF-1, age, sex, BMI, HbA1c, TC:HDL, triglycerides, C-reactive protein; pulse pressure,
reactive oxygen species, y-GT, smoking and antihypertensive medication.

p < 0.05 regarded as statistically significant.

We further performed multi-variable adjusted forward stepwise regression analyses with VWFq
as dependent variable (Table 2), and assessed the association with IGF-1/IGFBP-3 (Model 1)
and total IGF-1 (Model 2) as our main independent variables. We found an inverse association
between VWF,4 and IGF-1/IGFBP-3 (R2=0.18; B=-0.17; p=0.044) and between VWF,4 and IGF-1

(R?=0.18; B=-0.17; p=0.030) in blacks only. Also when including participants with diabetes
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(n=38) (Table 1S), the inverse associations of VWF,, with IGF-1/IGFBP-3 (R*=0.14; B=-0.17;

p=0.020) and IGF-1 (R?>=0.15; B=-0.21; p=0.005) were confirmed in the blacks only.

DISCUSSION

We found an independent inverse association between VWF, as a marker of endothelial
damage, and bioavailable IGF-1 in black individuals who also presented with significantly higher
blood pressure and vWF, and lower IGF-1 than white individuals. This finding was robust in a
population irrespective of including or excluding those with diabetes. No significant associations

were found in the white group.

We confirm our previous results in a different population sample indicating that IGF-1 levels are
significantly lower in blacks compared to whites [9]. Higher levels of vWF among blacks also
support previous findings [24, 25], and taken together with the low IGF-1 profile, these results
may indicate and partly explain why black populations have an increased risk for hypertension
development and cardiovascular events [17]. Although our black population had higher
ambulatory blood pressure [9], we found the association between endothelial damage and IGF-
1 to be independent of pulse pressure and other risk factors. This association was found not
only with total IGF-1 but also with the IGF-1/IGFBP-3 ratio, which may indicate that both total

and bioavailable IGF-1 associate independently with endothelial damage.

Empen et al. analysed the association between IGF-1 and endothelial function, as measured by
flow-mediated dilation, in a study population including 1482 participants (49.7% women) aged
25-85 years [26]. Although we used VWF and not flow mediated dilation as a marker of
endothelial function, our results support the findings of Empen that low serum levels of IGF-1
are associated with impaired endothelial function, after adjustments for major cardiovascular
confounders [26]. The role of IGF-1 in vasodilation is supported by Abdu et al. who showed that
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patients (nonsmokers, without diabetes, hypertension or vascular disease) with low levels of
IGF-1 due to growth hormone deficiency have reduced vasodilation. However, the
administration of growth hormone led to the normalisation of previously reduced vasodilation

[27].

von Willebrand factor is increased following endothelial cell injury [28], therefore VWF is an
indicator of endothelial damage [14]. VWF has various functions in hemostasis: it acts as a
bridging molecule for platelet adhesion and aggregation at the site of cell injury [29]. VWF-
mediated platelet adhesion is dependent on a high shear rate, which occurs in arterioles and in
partially occluded arteries [30]. Therefore damage to the endothelium enables VWF to bind to
platelets at the site of injury, which does not occur in the absence of injury [30]. VWF also acts
as a carrier for coagulation factor VIl and is responsible for maintaining normal levels of factor
VIII [31]. In addition to the important functions of VWF in hemostasis, VWF is also involved in

arterial thrombus formation and atherosclerosis [32].

Since IGF-1 has vasculoprotective properties [1] we may speculate on some mechanisms to be
involved in the link found between vWF and IGF-1. IGF-1 directly opposes endothelial
dysfunction, mainly by increasing NO production [1]. NO has multiple endothelial-protective
activities, therefore a reduction in IGF-1 will consequently decrease NO production with a loss in
its vasculoprotective effects, resulting in endothelial dysfunction [33] and may ultimately lead to
endothelial damage. NO further plays a major role in the regulation of VWF secretion [34]. NO is
responsible for the inhibition of platelet activation, and may thus inhibit endothelial exocytosis
such as VWF release [34, 35]. On the other hand, a reduction in NO levels may potentiate VWF
secretion [34]. Another valuable protective activity of IGF-1 is the activation of phospholipase A,
which induces prostacyclin (prostaglandin 1, (PGl,)) synthesis [36]. PGl has important anti-
platelet effects and is also responsible for inducing vasodilation [36]. In a study by Veyradier et
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al. VWWF levels were significantly decreased when patients with pulmonary arterial hypertension
were treated with prostacyclin [37]. Given that IGF-1 is responsible for NO and prostacyclin
production [1, 36] and that both NO and prostacyclin exert an autocrine negative feedback on
VWF secretion [34, 37], one might expect that a reduction in IGF-1 would potentiate VWF
secretion with possible implications for endothelial damage and hemostasis. This was confirmed
by the significant inverse association found between VWF and IGF-1 in the black population.
Therefore endothelial damage in blacks, who also presented a more unfavourable
cardiometabolic profile compared to whites, may be due to a decline in bioavailable IGF-1

levels.

This study should be viewed in context of its strengths and limitations. Participants consisted of
urban black and white teachers, and the results can therefore not be extrapolated to the rest of
South Africa. Due to the cross-sectional nature of this study, causality cannot be inferred. In
addition, information on platelets and white blood cell counts, as well as flow mediated dilation
were not available and may have provided more insight on the mechanisms involved regarding
the link between VWF and IGF-1. The results of our study were consistent after multiple
adjustments however, we cannot exclude residual confounding. Strengths of this study include
the availability of bioavailable IGF-1 (molar IGF-1/IGFBP-3), detailed cardiovascular
assessments and socio-economic compatibility in a relatively large group of bi-ethnic

participants.

To conclude, the independent inverse relationship between VWF and IGF-1 in black individuals
suggests that endothelial damage may be a consequence of the reduction in endothelial-
protective activities of IGF-1. Our findings support the notion that reduced IGF-1 could be

considered as an independent risk factor for cardiovascular disease.
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SUPPLEMENTARY MATERIAL

Table 1S: Independent associations of VWF,4 with IGF-1/IGFBP-3 and total IGF-1 with inclusion of

patients with diabetes.

Black White
VWF ¢ VWFq
B (95% CI) p value B (95% CI) p value
N 178 208
Model 1
Adjusted R? 0.14 0.05
Main independent variable: IGF-1/IGFBP-3 -0.17 (-0.32;-0.06)  0.020 - -
Age (yrs) - - 0.15 (0.01;0.28) 0.034
Sex (women, men) -0.10 (-0.26;0.05)  0.19 0.16 (-0.03;0.35) 0.098
BMI (kg/m?) - - 0.13 (-0.02;0.28) 0.10
Triglycerides (mmol/L) - - -0.09 (-0.27;0.09)  0.30
C-reactive protein (mg/L) 0.25 (0.09;0.41) 0.002 - -
Reactive oxygen species (mg/L) - - 0.21 (0.04;0.38) 0.0.14
y-GT (U/L) - - -0.12 (-0.28;0.05) 0.18
Anti-hypertensive medication (no/yes) -0.21 (-0.35;-0.06)  0.020 - -
Model 2
Adjusted R? 0.15 0.05
Main independent variable: IGF-1 (ng/ml) -0.21 (-0.35;-0.07)  0.005 - -
Age (yrs) - - 0.15 (0.01;0.28) 0.034
Sex (women, men) -0.12 (-0.28;0.03)  0.11 0.16 (-0.03;0.35) 0.098
BMI (kg/m?) - - 0.13 (-0.02;0.28) 0.10
Triglycerides (mmol/L) - - -0.09 (-0.27;0.09)  0.304
C-reactive protein (mg/L) 0.24 (0.07;0.38) 0.004 - -
Reactive oxygen species (mg/L) - - 0.21 (0.04;0.38) 0.014
y-GT (U/L) - - -0.12 (-0.28;0.05)  0.178
Anti-hypertensive medication (no/yes) -0.22 (-0.36;-0.07)  0.003 - -

B, partial regression coefficient; 95% CI, 95% confidence intervals of 3; VWF.g, von Willebrand factor antigen; IGF-1/IGFBP-3 ratio,
insulin-like growth factor-1/insulin-like growth factor binding protein-3; IGF-1, insulin-like growth factor-1; BMI, body mass index;
TC:HDL ratio, total cholesterol:high-density lipoprotein cholesterol; HbA1c, glycated haemoglobin; SBP, systolic blood pressure; y-
GT, gamma-glutamyl transferase.

Potential confounders included IGF-1/IGFBP-3 or IGF-1,age, sex, BMI, HbA1c, total cholesterol:HDL, triglycerides, C-reactive
protein, ROS, y-GT, smoking, pulse pressure and antihypertensive medication.

p < 0.05 regarded as statistically significant.
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ABSTRACT

Background: Black populations exhibit lower concentrations of the cardioprotective peptide,
insulin-like growth factor-1 (IGF-1), and are more prone to develop hypertensive heart disease
than whites. We therefore determined whether lower IGF-1 in black individuals relates to a
marker of cardiac overload and systolic dysfunction, namely N-terminal prohormone B-type
natriuretic peptide (NT-proBNP).

Materials and methods: We included 160 black and 195 white non-diabetic South African men
and women (aged 44.4 + 9.81 years), and measured ambulatory blood pressure, NT-proBNP,
IGF-1 and insulin-like growth factor binding protein-3 (IGFBP-3).

Results: Although the black group presented elevated ambulatory blood pressure accompanied
by lower IGF-1 compared to the white group (all p<0.001), we found similar NT-proBNP
concentrations (p=0.72). Furthermore, in blacks we found a link between NT-proBNP and
systolic blood pressure (SBP) (R?=0.37; B=0.28; p<0.001), but not with IGF-1. In the white
group, NT-proBNP was inversely associated with IGF-1 (R?=0.39; p=-0.22; p<0.001) after
adjusting for covariates and potential confounders. Since IGF-1 is attenuated in diabetes, we
added the initially excluded patients with diabetes (n=38) and the aforementioned associations
remained robust.

Conclusion: Contrary to the white group, we found no association between NT-proBNP and
IGF-1 in black adults. Our findings suggest that SBP and other factors may play a greater

contributory role in cardiac pathology in blacks.

Keywords: insulin-like growth factor-1; insulin-like growth factor binding protein-3; N-terminal

prohormone B-type natriuretic peptide, ethnicity, race, African
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INTRODUCTION

Insulin-like growth factor-1 (IGF-1) signalling has vascular and cardioprotective effects [1], and
reduced levels of circulating IGF-1 associates independently with the risk of developing
cardiovascular diseases [2]. IGF-1 is mainly synthesised in the liver, however other tissues such
as the myocardium and the endothelium not only express receptors for IGF-1 but also produce
IGF-1 locally, and functions in an autocrine and paracrine manner [3]. IGF-1 exerts multiple
endothelial protective effects in the vasculature mainly via the phosphatidylinositol 3-kinase
(P13-K) pathway [3]. These include vasodilation by stimulating nitric oxide (NO) production [4],

plague stabilizing [5], anti-apoptotic [6], anti-platelet [7] and anti-inflammatory properties [8].

Besides vasculoprotective effects, in cardiomyocytes, IGF-1 increases contractility [9, 10],
regulates metabolism [11], increases protein synthesis [12], promotes hypertrophy in tissues
with high energy demands [13], prevents cardiac autophagy [14] and inhibits apoptosis [15]. In
doing so, IGF-1 may consequently reduce wall stress and improve cardiac performance in

patients with cardiac overload [16].

We have shown that low IGF-1 associates with a marker of endothelial damage [17] and higher
ambulatory blood pressure [18] in a hypertension-prone black population. Black populations
from South Africa have lower IGF-1 and higher blood pressure than whites [17, 19, 20] and are
also more prone to develop hypertensive heart disease [21]. In a study on hospitalised South
Africans with newly diagnosed cardiovascular diseases, blacks were more likely to be
diagnosed with heart failure than other ethnic groups [21]. Supporting these findings, Kruger et
al. found in the general population that N-terminal prohormone B-type natriuretic peptide (NT-
proBNP) levels, which is a marker of cardiac overload, left ventricular dysfunction and heart

failure [22], were significantly higher among blacks when compared to whites [23].
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It is therefore warranted to determine if IGF-1 levels which are typically reduced in blacks,
associate in a protective manner with cardiac overload and systolic dysfunction. The purpose of
this study was therefore to explore the association between NT-proBNP and IGF-1 in a black

and white South African population.

MATERIALS AND METHODS

Study population

This study forms part of the Sympathetic activity and Ambulatory Blood Pressure in Africans
(SABPA) study conducted between February and May, 2008 and 2009 [24]. We recruited a total
of 409 urbanised black and white teachers from the North West Province, South Africa. The
reason for this selection was an attempt to attain a homogenous sample from a similar socio-
economic class. We invited all eligible participants between the ages of 25 and 65 years to
participate. Exclusion criteria were participants with an elevated ear temperature, making use of
a- and B-receptor blockers, psychotropic substance dependence or abuse, blood donors, and
individuals vaccinated in the past three months. For this sub-study, participants were excluded
due to missing data on IGF-1 (n=5) and NT-proBNP (n=11). Participants with glycated
haemoglobin (HbA1c) levels 26.5% and/or using diabetes medication (n=38) were also
excluded. The overall sample of this sub-study consisted of 355 participants stratified by
ethnicity (45.1% black). Participants were fully informed about the objectives and procedures of
the study prior to their inclusion. All participants signed an informed consent form. The study
complied with the Helsinki Declaration for investigation of human participants. The Health
Research Ethics Committee of the North-West University (Potchefstroom Campus) approved

the study.
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Organisational procedures

Each morning at approximately 08h00, an ambulatory blood pressure monitor (ABPM) was
attached to the participants’ non-dominant arm at their workplace. At 16h30 participants were
transported to the Metabolic Unit Research Facility of the North-West University. This facility
consists of 10 bedrooms, two bathrooms, a living room and kitchen. Participants received a
standardised dinner and had their last beverages (tea/coffee) and two biscuits at 20h30.
Thereafter they relaxed by reading, watching television, or social interaction and refrained from
consuming alcohol, caffeine, smoking and doing exercise. They were encouraged to go to bed
at around 22h00. At 06h00, subjects were woken at which time the ABPM apparatus was
removed and subsequent measurements commenced. After anthropometric measurements,

nurses obtained a fasting venous blood sample.

Questionnaires
We used a general health questionnaire to evaluate lifestyle such as smoking, alcohol

consumption and medication use.

Anthropometric measurements

Height (stature) and weight of participants were measured while being in their underwear.
Measurements were taken in ftriplicate using standard methods with calibrated instruments
(Precision Health Scale, A & D Company, Tokyo, Japan; Invicta Stadiometer, IP 1465, London,
UK) [25]. Waist circumference (WC) was measured with measurements taken to the nearest 0.1
cm using a non-stretchable standard tape (Lufkin, Cooper Tools, Apex, North Carolina, US).

Body mass index (BMI) was calculated by weight divided by height squared (kg/m?).
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Cardiovascular assessment procedures

The ABPM apparatus (Meditech CE120® Cardiotens; Meditech, Budapest, Hungary) was
attached to the participant at their workplace, programmed to measure blood pressure (BP) at
30 minute intervals during the day (08h00-22h00) and every hour during night-time (22h00-
6h00). We downloaded blood pressure data into a database using the CardioVisions 1.9.0
Personal Edition software (Meditech, Budapest, Hungary). High resolution ultrasound was
applied to determine carotid intima-media thickness in the common carotid artery (CIMT) [26].
Standardized images [27] of the left and the right common carotid artery were obtained, from at
least two optimum angles using a Sonosite MicroMaxx ultrasound system (SonoSite Inc.,
Bothell, WA, USA) and 6 -13 MHz linear array transducer. The images were digitised and
imported into the Artery Measurement Systems automated software (AMS) I v1.139
(Gothenburg, Sweden). We calculated the cross-sectional wall area (CSWA) using the following
equation: CSWA = 11 (d/2 + CIMT)? — 11 (d/2)? , where d denotes luminal diameter. Beat-to-beat
blood pressure was continuously assessed using the Finometer device (Finapres Medical
Systems, Amsterdam). The BeatScope version 1.1a software further calculates an integrated
age-dependent aortic flow curve from the surface area beneath the pressure/volume curve
determining cardiac output and stroke volume. A standard 12-lead ECG was recorded during
resting conditions (PC 1200, v5.030, Norav Medical, Yokneam, Israel). ECG derived left

ventricular mass was calculated using the Cornell product [28, 29].

Blood sampling and biochemical analyses

A registered nurse obtained a blood sample with a sterile winged infusion set from the
antebrachial vein branches. Serum samples for total cholesterol (TC), high density lipoprotein
cholesterol (HDL-C), triglycerides, gamma-glutamyl transferase (y-GT), creatinine and high-

sensitivity C-reactive protein (CRP) were analysed using two sequential multiple analysers
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(Konelab 20i; Thermo Scientific, Vantaa, Finland (2008); Unicel DXC 800 - Beckman and
Coulter®, Germany (2009)). Total IGF-1 and IGFBP-3 were determined with immunoradiometric
assays (IRMA) from Immunotech (Beckman and Coulter®, Germany; IGF-1 — A15729; IGFBP-3
— DSL-6600). Since approximately 80% of total IGF-1 is bound to IGFBP-3 [3], the calculation of
the molar ratio of IGF-1/IGFBP-3 allows us to use the ratio as an estimate of bioavailable IGF-1.
Serum peroxides were determined by an improved assay system based on the principle of the
derivatives of reactive oxygen metabolites test, which is recognised as an efficient method for
evaluating reactive oxygen species (ROS) in the body. The Bio-Tek FL600 Microplate
Fluorescence Reader (Bio-Tek, Instruments, Inc., Highland Park, Winooski, VT, USA) was used
to measure serum peroxide levels, where 1.0 mg/L H,O, represents one unit of ROS [30]. NT-
proBNP levels were determined with the electrochemiluminesence method on the e411 (Roche,
Basel, Switzerland). We determined the percentage of glycated haemoglobin (HbA1c) by means
of the turbidimetric inhibition immunoassay on whole blood using the Roche Integra 400 (Roche,
Basel, Switzerland). In the present sub-study, participants were considered as having diabetes if
they had HbA1c levels of 26.5 % or made use of diabetes medication [31]. We used the Chronic
Kidney Disease Epidemiology Formulas (CKD-EPI) to calculate estimate glomerular filtration
rate (eGFR) from serum creatinine levels, age, sex and ethnicity [32]. HIV testing was done

according to standard procedures of the South African Department of Health.

Statistical Analyses

For database management and statistical analyses we used Statistica version 12.0 (StatSoft,
Inc.,Tulsa, OK). We tested the interaction of sex and ethnicity on the association between NT-
proBNP and IGF-1 by introducing appropriate interaction terms in multiple regression analyses.
Variables that were not normally distributed were logarithmically transformed (NT-proBNP,

HbA1c, CRP and y-GT). We subsequently compared means and proportions between black and
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white groups using independent T-tests and Chi-square tests, respectively. We explored
associations with NT-proBNP by quartiles of IGF-1 and IGF-1/IGFBP-3 while adjusting for age,
sex and BMI with ANCOVA analyses. Multi-variable adjusted forward stepwise regression
analyses were performed to investigate independent associations of NT-proBNP with IGF-1 and
IGF-1/IGFBP-3. We considered all variables in Table 1 as potential covariates and included in
final multiple regression models only those independent variables that correlated with IGF-1 and
NT-proBNP in bi-variate analyses. The final model included age, sex, BMI, HbA1c, total
cholesterol:HDL-C, CRP, ROS, y-GT, systolic blood pressure (SBP), eGFR and self-reported
smoking. These analyses were also repeated upon inclusion of individuals with diabetes. All p-

values refer to 2-sided hypothesis.

RESULTS

We found no interaction with ethnicity (p=0.24) or sex (blacks, p=0.076; whites, p=0.88) on the
association between NT-proBNP and IGF-1. We therefore pooled the men and women, but
stratified the total group according to ethnicity in line with our aim and the literature [20, 33].
Table 1 lists the general characteristics of the black and white participants. Although the mean
ages of the groups were similar, the black participants showed higher BMI (p<0.001) and 24hr
systolic and diastolic blood pressure (both p<0.001) compared to the whites. NT-proBNP levels
did not differ (p=0.72) between the groups, whereas IGF-1 (p<0.001) and IGFBP-3 (p<0.001)

were lower the black group, but IGF-1/IGFBP-3 was similar (p=0.17).
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Table 1: The cardiovascular, biochemical and anthropometric profiles of black and white participants.

Black (n=160) White (n=195) p
Age (yrs) 43.8+8.33 45.0+10.8 0.25
Women, n (%) 83 (51.9) 102 (52.3) 0.94
Anthropometric measurements
Body mass index (kg/m®) 29.8 £6.93 27.4+5.76 <0.001
Waist circumference (cm) 92.2 +14.7 92.5+15.8 0.85
Biochemical measures
NT-proBNP (pg/ml) 32.7 (7.08; 153) 33.8 (9.46; 120) 0.72
IGF-1 (ng/ml) 140 + 53.0 179 £ 62.7 <0.001
IGFBP-3 (nmol/l) 122 +24.8 148 £ 23.3 <0.001
IGF-1/IGFBP-3 0.15+0.05 0.16 + 0.05 0.17
HbA1c (%) 5.69 (5.10; 6.30) 5.47 (5.00; 6.10) <0.001
Total cholesterol:HDL-C ratio (mmol/L) 4.38 +2.06 4.95 +1.61 0.004
Triglycerides (mmol/L) 1.30 £ 1.03 1.16 £ 0.70 0.12
C-reactive protein (mg/L) 4.19 (0.61; 32.3) 1.97 (0.99; 9.00) <0.001
Reactive oxygen species (mg/L) 94.4 +25.8 89.4+£27.0 0.078
eGFR (ml/min/1.73m?) 110 + 20.2 96.8 +14.9 <0.001
Cardiovascular measurements
Ambulatory systolic blood pressure (mmHg) 132 +16.0 123 +11.5 <0.001
Ambulatory diastolic blood pressure (mmHg) 82.6 +10.5 76.2 +7.81 <0.001
Ambulatory pulse pressure (mmHg) 49.3 +£9.00 47.2+7.26 0.013
Ambulatory heart rate (b/min) 79.1+11.2 73.2+10.2 <0.001
Cornell Product (mV.ms) 68.8 +37.7 50.3 +28.7 <0.001
Stroke volume (ml) 100 + 27.6 97.3+24.4 0.29
Cardiac output (I/min) 6.70 +1.89 6.34 £ 1.92 0.082
Total peripheral resistance (mmHg/ml/s) 1.02 +0.31 1.01+£0.29 0.80
CSWA (mm?) 13.5+4.23 13.0+4.15 0.303
Lifestyle measures
Gamma-glutamyl transferase (U/L) 45.1 (20.0; 166) 19.0 (7.00; 76.0) <0.001
Smoking self-reported, n (%) 28 (17.5) 28 (14.4) 0.43
Medication use
Anti-hypertensive medication, n (%) 50 (31.3) 24 (12.3) <0.001
Hypertensive, n (%) 100 (62.5) 72 (36.9) <0.001
HIV positive, n (%) 14 (8.75) 0 (0) <0.001

Data are arithmetic mean + SD or geometric mean (5" and 95" percentile intervals) for logarithmically transformed variables.
n, number of participants;NTproBNP, N-terminal prohormone B-type natriuretic peptide; IGF-1, insulin-like growth factor-1;
IGFBP-3, insulin-like growth factor binding protein-3; HbA1c, glycated haemoglobin; eGFR, estimated glomerular filtration rate;
CSWA, cross-sectional wall area; HIV, human immunodeficiency virus.

Unadjusted correlations between NT-proBNP and IGF-1 are plotted in Figure 1. A negative

association between NT-proBNP and IGF-1 (r=-0.36; p<0.001) was found in whites, but not in
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blacks (r=-0.13; p=0.093). A negative correlation was obtained between NT-proBNP and IGF-

1/IGFBP-3 in both the black (r=-0.16; p=0.049) and white (r=-0.34; p=0.001) groups (Figure 1S).
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Figure 1: Unadjusted correlations between NT-proBNP and IGF-1.
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We also plotted NT-proBNP by quartiles of IGF-1 (Figure 2), while adjusting for age, sex and

BMI. The negative association between NT-proBNP and IGF-1 remained significant in the white

group (p for trend = 0.047), with NT-proBNP in quartile 1 being significantly higher than quartile

2-4 (p=<0.006). No significant trend was found in the black group (p for trend = 0.90). In IGF-

1/IGFBP-3 quartiles (Figure 2S), the aforementioned association with NT-proBNP remained
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significant in the white group (p for trend = 0.049), with no associations in the black group (p for

trend =0.30)
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Figure 2: NT-proBNP levels by quartiles of IGF-1, while adjusting for age, sex and BMI.

We further performed multi-variable adjusted forward stepwise regression analyses with NT-

proBNP as the dependent variable (Table 2) and assessed the association with IGF-1 (Model 1)

and IGF-1/IGFBP-3 (Model 2) as our main independent variables. After full adjustments, the

associations of NT-proBNP with IGF-1 (R?*=0.39; B=-0.22; p<0.001) and IGF-1/IGFBP-3

(R*=0.38; p=-0.21; p=0.001) were confirmed in the white group. In the black group neither IGF-1

or IGF-1/IGFBP-3 entered the model.



Table 2: Independent associations of NT-proBNP with total IGF-1 and IGF-1/IGFBP-3.
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NT-proBNP Black (n=160) White(n=195)
B (95% CI) p B (95% ClI) p

Model 1
Adjusted R? 0.37 0.39
IGF-1 (ng/ml) - -0.22 (-0.35; -0.10) <0.001
Age (yrs) 0.37 (0.23; 0.50) <0.001 -
Sex (women, men) 0.38 (0.22; 0.53) <0.001 0.25 (0.11; 0.39) <0.001
BMI (kg/m?) -0.16 (-0.31; -0.01) 0.032 -0.18 (-0.33; -0.04) 0.015
HbA1c (%) -0.15 (-0.29; -0.01) 0.032 -0.14 (-0.26; -0.02) 0.029
TC/HDL ratio - -0.19 (-0.34; -0.05) 0.009
C-reactive protein (mg/L) - 0.18 (0.05; 0.30) 0.007
SBP (mmHg) 0.28 (0.14; 0.42) <0.001 0.21(0.07; 0.35) 0.004
eGFR (ml/min/1.73m?) - -0.26 (-0.38; -0.14) <0.001
Self-reported smoking (yes/no) - -0.13 (-0.24; -0.02) 0.027
Model 2
Adjusted R? 0.37 0.38
IGF-1/IGFBP-3 - -0.21 (-0.33; -0.09) 0.001
Age (yrs) 0.37 (0.23; 0.50) <0.001 -
Sex (women, men) 0.38 (0.22; 0.53) <0.001 0.18 (0.03; 0.33) 0.024
BMI (kg/m?) -0.16 (-0.31; -0.02) 0.032 -0.18 (-0.33; -0.03) 0.017
HbA1c (%) -0.15 (-0.29; -0.01) 0.032 -0.13 (-0.26; -0.01) 0.040
TC/HDL ratio - -0.19 (-0.34; -0.04) 0.012
C-reactive protein (mg/L) - 0.22 (0.09; 0.37) 0.002
y-GT (U/L) - -0.14 (-0.28; -0.01) 0.056
SBP (mmHg) 0.28 (0.14; 0.42) <0.001 0.23 (0.09; 0.37) 0.001
eGFR (ml/min/1.73m?) - -0.28 (-0.40; -0.17) <0.001
Self-reported smoking (yes/no) - -0.11 (-0.22; -0.01) 0.054

B, partial regression coefficient; 95% CI, 95% confidence intervals of 3; NTproBNP, N-terminal prohormone B-type natriuretic
peptide; IGF-1, insulin-like growth factor-1; IGF-1/IGFBP-3 ratio, insulin-like growth factor-1/insulin-like growth factor binding protein-
3; BMI, body mass index; HbA1c, glycated haemoglobin; TC:HDL ratio, total cholesterol:high-density lipoprotein cholesterol; y-GT,
gamma-glutamyl transferase; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate.

Covariates included IGF-1 or IGF-1/IGFBP-3, age, sex, BMI, HbA1c, TC:HDL, C-reactive protein, y-GT, reactive oxygen species,
systolic blood pressure, eGFR and self-reported smoking.

p < 0.05 regarded as statistically significant.

In sensitivity analyses we repeated Model 1 with Cornell product as additional covariate. In
neither ethnic group did Cornell product enter the model and the results remained unchanged

(Table 1S).
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We further included participants with diabetes (n=38) into the analyses (Table 2S). The inverse
associations of NT-proBNP with IGF-1 (R?*=0.38; B=-0.22; p<0.001) and IGF-1/IGFBP-3

(R?=0.37; B=-0.20; p=0.002) were confirmed in the white participants only.

Lastly, we also repeated the analyses after excluding HIV infected participants (n=14), but the
results remained unchanged for the inverse association between NT-proBNP and IGF-1 in

whites (R?=0.39; B=-0.22; p<0.001) and no association in blacks.

DISCUSSION

In a black population with elevated blood pressure, higher subclinical ECG-derived left
ventricular mass and lower IGF-1 levels compared to whites, we found no link between NT-
proBNP and IGF-1. In contrast an independent negative association was found between NT-
proBNP and IGF-1 in whites. These findings remained robust after the inclusion of those with

diabetes.

Conflicting findings are consistently reported on the association between NT-proBNP and IGF-1
[34-37]. Elevated NT-proBNP is a well established biomarker of chronic heart failure [34] and in
acromegaly patients, the overtly elevated IGF-1 levels, were significantly associated with the
development of chronic heart failure [35]. Contradictory to these findings, Duerr et al. found that
the administration of IGF-1 in cardiac failure patients resulted in improved cardiac function,
suggesting a beneficial effect of IGF-1 in cardiac failure patients [36]. Alternatively, adult
patients with growth hormone deficiency had increased NT-proBNP levels which were
significantly reduced after 12 months of growth hormone replacement therapy [37]. However

changes in NT-proBNP may occur independently of changes in cardiac structure or function,
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suggesting that the effects of growth hormones on NT-proBNP levels may be independent of

cardiovascular changes [38] or reflect subtle cardiac changes.

Our results are consistent with our previous findings in a different population sample that have
shown higher blood pressure and significantly lower IGF-1 in blacks compared to whites [20]. In
the latter study lower IGF-1 was accompanied by multiple traditional cardiovascular risk factors
including high blood pressure, arterial stiffness, y-GT, and smoking [20]. We demonstrated
further that lower IGF-1 in blacks related to high blood pressure and von Willebrand factor,
reflecting endothelial damage [17, 19]. However, when we investigated IGF-1 on a cardiac level
in the present study, we did not find any association between NT-proBNP and IGF-1 in the
blacks. Also, blacks had similar NT-proBNP levels than whites which are in contrast with
findings from Kruger et al. in another South African population that found higher NT-proBNP in
blacks compared to whites [33]. It is important to note that the prevalence of smoking was
higher and the socioeconomic status lower in the blacks than whites in the study of Kruger et
al., which could contribute to elevated cardiovascular risk, while blacks and whites from the
present study are from a similar socioeconomic class. Nevertheless, SBP correlated positively
with NT-proBNP in the black group in both Kruger et al. and the present study [33]. Since NT-
proBNP did not associate with IGF-1 in this group, but mainly with SBP it could suggest a
disparate manner in which cardiovascular risk factors contribute to NT-proBNP concentrations,
also confirmed by our multiple regression models. It is therefore plausible that IGF-1 could
differentially influence cardiac function, in whites through direct effects, and in blacks indirectly
through blood pressure. An additional explanation for the lack of an association between NT-
proBNP and IGF-1 in blacks may be due to the significantly reduced total IGF-1 concentrations
in blacks which may disturb the regulation of IGF-1 on cardiac function. Also, NT-proBNP

concentrations do not seem to be elevated in conditions of low IGF-1 for blacks within the
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lowest IGF-1 quartile (Figure 1). This again may confirm the disparate regulatory manner of

IGF-1 in different ethnic groups.

The association between NT-proBNP and IGF-1 in whites may thus indicate the direct
regulatory cardioprotective function of IGF-1 [1, 11, 15, 16]. Such direct effect of IGF-1 on
cardiac function may possibly be explained by the following mechanisms. In the vasculature
IGF-1 exerts beneficial effects mainly by increasing NO production [39]. IGF-1 in
cardiomyocytes protects the heart by regulating cardiac growth and metabolism by increasing
protein synthesis, cardiomyocyte size, amino acid uptake and muscle specific gene expression
[11, 15]. IGF-1 is also an inhibitor of apoptosis to prevent cardiomyocyte loss [15]. At cellular
level, the anti-apoptotic effects of IGF-1 are mediated by the activation of the Ras/Raf/Mitogen-
activated protein kinase (MEK)/ERK and the PI3K/Akt/mechanistic target of rapamycin (mTOR)
signalling pathways [15]. Furthermore, the IGF-1 axis influences cardiac contractility through
various mechanisms, including altering the intracellular Ca®* transient through an increase in L-
type calcium channel activity [40], by enhancing myofilament sensitivity to Ca®* [41] and by
upregulating sarcoplasmic reticulum ATPase (SERCA) levels [42]. Thus, IGF-1 opposes
endothelial dysfunction, while its cardiac effects may act to reduce wall stress and result in

preserved cardiac performance [16].

Although NT-proBNP is a stable marker of cardiac function including systolic dysfunction and
cardiac overlaod, additional echocardiography should be considered in future studies since it
would give a better cardiac profile especially with regards to left ventricular hyperthrophy. This
study needs to be interpreted within the context of its strengths and limitations. Since this is a
cross-sectional study, causality cannot be inferred. It is possible that our findings were due to

confounding variables or unknown factors that are associated with both NT-proBNP and IGF-1.
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Nevertheless, this was a well-designed study implemented under controlled conditions, and a

first to examine the link between NT-proBNP and IGF-1 in a bi-ethnic population of South Africa.

In conclusion, IGF-1 was higher in whites compared to blacks and associated inversely with NT-
proBNP, supporting the cardioprotective role of IGF-1. We found no association between NT-
proBNP and lower IGF-1 in a hypertension-prone black population which could possibly be
attributed to other factors such as SBP, which may have a greater contributory role on cardiac

pathology.
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SUPPLEMENTARY MATERIAL
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Figure 1S: Unadjusted correlations between NT-proBNP and IGF-1/IGFBP-3.
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Figure 2S: NT-proBNP levels by quartiles of IGF-1/IGFBP-3, while adjusting for age, sex and BMI.
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Table 1S: Independent associations of NT-proBNP with IGF-1.
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NT-proBNP

Adjusted R?

Main independent variable: IGF-1 (ng/ml)
Age (yrs)

Sex (women, men)

BMI (kg/m?)

HbA1c (%)

TC/HDL ratio

C-reactive protein (mg/L)
Systolic blood pressure (mmHg)
eGFR (ml/min/1.73m?)
Self-reported smoking

Black (n=160)

White(n=195)

B (95% CI) p B (95% CI) p
0.37 0.38
- -0.22 (-0.35; -0.09)  <0.001

0.37 (0.22;0.52)  <0.001 -

0.38 (0.21;0.55)  <0.001 0.25 (0.10; 0.40) 0.001
-0.16 (-0.33; -0.01)  0.047 0.18 (-0.34;-0.03)  0.023
-0.15 (-0.30; -0.01)  0.047 -0.14 (-0.27;-0.01)  0.041

- -0.19(-0.35; -0.04)  0.014
- 0.18 (0.04; 0.31) 0.012
0.28 (0.13;0.43)  <0.001 0.21 (0.06; 0.36) 0.007
- -0.26 (-0.39; -0.13)  <0.001
- -0.13 (-0.25; -0.01)  0.038

B, partial regression coefficient; 95% CI, 95% confidence intervals of B; NTproBNP, N-terminal prohormone B-type natriuretic
peptide; IGF-1, insulin-like growth factor-1; IGF-1/IGFBP-3 ratio, insulin-like growth factor-1/insulin-like growth factor binding protein-
3; BMI, body mass index; HbA1c, glycated haemoglobin; TC:HDL ratio, total cholesterol:high-density lipoprotein cholesterol; eGFR,

estimated glomerular filtration rate.

Covariates included IGF-1 or IGF-1/IGFBP-3, age, sex, BMI, HbA1c, TC:HDL, C-reactive protein, gamma-glutamyl transferase,
reactive oxygen species, systolic blood pressure, eGFR, self-reported smoking and Cornell product.

p < 0.05 regarded as statistically significant.
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Table 2S: Independent associations of NT-proBNP with total IGF-1and IGF-1/IGFBP-3 with

inclusion of patients with diabetes (n=38).

NT-proBNP

Model 1

Adjusted R?

Main independent variable: IGF-1 (ng/ml)
Age (yrs)

Sex (women, men)

BMI (kg/m?)

HbA1c (%)

TC/HDL ratio

C-reactive protein (mg/L)
Systolic blood pressure (mmHg)
eGFR (ml/min/1.73m?)
Self-reported smoking (yes,no)
Model 2

Adjusted R?

Main independent variable: IGF-1/IGFBP-3

Age (yrs)

Sex (women, men)

BMI (kg/m?)

HbA1c (%)

TC/HDL ratio

C-reactive protein (mg/L)

y-GT (U/L)

Systolic blood pressure (mmHg)
eGFR (ml/min/1.73m?)

Self-reported smoking (yes,no)

Black (n=191)

White(n=202)

B (95% CI) p B (95% CI) p
0.33 0.38
- -0.22 (-0.35; -0.10)  <0.001
0.33(0.23;0.48)  <0.001 -
0.41(0.32;0.62)  <0.001 0.27 (0.13;0.42)  <0.001
-0.20 (-0.31; -0.04)  0.009 -0.17 (-0.32; -0.02)  0.029
-0.18 (-0.31; -0.06)  0.010 -0.16 (-0.30; -0.03)  0.014
- -0.17 (-0.31;-0.02)  0.025
- 0.17 (0.04; 0.29) 0.013
0.30 (0.16;0.42)  <0.001 0.20 (0.05; 0.34) 0.009
- -0.26 (-0.38; -0.15)  <0.001
- -0.12 (-0.24; -0.01)  0.037
0.33 0.37
- -0.20 (-0.30; -0.03)  0.002
0.33(0.20;0.47)  <0.001 -
0.41(0.25;0.56)  <0.001 0.21 (0.05; 0.36) 0.010
-0.20 (-0.35; -0.05)  0.009 -0.17 (-0.32; -0.02)  0.032
-0.18 (-0.32; -0.05)  0.010 -0.16 (-0.29; -0.03)  0.019
- -0.16 (-0.31; -0.01)  0.033
- 0.21 (0.08; 0.35) 0.003
- -0.14 (-0.28;0.01)  0.061
0.30 (0.15; 0.45)  <0.001 0.22 (0.07; 0.37) 0.004
- -0.29 (-0.41; -0.17)  <0.001
- -0.10 (-0.22; 0.01)  0.076

B, partial regression coefficient; 95% CI, 95% confidence intervals of 3; NTproBNP, N-terminal prohormone B-type natriuretic
peptide; IGF-1, insulin-like growth factor-1; IGF-1/IGFBP-3 ratio, insulin-like growth factor-1/insulin-like growth factor binding protein-
3; BMI, body mass index; HbA1c, glycated haemoglobin; TC:HDL ratio, total cholesterol:high-density lipoprotein cholesterol; y-GT,
gamma-glutamyl transferase; CSWA, cross sectional wall area; eGFR, estimated glomerular filtration rate.
Covariates included IGF-1 or IGF-1/IGFBP-3, age, sex, BMI, HbA1c, TC:HDL, C-reactive protein;y-GT, reactive oxygen species,
systolic blood pressure, eGFR and self-reported smoking.

p < 0.05 regarded as statistically significant.
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Chapter 6

1. INTRODUCTION

In this concluding chapter, a summary of the main findings of the three manuscripts reported in
this thesis will be presented. The results from each manuscript will be discussed, interpreted,
explained and compared to the relevant literature. Conclusions will be drawn and
recommendations made to the reader with regards to the relationship between IGF-1 and

cardiometabolic risk as well as markers of vascular endothelial damage and cardiac overload.

2, SUMMARY OF MAIN FINDINGS, DISCUSSION AND COMPARISON TO THE
LITERATURE

The relevant findings and a comparison with the literature for each hypothesis, as set in Chapter

1, are discussed below. The three main hypotheses were addressed in the manuscripts

reported in this thesis (Chapter 3, 4 and 5).

Hypothesis 1: Bioavailable IGF-1 is inversely associated with the number of metabolic
syndrome components in both sexes and ethnicities (Chapter 3).
Insulin-like growth factor 1, a vascular protective factor, is reduced in patients with

cardiovascular and metabolic diseases,’?

and is inversely associated with the metabolic
syndrome.®> However whether this relationship holds true for the black population of South
Africa, in whom a high metabolic syndrome prevalence® and attenuated IGF-1 levels®® have
been reported, required further investigation. In the manuscript, Bioavailable IGF-1 and its

relation to the metabolic syndrome in a bi-ethnic population of men and women, we therefore

aimed to explore this relationship in black and white men and women.

In this cross-sectional analyses our results showed that bioavailable IGF-1 was inversely
associated with the number of metabolic syndrome components in both sexes of black and
white participants. The set hypothesis is therefore accepted.
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This study is the first to explore the relationship between IGF-1 and the metabolic syndrome in a
large population sample from South Africa (n=907). Our findings therefore add to the literature
in this regard. In line with our findings, others also found an inverse association between
bioavailable IGF-1 and the metabolic syndrome in other populations.”® Low IGF-1 levels have
been found to associate with reduced insulin sensitivity, glucose intolerance and type 2
diabetes.”®"? Sierra-Johnson et al.> examined 3281 participants from the NHANES IIl (Third
National Health and Nutrition Examination Survey) study and found that bioavailable IGF-1
decreased notably as the number of metabolic syndrome components increased. Sesti et al.?
found IGF-1 concentrations to be significantly lower in individuals with the metabolic syndrome
compared to those without. However, in older subjects, the link between IGF-1 and the
metabolic syndrome contradict our results. Van Bunderen et al." found in individuals older than
64 years of age that high-normal IGF-1 levels were associated with prevalent metabolic
syndrome. Schneider et al." as well as Yeap et al.”® found a U-shape relationship where both
low and high IGF-1 levels were associated with the risk of developing the metabolic syndrome
and type 2 diabetes. The relationship between IGF-1 and the metabolic syndrome thus appears
to differ in different age groups. However, our study did not allow for the assessment of this
relationship within different age groups as the range of our population was not broad enough,

thus further exploration is needed on this matter.

Nevertheless, the underlying pathophysiological mechanisms between IGF-1 and the metabolic
syndrome remain unclear. To add to the literature in this regard, we further investigated whether
this relationship is independent of factors known to adversely affect IGF-1 levels, including
markers of inflammation and oxidative stress that are also characteristics of non-alcoholic and
alcoholic fatty liver disease (hence the inclusion of gamma-glutamyl tranferase as an indicator of
liver dysfunction).®'®"® To the best of our knowledge, none of the previous studies investigating
the association between IGF-1 and the metabolic syndrome accounted for these risk factors in
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their analyses. We found the inverse association between IGF-1 and the number of metabolic
syndrome components in both sexes of black and white South Africans to be dependent on
these risk factors, alluding to the potential underlying processes by which the metabolic
syndrome attenuates IGF-1. These findings not only add but also support the literature given
that the metabolic syndrome is associated with the overproduction of inflammatory markers,?°?’
reactive oxygen species? and increased levels of gamma-glutamyl transferase,? which will in

turn attenuate IGF-1 levels.>"*"

Hypothesis 2: Bioavailable IGF-1 is inversely associated with vWF in both ethnicities (Chapter
4).

® which

Black South Africans are susceptible to hypertension® and cardiovascular disease,?
seems to originate from vascular abnormalities.?**® Furthermore, black individuals display
attenuated IGF-1 levels,>® which could compromise IGF-1’s endothelial protective properties.?
As already found in Chapter 3, reduced IGF-1 levels are associated with various
cardiometabolic risk factors that may exert their detrimental effects through the pathway of
endothelial dysfunction.?** To improve our understanding on the potential role of reduced IGF-
1 in the development of endothelial dysfunction, we aimed to establish whether a relationship
exists between bioavailable IGF-1 and von Willebrand factor (VWF), a marker which is indicative
of vascular endothelial damage. This study was performed in black and white South African

school teachers in the manuscript: Bioavailable IGF-1 and its relationship with endothelial

damage in a bi-ethnic population: The SABPA study.
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Figure 1: Forest plot indicating forward stepwise regression analyses of von Willebrand factor antigen
with IGF-1/IGFBP-3 as main independent variable in blacks. Values are indicated as standardised B (z
95% confidence interval).

CRP, C-reactive protein; TC/HDL ratio, total cholesterol/high density lipoprotein ratio; HbA1c, glycated
haemoglobin; BMI, body mass index; IGF-1/IGFBP-3, insulin-like growth factor-1/Insulin-like growth factor
binding protein-3.

Covariates included IGF-1/IGFBP-3 or IGF-1, age, sex, BMI, HbA1c, TC:HDL, triglycerides, C-reactive
protein; pulse pressure, reactive oxygen species, y-GT, smoking and antihypertensive medication.

*p <.05

Our results indicated that vVWF was inversely associated with bioavailable IGF-1 in black South
Africans (Figure 1) only, who also displayed significantly higher vWF and lower IGF-1 than
whites. The hypothesis for this manuscript can therefore only be partly accepted since a

negative association was evident in blacks, but no association was found in whites.

Parallel to our findings, Lutsey et al.*® found that black American individuals display higher

13" indicated

levels of VWF than white, Hispanic or Chinese individuals. In addition, Platz et a
that black Americans had lower IGF-1 concentrations than whites and Asians. To our
knowledge no previous studies focussed directly on the association between IGF-1 and vVWF,

141



Chapter 6

highlighting the contribution of our findings to the literature. However there is evidence that
reduced IGF-1 is associated with impaired endothelial function as measured by flow-mediated
dilation.*? Abdu et al.* also indicated that individuals with low IGF-1 have reduced vasodilation.

3435 which

It is known that IGF-1 induces nitric oxide (NO) release and prostacyclin synthesis
both exert an autocrine negative feedback on VWF secretion.®**” Therefore, we might expect
that a reduction in IGF-1 among black South Africans, who also presented a more unfavourable
cardiometabolic profile compared to whites, would possibly increase their susceptibility to
endothelial damage as supported by the negative relationship found between VWF and IGF-1.
The increased risk for hypertension development and cardiovascular events among black South

Africans®*?°

may be partly due to these findings.

Hypothesis 3: NT-proBNP is inversely associated with IGF-1 in black and white individuals
(Chapter 5).

The vascular and cardioprotective peptide, IGF-1, is inversely associated with blood pressure®
and as indicated in this thesis, with a marker of endothelial damage39 in black individuals who
display low IGF-1 concentrations. Kruger et al.** found that NT-proBNP, which is a marker of
cardiac overload, left ventricular dysfunction and heart failure,*’ were significantly higher among
blacks when compared to whites in the SAfrEIC study. In order to investigate whether IGF-1
levels associate in a protective manner with a marker of cardiac overload and systolic
dysfunction, the aim of the last manuscript, entitled /GF-1 and NT-proBNP in a black and white
population: The SABPA study, was to explore the association between NT-proBNP and IGF-1 in

black and white school teachers.
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Figure 2: Forest plot indicating multiple regression analyses of NT-proBNP with IGF-1 as main
independent variable in blacks. Values are indicated as standardised B (+ 95% confidence interval). IGF-
1, insulin-like growth factor-1; SBP, systolic blood pressure; BMI, body mass index; HbA1c, glycated
haemoglobin; TC:HDL, total cholesterol/high density lipoprotein ratio; CRP, C-reactive protein; y-GT,
gamma-glutamyl transferase; ROS, reactive oxygen species; eGFR, estimated glomerular filtration rate. *
p <.05; 1 p <.01; £ p=<.001

Compared to the white group, the black group presented elevated blood pressure accompanied
by lower IGF-1 levels. Circulating NT-proBNP concentrations did not differ between the groups.
Furthermore, in blacks NT-proBNP was positively associated with systolic blood pressure, but
not with IGF-1 (Figure 2). In whites, NT-proBNP was inversely associated with IGF-1, even after
multiple adjustments (Figure 3). The hypothesis is thus partly accepted, as NT-proBNP was

negatively associated with IGF-1 in whites, but with no association found in blacks.
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Figure 3: Forest plot indicating multiple regression analyses of NT-proBNP with IGF-1 as main
independent variable in whites. Values are indicated as standardised 8 (+ 95% confidence interval). IGF-
1, insulin-like growth factor-1; SBP, systolic blood pressure; BMI, body mass index; HbA1c, glycated
haemoglobin; TC:HDL, total cholesterol/high density lipoprotein ratio; CRP, C-reactive protein; y-GT,
gamma-glutamyl transferase; ROS, reactive oxygen species; eGFR, estimated glomerular filtration rate. *
p £.05; T p <.01; 1 p=<.001

In our study, blacks had similar NT-proBNP levels than whites which contradict the findings of
Kruger et al.** who found higher NT-proBNP levels in blacks compared to whites in another
South African population. A possible explanation may be that the black and white school
teachers from our study were from a similar socio-economic class, whereas the black population

in the study of Kruger et al.*> was from a lower socio-economic class than the whites, which

may have increased their cardiovascular risk.*?

In keeping with the inverse association between NT-proBNP and IGF-1 found in whites,

1.3 also found an inverse association when investigating 642 Danish whites.

Andreassen et a
Duerr et al.** did not explore the direct link between NT-proBNP and IGF-1 but their results
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showed improved cardiac function in cardiac failure patients after the administration of IGF-1.
Also, Wallaschofski et al.** found increased NT-proBNP among patients with growth hormone
(GH) deficiency which was significantly reduced after GH replacement therapy. Our results

therefore support the cardioprotective role of IGF-1 among white South Africans.

Surprisingly, we found a lack of an association among the black population. This could suggest
a disparate manner in which cardiovascular risk factors contribute to NT-proBNP
concentrations, also confirmed by our multiple regression models. It is therefore plausible that
IGF-1 could differentially influence cardiac function, in whites through direct effects, and in
blacks indirectly through blood pressure. In addition, significantly reduced IGF-1 concentrations
in blacks may disturb the cardio-protective function of IGF-1 and therefore no association was
found between NT-proBNP and IGF-1. Although NT-proBNP is a stable and sensitive marker of
cardiac function,*’ additional echocardiography should be considered in future research since it
would give a better cardiac profile and provide a clearer understanding why no association were

found among blacks.

3. CHANCE AND CONFOUNDING

It is important to reflect on possible factors that may have confounded the results obtained in
this thesis. The results stemmed from a particular target population residing in one province of
South Africa and for the larger part of the thesis school teachers were investigated. Therefore
this particular population does not necessarily represent the entire black and white population.
Although the results do not reveal the general health of the entire population of South Africa, the
number of participants that were included in each of the studies provided sufficient statistical

power to obtain reliable results.
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The likelihood of chance findings should be taken into account when reviewing the results
obtained. Within partial and forward stepwise regression analyses, one out of twenty significant
correlations may be due to chance. The findings are likely to be robust, as results remained
significant before and after full adjustments for covariates and potential confounders. Adjusting
for covariates such as age, sex, ethnicity, study, BMI, SBP, pulse pressure, HbA1c, TC/HDL
ratio, triglycerides, CRP, ROS, y-GT, eGFR, smoking, and anti-hypertensive medication, could
have influenced the results by over- or underestimation of the association between IGF-1 and
the various variables investigated in each article. We therefore kept the number of covariates
that could influence the relationship to a minimum of only one covariate for every ten
participants. It is also possible that our findings were due to unknown factors we did not

measure or did not account for in our analyses that associate with IGF-1.

In addition, since the data for all the articles was analysed cross-sectionally, cause and effect
cannot be determined. One should also take into account that statistical significance does not
necessarily indicate physiological significance. However, not only were the results from each
article statistically significant, it also corresponded with the literature physiologically, therefore it

is likely that the results indicate physiological significance.
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4. CONCLUSION

Components of the metabolic
syndrome
- Elevated waist
circumference
- Elevated triglycerides

- Reduced HDL-C - Oxidative stress
- Elevated blood pressure - Liver dysfunction
- Elevated fasting glucose - Inflammation

Vasculature
/Endothelial damage
JInsulin-like growth factor 1 l

Cardiac overload
and systolic dysfunction

Figure 4: IGF-1 and the cardiometablic system investigated in this thesis.

In black and white South Africans IGF-1 is inversely associated with the number of metabolic
syndrome components. But the association in both groups is dependent on oxidative stress,
liver dysfunction and inflammation, suggesting possible underlying pathophysiological
mechanisms by which the metabolic syndrome attenuates IGF-1 levels in these groups. Black
participants however presented with a more unfavourable metabolic profile than whites which
may possibly contribute to their lower IGF-1 levels. With low IGF-1 levels we may suggest a
loss in cardiovascular protection in this group. Thus, the significant inverse relationship between
IGF-1 and a marker of endothelial dysfunction among the black group was not surprising. It is
however unexpected that no association between IGF-1 and a marker of cardiac overload and

systolic dysfunction was evident among blacks. But since this marker was significantly
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associated with systolic blood pressure in this group we may suggest that attenuated IGF-1
could contribute to cardiac pathology through blood pressure elevation. In whites however, IGF-
1 associated negatively with a marker of cardiac overload and systolic dysfunction, supporting

the cardioprotective role of IGF-1.

5. RECOMMENDATIONS FOR FUTURE STUDIES
The following recommendations are made to future researchers investigating IGF-1 and
cardiovascular function:
e Taking into account the early age-related decline of IGF-1 in black South Africans,®
together with the findings of this thesis, it is suggested that longitudinal studies in Africa
should be performed to investigate the prognostic value of IGF-1 for incident

hypertension, fatal and non-fatal cardiovascular events.

e Although the methodology used in this thesis provided clear findings, the inclusion of
more direct measurements are encouraged for future studies. These include e.g. 24-
hour ambulatory blood pressure (only performed in the SABPA, and not the SAfrEIC
study), flow mediated dilation to determine endothelial dysfunction and

echocardiography to determine cardiac structure and function.

e Based on the low levels of IGF-1 in blacks as found in our studies and that of others,>® it
is recommended that carefully designed intervention studies should investigate
recombinant human IGF-1 treatment in order to possibly improve vascular function

among blacks.
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Abstract

) 4

Insulin-like growth factor 1 (IGF-1), an insulin
sensitivity and vasculoprotective factor, associ-
ates negatively with the metabolic syndrome.
However, IGF-1 is reduced by factors such as
inflammation, oxidative stress and liver dysfunc-
tion. We investigated the relationship between
bioavailable IGF-1 and the number of metabolic
syndrome components and determined whether
this relationship is independent of inflamma-
tion, oxidative stress and gamma glutamy]l trans-
ferase (Y-GT; a marker of liver dysfunction). This
study included 907 black and white participants
stratified by sex (aged 43.0+£11.8 years). Among
them 63 participants had fasting glucose levels
of >7.0 mmol/l and/or used diabetes medica-
tion. Via standard methods we determined waist
circumference, fasting glucose, triglycerides,
high-density lipoprotein cholesterol and blood
pressure. We also determined high-sensitivity
C-reactive protein (CRP), reactive oxygen species

(ROS), Y-GT, IGF-1 and insulin-like growth factor
binding protein 3 (IGFBP-3). IGF-1/IGFBP-3 was
used as an estimate of bioavailable IGF-1. Total
IGF-1 was similar between men and women
(p=0.10), however, bioavailable IGF-1 was lower
in women (p<0.001). In multivariate-adjusted
analyses, IGF-1/IGFBP-3 was inversely associ-
ated with the number of metabolic syndrome
components in both sexes (men: B=-0.11;
p=0.013 and women: B=-0.17; p=0.003). Upon
inclusion of ROS, y-GT and CRP, significance was
lost. In patients without diabetes, the results
for men changed marginally, but were consist-
ent for women. We found an inverse association
between bioavailable IGF-1 and the number of
metabolic syndrome components. But the rela-
tionship was dependent on oxidative stress,
liver dysfunction and inflammation, suggesting
underlying processes by which the metabolic
syndrome attenuates IGF-1.

Supporting Information for this article is available
online at http://www.thieme-connect.de/products

Introduction

v

Insulin-like growth factor 1 (IGF-1) has several
metabolic and vasculoprotective effects. IGF-1
induces nitric oxide (NO) release [1]; it enhances
insulin sensitivity [2] and glucose uptake [3];
prevents postprandial dyslipidemia [4]; reduces
gluconeogenesis and scavenges free oxygen radi-
cals [3]. IGF-1 also has anti-inflammatory prop-
erties [5]. The biological effects of IGF-1 are
modulated by 6 different insulin-like growth fac-
tor binding proteins (IGFBPs) which bind to IGF-1
increasing its half-life, manages delivery to tissues
and regulates movement between intravascular
and extravascular compartments [6]. Approxi-
mately 80% of total IGF-1 is bound in serum by
IGFBP-3, while the remaining 20% is bound by
the other 5 IGFBPs [6]. Therefore, the molar ratio

of IGF-1 and IGFBP-3 could be used as a surrogate
measure for bioavailable IGF-1.

IGF-1 is reduced in individuals suffering from
cardiovascular and metabolic diseases [7,8]. Car-
diometabolic factors such as hypertension [8-
10], hyperglycaemia [9], hypertriglyceridaemia
[8], reduced high-density lipoprotein (HDL) cho-
lesterol and abdominal obesity [8] are all
inversely associated with IGF-1. These cardio-
metabolic factors aggregate together as part of
the metabolic syndrome [11], which itself is neg-
atively associated with IGF-1 [8,12]. A negative
association also exists between the number of
metabolic syndrome components present and
IGF-1[12,13].

In addition, circulating IGF-1 is adversely affected
by various factors including inflammation
[14,15], oxidative stress [16] and liver dysfunc-
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tion [17] and it is undetermined whether the relationship
between IGF-1 and the number of metabolic syndrome compo-
nents are independent of these factors. We therefore examined
the relationship of bioavailable IGF-1 with the number of meta-
bolic syndrome components in men and women; and how this
relationship is modulated by inflammation, oxidative stress and
liver dysfunction to identify the possible underlying pathophys-
iological mechanisms between IGF-1 and the metabolic syn-
drome.

Subjects and Methods

v

Study design and subject selection

We included data from the SABPA (Sympathetic Activity and
Ambulatory Blood Pressure in Africans) and the SAfrEIC (South
African study regarding the influence of Sex, Age and Ethnicity
on Insulin sensitivity and Cardiovascular function) studies con-
ducted by the same research team using similar methodology.
The SABPA study was conducted in 2008 and 2009, and included
409 black and white teachers between the ages of 25 and 65
years in the North West Province of South Africa. The SAfrEIC
study conducted in 2007 involved 750 black and white volun-
teers from urban areas of the North West Province of South
Africa (aged 20-70 years). Exclusion criteria for the SABPA study
were participants with an elevated ear temperature, making use
of a- and B-receptor blockers, psychotropic substance depend-
ence or abuse, blood donors, individuals vaccinated in the past 3
months and pregnant women. The SAfrEIC study excluded par-
ticipants that were apparently ill, pregnant or lactating. For the
purpose of this study we excluded participants due to missing
data (n=233) and those infected with the human immunodefi-
ciency virus (HIV) (n=19). The overall sample of this sub-study
consisted of 907 participants divided into men (n=457) and
women (n=450) of whom 63 individuals were having fasting
glucose levels of>7.0 mmol/l and/or made use of diabetes medi-
cation. Approval for both the SABPA and the SAfrEIC studies was
obtained from the Ethics Committee of the North-West Univer-
sity adhering to the principles of the Declaration of Helsinki. All
participants gave written informed consent after the procedures
of the study were thoroughly explained to them. The organisa-
tional procedures of both studies were described in detail else-
where [17,18].

Anthropometric measurements

Height (stature) and weight of participants were measured
while being in their underwear. Measurements were taken in
triplicate using standard methods with calibrated instruments
(Precision Health Scale, A&D Company, Tokyo, Japan; Invicta
Stadiometer, IP 1465, Leicester, UK) [19]. Waist circumference
(WC) was measured over the abdomen between the costal mar-
gin and the iliac crest. Measurements were taken to the nearest
0.1 cm using a non-stretchable standard tape (Holtain Instru-
ments Ltd. Wales). Body mass index (BMI) was calculated by
weight divided by height squared (kg/m?).

Blood pressure measurements

In the SAfrEIC study blood pressure measurements were taken
in duplicate after a 10 min resting period and a 5min interval
between the 2 measurements. The OMRON HEM-757 (Omron
Healthcare, Kyoto, Japan) apparatus was used to determine sys-
tolic and diastolic blood pressure with the cuff on the left upper
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arm in the sitting position. In the SABPA study, participants
rested for 5min in a semi-recumbent position before the first
measurement was taken. Blood pressure was measured with a
mercury sphygmomanometer, using the Riva-Rocci/Korotkoff
method [20], on the non-dominant arm. Two duplicate meas-
ures were taken with a 5min interval between the 2 measure-
ments.

Biochemical analyses

Serum samples for lipids (total cholesterol, high density lipopro-
tein cholesterol (HDL), triglycerides), aspartate aminotranferase
(AST), alanine transaminase (ALT), and high-sensitivity C-reac-
tive protein (CRP) were analysed using the Konelab 20i auto-
analyser (Thermo Scientific, Vantaa, Finland (2008)). Low
density lipoprotein cholesterol (LDL) was determined with the
Friedewald formula: LDL=TC - HDL - TG/2.17. In the SAfrEIC
study, a venous sample for fasting blood glucose was collected in
tubes containing sodium fluoride, kept on ice and centrifuged. In
the SABPA study, these sodium fluoride tubes were centrifuged
soon after blood collection. During the SAfrEIC study glucose
and gamma-glutamyltransferase (y-GT) were determined using
the Konelab 20i auto-analyser (Thermo Scientific, Vantaa, Fin-
land), while during the SABPA study glucose and y-GT were
determined using Beckman and Coulter time-end method (Uni-
cel DXC 800 - Beckman and Coulter®, Germany (2009)). Partici-
pants were considered as having diabetes if they had fasting
glucose levels of>7.0mmol/l and/or made use of diabetes medi-
cation [21]. The intra- and interassay coefficients of variation for
standard biochemical measures performed with auto-analysers
(Konelab 20i, Unicel DXC 800 - Beckman and Coulter) were <10%.
In the SABPA study, total IGF-1 was determined with an immu-
noradiometric assay (IRMA) from Immunotech (Beckman and
Coulter®, Germany; IGF-1 - A15729). The intra- and interassay
coefficients of variation for IGF-1 were 2.92, and 4.49%, respec-
tively. In the SAfrEIC study, we determined total IGF-1 using an
enzyme linked immunosorbert assay (ELISA) by BiocodeHycel
(Liége, Belgium, Catalogue No. EL2010). The intra- and interas-
say coefficients of variation for IGF-1 were 15.08 and 7.89%,
respectively. The properties of these 2 IGF-1 methods are com-
parable (Table 1S). IGFBP-3 was determined with an IRMA
method from Immunotech (Beckman and Coulter®, Germany;
IGFBP-3 - DSL-6600) in both the SABPA and SAfrEIC studies. The
intra-assay variability for IGFBP-3 ranged between 2.71 and
7.95%, and the inter-assay variability ranged between 3.20 and
9.30%, for both studies. Serum reactive oxygen species (ROS)
were determined by an improved assay system based on the
principle of the derivatives of reactive oxygen metabolites test,
which is recognised as an efficient method for evaluating oxida-
tive stress in the body. The Bio-Tek FL600 Microplate Fluores-
cence Reader (Bio-Tek, Instruments, Inc., Highland Park,
Winooski, VT, USA) was used to measure serum peroxide levels,
where 1.0mg/1 H,0, represents one unit of ROS [22]. The intra-
and interassay coefficients of variation for ROS were <10%. HIV
testing was done according to standard procedures of the South
African Department of Health.

Statistical analyses

For database management and statistical analyses we used Sta-
tistica version 12.0 (StatSoft, Inc.,Tulsa, OK). The associations of
IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syn-
drome components were tested for interaction with sex, ethnic-
ity or study type by introducing appropriate interaction terms in
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multiple regression analyses. Variables that were not normally
distributed were logarithmically transformed (BM], fasting glu-
cose, triglycerides, CRP, y-GT, AST and ALT). We subsequently
compared means and proportions between men and women
with independent T-tests and Chi-square tests, respectively. The
IGF-1 and IGF-1/IGFBP-3 distribution was explored according to
the number of metabolic syndrome components by using analy-
ses of variance (ANOVA) and analyses of covariance (ANCOVA).
The number of metabolic syndrome components was calculated
using the criteria for the metabolic syndrome compiled by the
International Diabetes Federation and other international bod-
ies in 2009 [11]. We used single and multiple regression analy-
ses to determine the associations of IGF-1 and IGF-1/IGFBP-3
with the number of metabolic syndrome components. The mod-
els included the following independent variables: age, ethnicity,
study type and the number of metabolic syndrome components.
We then further explored how this relationship is modulated by
inflammation, oxidative stress and y-GT. The models then
included age, ethnicity, study type, the number of metabolic syn-
drome components, CRP, ROS and y-GT as independent variables.
The multivariate-adjusted analyses were performed in the total
group and repeated upon exclusion of individuals with diabetes.

Results

\ 4

We stratified the 907 participants according to sex due to sig-
nificant interactions with sex regarding the associations of IGF-1

Men (n=457)
Age (years) 41.9£12.2
Ethnicity, black, n (%) 200 (43.8)

Anthropometric measurements
Body mass index (kg/m?)

Waist circumference (cm)

Biochemical measures
IGF-1 (ng/ml)

IGFBP-3 (nmol/I)

IGF-1/IGFBP-3

Fasting glucose (mmol/l)

Total cholesterol (mmol/l)

High-density lipoprotein cholesterol (mmol/l)
Low-density lipoprotein cholesterol (mmol/l)
Triglycerides (mmol/l)

C-reactive protein (mg/l)

Reactive oxygen species (mg/l)
Gamma-glutamyltransferase (U/l)

Aspartate aminotrasferase (U/l)

Alanine transaminase (U/1)

Cardiovascular measurements
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)

Lifestyle measures
Smoking self-reported, n (%)

Intake of medication
Anti-hypertensive medication, n (%)
Anti-diabetic medication, n (%)
Lipid-lowering medication, n (%)

Diabetes, n (%)

Hypertensive *, n (%)

25.8(17.7; 37.6)
91.0+£16.7

157+73.1
134£33.9
1.17£0.45
5.56 (4.31; 7.32)
5.22+1.39
1.26+0.56
3.2741.27
1.27(0.54; 3.17)
1.66 (0.11; 14.5)
78.8418.3
46.3 (16.0; 237)
25.8 (14.3; 69.0)
23.7 (9.62; 66.3)

130+17.6
84.8+12.6

155 (34.0)

81(17.8)
7(1.53)
18 (3.94)
40 (8.75)
146 (32.0)

and IGF-1/IGFBP-3 with the number of metabolic syndrome
components (p<0.001 and p=0.010, respectively). No significant
interactions were found for ethnicity or study type (all p>0.05).
© Table 1 displays the characteristics of the men and women
(Table 2S for each study, respectively). Despite a younger mean
age for men compared to women (41.9 vs. 44.1 years, p=0.006),
men showed a higher mean waist circumference (p<0.001), tri-
glycerides (p<0.001), glucose (p<0.001) and blood pressure
(p<0.001), accompanied by lower HDL-C (p<0.001). y-GT were
significantly higher in men (p<0.001) while women had higher
levels of CRP and ROS (all p<0.001). IGF-1 did not differ between
men and women (p=0.101), whereas women had higher IGFBP-3
(p<0.001) and a lower IGF-1/IGFBP-3 (p<0.001).

In © Table 2, we have compared IGF-1, IGF-1/IGFBP-3 and the car-
diometabolic profile according to the number of metabolic syn-
drome components. As expected, both sexes showed that waist
circumference, glucose, triglycerides and blood pressure increased
significantly (all p<0.001), and HDL-C decreased (p<0.001) as the
number of metabolic syndrome components increased. For men
we found a tendency of decreasing IGF-1/IGFBP-3 (p for
trend=0.078), but IGF-1 decreased as the number of metabolic
syndrome components increased (p for trend=0.032). In women,
IGF-1 and IGF-1/IGFBP-3 decreased significantly with the
increase in metabolic syndrome components (both p for
trend<0.001, © Table 2). As shown in © Fig. 1, this decrease per-
sisted after adjusting for age, ethnicity and study type (p for
trend <0.001). However, the decrease of IGF-1 in men was not
significant after adjustments (p for trend=0.240).

Women (n=450) p-Value Table 1 Comparison of car-

441£11.4 0.006 diovascular, bi.ochemical, and

184 (40.9) 038 anthropometric measurements of
men and women.

27.5(19.3;41.7) <0.001

85.9+15.0 <0.001

150+70.2 0.10

144+28.1 <0.001

1.03+£0.44 <0.001

5.26 (4.19; 6.90) <0.001

5.27+1.47 0.64

1.43+£0.42 <0.001

3.30+1.26 0.70

1.01 (0.46; 2.51) <0.001

2.52(0.13; 25.6) <0.001

98.2+27.9 <0.001

28.6 (8.00; 183) <0.001

19.9 (11.8; 44.0) <0.001

15.0 (5.63; 44.6) <0.001

122+18.9 <0.001

81.1t11.4 <0.001

86 (19.2) <0.001

76 (16.9) 0.73

3(0.67) 0.21

17 (3.78) 0.90

23 (5.11) 0.031

110 (24.4) 0.015

Data are arithmetic mean +SD or geometric mean (5t and 95 percentile intervals) for logarithmically transformed variables
n:Number of participants; IGF-1: Insulin-like growth factor 1; IGFBP-3: Insulin-like growth factor-binding protein 3

* Classification as hypertensive: > 140/90 mm Hg
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Number of metabolic syndrome components

0 1-2
Men
n 73 196
IGF-1 (ng/ml) 166+79.9 147+73.4
IGF-1/IGFBP-3 1.28+0.53 1.14+£0.24
Waist circumference (cm) 74.8+8.12 84.9+14.1*

Glucose (mmol/l)

Triglycerides (mmol/l)

4.83 (4.03; 5.49)
0.80 (0.42; 1.38)

5.32 (4.22; 6.42)*
1.03 (0.54; 2.02) *

High density lipoprotein (mmol/l)  1.50£0.60 1.44+0.61
Systolic blood pressure (mm Hg) 116+7.56 131+£17.9*
Diastolic blood pressure (mm Hg) ~ 74.3+5.88 84.4+12.7"
Women

n 80 211

IGF-1 (ng/ml) 190+79.3 148+67.3*

IGF-1/IGFBP-3 1.22+0.47 1.06£0.44 *
Waist circumference (cm) 71.0£5.31 83.5+12.8*

Glucose (mmol/l)

Triglycerides (mmol/l)

4.76 (4.05; 5.50)
0.74 (0.45; 1.30)

5.02 (4.22;6.01)*
0.90 (0.43; 1.74) *

High-density lipoprotein (mmol/l)  1.64£0.25 1.48+0.44 "
Systolic blood pressure (mm Hg) 106+9.10 121£18.1*
Diastolic blood pressure (mm Hg)  71.0£6.52 80.5+11.1%

Endocrine Research

Table 2 Mean values of IGF-1,

p for trend

>3 IGF-1/IGFBP-3 ratio, and metabolic
syndrome components in cat-
egories stratified according to the

186 number of metabolic syndrome

164+69.3 0.032 components.

1.15+0.44 0.078

104+£12.2* <0.001

6.12 (4.96; 8.91)* <0.001

1.90 (0.87; 4.44) * <0.001

0.98+0.31* <0.001

136+£17.2* <0.001

89.2+£11.8* <0.001

157

129+60.3 * <0.001

0.90+£0.39 * <0.001

96.6+13.1* <0.001

5.89(4.21;10.29) * <0.001

1.38(0.61;2.94)* <0.001

1.26£0.40 * <0.001

132+18.1°* <0.001

87.1+9.81* <0.001

n: Number of participants; IGF-1: Insulin-like growth factor 1; IGFBP-3: Insulin-like growth factor-binding protein 3

* Significance of the difference from previous category (p<0.001)

We performed multiple regression analyses with IGF-1 and
IGF-1/IGFBP-3 as our dependent variables in men and women
(o Table 3). In Model 1, the number of metabolic syndrome
components as well as age, ethnicity and study type were
included as independent variables. We found in all instances a
negative relationship between the number of metabolic syn-
drome components and IGF-1/IGFBP-3 in both sexes and with
IGF-1 in women. Adjustments for CRP, ROS and y-GT nullified
the relationships of IGF-1 and IGF-1/IGFBP-3 with the number of
metabolic syndrome components (Model 2). CRP was not sig-
nificantly associated with either IGF-1 or IGF-1/IGFBP-3, but ROS
and y-GT were prominent contributors to the variance of IGF-1
and IGFBP-3 in both sexes.

A separate summary of the individual contribution of CRP, ROS
and Y-GT to Model 1 is given in Table 3S. In sensitivity analyses
we repeated Model 2 with smoking and the usage of anti-hyper-
tensive medication as additional covariates. This did not affect
the outcome of our results (Table 4S).

When repeating these analyses after excluding participants with
fasting glucose levels of > 7.0 mmol/l and/or using diabetes med-
ication (© Table 4), we found in Model 1 that the negative rela-
tionship between the number of metabolic syndrome components
and IGF-1/IGFBP-3 remained significant in women, but margin-
ally changed in men (B=-0.09; p=0.078). After including CRP,
ROS and Yy-GT as covariates, the relationship between IGF-1/
IGFBP-3 and the number of metabolic syndrome components dis-
appeared. Apart from ROS and y-GT being prominent contribu-
tors to the variance of IGF-1 and IGFBP-3 in men and women, CRP
also related to IGF-1/IGFBP-3 in men (f=0.10; p=0.045), and
IGF-1 in women (B=-0.11; p=0.043). To explore whether the
aforementioned association between CRP and IGF-1/IGFBP-3 in
men are possibly driven by obesity, we included waist circumfer-
ence to the model and found that the association between CRP
and IGF-1/IGFBP-3 became non-significant ($=0.085; p=0.089).

Discussion

) 4

We examined the relationship of bioavailable IGF-1 with increas-
ing cardiometabolic risk, and how this relationship is affected by
inflammation, oxidative stress and liver dysfunction. We focused
specifically on the whole population sample but repeated analy-
ses upon exclusion of patients with diabetes. An independent
inverse association between bioavailable IGF-1 and the number
of metabolic syndrome components was found in the whole
population of men and women. However, significance of this
relationship was lost after adjusting for CRP, ROS and y-GT (as a
marker of liver dysfunction), where both ROS and y-GT were
negatively associated with bioavailable IGF-1 in both sexes.
When individuals with diabetes were excluded, the negative
association between bioavailable IGF-1 and the number of meta-
bolic syndrome components remained significant in women but
a borderline association were found in men. Again in women the
significance of the relationship was lost upon inclusion of CRP,
ROS and y-GT to the model.

In agreement with our findings, several studies reported a nega-
tive association between bioavailable IGF-1 and the number of
metabolic syndrome components. Sierra-Johnson et al. exam-
ined 3281 subjects from the Third National Health and Nutrition
Examination Survey (NHANES III), and found that bioavailable
IGF-1 decreased significantly as the number of metabolic syn-
drome components increased [13]. In addition, Sesti et al. exam-
ined 509 European subjects of whom 20% were classified as
having the metabolic syndrome. IGF-1 was also lower in subjects
with the metabolic syndrome compared to those without [8].
However, none of these studies accounted for markers of inflam-
mation, oxidative stress or Y-GT in their analyses.

When CRP, ROS and y-GT were added to the regression model
the link between bioavailable IGF-1 and the number of meta-
bolic syndrome components became non-significant. Indeed
both ROS and y-GT were negatively associated with bioavailable
IGF-1 in men and women. IGF-1 reduces oxidative stress and is
responsible for free oxygen radical scavenging [3]. But oxidative
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Men

p for trend =0.240

Women
p for trend =0.001

Fig. 1

The IGF-1 and IGF-1/IGFBP-3 ratio

distribution according to the number of metabolic
syndrome components, adjusted for age, ethnicity
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Ethnicity (White/African) B=-0.38;p<0.001 B=-0.12;p=0.012 B=-0.12;p=0.004 B=0.10; p=0.016
Study (SAFrEIC/SABPA) B=0.17;p<0.001 B=0.24;p<0.001 PB=0.16;p<0.001 B=0.24; p<0.001
Number of MetS components (0-5) - B=-0.11;p=0.013 B=-0.11;p=0.014 B=-0.17; p=0.003
Model 2 (Model 1+CRP, ROS, y-GT) R?=0.34 R2=0.20 R2=0.26 R2=0.26
Number of MetS components (0-5) - - - -
C-reactive protein log (mg/l) - - - -
ROS (mg]l) B=-0.10;p=0.016 P=-0.13;p=0.008 B=-0.19;p<0.001 B=-0.23; p<0.001
y-GT log (U/1) B=-0.20; p<0.001 B=-0.26; p<0.001 - B=-0.12; p=0.023

IGF-1: Insulin-like growth factor 1; IGFBP-3: Insulin-like growth factor-binding protein 3; ROS: Reactive oxygen species; y-GT: Gamma-

glutamyltransferase; MetS: Metabolic syndrome

stress also attenuates IGF-1 levels, given that oxidative stress
particularly affects hepatocytes where IGF-1 is mainly synthe-
sised [16,23]. Furthermore y-GT, as a surrogate marker of liver
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Table 3 Independent associa-
tions of IGF-1 and IGF-1/IGFBP-3
with the number of metabolic syn-
drome components and potential
confounders.

damage and liver diseases such as alcoholic fatty liver disease
and non-alcoholic fatty liver disease (NAFLD), are associated
with reduced IGF-1 production [24-27]. However it is beyond
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Men (n=417) Women (n=427) Table 4 Independent associa-
IGF-1 IGF-1/IGFBP-3 IGF-1 IGF-1/IGFBP-3 tions of IGF-1 and IGF-1/IGFBP-3
with the number of metabolic
Model 1 R2=0.31 R2=0.14 R2=0.20 R2=0.19 syndrome components and po-
Age (years) B=-0.42;p<0.001 B=-0.33;p<0.001 B=-0.37;p<0.001 B=-0.34;p<0.001 tantial confounders in participants
Ethnicity (White/African) B=-0.38; p<0.001 B=-0.11;p=0.027 B=-0.12;p=0.008 B=0.11;p=0.015  \without diabetes.
Study (SAFrEIC/SABPA) B=0.15;p<0.001 PB=0.22;p<0.001 B=0.15;p<0.001 B=0.22; p<0.001

Number of MetS components (0-5) -
Model 2 (Model 1+CRP, ROS, y-GT) R?=0.35
Number of MetS components (0-5) -

B=-0.09; p=0.078
R2=0.20

B=-0.12;p=0.015
R2=0.26

B=-0.14; p=0.002
R?=0.26

C-reactive protein log (mg/l) - B=0.10; p=0.050
ROS (mg]l) B=-0.09; p=0.035 B=-0.11; p=0.024
y-GT log (U/I) B=-0.20; p<0.001 B=-0.26;p<0.001

For abbreviations, see Table 3

the scope of this article to differentiate whether the increase in
Y-GT is due to alcohol or NAFLD.

We did not find an independent association between CRP and
bioavailable IGF-1 in the whole population. This was unexpected
since CRP synthesis is stimulated by pro-inflammatory cytokines
such as interleukin (IL)-6, tumour necrosis factor alpha (TNF-a)
and IL-1 that are also known to decrease both circulatory and
tissue concentrations of IGF-1 [28,29]. However, CRP has been
shown to result in increased superoxide production [30], and
therefore we might speculate that CRP attenuated IGF-1 via the
process of oxidative stress. This was possibly represented by ROS
that was independently related to bioavailable IGF-1 in our
regression model. In the population without diabetes we found a
positive association between CRP and bioavailable IGF-1 in men.
However, this relationship disappeared upon inclusion of waist
circumference to the model. Therefore, we might speculate that
the relationship between CRP and IGF-1 is driven by obesity
since it is known that obesity and CRP are strongly associated
[31].

Our finding that both ROS and y-GT modulate the association
between bioavailable IGF-1 and the number of metabolic syn-
drome components in men and women emphasise the fact that
these components should be taken into account when investi-
gating the link between IGF-1 and the metabolic syndrome.
These results may reflect potential mechanistic pathways
(namely via oxidative stress and liver dysfunction) by which the
metabolic syndrome attenuates IGF-1 levels, given that the met-
abolic syndrome is associated with the overproduction of reac-
tive oxygen species [32] and increased levels of Y-GT [33].

This study should be viewed in context of its strengths and limi-
tations. A limitation of our study is that it consists of 2 different
studies, but both studies used validated techniques. Thus, we
pooled IGF-1 data that were measured with different assays
(ELISA and IRMA) in the 2 studies. The y-GT test is a non-specific
measure that can be elevated with many types of liver diseases;
therefore we did not specify a liver disease associated with the
increase in Y-GT in our study. The results of our study were con-
sistent after multiple adjustments however, we cannot exclude
residual confounding. In addition, due to the cross-sectional
nature of this study, causality cannot be inferred. The strengths
of this study include the availability of bioavailable IGF-1 (IGF-1/
IGFBP-3) in a relatively large group of participants.

To conclude, cardiometabolic risk is inversely associated with
bioavailable IGF-1, but this association is potentially mediated
by oxidative stress, inflammation and liver dysfunction. These
factors should be taken into account when investigating the link
between IGF-1 and the metabolic syndrome. Therefore, strate-

B=-0.11;p=0.046 -
B=-0.18; p<0.001 B=-0.23; p<0.001
= B=-0.12; p=0.025

gies aimed at improving low-grade inflammation, oxidative
stress and liver function in individuals that are metabolically
compromised should be investigated due to their potentially
attenuating effects on IGF-1.
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Table 1S Comparison of assays used to determine total IGF-1 levels in the SABPA and SAfrEIC studies.

IRMA (Immunotech A15729, | ELISA (BiocodeHycel EL2010)
Beckman & Coulter)
(SABPA) (SAfrEIC)
Unit of measurement for IGF-1 ng/ml ng/ml
Intra-assay CV (%) 2.92 15.08
Inter-assay CV (%) 4.49 7.89
Sensitivity (ng/ml) 2 4.9
Dilution test (%) 88—111 73-108
Recovery test (%) 91-103 101.5-109.8
Kit calibrators
CALO 0 0
CAL 1 30 45
CAL2 100 77
CAL3 300 133
CAL4 600 270
CALS 1200 570
CALG6 - 1330

IGF-1, insulin-like growth factor 1; CV, coefficient of variation
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Table 2S Comparison of cardiovascular, biochemical and anthropometric measurements of men and
women in the SABPA and SAfrEIC study, respectively.

SABPA study SAfrEIC study

Men (n=189) Women (n=198) p value | Men (n=268) Women (n=252) p value
Age (yrs) 44.1+£9.92 45.249.60 0.26 40.4+13.3 43.1£12.5 0.016
Ethnicity, black, n (%) 88 (46.6) 90 (45.5) 0.83 112 (41.8) 94 (37.3) 0.30
Anthropometric
measurements
Body mass index (kg/m?) 27.9 (20.7; 38.6) 28.5 (20.0; 42.2) 0.16 25.1(16.9;35.7) 26.8 (18.7; 40.9) <0.001
Waist circumference (cm) 97.9£15.6 88.9+15.0 <0.001 86.1+15.8 83.5+14.5 0.049
Biochemical measures
IGF-1 (ng/ml) 165+59.8 158+63.2 0.26 152+80.9 143+74.8 0.19
IGFBP-3 (nmol/l) 133+£27.0 138+26.7 0.077 134+£38.0 149+28.4 <0.001
IGF-1/1GFBP-3 1.2440.40 1.13+0.41 0.009 1.11+0.48 0.96+0.45 <0.001
Fasting glucose (mmol/L) 5.87 (4.60; 9.50) 5.18 (4.19; 6.55) <0.001 5.35(4.22;7.13) 5.32 (4.19; 7.60) 0.72
Total cholesterol (mmol/L) 5.23+1.24 5.02+1.37 0.11 5.21+1.48 5.46x1.53 0.066
HDL cholesterol (mmol/L) 1.03+0.33 1.32+0.38 <0.001 1.42+0.63 1.52+0.43 0.027
LDL cholesterol (mmol/L) 3.45+1.22 3.26+1.18 0.12 3.15+1.36 3.34+1.33 0.11
Triglycerides (mmol/L) 1.35 (0.58; 3.23) 0.84 (0.42; 2.13) <0.001 1.22 (0.53; 3.11) 1.16 (0.51; 2.80) 0.38
C-reactive protein (mg/L) 2.19 (0.65; 9.60) 3.87 (0.99; 28.7) <0.001 1.36 (0.01; 15.9) 1.80 (0.07; 24.0) 0.019
Reactive  oxygen species | 79.5+17.3 105+31.0 <0.001 | 78.2+19.0 92.6+23.9 <0.001
(Grillilﬂr;l)a—glutamyltransferase 40.1 (13.0; 156) 21.2 (7.00; 89.8) <0.001 51.2 (18.6; 334) 36.2 (14.0; 242) <0.001
I(A[i/ple‘l)rtate aminotrasferase | 22.3 (13.7; 40.0) 17.0 (11.2; 30.0) <0.001 28.6 (15.4; 89.9) 22.6 (13.3;67.6) <0.001
gz/ilr:i)ne transaminase (U/L) 19.9 (7.80; 55.6) 11.0 (4.53; 30.8) <0.001 | 26.8 (11.4;74.3) 19.1 (9.82;47.9) <0.001
Cardiovascular measurements
Systolic ~ blood  pressure | 134+17.9 126+16.4 <0.001 103+16.9 118+20.2 <0.001
(mmHg)
Diastolic  blood  pressure | 89.1+12.8 81.7£10.0 <0.001 | 65+11.5 80.7£12.3 0.29
(mmHg)
Lifestyle measures
Smoking self-reported, n (%) 42 (22.2) 16 (8.08) <0.001 113 (42.2) 70 (27.8) <0.001
Intake of medication
Anti-hypertensive 45 (23.8) 45 (22.7) 0.80 36 (13.4) 31(12.3) 0.68
medication, n (%)
Anti-diabetic medication, n (%) 7 (3.70) 3 (1.51) 0.18 0(0) 0(0) -
Lipid-lowering medication, n | 7 (3.70) 4(2.02) 0.32 11 (4.10) 13 (5.16) 0.57
gjzibetes, n (%) 14 (5.22) 18 (7.14) 0.36 26 (13.8) 5(2.53) <0.001
*Hypertensive, n (%) 80 (42.3) 62 (31.3) 0.025 66 (24.6) 48 (19.1) 0.12

Data are arithmetic mean+SD or geometric mean (5" and 95™ percentile intervals) for logarithmically transformed variables

n, number of participants; IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor-binding protein 3; HDL cholesterol, High-

density lipoprotein; LDL cholesterol, Low-density lipoprotein
*Classification as hypertensive: >140 and/or 90 mmHg
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Table 3S Independent associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome
components and the individual contribution of additional confounders.

Men (n=457) Women (n=450)

IGF-1 IGF-1/IGFBP-3 IGF-1 IGF-1/IGFBP-3
Model 1 R’=0.30 R’=0.14 R’=0.21 R’=0.20
Age (yrs) p=-0.41; p<0.001 p=-0.31; p<0.001 B=-0.36; p<0.001 | p=-0.32; p<0.001
Ethnicity (White/African) B=-0.38; p<0.001 p=-0.12; p=0.012 B=-0.12; p=0.004 | p=0.10; p=0.016
Study (SAfrEIC/SABPA) $=0.17; p<0.001 =0.24; p<0.001 =0.16; p<0.001 =0.24; p<0.001
Number of MetS components (0-5) - f=-0.11; p=0.013 f=-0.11; p=0.014 | p=-0.17; p=0.003
Model 2 (Model 1+CRP) R’=0.30 R’=0.14 R’=0.23 R’=0.22
Number of MetS components (0-5) - f=-0.14; p=0.010 - -
C-reactive protein log (mg/L) - - p=-0.21; p<0.001 | p=-0.18; p<0.001
Model 3 (Model 1+ROS) R*=0.32 R’=0.16 R’=0.25 R’=0.26
Number of MetS components (0-5) - p=-0.11; p=0.030 - =-0.10; p=0.033
ROS (mg/L) B=-0.13; p=0.002 B=-0.13 ; p=0.005 B=-0.23; p<0.001 | B=-0.26; p<0.001
Model 4 (Model 1+y-GT) R’=0.33 R’=0.19 R’=0.21 R*=0.21
Number of MetS components (0-5) - - f=-0.10; p=0.044 | B=-0.12; p=0.013
v-GT log (U/L) =-0.22; p<0.001 =-0.27; p<0.001 $=-0.12; p=0.028 | p=-0.15; p=0.007

IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor-binding protein 3; ROS, reactive oxygen species; y-GT,
gamma-glutamyltransferase; MetS, metabolic syndrome
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Table 4S Independent associations of IGF-1 and IGF-1/IGFBP-3 with the number of metabolic syndrome

components and additional covariates.

Men (n=457) Women (n=450)

IGF-1 IGF-1/IGFBP-3 | IGF-1 IGF-1/IGFBP-3
Model 1 R’=0.34 R’=0.20 R’=0.26 R’=0.26
Age (yrs) p=-0.37; p<0.001 B=-0.26; p<0.001 | p=-0.35; p<0.001 | p=-0.32; p<0.001
Ethnicity (White/African) =-0.22; p<0.001 - - =0.19; p<0.001
Study (SAfrEIC/SABPA) B=0.91; p=0.044 =0.14; p=0.005 | p=0.19; p<0.001 | B=0.25; p<0.001
C-reactive protein (mg/L) - - - -
ROS (mg/L) =-0.09; p=0.035 f=-0.12; p=0.012 | B=-0.19; p<0.001 | B=-0.23; p<0.001
v-GT log (U/L) =-0.19; p<0.001 =-0.26; p<0.001 | - B=-0.12; p=0.020
Smoking (yes/no) - - - -
Antihypertensive medication (yes/no) | - - - -
Number of MetS components (0-5) - - - -

IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor-binding protein 3; ROS, reactive oxygen species; y-GT,
gamma-glutamyltransferase; MetS, metabolic syndrome
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ARTICLE INFO ABSTRACT

Introduction: Insulin-like growth factor-1 (IGF-1) has vasculoprotective effects and can directly oppose endothelial
dysfunction in several ways. To improve our understanding on the potential contribution of reduced IGF-1 to the
development of vascular endothelial damage, we investigated the link between bioavailable IGF-1 and von
Willebrand factor (VWF) as a marker of endothelial damage. We performed this study in black South African school
teachers, known to be prone to hypertension.

Materials and methods: From the larger Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA)
study we included 179 black and 207 white non-diabetic men and women (aged 44.5 + 9.96 years). We measured
ambulatory blood pressure and determined IGF-1, insulin-like growth factor binding protein 3 (IGFBP-3) and VWF
antigen from blood samples. We used the molar IGF-1/IGFBP-3 ratio as an estimate of bioavailable IGF-1.

Results: Black individuals presented higher blood pressure and vVWF,g and lower IGF-1 than the white group (all p <
0.001). In multivariate-adjusted analyses, vVWF,; was inversely associated with IGF-1 (R=018;p=—017;p=
0.044) and IGF-1/IGFBP-3 (R? = 0.18; 5 = —0.17; p = 0.030) in blacks, with no associations in whites. Since IGF-1 is
attenuated and VWF,, elevated in diabetes, we included patients with diabetes (n = 38) and the aforementioned
associations found in blacks remained robust.

Conclusion: The inverse association between bioavailable IGF-1 and vWF in black South Africans suggests that
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suppressed IGF-1 may result in endothelial damage independent of traditional risk factors.
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1. Introduction

Insulin-like growth factor-1 (IGF-1) has vasculoprotective effects by
activating nitric oxide synthase (NOS) and consequently increasing
nitric oxide (NO) production through the PI3-K signalling pathway [1].
These protective effects include, among others, anti-apoptosis [2],
endothelial-dependent vasodilation [3], oxygen free radical scavenging
[4], anti-inflammatory [5] and anti-platelet aggregation properties [4].
IGF-1 is synthesised upon stimulation by growth hormone (GH) and is
bound to insulin-like growth factor binding proteins (IGFBPs) that func-
tion as carrier proteins to regulate circulating IGF-1 transport, turnover
and distribution [6]. IGF-1 is only biologically active in its free form,
therefore total circulating IGF-1 provides only a crude estimate of bio-
logically active IGF-1 [7]. Free IGF-1, which only account for 1% of total
IGF-1, may therefore have greater physiological and clinical relevance
than total IGF-1 [8]. Since approximately 80% of total IGF-1 is bound to
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IGFBP-3 [6], the calculation of the molar ratio of IGF-1/IGFBP-3 allows
us to use the ratio as an estimate of bioavailable IGF-1, which may be
a more beneficial marker to use than total IGF-1.

The endothelial-protective activities of IGF-1 are vital, with reduced
IGF-1 levels linked to endothelial dysfunction [6], which may ultimately
lead to endothelial damage. Also, attenuated IGF-1 levels associate with
various cardiovascular risk factors such as hypertension [9,10] and
diabetes mellitus [11], which may fully exert their detrimental effects
through the pathway of endothelial dysfunction, endothelial apoptosis
and the development of unstable plaque [2,12,13]. Endothelial damage
results in the elevation of von Willebrand factor (VWF) levels [14] — a
blood glycoprotein synthesised by and stored in endothelial cells [15].
Cell injury associated with cardiovascular risk factors such as diabetes
will also result in high levels of VWF [14].

Due to rapid urbanization, black South Africans are prone to hyper-
tension development [16] and have a high prevalence of cardiovascular
disease [17]. The evidence that an urban dwelling lifestyle may be
detrimental to the cardiometabolic health of Africans motivated us to
develop the SABPA study that included black and white school teachers
[18]. We have demonstrated in the SABPA and another South African
study that black individuals have lower levels of IGF-1 than white
South Africans making them more vulnerable to vascular abnormalities
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[9,19]. We therefore investigated whether endothelial damage, mea-
sured by VWF, is related to IGF-1 in black and white South Africans.

2. Materials and methods
2.1. Study population

This study forms part of the SABPA study conducted between
February and May 2008 and 2009. We recruited a total of 409
urbanised black and white teachers from the North West Province,
South Africa. The reason for this selection was an attempt to attain a
homogenous sample from a similar socio-economic class. We invited all
eligible participants between the ages of 25 and 65 years to participate.
Exclusion criteria were participants with an elevated ear temperature,
making use of - and 3-receptor blockers, psychotropic substance depen-
dence or abuse, blood donors, and individuals vaccinated in the past three
months. For this sub-study, participants were excluded due to missing
data on insulin-like growth factor-1 availability (n = 4). Human immuno-
deficiency virus (HIV) infected participants (n = 19) and participants
with glycated haemoglobin (HbA1c) levels >6.5% and/or using diabetes
medication (n = 38) were also excluded. The overall sample of this
sub-study consisted of 348 participants divided into a black (n = 148)
and white (n = 200) group. Participants were fully informed about the
objectives and procedures of the study prior to their inclusion. All partic-
ipants signed an informed consent form. The study complied with the
Helsinki declaration of 1975 (as revised in 2008) for investigation
of human participants. The Health Research Ethics Committee of the
North-West University (Potchefstroom Campus) approved the study.

2.2. Organisational procedures

Each morning at approximately 08:00, an ambulatory blood pressure
monitor (ABPM) device was attached to the participants' non-dominant
arm at their workplace. At 16:30 participants were transported to the
Metabolic Unit Research Facility of the North-West University. This facility
consists of 10 bedrooms, two bathrooms, a living room and kitchen.
Participants received a standardised dinner and had their last beverages
(tea/coffee) and two biscuits at 20:30. Thereafter they relaxed by reading,
watching television, or social interaction and refrained from consuming
alcohol, caffeine, smoking and doing exercise. They were encouraged to
go to bed at around 22:00. Urine was collected overnight. At 06:00, sub-
jects were woken at which time the ABPM apparatus was removed and
subsequent measurements commenced. After the collection of a urine
sample and anthropometric data, nurses obtained a fasting venous
blood sample. Actical® accelerometers (Montréal, Québec) were attached
around the hip of each participant before they leave for work, in order to
assess physical activity during a normal working day.

2.3. Questionnaires

We used a general health questionnaire to determine lifestyle habits
and medication use.

2.4. Anthropometric measurements

Height (stature) and weight of participants were measured while
being in their underwear. Measurements were taken in triplicate using
standard methods with calibrated instruments (Precision Health Scale,
A & D Company, Tokyo, Japan; Invicta Stadiometer, IP 1465, London,
UK) [20]. Waist circumference (WC) was measured with measurements
taken to the nearest 0.1 cm using a non-stretchable standard tape (Lufkin,
Cooper Tools, Apex, North Carolina, US). Body mass index (BMI) was
calculated by weight divided by height squared (kg/m?).

2.5. Blood pressure measurements

An ABPM apparatus (Meditech CE120® Cardiotens; Meditech,
Budapest, Hungary) was attached on the participant at their workplace,
programmed to measure blood pressure at 30 min intervals during the
day (08:00-22:00) and every hour during night time (22:00-06:00).
We downloaded blood pressure data onto a database using the
CardioVisions 1.9.0 Personal Edition software (Meditech, Budapest,
Hungary).

2.6. Blood sampling and biochemical analyses

A registered nurse obtained a blood sample with a sterile winged
infusion set from the antebrachial vein branches. Serum samples for
total cholesterol (TC), high density lipoprotein (HDL) cholesterol, triglyc-
erides, gamma-glutamyl transferase (y-GT), and high-sensitivity C-
reactive protein (CRP) were analysed using two sequential multiple ana-
lyzers (Konelab 20i; Thermo Scientific, Vantaa, Finland (2008); Unicel
DXC 800 — Beckman and Coulter®, Germany (2009)). Interleukin-6 (IL-
6) was analysed using the IL-6 Quantikine high sensitivity enzyme linked
immunosorbent assay (R&D Systems, Minneapolis, MN USA). Total IGF-1
and IGFBP-3 were determined with immunoradiometric assays (IRMA)
from Immunotech (Beckman and Coulter®, Germany; IGF-1 — A15729;
IGFBP-3 — DSL-6600). Serum peroxides were determined by an improved
assay system based on the principle of the derivatives of reactive oxygen
metabolites test, which is recognised as an efficient method for evaluating
reactive oxygen species (ROS) in the body. The Bio-Tek FL600 Microplate
Fluorescence Reader (Bio-Tek, Instruments, Inc., Highland Park, Winooski,
VT, USA) was used to measure ROS levels, where 1.0 mg/L H,0,
represents one unit of ROS [21]. Citrated samples were used for the anal-
ysis of von Willebrand factor antigen (VWF,,). VWF,, levels were deter-
mined with a sandwich enzyme-linked immunosorbent assay (ELISA).
Polyclonal rabbit anti-vWF antibody and rabbit anti-vWF-horseradish
peroxidase antibody (DAKO, Glostrup, Denmark) were used to perform
the assay. The 6th International Standard for vVWF/FVIII was used to create
the standard curve against which the samples were measured. The per-
centage of glycated haemoglobin (HbA1c) was determined by means of
the turbidimetric inhibition immunoassay on whole blood using the
Roche Integra 400 (Roche, Basel, Switzerland). In the present sub-study,
participants were considered as having diabetes if they had HbA1c levels
of 26.5% or made use of diabetes medication [22]. HIV testing was done
according to standard procedures of the South African Department of
Health.

2.7. Statistical analyses

For database management and statistical analyses we used Statistica
version 12.0 (StatSoft, Inc., Tulsa, OK). We tested the interaction of sex
and ethnicity on the association between vWF,, and IGF-1/IGFBP-3 by
introducing appropriate interaction terms in multiple regression analy-
ses. Variables that were not normally distributed were logarithmically
transformed (VWF,g, IL-6, CRP, HbA1c, triglycerides, ROS and y-GT).
We subsequently compared means and proportions between black
and white groups with independent T-tests and Chi-square tests, re-
spectively. We used single regression analyses and forward stepwise
multiple regression analyses to determine the associations of VWF,¢
with total IGF-1 and IGF-1/IGFBP-3. The models included the following
covariates: age, sex, BMI, HbA1c, total cholesterol:HDL, triglycerides,
CRP, ROS, y-GT, smoking, pulse pressure, and antihypertensive medica-
tion. The multivariate-adjusted analyses were also repeated upon inclu-
sion of individuals with diabetes. All p-values refer to 2-sided hypothesis.

3. Results

We found no interaction of ethnicity (p = 0.36) and sex (p = 0.65
and p = 0.48 for blacks and whites, respectively) on the association
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between VWF,, and IGF-1/IGFBP-3. We therefore pooled the men and
women, but stratified the groups according to ethnicity in line with
our aim and the literature [9,23].

4. Characteristics of the study population

Table 1 displays the characteristics of the black and white partici-
pants. Age did not differ between blacks and whites, however black
participants showed higher BMI (p < 0.001), 24 h systolic and diastolic
blood pressure (all p <0.001), vWF,, (p <0.001), CRP (p < 0.001) and
IL-6 (p = 0.001). IGF-1 (p < 0.001) and IGFBP-3 (p < 0.001) were
lower in the black group, but IGF-1/IGFBP-3 was similar between the
two groups (p = 0.26).

5. Regression analyses

In unadjusted analyses (Fig. 1) we observed an inverse association
between VWF,g and both IGF-1 and IGF-1/IGFBP-3 in the black partici-
pants, with no associations found in the white group. After adjusting
for age, sex and BMI the association between VWF,g and IGF-1 in blacks
remained significant (r = —0.17; p = 0.041) while the inverse associa-
tion between VWF,, and IGF-1/IGFBP-3 became borderline (r = —0.14;
p = 0.096). These additional adjustments did not change the non-
significant results in the white group.

We further performed multi-variable adjusted forward stepwise
regression analyses with vVWF,g as dependent variable (Table 2), and
assessed the association with IGF-1/IGFBP-3 (Model 1) and total IGF-1
(Model 2) as our main independent variables. We found an inverse
association between vWF,; and IGF-1/IGFBP-3 (R>=0.18;3 = —0.17;
p = 0.044) and between VWF,g and IGF-1 (R®=018;p=—017;p=

Table 1

0.030) in blacks only. Also when including participants with diabetes
(n = 38) (Supplementary Table 1), the inverse associations of VWF,¢
with IGF-1/IGFBP-3 (R? = 0.14; = —0.17; p = 0.020) and IGF-1
(R> =0.15; p = —0.21; p = 0.005) were confirmed in the blacks only.

6. Discussion

We found an independent inverse association between vWF, as a
marker of endothelial damage, and bioavailable IGF-1, in black individ-
uals who also presented with significantly higher blood pressure and
VWEF, and lower IGF-1 than white individuals. This finding was robust
in a population irrespective of including or excluding those with diabe-
tes. No significant associations were found in the white group.

We confirm our previous results in a different population sample
indicating that IGF-1 levels are significantly lower in blacks compared
to whites [9]. Higher levels of vWF among blacks also support previous
findings [24,25], and taken together with the low IGF-1 profile, these
results may indicate and partly explain why black populations have an
increased risk for hypertension development and cardiovascular events
[17]. Although our black population had higher ambulatory blood
pressure [9], we found the association between endothelial damage
and IGF-1 to be independent of pulse pressure and other risk factors.
This association was found not only with total IGF-1 but also with the
IGF-1/IGFBP-3 ratio, which may indicate that both total and bioavailable
IGF-1 associate independently with endothelial damage.

Empen et al. analysed the association between IGF-1 and endothelial
function, as measured by flow-mediated dilation, in a study population
including 1482 participants (49.7% women) aged 25-85 years [26].
Although we used vVWF and not flow mediated dilation as a marker of
endothelial function, our results support the findings of Empen that

Comparison of cardiovascular, biochemical and anthropometric measurements of black and white participants.

Black (n = 148) White (n = 200) p value
Age (yrs) 43.8 +8.54 45.0 + 109 0.28
Sex (women, men) 79/69 105/95 0.87
Anthropometric measurements
Body mass index (kg/m?) 299 + 691 274 +5.75 <0.001
Waist circumference (cm) 924 + 14.7 924 + 15.7 0.96
Biochemical measures
HbA1c (%) 5.70 (5.10; 3.60) 5.46 (5.00; 6.10) <0.001
Total cholesterol:HDL ratio (mmol/L) 425+ 1.61 4.96 + 1.60 <0.001
Triglycerides (mmol/L) 1.07 (0.49; 2.77) 0.99 (0.43; 2.74) 0.20
IGF-1 (ng/ml) 142 4+ 544 178 4+ 62.7 <0.001
IGFBP-3 (nmol/l) 122 £ 246 148 + 229 <0.001
IGF-1/IGFBP-3 0.15 £ 0.05 0.16 + 0.05 0.26
VWF,g (%) 90.5 (57.9; 148) 62.1 (41.0; 95.4) <0.001
C-reactive protein (mg/L) 4.49 (0.65; 33.0) 2.00 (0.99; 9.00) <0.001
IL-6 (pg/mL) 1.17 (0.33; 3.14) 0.91 (0.31; 3.03) 0.001
Reactive oxygen species (mg/L) 90.7 (57.1; 145) 87.0 (57.2; 138) 0.17
Cardiovascular measurements
Ambulatory systolic blood pressure (mm Hg) 132 + 164 124 +£ 115 <0.001
Ambulatory diastolic blood pressure (mm Hg) 824 + 108 76.3 +7.87 <0.001
Ambulatory pulse pressure (mm Hg) 49.7 £ 9.19 472 £7.22 0.004
Lifestyle measures
Gamma-glutamyltransferase (U/L) 446 (20.1;177) 18.9 (7.00; 75.0) <0.001
Smoking self-reported, n (%) 26 (17.6) 29 (14.5) 0.45
Medication use
Anti-hypertensive medication, n (%) 49 (33.1) 25 (12.5) <0.001
Lipid-lowering medication, n (%) 2(1.35) 8 (4.00) 0.14
Anti-inflammatory medication, n (%) 10 (7.76) 12 (6.00) 0.77
“Hypertensive, n (%) 103 (69.6) 87 (43.5) <0.001

Data are arithmetic mean 4 SD or geometric mean (5th and 95th percentile intervals) for logarithmically transformed variables.
n, number of participants; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor-binding protein-3; HbAlc, glycated haemoglobin; vWF,g, von

Willebrand factor antigen.

?Classification as hypertensive: 2140/90 mm Hg.
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Fig. 1. von Willebrand factor (vWF) as a function of insulin-like growth factor-1 (IGF-1) and IGF-1/insulin-like growth factor binding protein-3 (IGFBP-3) in black and white individuals in
single regression analyses. Solid and dashed lines represent the regression line and the 95% CI boundaries.

low serum levels of IGF-1 are associated with impaired endothelial
function, after adjustments for major cardiovascular confounders [26].
The role of IGF-1 in vasodilation is supported by Abdu et al. who showed
that patients (nonsmokers, without diabetes, hypertension or vascular
disease) with low levels of IGF-1 due to growth hormone deficiency
have reduced vasodilation. However, the administration of growth hor-
mone led to the normalisation of previously reduced vasodilation [27].

von Willebrand factor is increased following endothelial cell injury
[28], therefore VWF is an indicator of endothelial damage [14]. VWF
has two functions in haemostasis: it acts as a bridging molecule for
platelet adhesion and aggregation at the site of cell injury [29]. VWF-
mediated platelet adhesion is dependent on a high shear rate, which
occurs in arterioles and in partially occluded arteries [30]. Therefore
damage to the endothelium enables VWF to bind to platelets at the
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Table 2
Independent associations of VWF,g with IGF-1/IGFBP-3 and total IGF-1.

Black White

VWF,g VWF,g

B (95% CI) p value B (95% CI) p value
n 148 200
Model 1
Adjusted R? 0.18 0.04
Main independent variable: IGF-1/IGFBP-3 —0.17 (—0.33; —0.01) 0.044 -
Age (yrs) - 0.11 (—0.03; 0.25) 0.13
Sex (women, men) - 0.12 (—0.07; 0.31) 0.098
BMI (kg/m?) 0.21 (0.03; 0.39) 0.025 0.11 (—0.04; 0.26) 0.16
HbA1c (%) —0.11 (—0.27; 0.05) 0.18 -
TC/HDL ratio —0.08 (—0.24; 0.08) 031 -
C-reactive protein (mg/L) 0.23 (0.04; 0.40) 0.016 -
Reactive oxygen species (mg/L) - 0.19 (0.02; 0.36) 0.032
v-GT (U/L) - —0.12 (—0.31; 0.01) 0.066
Smoking (no/yes) - —0.07 (—0.21; 0.07) 0.32
Anti-hypertensive medication (no/yes) —0.19 (—0.35; —0.04) 0.016 -
Model 2
Adjusted R? 0.18 0.04
Main independent variable: IGF-1 (ng/ml) —0.17 (—0.37; —0.02) 0.030 -
Age (yrs) - 0.11 (—0.03; 0.25) 0.13
Sex (women, men) 0.12 (—0.07; 0.31) 0.22
BMI (kg/m?) 0.21 (0.03; 0.39) 0.025 0.11 (—0.04; 0.26) 0.16
HbA1c (%) —0.11 (—0.27; 0.04) 0.15 -
C-reactive protein (mg/L) 0.22 (0.04; 0.39) 0.019 -
Reactive oxygen species (mg/L) - 0.19 (0.02; 0.36) 0.032
v-GT (U/L) - —0.15 (—0.31; 0.01) 0.066
Smoking (no/yes) - —0.07 (—0.21; 0.07) 0.32
Anti-hypertensive medication (no/yes) —0.21 (—0.37; —0.06) 0.006 -

(>, partial regression coefficient; 95% CI, 95% confidence intervals of [3; VWF,g, von Willebrand factor antigen; IGF-1, insulin-like growth factor-1; IGF-1/IGFBP-3 ratio, insulin-like growth
factor-1/insulin-like growth factor binding protein-3; BMI, body mass index; HbAlc, glycated haemoglobin; TC:HDL ratio, total cholesterol:high-density lipoprotein cholesterol; y-GT,

gamma-glutamyl transferase.

Covariates included IGF-1/IGFBP-3 or IGF-1, age, sex, BMI, HbA1c, TC:HDL, triglycerides, C-reactive protein; pulse pressure, reactive oxygen species, y-GT, smoking and antihypertensive

medication.
p < 0.05 regarded as statistically significant.

site of injury, which does not occur in the absence of injury [30]. VWF
also acts as a carrier for coagulation factor VIII and is responsible for
maintaining normal levels of factor VIII [31]. In addition to the impor-
tant functions of vVWF in haemostasis, vVWF is also involved in arterial
thrombus formation and atherosclerosis [32].

Since IGF-1 has vasculoprotective properties [1] we may speculate
on some mechanisms to be involved in the link found between vVWF
and IGF-1. IGF-1 directly opposes endothelial dysfunction, mainly by
increasing NO production [1]. NO has multiple endothelial-protective
activities, therefore a reduction in IGF-1 will consequently decrease
NO production with a loss in its vasculoprotective effects, resulting in
endothelial dysfunction [33] and may ultimately lead to endothelial
damage. NO further plays a major role in the regulation of VWF secre-
tion [34]. NO is responsible for the inhibition of platelet activation, and
may thus inhibit endothelial exocytosis such as VWF release [34,35].
On the other hand, a reduction in NO levels may potentiate VWF secre-
tion [34]. Another valuable protective activity of IGF-1 is the activation
of phospholipase A, which induces prostacyclin (prostaglandin I,
(PGI,)) synthesis [36]. PGI, has important anti-platelet effects and is
also responsible for inducing vasodilation [36]. In a study by Veyradier
et al. VWF levels were significantly decreased when patients with pul-
monary arterial hypertension were treated with prostacyclin [37].
Given that IGF-1 is responsible for NO and prostacyclin production [1,
36] and that both NO and prostacyclin exert an autocrine negative feed-
back on vVWF secretion [34,37], one might expect that a reduction in IGF-
1 would potentiate VWF secretion with possible implications for endo-
thelial damage and haemostasis. This was confirmed by the significant
inverse association found between vVWF and IGF-1 in the black popula-
tion. Therefore endothelial damage in blacks, who also presented a
more unfavourable cardiometabolic profile compared to whites, may

be due to a decline in bioavailable IGF-1 levels. Due to the cross-
sectional nature of this study, causality cannot be inferred.

This study should be viewed in context of its strengths and limita-
tions. A limitation of our study is that the participants consisted of
urban black and white teachers, and the results can therefore not be
extrapolated to the rest of South Africa. In addition, information on
platelets and white blood cell counts, as well as flow mediated dilation
were not available and may have provided more insight on the mecha-
nisms involved regarding the link between vWF and IGF-1. The results
of our study were consistent after multiple adjustments however, we
cannot exclude residual confounding. A strength of this study includes
the availability of bioavailable IGF-1 (molar IGF-1/IGFBP-3), detailed
cardiovascular assessments and socio-economic compatibility in a rela-
tively large group of bi-ethnic participants.

To conclude, the independent inverse relationship between vVWF
and IGF-1 in black individuals suggests that endothelial damage may
be a consequence of the reduction in endothelial-protective activities
of IGF-1. Our findings support the notion that reduced IGF-1 could be
considered as an independent risk factor for cardiovascular disease.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.thromres.2015.08.022.
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