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IV. Abstract

Metabolic Effects of Renal Sympathetic Denervation in Resistant Hypertension

Objective:

Renal sympathetic denervation (RSD) with radiofrequency ablation substantially reduces
blood pressure (BP) in patients with treatment-resistant hypertension. We investigated the
effects of RSD on BP, body mass index (BMI), glucose- and lipid metabolism, as well as on
inflammatory-, renal function-, and endocrine parameters.

Design and Method:

We conducted a retrospective analysis of those mentioned parameters among n=78 patients
treated with RSD. BMI, lipid metabolism- and endocrine parameters were assessed before
and six months after RSD, all other parameters before, six and twelve months after RSD.
Results:

We found, that 24-h ambulatory, but not office measured BP was significantly reduced one
year after RSD. BMI, thyroxine- and Interleukin-6 concentration and leukocyte count had
significantly decreased during follow up, while HDL-cholesterol, triglyceride concentration,
Cystatin C and free plasma cortisol had significantly increased. No sustained significant
alterations could be detected concerning glucose metabolism and renal function parameters.
We found, that ambulatory rather than office BP values were correlated with the investigated
parameters and their changes during follow up. Also, ambulatory BP reduction upon RSD
may be predicted by baseline Interleukin-6 and TSH concentrations.

Conclusions:

RSD may be associated with a reduction in BP and BMI, with changes in lipid metabolism
as well as endocrine parameters and may furthermore exhibit anti-inflammatory properties.
This analysis did neither reveal meaningful effects on glucose metabolism, nor on renal
function. Our results also suggest, that 24-h ambulatory BP may be a superior parameter in

the evaluation of RSD results than office measured BP.



Zusammenfassung

Stoffwechseleffekte der Perkutanen Renalen Denervierung bei  Therapieresistenter

Hypertonie

Einleitung:

Die perkutane renale Denervierung (PRD) durch Radiofrequenzablation bei Patienten mit
therapieresistenter Hypertonie fithrt zu Senkung des Blutdruckes (BD). Wir untersuchten die
Auswirkungen der PRD auf BD, body mass index (BMI), Zucker- und Fettstoffwechsel,
Entzlindungs- und Hormonparameter, sowie Nierenfunktion.

Methoden:

Wir fiihrten eine retrospektive Analyse der besagten Parameter unter n=78 Patienten, die mit
PRD behandelt wurden, durch. BMI, Fettstoffwechsel und endokrine Parameter wurden vor
der Denervierung und sechs Monate danach erhoben, alle anderen Parameter davor, sowie
sechs und zwolf Monate danach.

Ergebnisse:

Die Analyse ergab, dass die Werte der 24-h Langzeitblutdruckmessung, nicht jedoch die in
Praxisblutdruckwerte nach einem Jahr signifikant reduziert waren. BMI, Leukozytenzahl,
Thyroxin- und Interleukin-6 Konzentration zeigten sich im Verlauf signifikant vermindert,
wiahrend signifikante Anstiege bei HDL-Cholesterin, Triglycerid-, Cystatin C- und
Plasmacortisolkonzentration zu verzeichnen waren. Indes waren die Parameter beziiglich
Glucosestoffwechsel und Nierenfunktion unveréndert. Des Weiteren zeigte sich, dass die
24-h Langzeit- eher als die Praxisblutdruckwerte Korrelationen mit den untersuchten
Parametern vor dem Eingriff oder deren Anderungen im Verlauf aufwiesen. AuBerdem
fanden wir eine Korrelation zwischen dem AusmaB der Anderung der
Langzeitblutdruckwerte und der Interleukin-6, sowie der TSH-Konzentration vor der PRD.
Diskussion:

Unsere Ergebnisse deuten darauf hin, dass die PRD zu Reduktion von BD und BMI, sowie
Anderungen in Fettstoffwechsel und bei endokrinen Parametern fiihren kann, weiters scheint
sie auch entziindungshemmende Effekte hervorzurufen. Wir fanden keine eindeutigen
Auswirkungen auf Zuckerstoffwechsel oder Nierenfunktion. Des Weiteren scheint die 24-h
Langzeitblutdruckmessung geeigneter als die Praxisblutdruckmessung, um die Resultate der

PRD zu beurteilen.

vi



1.Background

1.1. Hypertension in Obesity and Metabolic Disorders

1.1.1. Epidemiology and Definition

High blood pressure represents one of the major causes of morbidity and mortality
worldwide, with about 15% of total deaths attributable to hypertension.! According to recent
data collected by the National Health and Nutrition Examination Survey (NHANES), overall
age-adjusted prevalence of hypertension among adults in the United States is estimated
29,1%. Of those, 75,7% were taking antihypertensive medication, but only 51,9% had their
BP controlled, defined as values being below a threshold of 140/90mmHg. The highest
prevalence in the U.S. is found among non-Hispanic black adults.?

Blood pressure itself and the prevalence of hypertension vary with gender, race and region.
The chance to develop hypertension increases with age and is related to obesity, dietary salt
intake and urine sodium-to-potassium ratio.! Genetic components are likely to contribute to
the development of hypertension in a polygenic manner, possibly affecting genes involved
in function and control of the RAAS, B-receptors or renal tubular sodium reabsorption.!-*
However, according to current knowledge, genetic effects only seem to play a minor role in
the pathogenesis of hypertension, compared to other “traditional” risk factors like obesity.’

There is evidence, that blood pressure is closely associated with BMI and waist-to-hip ratio,
probably slightly differing by age and gender.%’ A large part of hypertension cases may be
attributable to obesity,® and it is a common finding in animal and human studies, that blood
pressure increases with weight gain and decreases with weight loss.” Elevated blood pressure
in obesity and the metabolic syndrome could therefore be regarded as a kind of “secondary
hypertension”.!°

The risk of cardiovascular disease, heart failure, stroke and renal disease increases
continuously with systolic and diastolic blood pressure levels."'!'! Among individuals aged
40-69 years, each 20mmHg increase in systolic BP or 10mmHg in diastolic BP entails a
twofold augmentation of CVD-risk, beginning with 115/75mmHg.'> Patients with
prehypertension (130/80-139/89mmHg) do not (yet) require pharmacological treatment,
still, they are at double risk to develop hypertension.'* The diagnosis of hypertension should
be based upon mean blood pressure values of at least two office visits. Measurement should

be conducted, after the patient has been seated quietly for a minimum of five minutes, with
1



a proper sized cuff.!" According to the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7), the

following threshold values should be used in diagnosis and therapy of hypertension:'!

Table 1. Classification and management of blood pressure for adults, modified after the Seventh Report of the Joint

National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (11)

BP Classification Systolic/Diastolic | Initial Therapy (without compelling
BP (mmHg) indication®)

Normal <120/<80 -

Prehypertension 120-139/80-89 Lifestyle modification

Stage 1 Hypertension | 140-159/90-99 Lifestyle modification + single-drug
therapy (thiazide, ACE-I/ARB, B-blocker,

calcium-channel-blocker etc.)

Stage 2 Hypertension | >160/>100 Lifestyle =~ Modification +  2-drug
combination (thiazide + ACE-I/ARB or -

blocker or calcium-channel-blocker)

* Heart failure, post-myocardial infarction, high coronary risk, diabetes, chronic kidney disease, recurrent stroke
prevention

The recently published JNC 8 guidelines aimed to take a critical approach to the current
classification of hypertension with its thresholds and therapeutic options, by applying
evidence from randomized controlled studies to the previous guidelines. Major new findings
include, that the goal for patients >60 years should be a systolic BP of <150/90mmHg, while
patients <60 years should reach a target diastolic BP <90mmHg. Currently, there is no
evidence for a systolic threshold in this group, so it is suggested, that BP should be below
140/90mmHg, as it is also recommended for hypertensive patients with diabetes or CKD.
Evidence also suggests, that in white hypertensives an ACE-I or ARB should be the primary
choice for treatment, given their additional renoprotective and metabolic features.'*

24-h ambulatory BP monitoring offers insights into BP regulation throughout the day,
including BP in physical activity and also in sleep.!'! ABP monitoring is considered a more
powerful diagnostic tool than office BP measurement, as ABP levels have been shown to be
correlated with target-organ injury and cardiovascular risk to a higher extent.!!> 24-h ABP
levels are usually lower than office measured values, therefore ABP should be below a

threshold of 135/85mmHg in awake patients and <120/75mmHg when asleep."!! Night ABP



levels should be decreasing by 10-20%, attenuation of this phenomenon referred to as

“dipping”, is accompanied by an increased risk of cardiovascular events.!"-!¢

1.1.2. Resistant and Refractory Hypertension

Resistant hypertension is a condition defined as the inability to reach target blood pressure
despite the administration of a triple or higher combination of antihypertensive drugs at
proper doses, including one diuretic.!”!8

The prevalence of resistant hypertension has been reported 12,8% in a large US cohort, with
considerably higher odds ratios for black race and obesity and -less distinct- for male sex
and older age.'® Similarly, in a Spanish cohort, prevalence of resistant hypertension was
12,2% using office BP measurement. Consecutive ABP monitoring among these patients
revealed 37,5% as being “white coat hypertensive”.!”

Other possible reasons for so called “pseudo-resistant hypertension” include inaccurate
measurement of blood pressure due to wrong cuff size or other technical problems,
inadequate drug prescription by the physician or lack of compliance by the patient.?’

When pseudo-resistance has been ruled out, the Austrian Society of Hypertension suggests

the following diagnostic algorithm to detect and treat factors possibly causing resistant

hypertension:?°
Table 2. Diagnostic algorithm in resistant hypertension, modified after Weber et al., 2012 (20)
e Life style factors Obesity, high salt intake, inordinate alcohol intake
e Unfavourable NSAID, corticosteroids, drug abuse, sympathomimetics,
comedications contraceptive pill, immunosuppressants, etc.

e Secondary hypertension | OSAS,  renal-parenchymal/renovascular  hypertension,

hyperaldosteronism, pheochromocytoma, Mb. Cushing, etc.

Patients displaying resistant hypertension, which cannot be controlled with maximal
pharmaceutical therapy effort at a specialized hypertension unit are considered suffering
from “refractory hypertension”.?! In a recent study, patients with refractory hypertension
displayed a significantly higher heart rate and a decreased antihypertensive response to
spironolactone therapy than patients with “ordinary” resistant hypertension, suggesting the

influence of neural mechanisms like the sympathetic nervous system.?!



1.2. Pathophysiological Concepts of Hypertension

1.2.1. The Renin-Angiotensin-Aldosterone-System

Increased systemic activity of the RAAS in obesity and the metabolic syndrome has been
reported in older studies and was therefore thought to contribute to hypertension.?>?3*
However, in contrast to that assumption, a recent population study among third generation
Framingham Heart Study participants reported no correlation of systemic RAAS activity
parameters with subcutaneous or visceral fat mass.? Still, the lack of evidence concerning
systemic RAAS activity does not ostracise the important role the RAAS plays in the
metabolic syndrome, but it probably rather acts at a local, tissue specific level than at a
systemic one.’®?’ Angiotensinogen gene expression has been reported to be especially

t’28

increased in adipose tissue, when visceral obesity is present,” and may be crucial in the

development of obesity-induced hypertension.?’

Vasoconstriction by angiotensin II, arising from an activated local or systemic RAAS, is
suspected to cause direct glomerular injury to the kidney.*° Consistently, ACE-I and ARB
have been shown to reduce proteinuria in CKD,*! and also the incidence of ESRD in patients
with proteinuria, especially in obese subjects.’? Furthermore, older animal studies suggest,
that pharmacological RAAS inhibition may cause stronger antihypertensive effects in obese
subjects than in lean ones.?

Plasma aldosterone concentrations are reported to be elevated in obese hypertensive

3334 with BMI being closely correlated with plasma aldosterone concentrations.>

subjects,
Also, mineralocorticoid-receptor antagonists have recently been demonstrated to improve
endothelial function by a degree dependent on measures of adiposity in obese subjects.>®
This finding may partly explain the increased prevalence of resistant hypertension in obese
patients and consistently, aldosterone antagonists are being successfully used in drug-
resistant hypertension.>’ Furthermore, mineralocorticoid receptor antagonists may exhibit
renoprotective features,*® also when added to an ACE-I therapy.’* However, this advantage

may be achieved at the price of an increased risk of complications like hyperkalaemia, so

that the actual benefits of dual RAAS blockade are still discussed controversially.*’



1.2.2. Microcirculation and Endothelial Function in Obesity

and Hypertension

Microcirculation is an important regulator of overall peripheral vascular resistance and thus
of blood pressure.*! Microvascular abnormities can either be cause or consequence of
hypertension.** Defects in microvascular structure and control can lead to increased
vasoconstriction, reduced vasodilatation and vascular rarefaction within muscle and skin

vascular beds, which has been reported in hypertension,*

as well as in obesity and in insulin
resistance.** This goes in line with the finding, that obese, hypertensive humans display
vasoconstriction as a response to insulin rather than the normally expected vasodilatation.*’
Microvascular control is sustained by the balance of several intracellular signalling pathways
and is probably -at least in part- insulin-dependent.*? Research results suggest, that insulin
resistance in hypertension is associated with endothelial dysfunction, which may be caused
by local NO and ET-1 imbalance in small blood vessels.** The molecular basis for this
mechanism may be found in the insulin-dependent activation of intracellular signalling
pathways, leading to synthesis of vasodilatatory NO on the one hand and vasoconstrictive
Endothelin-1 on the other hand.** The balance between the two systems may be crucial in
microvascular control and has been shown to be disturbed in hypertension and obesity.*¢47
Adipose tissue factors like FFA, adiponectin, angiotensinogen and TNF-o may play a
causative role those processes:**** FFA activate PKC-0, leading to inactivation of IRS-1,
which ultimately affects NO-synthesis, while TNF-a may have similar effects by activating
JNK. So ultimately, both substances may impair insulin mediated vasodilatation, while the
insulin-mediated Endothelin-1 pathway is thought to remain active, shifting the vascular
balance towards vasoconstriction.*” In line with these hypotheses, measures of
microvascular dysfunction were found to be positively correlated with measures of visceral
and subcutaneous adiposity as well as with the levels of inflammatory parameters like CRP,
11-6 and TNF-0.*® Summing up, adipose tissue factors like inflammatory markers and FFA,
but also adiponectin, leptin, and angiotensinogen seem to be participating in microvascular
processes, possibly linking hypertension to obesity and insulin resistance.*?

Importantly, similar microvascular alterations may not only be found in skin or muscle blood
vessels, but also in the kidneys, perhaps triggering subtle renal injury and salt sensitivity,
essential factors in the development of hypertension.’®*? Consistently, de Jongh et al.
reported, that salt sensitivity was inversely correlated with measures of skin microvascular

function.”!



1.2.3. The Kidney in Hypertension

According to most pathophysiological models, alterations in structure and function of
microcirculation cannot not be the solitary cause of hypertension, as temporarily elevated
blood pressure by increased peripheral resistance should normally be balanced by increased
pressure-natriuresis in the kidneys.'*** Essential hypertension therefore may also require an
impairment in renal pressure-induced sodium excretion to develop, as integrated in the
“Borst-Guyton concept” of salt sensitivity in hypertension. There may be no form of
hypertension in which the kidneys are not involved in initiation or perpetuation of elevated
blood pressure levels.* Johnson et al. suggested three major mechanisms of renal
involvement in hypertension including 1) response to decreases in glomerular filtration rate,
2) impairment in tubular sodium transport and 3) renal ischemia by vasoconstriction,
oxidative stress and inflammation.*

Decreases in GFR are known to be closely associated with hypertension,’ probably caused
by sodium retention and volume expansion, additionally linked with disturbed tubular
sodium excretion.* Several genetic polymorphisms, for example in the epithelial sodium
channel of the collecting duct, are known to predispose to hypertension,* still, although
hypertension incidence is known to be increased within families,® only a minor part of blood
pressure variance could be attributed to genetic models, compared to the traditional risk
factors.’ The incredible increase in the prevalence of hypertension, especially in last century,
suggests an environmental rather than a genetic influence,* which is likely to be found in the

53,54,55,56

epidemic of obesity and the metabolic syndrome, which itself is associated with

numerous factors that may contribute to hypertension, as reviewed in this thesis.

1.2.4. Renal Sodium Handling and Renal Injury

Renal ischemia, like originally suggested by Goldblatt already in the 1940s, may actually be
a major factor in the development of hypertension. However, as we know today, this process
is not caused by constriction of the renal arteries, but happens at a much more microvascular
level.® Johnson et al. suggested, that kidney injury, ultimately responsible for the
perpetuation of hypertension would proceeded in two steps.

Episodes of renal vasoconstriction, especially affecting the afferent arteriole, are thought to
initiate the process leading to hypertension.* This temporary vasoconstriction can -for
example- result from increased SNS activity,”’ as found in borderline hypertension

especially in younger subjects,’® activation of the RAAS,> or endothelial dysfunction with



consecutive depletion of NO,®® as mentioned earlier in this thesis. At this early stage,
hypertension is thought to be salt-resistant, as the ability of the kidneys to excrete sodium is
not impaired yet and the elevation in blood pressure is caused by those extrarenal factors.
However, as microvascular and tubulointerstitial injury develop with the progression of
hypertension, sodium excretion may become impaired and the salt resistant may turn to salt
sensitive hypertension.>

This hypothesis, especially with a focus on angiotensin II as major contributor to renal
injury, has been successfully tested in animal models,’” and led to another important finding:
Vascular damage in the kidneys is associated with T-cell and macrophage infiltration into
the interstitium of the kidneys, a process which may be source of further production of
angiotensin II and oxidants reducing local NO production.*®1:®> Consistent with this finding,
salt-sensitive hypertension could be shown to be prevented by the systemic application of

mycophenolate mofetil, a substance suppressing immune cell proliferation.5%63

1.2.5. Low Nephron Numbers and Hypertension

Another major renal-specific risk factor in the development of hypertension may already be
determined in the fetal period, as there is evidence, that congenitally low nephron numbers
are associated with future elevations of blood pressure.’+®> Animal and human studies
suggest, that infants with low birth weight or intrauterine growth retardation have lower
nephron numbers and are more likely to develop hypertension and salt sensitivity.%67-68
However, in humans, this association could only be proven in Caucasians up to now,* but
not in African-Americans,®® suggesting additional effects of other, race specific mechanisms.
Altogether, the pathophysiological mechanism underlying this association may be rather be

an increased vulnerability to renal microvascular disease and to tubulointerstitial

inflammation, than the low nephron number itself.*

1.2.6. Renal Compression by Visceral Adipose Tissue

Weight gain increases renal sodium reabsorption and attenuates pressure natriuresis, leading
to a higher GFR, probably in order to restore renal sodium excretion to back normal at the
price of an elevated blood pressure.’®’! A possible cause for this mechanism may be physical
compression of the kidneys by surrounding adipose tissue and penetration of fat into the
renal sinuses.”! Increased amounts of renal sinus fat have been reported to be associated with
increased risk of hypertension and chronic kidney disease.”” Animal models of obesity

caused by high fat feeding demonstrated increased renal sinus fat and hypertension,’* as well

7



as augmented sodium reabsorption and volume retention.”’ Hypothetically, this may be
caused by increased interstitial pressure within the kidneys via compression of renal veins
and lymphatic vessels.”>”® Artificial constriction of the renal vein in animals has been
reported to cause an augmented sodium reabsorption in the loop of Henle,”* possibly caused
by increased pressure and consecutively reduced flow rate.”! Low sodium concentrations at
the macula densa could then cause further sodium reabsorption by activation of the RAAS
via the renal feedback system.”!

Furthermore, not only fat around the kidneys, also lipid content in the renal parenchyma is

increased in obesity,”>”

suggesting an additional involvement of lipotoxicity, oxidative
stress and inflammation in the kidney,’” similar to the processes in muscle or other tissues,

underlying insulin resistance, as discussed later in this thesis.

1.3. The Sympathetic Nervous System in Hypertension

and Metabolic Disorders

1.3.1. The SNS in Cardiovascular and Metabolic Control

It is commonly agreed on the fact, that acute sympathetic activation causes an elevation in
cardiac output, next to sodium retention and renin release in the kidneys increasing
circulating volume and peripheral resistance.!° General metabolic effects of sympathetic
activation include lipolysis with an elevation in free fatty acids, gluconeogenesis in the liver
and inhibition of insulin release by the pancreas.”® These short term cardiovascular and
metabolic effects suggest, that chronic sympathetic over-activity may be an important factor
in diseases like hypertension, obesity, chronic kidney disease, insulin resistance and lipid

metabolism disorders, as integrated in the concept of the “metabolic syndrome”.

1.3.2. Alterations of SNS-Activity in the Metabolic Syndrome

Recently, increased sympathetic nerve activity has emerged as a new major factor not only
in the pathogenesis of hypertension, but also in various metabolic disorders integrated the
“metabolic syndrome”. Mancia et al. even referred to the sympathetic nervous system as the
“primum movens” of the cardiovascular and metabolic alterations characterizing the
metabolic syndrome,”’ as there is evidence, that most of its components, like obesity or
insulin resistance, are associated with an elevation in adrenergic activity.’s”’

Heart rate, used as a marker of sympathetic activity,’® has been reported to be significantly

increased in patients meeting the criteria for the metabolic syndrome.’> Noradrenaline

8



spillover rate to plasma from total body,” kidney,* or brain,®' is increased in hypertension.
Notably, renal NA spillover is elevated in obesity with or without hypertension.”®" This
finding is may indeed be a possible explanation, of how obesity can cause hypertension by
impairing renal function via the sympathetic nervous system.

Measuring of efferent muscle sympathetic nerve activity (MSNA), assessed by

microneurography indicated elevated sympathetic nerve activity in hypertension 3>

7984 and in the metabolic syndrome in general.®* Increased MSNA in the

diabetes,®’ obesity,
MetS has been reported even in normotensive subjects, but hypertension further increases
the levels of muscle sympathetic nerve activity.® Gender may also play a role in sympathetic
activation in obesity, as it has been recently reported, that muscle sympathetic nerve activity
was related to blood pressure in women, but to measures of obesity in men and weight loss
only reduced MSNA in men, but not in women.®® Furthermore, the arterial baroreflex has
been shown to be impaired in the metabolic syndrome.3*

Obstructive sleep apnoea, widely known to be highly prevalent in obesity the MetS, has been
reported to be accompanied by increased sympathetic nerve activity in lean and even more

in obese subjects,’” suggesting that the presence of OSAS may rather add an additional

activation to, than being the exclusive cause for sympathetic over-activity in obesity.”®

1.3.3. The SNS and Insulin Resistance

Insulin action and sympathetic nerve activity seem to be closely related to each other,
although results are varying between different studies. Evidence suggests, that increased
sympathetic activity reduces insulin sensibility by modifying local haemodynamics.”” One
the one hand, sympathetically mediated vasoconstriction of small muscle vessels decreases

8 on the other hand, insulin locally prevents sympathetically mediated

glucose uptake,
vasoconstriction in healthy subjects.®

In lean subjects, elevation of plasma insulin levels increases sympathetic nerve activity to
skeletal muscle and also local blood flow, but this vasodilatatory response seems to be
blunted in obese persons,**® who also had higher MSNA at baseline.”® These findings may
establish a connection between SNS activity and microvascular function, especially
concerning the response to insulin, that has already been discussed earlier in this thesis.
The question, whether sympathetic activation or other metabolic alterations are the primary
cause of insulin resistance is still not fully understood. Noradrenaline spillover from the

kidneys to plasma is not increased by hyperinsulinaemia’ and weight gain in non-obese

subjects has been shown to increase MSNA, systolic blood pressure, plasma leptin
9



concentrations and plasma renin activity, but not insulin concentration.”! Mauso et al.
reported, that in young, non-hypertensive Japanese, elevations in markers of sympathetic
activation were present ten years before they developed insulin resistance and
hypertension.”? Similarly, another study demonstrated, that future insulin resistance was
independently predicted by elevated parameters of sympathetic reactivity.”® Together, these
findings strongly suggest, that hyperinsulinaemia and insulin resistance do not cause

increased SNS activity in the metabolic syndrome.’®

1.3.4. The SNS and Adipose Tissue Factors

Factors released by adipose tissue may play an important role in sympathetic activation in
obesity and the metabolic syndrome, as especially visceral adiposity is associated with an
increased adrenergic drive.**

Levels of Non-esterified fatty acids (NEFA), also known as free fatty acids (FFA), are
associated with a deterioration of glucose tolerance,’” and systemic NEFA infusion increases
muscle sympathetic nerve activity as well as blood pressure,’® which potentially leads to
insulin resistance in muscle. However, the putative role of systemic FFA/NEFA levels in
insulin resistance and the metabolic syndrome remains to be questioned,’” as it has also been
reported, that whole body and renal NA spillover is rather decreased than increased upon
NEFA infusion.”®

Concentrations of the adipokine leptin are known to be increased in obesity and the
metabolic syndrome.”!? Furthermore leptin is believed to increase sympathetic nerve
activity and reduce appetite in order to promote weight loss'°"!'2, The appetite-suppressing
effect is thought to be lost in obesity due to selective central nervous system resistance to its
action, while the sympathoexcitatory properties may persist.””1% Fasting plasma leptin
levels have been shown to be correlated with the extent of noradrenaline spillover to plasma,
but not with MSNA.!% Still, evidence concerning a causative role of leptin in sympathetic
nerve activity is no fully conclusive,’® as Masuo et al. demonstrated, that elevated baseline
markers of adrenergic activity could predict weight gain and blood pressure elevations in

future, but leptin could not.!%

A new possible mechanism, which may link leptin with
sympathetic nerve activity and hypertension at the level of the central nervous system,
referred to as the leptin melanocortin pathway,*® will be discussed later in this thesis.

Adiponectin has been reported to act anti-inflammatory and anti-atherogenic and its

106,107,108 Low

concentration is decreased in obesity and insulin resistance. levels of

adiponectin are independently associated with increased risk of hypertension,!” and
10



antihypertensive therapy with rilmenidine significantly increased plasma adiponectin
concentration without significant changes in BMI or insulin sensitivity.!'? In mouse studies,

a decrease of renal SNS activity and BP was observed after application of adiponectin.'!°

1.3.5. The Leptin-Melanocortin System

Leptin may be a key factor linking obesity with hypertension and SNS activity. As
mentioned before, leptin is an important regulator of the energy household, acting by
reducing appetite and increasing energy consumption, probably via the SNS.** Leptin
concentrations are increased in obesity,” and associated with markers of sympathetic nerve
activity.!°"!% Furthermore, administration of leptin increases blood pressure and heart

12 which may represent a marker of SNA.”8

rate,
Genetically leptin deficient mice and humans are extremely prone to develop obesity and
other features of the metabolic syndrome, but exceptionally they do not display hypertension
and have rather reduced SNS activity.!!*!!* The molecular basis for the action of leptin to
increase blood pressure is assumed to be found the CNS: Leptin receptors on POMC
(proopiomelanocortin) neurons in the hypothalamus may cause activation of MC4R
(melanocortin)-receptors in the paraventricular nucleus and the brainstem, via the release of
0-MSH.?° Consistent with this hypothesis, deletion of the leptin receptor on POMC neurons
in mouse models led to a decrease in blood pressure as a response to leptin application
instead of the normally expected increase.'!> Similar to those findings, humans and animals
with POMC or MC4R mutations are obese and insulin resistant, but not hypertensive and

have no increased or even lower SNS activity compared to controls, 16117118119

1.3.6. Connections between SNS and RAAS

Augmented efferent sympathetic outflow to the kidneys causes activation of the RAAS by
an increase in renin release upon stimulation of -1 receptors in juxtaglomerular granular
cells.!? Thus, it is likely, that RAAS and SNS activity are closely connected to each other.

Some studies report, that the RAAS is activated in obesity with significantly elevated plasma

2829 or due to a feedback

renin activity,?* either due to local production in adipose tissue,
mechanism between the SNS and the RAAS at a peripheral or central nervous system
level.!?! Adipocytes in obese hypertensive subjects have been reported to display an up-
regulation of the renin, ACE and angiotensin II type 1 receptor genes.'?> Although specific
pathways have not yet been found, these findings underpin, that local RAAS activity in

adipose tissue may be a possible link between obesity, increased SNA and hypertension.
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1.3.7. The Kidney and the Sympathetic Nervous System

It is likely, that renal afferent sympathetic signalling to the CNS is increased as a response
to the process of renal injury, which is linked with the pathogenesis of hypertension.* This

hypothesis is supported by the fact, that measures of sympathetic nerve activity have been

82,85,123 124,125,126

repeatedly shown to be increased in hypertension, and also in renal failure.
Furthermore, sympathetic nerve traffic from the CNS to the kidneys is stimulated in
hypertension, whereupon efferent renal specific sympathetic over-activation of the kidneys
has been reported in several studies.'?>!?’

As mentioned before, augmented efferent SNA to the kidney can cause arteriolar
vasoconstriction, increased renal sodium reabsorption and impaired pressure natriuresis.*
All of those renal processes may contribute to the vicious circle ultimately leading to the
onset and perpetuation of hypertension. Consistently, in a recent study, Foss et al. reported,
that in a genetic salt-sensitive hypertension rat model, targeted sympathetic nerve ablation
resulted in distinct decrease in salt-sensitivity compared to controls.!?8

Obesity related hypertension has been reported to be associated with increased sympathetic
outflow to the kidney and to skeletal muscle,’® however, increased sympathetic nerve
activity is also present in obesity without hypertension.??#>% This underlines the hypothesis,
that increased sympathetic nerve activity may not only be a consequence of renal injury in
chronic hypertension, but also be an important factor in the initiation of the whole process
ultimately leading to hypertension.* Therefore, this finding may help us understand, why and

how obesity can initiate hypertension by affecting the kidney.

1.4. The Metabolic Syndrome

1.4.1. Epidemiology and Definition

The metabolic syndrome represents a constellation of certain co-occurring metabolic
abnormities increasing the risk of cardiovascular disease and diabetes mellitus. Those
metabolic dysfunctions include central obesity, lipid metabolism disorders, hypertension and
hyperglycaemia.!%%12%:130

The most commonly used diagnostic criteria for the metabolic syndrome were edited by the
International Diabetes Foundation (IDF) in 2006,'* based on the guidelines by the National
Cholesterol Education Program, Adult Treatment Panel III (NCEP: ATPIII) from 2001.13°

The IDF-Criteria emphasise the importance of abdominal obesity as a main criterion in the
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diagnosis of MetS, as waist circumference is easier to assess than insulin resistance and has

been proven to be independently related with insulin resistance and visceral obesity.!?%!13!

Table 3. NCEP ATP III Criteria for the Metabolic Syndrome 2001 (130)

Three or more of the following:

e Abdominal obesity: Waist circumference >102cm (m), >88cm (f)

e Hypertriglyceridemia: Triglycerides >150mg/dl or specific medication

e Low HDL cholesterol: <40mg/dl (m) and <50mg/dl (f) or specific medication

e Hypertension: blood pressure >130/85mmHg or specific medication

e Fasting plasma glucose >110mg/dl or specific medication or previously diagnosed

type 2 diabetes

Table 4. IDF Criteria for the Metabolic Syndrome 2006 (129)

Waist circumference:

Ethnicity specific; >94cm (m), >80cm (f) for Europeans

Plus any two or more of the following:

e Fasting triglycerides >150mg/dl or specific medication

e HDL cholesterol <40mg/dl (m) and 50mg/dl (f) or specific medication

e Blood Pressure >130mmHg systolic or >85mmHg diastolic or treatment of

previously diagnosed hypertension

e Fasting plasma glucose >100mg/dl or previously diagnosed type 2 diabetes

In the U.S. population, age-adjusted prevalence of the metabolic syndrome according to the
NCEP ATP III guidelines has been reported 23,7% in 2002.>* Overall prevalence in
Germany, assessed in 2005, accounted for 19,8%, with a higher rate among men than among
women (22,7% and 18,0% respectively).>* In an Italian population (PAMELA-study), the
metabolic syndrome was present in 16,2%, in which 95,4% were hypertensive, 77,1% had
high levels of plasma triglycerides and 72,2% had low plasma HDL concentrations. Central
obesity was present in 58,5% and impaired fasting glucose in 31.5%.°

Other metabolic abnormities, such as elevations in atherogenic small dense low-density
lipoprotein or apolipoprotein B and indicators of proinflammatory and prothrombotic state,
associated with visceral obesity, are discussed to be included into future diagnostic

criteria.””1??
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1.4.2. Pathophysiological Concepts

1.4.2.1. Visceral Obesity and Lipid Metabolism Disorders

1.4.2.1.1. Visceral Obesity in the MetS Definition

In a study published in 2004, Carr et al. demonstrated, that intra-abdominal fat measured by
CT imaging was significantly increased in patients meeting the NCEP ATP III criteria and
independently associated with all metabolic syndrome criteria. Insulin sensitivity however,
was only independently associated with HDL cholesterol, TG and fasting plasma glucose
concentration'?!. The amount of intra-abdominal fat may therefore be the most important
measure to determine the presence of the metabolic syndrome.

Another interesting finding was, that waist circumference (WC) had a stronger relation to
the amount of intra-abdominal adipose tissue than to subcutaneous fat and WC was
independently associated with visceral adiposity as well as with insulin resistance.'*! Waist
circumference is easy to assess and therefore poses the most effective measure to identify
visceral adiposity in clinical practice, as the true body fat distribution can only be judged by

imaging techniques like computed tomography scanning.'?%!3!

1.4.2.1.2. The Hypertriglyceridaemic Waist

A co-occurrence of increased waist circumference and fasting hypertriglyceridemia, referred
to as the “hypertriglyceridaemic waist” may be an even better marker of visceral adiposity.'*>
This constellation may also be a simple, but powerful tool for screening vascular risk factors
like hyperinsulinaemia and the ‘“atherogenic triad” of hypertriglyceridemia, elevated
apolipoprotein B and small, dense LDL,'** identifying persons at high risk for concomitant

diseases like coronary artery disease. 31133134

1.4.2.1.3. Causes and Consequences of Dyslipidaemia

Dyslipidaemia in obesity and the metabolic syndrome is characterized by elevated
triglyceride and small dense LDL-cholesterol, as well as low HDL-C levels.
Pathophysiological models for explanation suggest, that lipid metabolism in obesity is
shifted towards high levels of fasting and postprandial triglycerides. This causes an increased
exchange of TG from VLDL and LDL to HDL and of cholesterol-esters from HDL to VLDL
and LDL. Thus, HDL-C is decreased and small dense LDL is formed, as the hepatic lipase
removes TG and phospholipids from LDL.!* Concurrently, high TG and low HDL-C levels

have been found to be correlated with the occurrence of small dense LDL, while
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hyperinsulinaemia and increased visceral adipose tissue mass, despite being significantly
correlated to, could not independently predict the small dense LDL phenotype. '

However, it is still not fully resolved what ultimately causes these lipid metabolism
alterations in the MetS. Lipoprotein-Lipase (LPL) plays a crucial role in postprandial
lipolysis of TG-rich chylomicrons and is normally activated by the postprandial rise of
insulin concentration in order to shift lipid components to fat storages.'*>!37 Deregulation of
LPL in obesity may therefore be associated with impairments in fat metabolism, leading to
postprandial hypertriglyceridemia,'® ectopic fat deposition, for example in liver and skeletal

muscle,'* and lipotoxicity, all ultimately increasing insulin resistance.!4*:!4!

1.4.2.1.4. The RAAS in Lipid Metabolism Disorders

The RAAS may also play a fundamental role in the control of blood lipid metabolism.?” On
the one hand, hypercholesterinaemia has been shown to stimulate the expression of RAAS
components, especially in vascular cells, which may play an important role in the
development of atherosclerosis .2’ On the other hand, angiotensin II increases the oxidation

2 and promotes foam cell formation'*? both hallmarks of

of LDL in macrophages,'*
atherosclerosis. In line with the potential involvement of the RAAS in lipid metabolism and
atherosclerosis, several large scale studies have shown properties of ACE-I and ARB to
improve the blood lipid profile, especially TG, HDL and LDL and also glucose
metabolism.'** Remarkably, the lowering of TG and increasing of HDL-C was reported to

be considerably stronger in patients with the metabolic syndrome.'*’

1.4.2.1.5. Free Fatty Acids in the Metabolic Syndrome

In the last decades, the main driving force behind the pathophysiological processes resulting
in insulin resistance and lipid metabolism alterations was thought to be an elevated level of
plasma FFA/NEFA, derived from increased visceral adipose tissue lipolysis.!*> Systemic
application of FFA was shown to increase both insulin resistance in muscle and triglyceride
production in the liver.!%13¢ However, the “portal theory”, stating, that visceral adipose
tissue lipolysis selectively caused accumulation of FFA in liver cells, has been abandoned,”’
as there is evidence, that only a minor part of FFA in systemic and portal circulation
originates from visceral adipose tissue.'* In recent review, Karpe et al. reported, that also
the compelling theory behind systemic FFA levels being increased in obesity and causing
insulin resistance probably was to be condemned, as they could not prove an association of
FFA release into systemic circulation with increased adipose tissue mass. Also, FFA

concentrations were not necessarily increased in states of insulin resistance. Thus, the
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authors suggested, that impaired fat storage or adipokines and inflammatory cytokines from
increased adipose tissue mass were more likely to cause lipid and glucose metabolism

alterations in the metabolic syndrome than FFA.”
1.4.2.2. Adipose Tissue Inflammation and Adipokines

1.4.2.2.1. Inflammation in Obesity and the MetS

There is extensive evidence, that markers of inflammation, like CRP, 11-6, TNF-o and white
blood cell count are increased in obesity, type 2 diabetes mellitus and the metabolic
syndrome itself.!?7:198:147-199 Nymerous studies in the last decades have produced evidence,
that increased inflammatory marker concentrations are associated with an increased risk for
cardiovascular disease, diabetes or sudden cardiac death.!>%!31:152

The amount of visceral adipose tissue has been shown to be independently associated with

1,'%7 and there is evidence,

high concentrations of CRP, II-6, urinary isoprostanes and MCP-
that weight loss significantly decreases proinflammatory cytokine concentrations.'*3

Importantly, due to portal circulation and hepatic metabolism of biomarkers excreted by
visceral adipose tissue, their concentration in peripheral blood may not always reflect their
true degree of production.'*” This was underlined by findings, that I1-6 concentration was
50% higher in the portal vein blood than in peripheral artery blood.'** Furthermore, 11-6
levels in portal vein blood were directly correlated with peripheral artery CRP levels,

suggesting a mechanistic link between I1-6 and hepatic CRP production,'** which has already

been proposed in earlier studies.'>*

1.4.2.2.2. Adipose Tissue Macrophages in Obesity

Proinflammatory state in obesity is likely to be associated with infiltration of macrophages
into adipose tissue. Macrophage numbers are increased in obese adipose tissue, where they
account for almost all of TNF-a expression and a great part of 11-6 expression.!**

The underlying molecular mechanisms are still unclear, however MCP-1 (macrophage
chemoattractant protein 1), also known as CCL2 (C-C motif chemokine ligand 2), plays an
147,156

important role in macrophage recruitment. Its secretion is increased in visceral obesity,

and decreases with weight loss.!%’

1.4.2.2.3. Adipokines in the Metabolic Syndrome
In the past decade, adipokines -protein messenger substances produced by adipocytes- apart

from those known as inflammatory markers, have been subject to intensive research. Many
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of them may exert substantial influence on energy balance, immunity and vascular
homeostasis either in a positive or in a negative way.!?718

Leptin for instance, mainly produced by adipocytes, is known to be an important factor in
energy balance, acting in the central nervous system as well as in the pancreas, liver and
immune system.!*® Its concentration is associated with fat mass and BML*!% as well as
with markers of inflammation. Especially its relationship to soluble TNF-a receptor level
suggests, that leptin may influence inflammatory activity in adipose tissue.'” At the
hypothalamic level, leptin is thought to suppress appetite,'®> which however, does not fit
with the increased leptin levels in obesity, suggesting a mechanism of some sort of resistance
to the action of leptin.!*® Leptin may also be involved the CNS regulation of sympathetic
nerve activity and blood pressure through the leptin-melanocortin-pathway.*°

Adiponectin has been reported to be decreased in obesity and diabetes and is inversely
correlated with insulin sensitivity and obesity.'%!%7 It may be involved in the regulation of

159.160 nossibly by

161

liver gluconeogenesis and play a protective role against atherosclerosis,
interacting with the TNF-a induced inflammatory response in endothelial cells.
TNF-o levels are increased in obesity and decrease with weight loss.!*® The major part of
TNF-a is not produced by adipocytes, but by non-fat cells in adipose tissue,'*> mainly
macrophages.'>>!> It may have substantial effects on glucose metabolism and be a major
link between inflammation and insulin resistance,'®® possibly by interfering with the
microvascular response to insulin.*****® Furthermore, it has been demonstrated in several
small studies, that pharmacological TNF-a blockade, for example used in rheumatoid

arthritis, may improve insulin sensitivity,!64165.166

147,148,156

Interleukin-6 is increased in obesity and may have variable, tissue-dependent effects

on glucose metabolism.'¢” Especially high concentrations of 1I-6 were measured in portal

d,153’156

vein bloo which may have direct adverse effects on hepatic insulin metabolism and

hepatic production of acute-phase-proteins like CRP.!>%167

As mentioned before, monocyte chemoattractant protein-1 (MCP-1) has also been reported
to be increased in obesity and plays an important role in macrophage infiltration of adipose
tissue.'*”13 MCP-1 may also be involved in the inflammatory processes in the arterial wall,
marking atherosclerosis,'*® as its levels have been reported to be elevated in coronary and

periphery artery disease.!6%1¢
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1.4.2.2.4. Adipose Tissue RAAS

Angiotensinogen, precursor molecule of angiotensin-II in the renin-angiotensin-aldosterone
system, is widely known to be produced in the liver. Obesity has been repeatedly reported
to be associated with activated systemic RAAS measures in animal and humans,?>?3*
however, other studies failed to provide evidence for a connection between circulating
RAAS activity and measures of obesity.?

Still, angiotensinogen, renin, angiotensin-converting enzyme and angiotensin II type 1
receptor gene expression was shown to be considerably increased in obese adipose
tissue.?®!22 In accordance with that, a recent study reported, that adipocyte angiotensinogen-
deficient mice developed no obesity-induced hypertension,?” which underlines the important
role of local adipose tissue RAAS in obesity hypertension. An activated RAAS may also
counteract with glucose metabolism, as meta-analyses have demonstrated, that RAAS
inhibition by ACE-I or ARB improves insulin sensitivity and decreases the incidence of type

2 diabetes.!”® These findings will be reviewed in a more detailed way in another, subsequent

chapter of this thesis.
1.4.2.3. Insulin Resistance and Diabetes

1.4.2.3.1. Insulin Resistance in the Metabolic Syndrome

Insulin resistance represents a hallmark of the MetS and its associated diseases like type 2
diabetes, atherosclerosis or non-alcoholic fatty liver disease.!®!! Still, the role of insulin
resistance in either causing the MetS or being caused by other metabolic alterations has not
been fully explained yet, as extensively reviewed in previous chapters. There are several
possible mechanisms like microvascular dysfunction, ectopic lipid accumulation, deficient
mitochondrial oxidative phosphorylation, and systemic inflammation, that may -acting alone

or together- ultimately lead to insulin resistance.!?7-1%8:171

1.4.2.3.2. Insulin and Microcirculation

Next to its effects on blood pressure by regulating peripheral resistance, microcirculation,
including arterioles, capillaries and venules, may also be closely linked to glucose
metabolism due to its influences on insulin-dependent muscle perfusion.*” The physiologic
ability of insulin to increase skeletal muscle blood flow and blood volume has been shown
to be decreased in insulin resistance, probably due to impairments in capillary recruitment
in insulin sensitive tissues like muscle.!”? Microvascular recruitment as a response to insulin
has been shown to be impaired in obese and insulin resistant subjects.**!”* Altogether,

impaired microvascular response to food intake or insulin application may pose an important
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link between obesity and insulin resistance as well as with hypertension.*""'”* The underlying
mechanism for the blunted microvascular response to insulin is likely to be endothelial
dysfunction, resulting in imbalance in intracellular vasodilatatory and vasoconstrictory

signalling,*? as described in prior chapters.

1.4.2.3.3. Insulin Resistance and Ectopic Lipid Accumulation

Lipid metabolism is closely linked with insulin sensitivity. Older studies focussed on the
glucose metabolism effects of circulating lipids, like free fatty acids. Conversely, lipid
content in muscle cells has been reported to predict insulin resistance better than free fatty
acid concentration in circulation.!” This and other findings in the last decade suggested a
major role for ectopic accumulation of lipids in insulin responsive tissues as a new approach
to the explanation of the pathogenesis of insulin resistance.!”®

According to this hypothesis, insulin resistance may -for instance- be caused by increased

76 exerting influence on intracellular

intramyocellular diacylglycerol (DAG) concentrations,
signalling pathways by activating different protein kinase C (PKC) isoforms.!”’ Protein
kinase C isoenzymes, especially the subclass of novel PKCs (nPKC 9, €, n and 0), that are
activated by DAG, pose an important connection between lipid accumulation and insulin
resistance. Novel PKCs may play a substantial role in muscle and hepatic insulin resistance
and its connections to intracellular inflammatory pathways.!”®

Ectopic lipid accumulation in the liver, probably involved in causing non-alcoholic hepatic
steatosis, is accompanied by hepatic insulin resistance.!’® Dietary weight loss in poorly
controlled type 2 diabetic subjects has been reported to remarkably reduce intrahepatic lipid
amount, which was associated with a decrease of hepatic glucose production and hepatic
insulin resistance, but not with intramyocellular lipid amount or peripheral glucose uptake.!’®
In addition, contrary to earlier assumptions, hepatic insulin resistance may not be that closely
related to visceral adipose tissue mass, but more to intrahepatic lipid content.'”
Lipoprotein lipase (LPL) represents a key enzyme in peripheral lipid uptake. In rodent
models, tissue-specific overexpression of LPL has been reported to result in increased lipid
uptake and insulin resistance in muscle because of impaired insulin-stimulated glucose
uptake.!’® The same changes were seen in the liver, where insulin resistance was probably
caused due to impaired suppression of endogenous glucose production.'*

Also, not only the total lipid content in various tissues may be crucial in the development of

insulin resistance, but also their exact localisation within the cells. It is reported, that
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“adiposomes”, intracellular lipid droplets, may play an important role as a major site of
intracellular lipid metabolism.'®!

Intracellular lipid intermediates like diacylglycerol and ceramides may also participate in the
development of insulin resistance, as they possibly exert effects on intracellular signalling
pathways partly due to their physiological function as second messengers.!”®

Another recent field of research in insulin resistance is “endoplasmic reticulum stress”, also
referred to as the “unfolded protein response” (UPR). Activation of the UPR enzymes is
thought to happen in order to reduce accumulation of unfolded proteins within the
endoplasmic reticulum caused by increased protein production due to higher demands. The
UPR may especially play an important role in linking hepatic insulin resistance to
lipogenesis, lipid export and lipid accumulation in the liver.!”® In accordance with that,
markers of UPR in adipose tissue were shown to be reduced after weight loss.'®? In a recent
study of liver biopsies obtained from obese patients undergoing bariatric surgery, links
between insulin resistance and hepatic steatosis were examined. Hepatic DAG content was
demonstrated to be significantly associated with hepatic triglyceride content and hepatic
PKCe activity. DAG content of lipid droplets in cytoplasm was identified to be the best
predictor of insulin resistance (HOMA-IR). No significant association could be found
between insulin resistance and JNK1 activity and only limited connections with other
markers of endoplasmatic reticulum stress could be identified, questioning the role of UPR
in insulin resistance. Furthermore, expression of TNFa, IL-1p, IL-6 and CRP in the liver

were not related to HOMA-IR and neither was hepatic ceramide content.!'®?

1.4.2.3.4. Insulin Resistance and Inflammation

As mentioned before, proinflammatory cytokines levels have been repeatedly reported to be
elevated in diabetes and obesity, possibly due increased number and activity of macrophages
and other immune cells in adipose tissue.!®* Still, molecular mechanisms linking insulin
resistance to inflammation are only incompletely understood. These mechanisms include the
mitogen activated protein kinase pathways (JNK1) and the inhibitor of nuclear factor k-B
kinase pathway (IKK). However, up to now, the limited knowledge in this field is almost

entirely based on rodent models, and its relevance for humans is still uncertain!’

. However,
limited evidence exists, that TNFa and Il-1R1 blockade,!6*'0>185 ag well as the anti-
inflammatory substance salsalate,'®® may have beneficial effects on glucose metabolism,

supporting the role of inflammation in insulin resistance.'®*

20



1.4.2.3.5. Insulin Resistance and the RAAS

RAAS blocking drugs like ACE-I or ARB were reported to be able to prevent new-onset-
diabetes in patients with impaired glucose tolerance and CVD risk factors,'®” or in patients
with hypertension.!®® It was also demonstrated, that glucose metabolism parameters
improved under such medication,'® suggesting an important role of the RAAS insulin
resistance. Angiotensin II is known to cause insulin resistance,'*® an effect, that may partly
be attributable to peripheral vasoconstriction in insulin sensitive tissues,'”' but recent
research results suggest, that effects on intracellular signalling pathways are more likely.!'*
The activation of the mitochondrial NADPH oxidase, also playing an important role in
atherosclerosis,'*? and consecutive oxidative stress due to reactive oxygen species (ROS)
have been reported to inhibit insulin dependent glucose transport via IRS-1 and GLUT-4 in
muscle, thus possibly causing insulin resistance.'*?

High levels of glucose and insulin may in return promote RAAS activity,?’ and thereby exert
influence on the inflammatory response in vascular cells, probably contributing to the typical
diabetic vascular complications.!'®

The influence of the RAAS on insulin sensitivity may not only be confined to peripheral
effects in various insulin-sensitive tissues, but also to the pancreas itself: Lupi et al. reported
local expression of RAAS genes in isolated pancreatic islets to be increased in
hyperglycaemia and markers of oxidative stress like NADPH oxidase to be concomitantly
overexpressed. Application of ACE-I reduced insulin secretion and oxidative stress.'* These
effects of Angiotensin II on pancreatic insulin secretion may be due to local vasoconstriction
on the one hand and oxidative stress on the other, which is likely to interfere with
intracellular insulin signalling and glucose transport, like already mentioned concerning the
skeletal muscle.'”” Furthermore, Angiotensin II induces the expression of MCP-1 in

195

pancreatic islets, > supporting evidence for a causative role of local pancreatic islet

inflammation in insulin resistant states.!'¥%!%7
1.4.2.4. Endocrine Parameters in Obesity and Inflammation
1.4.2.4.1. Hypothalamic-Pituitary-Adrenal Axis in Hypertension and the Metabolic

Syndrome
Stress response in human organism is effected by two systems, acting together. These are,
on the one side, the autonomic nervous system, and on the other side, the HPA-axis. Acute

stress causes changes in behaviour and metabolism in order to regain the balance disturbed
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by the stressor. While acute stress reaction is necessary in daily life, chronic stress, however,
is associated with disease.'”®

Animal studies report, that subordinate animals in a social group are more likely to develop
visceral obesity, atherosclerosis and ovarian dysfunction, probably caused by chronic social
stress.!” In humans, there is evidence, that depression and work related stress are associated

with the metabolic syndrome and increased HPA-axis activity.?%0-203

1.4.2.4.2. HPA-Axis in Obesity and the Effects of Leptin

Although the results are varying, depending on the measures used to assess HPA axis
function, most studies suggest, that markers like 24-hour urinary-free cortisol or morning
salivary cortisol are elevated in obesity and correlated to BMI and waist-to-hip ratio.!%204
Analogous to the increased expression of inflammatory cytokines in obese adipose tissue,
also the gene expression and in vitro-activity of 113-HSD1, the enzyme regenerating active
cortisol from cortisone, has been found to be increased in subcutaneous adipose tissue (SAT)
of obese individuals and to be correlated with BMI and waist circumference.??>2° However,
to which extent this local adipose tissue-specific cortisol metabolism causes systemic effects,
or if it rather acts at a paracrine or autocrine level, remains unclear.'*®

The adipokine leptin plays a crucial role in energy household and its plasma concentration
is known to be increased in proportion to fat mass.””!% A connection between leptin and the
sympathetic nervous system, the so-called leptin-melanocortin-system has been described
earlier in this thesis. Similar links may exist between leptin and the HPA-axis:
Administration of dexamethasone has been reported to increase serum leptin
concentrations,”’” but this effect may be confined to obese women, suggesting gender
specific pathways.??® Other studies discovered, that this effect probably can only be seen
after glucose and insulin infusion or after food intake.?*?! Leptin release follows a
circadian rhythm, with the highest levels after midnight and the lowest before noon, probably
reflecting the suppression and activation of appetite at the proper times.!*®?!! The diurnal
pattern of hormones like thyrotropin (TSH) and melatonin is similar to that of leptin,?'? while

13

adrenocorticotropin and cortisol show an inverse regulation,?'® suggesting a connection

between leptin and the HPA-axis at some level could be possible.

1.4.2.4.3. HPA-Axis and Chronic Inflammation

Inflammatory cytokine levels are known to be increased in the metabolic syndrome,'?7-108:147-
149 and especially TNF-a, Il-1 and I1-6 are able to activate the HPA-axis, possibly affecting

all its components.’!* Therefore, increased cytokine concentrations in the metabolic
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syndrome may be a major cause of increased HPA-axis activity. Application of cortisol
decreases concentrations of inflammatory markers,'*® but the anti-inflammatory response to
cortisol has been demonstrated to be blunted in obesity.?!

Impaired responsiveness of the HPA-axis, leading to glucocorticoid resistance has been
reported in states of chronic inflammation or autoimmunity like in IBD, rheumatoid arthritis
and asthma.?'®2!® For example, in rheumatoid arthritis, the circadian cortisol curve is
flattened, when the disease is active, while it appears to be normal when the disease activity
is low. In rheumatoid arthritis patients, peaks of inflammatory cytokines in the early morning
are higher and last longer than in controls, probably due to inadequate suppression by the
smaller morning rise in endogenous glucocorticoids.?!®!? This phenomenon may partly be
responsible for the typical joint stiffness, increased pain and decreased grip strength
measured in early morning hours.?!321

Inflammation may, on the one hand, affect the HPA-axis either directly at the hypothalamic,
at the pituitary or at the adrenal level. One the other hand, also glucocorticoid availability in
the periphery may be disturbed, possibly via local factors like corticosteroid binding
globulin, 11B-HSD-1/2 or the glucocorticoid receptor itself.>** Alterations of the HPA-axis
are possible, although systemic glucocorticoid levels may be normal or even elevated.??
Inflammatory cytokines may directly cause an impairment in glucocorticoid receptor
function, or increase the production of inactive receptor isoforms.?*! Glucocorticoid receptor
dysfunction may also be a possible explanation to the often observed association of chronic

stress with increased susceptibility to the new onset or exacerbations of inflammatory or

autoimmune diseases,??° but also with obesity and the metabolic syndrome.???

1.4.2.4.4. HPA-AXxis, Stress and Sympathetic Nervous System

Straub et al. reviewed the connection between short term and long term stress mainly in
rheumatoid arthritis and juvenile idiopathic arthritis, as well as in animal models. They
concluded, that acute stress rather stimulated immune response and inflammatory reactions,
while strong prolonged stress supressed those, although the effects of sustained stress are
controversial. The authors suggested a dual role of both HPA axis and SNS in responding to
short or long term stress, as well as of their products cortisol and noradrenaline.??’

Just like cortisol, noradrenaline has both immuno-stimulatory as well as immunosuppressive
properties. One the one hand, it seems to stimulate the immune system by enhancing [1-8

production and thus chemotaxis,?** as well as complement production by macrophages.?**
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On the other hand, it also inhibits functions of the innate immune system, like NK-cells and
neutrophils.??

In patients with RA and JIA, B-receptors on immune cells have been shown to be
4,226

diminishe while ai-receptors on leukocytes seem to be increased, resulting in an

augmented production of 11-6 as a response to chatecholamines.?”® Also, the density of
sympathetic nerve fibres in synovial tissue in rheumatoid arthritis is significantly reduced,??’
suggesting a process of separation of the inflamed area from the rest of the body.??* This,
together with the “beta-to-alpha shift” on immune cells suggest, that states of chronic
inflammation may go along with altered effects of the SNS on immune system control, as
well as with increased SNS activity.?”* Consistent with this hypothesis, measures of
sympathetic nerve activity, were repeatedly shown to be increased in RA patients.??%?%
Furthermore, a recent study reported a significant decrease in ABP levels especially in the
morning hours upon TNF-a therapy,” consistent with previously mentioned hypothesis
concerning the increase in morning cytokine levels due to a disturbed circadian cortisol
production.?!®2!' The mentioned study also reported significant decreases in plasma
norepinephrine levels and plasma renin activity.*

These findings once more underline the connection between inflammation, the SNS and the

RAAS. Angiotensin II is well known for its role in inflammatory processes, like those in the

69,61 142

kidney, marking renal injury in the pathogenesis of hypertension,”*" or in atherosclerosis.
The underlying molecular mechanism is thought to be an activation of the NADPH-oxidase,
causing oxidative stress and leading to alterations in intracellular signalling pathways, which
may also be associated with a deterioration of glucose transport in muscle, causing insulin
resistance.!®?> Concordantly, as previously mentioned, TNF-a inhibitors were demonstrated
to improve insulin sensitivity in patients with rheumatoid arthritis.'¢4-16¢

Inflammatory cytokines are widely known to be elevated in hypertension, obesity and the
metabolic syndrome.!97:198:147-199 Thyg it seems probable, that the HPA-axis deregulation,
described in RA and other inflammatory diseases, may also be present in the metabolic
syndrome. Indeed, alterations of the HPA-axis are reported in hypertension,”! coronary
artery disease,”*? and obesity, associated with BMI and waist circumference.”** Obstructive
sleep apnoea syndrome was recently reported to be associated with lower basal cortisol
levels and with decreased HPA-axis responsiveness, compared to controls.?** Similarly, a
trend towards lower cortisol levels in hypertensive compared to normotensive subjects was

also reported in a study among Caucasian and African women.>*
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Another interesting finding was, that administration of dexamethasone could prevent the
sympathetic stimulation normally caused by application of insulin.?*® Furthermore, long-
term dexamethasone administration significantly reduced MSNA in obese, but not in lean

237

subjects,”’ once more underlining the involvement of the HPA-axis in obesity and its

association with increased SNS activity.

1.4.2.4.5. Thyroid Function in the Metabolic Syndrome

In a cross-sectional population study among patients without present or previous thyroid
disease, Knudsen et al. found a positive association between BMI and TSH and a negative
connection between BMI and fT4, suggesting, that differences in thyroid function, even
within the normal range, are associated with variations in body weight. Furthermore, they
found out, that serum TSH levels were significantly positively correlated with an increase in
body weight within the next 5 years and significantly associated with obesity, defined as
BMI>30kg/m?2*® Intuitively, it seems logical, that thyroid hormones play an important role
in obesity and the MetS, given their properties to influence energy expenditure,
thermogenesis and body weight, as especially seen in severe thyroid disorders.?!%3®
However, up to now, evidence for the exact role of thyroid hormones in metabolism is rare.
Thyroid hormone therapy as a treatment for obesity has been proposed,? but success was
reported to be only limited.?

As already mentioned, studies among adults and children suggested, that obesity is
associated with relatively higher levels of TSH, which decrease with weight loss,?3%240-242
while results concerning free thyroid hormones vary between the studies.?**?*> Thyroid
volume has been observed to be correlated with BMI, waist circumference and measures of
body fat. Furthermore, it has been reported to decrease, when weight is lost.>*! A recent study
demonstrated, that especially T3 was significantly lowered by weight loss and the T3:fT4
ratio decreased, suggesting that weight loss may have influences on the peripheral

conversion of T4 to T3.2%

1.4.2.4.6. Thyroid Function and Leptin

Changes in thyroid function in obesity and upon weight loss suggest an association with
adipose tissue mass. Leptin has been proposed to be a possible link, as both TSH and leptin
levels are increased in obesity.?!>?*® It has been suggested, that the leptin-melanocortin-
system could modulate the HPT-axis, especially in states of fasting.** Leptin may exert
influence on the feedback regulation of thyroid hormones, probably at the hypothalamic

level.?!? Furthermore, leptin may stimulate the conversion of T4 to T3 under certain
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circumstances, as demonstrated in rats.>* Altogether, several studies imply connections
between thyroid function and leptin at various levels, but those seem to be complex. The
underlying mechanisms and links between the systems are only incompletely understood

and evidence in this fields is up to now mostly limited to experimental studies in animals.

1.4.2.4.7. Thyroid Function and Inflammation

Another possible link between obesity and thyroid dysfunction next to leptin may be
inflammation, known to be present in obesity and hypertension'4’-'*°_ Analogously to the
previously described alterations of the HPA-axis in states of inflammation, it seems obvious,
that also the hypothalamic-pituitary-thyroid (HPT) axis may be disturbed by inflammatory
cytokines.?*¢ However, such disturbances should rather result in lower TSH levels, than in
the elevated levels previously described.?*® Findings in critically ill patients or patients after
surgical stress, highlight another possible explanation: These exhibit a characteristic
disturbance of the HPT axis, referred to as the “non-thyroidal illness-syndrome” (NTIS) or
“low T3 syndrome”.2*7?*8 Patients display low T3 levels and usually inadequately normal or
decreased TSH concentration, which may be caused by effects on thyroid hormone

metabolisms in peripheral tissues,?*®

as well as by changes in the hypothalamus, where the
expression of TRH has been shown to be reduced in such states.?*” Thyroid hormone
concentrations in critically ill patients can independently predict survival and decrease of
fT5 together with fT4 is associated with a further increase in mortality.?*’

Changes in peripheral thyroid hormone metabolism may occur more likely in acute illness,
while central neuroendocrine effects like low TSH, or loss of response to TRH stimulation
mark prolonged or chronic states of disease.?**>** Importantly, HPT-axis response to TRH
has been demonstrated to predict outcomes in critically ill patients and increases in TSH
concentration may mark recovery.?*#?%° The major part of T is derived from peripheral
conversion of T4 by iodothyronine selenodeiodinase type 1 (D1) and type 2 (D2), while the
type 3 deiodinase (D3) inactivates both kinds of peripheral thyroid hormones.?*® Consistent
with the observed alterations in states of disease, liver D1 activity in intensive care patients
has been shown to be decreased, while D3 activity was increased.>!

A possible cause of these observations, may be the presence of inflammatory cytokines like
[1-6 and TNF-a. II-6 concentration in myocardial infarction is, for instance, inversely
correlated with T3 concentration, possibly due to putative inhibitory effects on deiodinase

activity. However, direct inhibitory cytokine effects on deiodinase activity have been

repeatedly challenged, as they could not be reproduced in laboratory settings.?>
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Another possible process underlying the pathophysiology of NTIS, is oxidative stress and
again, 11-6 may play an important role.>* I1-6, next to other cytokines, is believed to cause
oxidative stress by activation of the NADPH-oxidase pathway and by overexpression of the
angiotensin II type 1 receptor.?>*?>> The resulting changes in intracellular redox state may
disturb the function of deiodinase enzymes.?*® In line with this hypothesis, a recent study
reported, that effects of 11-6, inhibiting T4 to T3 conversion by interfering with D1 and D2
could be prevented by the addition of antioxidants to the cell culture, which strongly suggests
influences of ROS. Inactivation of T3 was shown to be increased by I1-6, probably, because
D3 may not be prone to oxidative stress.?>® Similarly, oxidative stress by H.O» was
demonstrated to activate D3 and decrease the reactivity of D2 to various stimuli, whereas

both effects could be prevented by the application of anti-oxidative agents.?’

1.5. Therapeutic Options in the Metabolic Syndrome

Although it remains controversial, whether the metabolic syndrome itself increases
cardiovascular risk more than its single factors taken together,>® there is no doubt that
patients meeting those criteria exhibit a considerably increased risk for all-cause mortality
and cardiovascular events, as well as an about threefold increased risk for developing
diabetes.>>7">* Thus, diagnosis of the metabolic syndrome should entail maximum efforts

in treatment, involving lifestyle modification, weight loss and drug therapy.!%%:12%:130

1.5.1. Weight Reduction as the Primary Target

As obesity is the hallmark of the metabolic syndrome, treatment should primarily aim at
weight reduction.!®12%13% This should be achieved by increased general physical activity,
caloric restriction and changes in diet, with reduced intake of saturated fat and salt and
increased intake of fibre.'?* Weight loss, even to a small extent, has been repeatedly reported
to significantly lower blood pressure and decrease the risk of developing hypertension.?®
Physical exercise and dietary intervention may even be able to improve BP control without
any weight loss happening at all 261262

Drugs supporting weight loss, like sibutramine or orlistat can be helpful,!®?%3 although
sibutramine is not recommended in patients with cardiovascular diseases, as it may increase
CV risk.”® Although several studies indicate effectivity concerning weight loss and also
improvement of glycaemic control under the use of weight loss drugs, given their possible
adverse effects and the low number of approved substances, there is only limited experience

in clinical use up to now.’® In patients with a BMI>40kg/m? bariatric surgery can also be
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considered,'® which has been reported to result in not only weight loss, but also

improvements in glucose and lipid metabolism.”®

1.5.2. Pharmacotherapy in the Metabolic Syndrome
According to the IDF and the NCEP ATP III guidelines, LDL cholesterol should be lowered

to <100mg/dl in patients with the metabolic syndrome, just like in patients with diabetes,'*
TG and HDL-cholesterol levels should be in the range suggested by the to the ATP III
goals.!?%13% These targets should be acquired by lifestyle modification and drug treatment,
using statins and fibrates or the combination of both.'?’

11,14

Blood pressure should be treated according to the current international guidelines, ' using

an ACE-I or ARB as first line therapy if possible, as those exhibit positive effects on glucose
and lipid metabolism, as well as the potential to prevent new-onset diabetes,3>108.144.187-189
Furthermore, ARB therapy with the substance Telmisartan has recently been reported to
decrease the concentrations of the proinflammatory cytokines 11-6 and TNF-q.2%
B-Blockers may have metabolic disadvantages like weight gain, aggravation of insulin
resistance and dyslipidaemia, but those changes tend to be minimal,'® so these substances
are not contraindicated in the MetS.!%!2 A recent study demonstrated, that among patients
with impaired glucose tolerance, diuretics and statins were associated with an increased risk
of new onset diabetes, while B-blockers and calcium-channel-blockers were not.?%
Furthermore, B-Blockers may lower blood pressure to a larger extent in obese individuals,
than in lean ones, possibly due to presence of increased adrenergic activity in obesity.?
Insulin resistance should be primarily treated by biguanides (metformin) and
thiazolidinediones (TZD, “glitazones”), that both improve general insulin sensitivity and
insulin action in the liver, where they also suppress gluconeogenesis.!® Glitazones also

enhance glucose metabolism in muscle and adipose tissue. The diagnosis of diabetes in the

MetS further increases CVD risk, so that antidiabetic therapy should be a primary target.'*

1.5.3. Targeting the Sympathetic Nervous System

Given the previously discussed extensive contribution of the SNS to the metabolic
syndrome, sympathetic inhibition seems to be a promising way of intervention.”’

Weight loss has been reported to reduce MSNA as well as total body NA spillover rate and
to increase baroreflex sensitivity.!* Those changes were accompanied by an improvement
in insulin sensitivity and additionally, the changes in noradrenaline spillover rate were

independently correlated with the changes in leptin concentration,'®* once more indicating a
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close relationship between the SNS and leptin.”” Especially renal SNA, measured by NA
spillover rate to plasma can be markedly reduced by aerobic exercise training, which also
reduces blood pressure and increases total oxygen consumption.2®’

Pharmacological inhibition of the SNS can be achieved by B-blockers, as mentioned above
and by blockers of the RAAS, that impact by inhibiting the sympathostimulatory effects of
Angiotensin 11.2°® ACE-I or ARB may be the most beneficial drugs in the treatment of the
metabolic syndrome, given their substantial effects on not only blood pressure, but also
glucose and lipid metabolism 3144187189

Alphal-receptor-blockers like Doxazosin may have favourable effects in the MetS next to
lowering BP.2® Doxazosin has been reported to reduce plasma LDL, triglycerides and FPG
concentration and increase HDL and insulin sensitivity in patients with uncontrolled
hypertension and insulin resistance.’’® Additionally, it seems to unfold better

antihypertensive effects among obese hypertensive patients,>’!

probably due to an increased
SNS activity in those. Similarly, centrally acting substances like the imidazoline receptor
binding agents rilmenidine or moxonidine have been reported to improve various metabolic
parameters:’’ In a group of hypertensive women with the metabolic syndrome, treatment
with rilmenidine significantly increased HDL and decreased FPG compared to patients on
lisinopril.>”> Another study on hypertensive patients with hypertriglyceridaemia or impaired
glucose tolerance demonstrated a positive effect of rilmenidine on glucose metabolism
parameters, compared to amlodipine, while antihypertensive effects were similar.?’
Furthermore, rilmenidine has been reported to decrease noradrenaline spillover rate to
plasma, as a marker of whole body SNA, in hypertensive patients at rest, while the
physiologic responses to mental stress and tilting were preserved.?’* Rilmenidine therapy
also led to a significant increase in adiponectin in a small group of hypertensive patients,
while BMI, body fat content and measures of insulin sensitivity did not change
significantly.!'® Of special interest, in a large study group of hypertensive patients with
obesity or metabolic syndrome, treated with the substance moxonidine, not only marked
blood pressure reductions were reported, but also a mean weight loss by -1,4kg within eight
weeks.?”> Another study on uncontrolled hypertensive patients meeting the MetS criteria
reported BP reductions by -24,5/-12,6mmHg and a mean decrease of body weight by -2,1kg,

next to improvements in FPG and fasting triglyceride concentrations.?”®
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These findings once more imply, that activation of the SNS represents a hallmark of the
metabolic syndrome and that sympathetic inhibition by various means can not only improve

blood pressure control, but also metabolic parameters and probably even body weight.

1.6. Renal Sympathetic Denervation

1.6.1. Theoretical Background

Sympathetic activation of the kidney is mediated by B-1 receptors in juxtaglomerular
granular cells, containing renin, by a-1b receptors located at the basolateral membrane of
the renal tubular cells and by a-1a receptors on vascular smooth muscle cells.'?® Increased
sympathetic outflow to the kidney thus causes vasoconstriction, leading to a decrease in renal
blood flow and GFR. Besides, tubular sodium reabsorption increases and renin is released,
causing activation of the RAAS, ultimately leading to volume expansion.!2%277
Importantly, efferent nerve fibres, sending signals from brain to kidney, as well as afferent
nerves, signalling from the kidneys to the CNS are involved in the renal sympathetic
innervation. In models of renal injury caused by phenol injection, afferent and efferent renal
sympathetic nerve activity were increased, as well as blood pressure.?’®

Evidence for increased SNS activity and hypertension in chronic renal failure, which could
be decreased by nephrectomy suggests, that renal injury might increase SNA and blood
pressure via afferent signalling to the CNS.!2+126278.279 T line with those findings, rats
having undergone selective afferent renal denervation by dorsal rhizotomy were shown to
display salt-sensitivity, which underlines the importance of afferent renal sympathetic nerves
for adaptation of renal sodium excretion in order to avoid hypertension.?** On the other hand,
genetically salt-sensitive rats, displayed a decrease in salt-sensitivity after targeted renal
and/or splanchnic sympathetic nerve ablation.'?8

As mentioned before in this thesis, research in the last decades has assembled a large body
of evidence indicating a prominent role of the sympathetic nervous system in the onset and
maintenance of essential hypertension.?®! Sympathetic over-activity has reported in obesity

with and without hypertension and in the metabolic syndrome.”®77-7-80:84

1.6.2. Development and Method

Renal sympathetic nerves have been known to modulate renal function and blood pressure,
both by afferent and efferent signalling, for a long time. Radical surgical pelvic, abdominal

or thoracic sympathectomy in hypertensive patients performed in the 1940s, could
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successfully lower blood pressure. However, due to the high rate of complications and
particularly also the emerging new pharmacologic antihypertensive agents like -receptor-
blockers, this method was abandoned.?%!?°

The fact, that over 90% of the renal sympathetic nerves lie within 2mm of the renal artery
lumen,?®? and the enormous progress in vascular intervention technology in the last decades
suggested new ways for sympathectomy: Thus, a novel minimal invasive technique has been
developed, using a percutaneous access for an endovascular radiofrequency ablation of the
renal sympathetic nerves.?®*> Accessing the femoral artery in the groin, a catheter is advanced
into the renal arteries and a renal angiogram is performed. After placement of the catheter
within the distal renal artery in contact with the vessel wall, radiofrequency energy is applied,
increasing local temperature to up to 70°C for 2 minutes. For security reasons, temperature
and impedance is continuously measured, while the ablation is automatically conducted.
This procedure is repeated in a stepwise fashion for up to six times per side, as the catheter
is moved both longitudinally and rotationally in the vessel from distal to proximal, resulting
in a spiral pattern.’®?3 The procedure causes diffuse visceral pain while radiofrequency
energy is delivered, which should be managed by intravenous analgetic and sedative
drugs.?® In most cases, ablation causes characteristic irregularities of the vessel wall, which
are visible in renal angiography immediately after energy application and may be caused by
local spasm and edema of the vessel wall. However, those “notches” were shown to have
resolved within days in follow up angiograms and MRT examination of the renal arteries
after six months did not show any irregularities at the ablation points any more.?%3

The observed reductions in blood pressure, as exhaustively described below may be due to
blockade of efferent signalling to the kidney on the one hand, as renal noradrenaline spillover
rate to plasma has been reported to be decreased by 47,5% after the procedure.?®> On the
other hand, also whole body NA spillover rate, MSNA measured by microneurography and
plasma renin activity were reported to be decreased in a single patient case report.®* This
argues for a substantial effect of RSD on central sympathetic outflow to the periphery,
probably caused by changes in afferent sympathetic signalling from kidney to brain.'?
Nevertheless, a prospective case series published in 2012 failed to show significant
reductions in resting heart rate, resting muscle sympathetic nerve activity and
pharmacological baroreflex control of heart rate and MSNA, raising the question, whether

the effects of RSD on central sympathetic outflow are predictable or not.?*>
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One frequently mentioned possible limitation of this new method may be regrowth of the
renal sympathetic nerves. Efferent nerves are known to be able to partly regrow to
transplanted organs like heart or kidney,?®%2%% but probably without ever reaching the
original extent again. In contrast, regrowth of afferent fibres seems to be unlikely,'?° as its
absence has been reported in human heart transplants.?®’

Intuitively, a potential side effect of RSD may be damage to the renal artery or the kidney
itself. However, aside from few renal artery complications associated with the procedure
itself, no significant worsening of renal function or occurrence of ESRD has been reported

during follow up to twelve months in various studies.?*°

1.6.3. Resistant Hypertension and RSD Inclusion Criteria

Inclusion criteria for the first studies on the application of renal sympathetic denervation in
resistant hypertension included the previously mentioned criteria for resistant hypertension
with systolic office BP limits of 160mmHg for patients without and 150mmHg for patients
with type 2 diabetes, respectively. Anatomic criteria concerning the renal artery to be met
were the absence of a hemodynamically significant renal artery stenosis, previous
intervention, renal artery diameter <4mm or length <20mm or more than one main renal
artery. Furthermore, individuals with an eGFR (MDRD) of <45mL/min/1,73m?, type 1
diabetes, hemodynamically significant valvular heart disease, pregnancy, cerebrovascular
events within 6 months previously or history of CVD including myocardial infarction or

unstable angina were excluded.?"

1.6.4. Clinical Trials of RSD in Resistant Hypertension

The non-randomized first-in-man and proof-of-principle study SIMPLICITY HTN-1
published in 2009 included 45 patients undergoing RSD. A significant reduction of office-
measured blood pressure by -14/-10, -21/-10, -22/-11, -24/-11 and -27/-17mmHg at 1, 3, 6,
9 and 12 months, respectively was reported, and systolic 24-hour ABP among n=9 OBP
responders changed by -11lmmHg. Office and ambulatory systolic BP changes were
significantly correlated with each other. Renal NA spillover rate was reported to be
considerably reduced by -47% in 10 patients studied, while there were no significant changes
in heart rate. Only few adverse events, including one renal artery dissection and one femoral
artery pseudoaneurysm were reported, renal function (GFR) remained without significant
change.?®® These reported blood pressure reductions were shown to be of a similar extent in

an extended group of 153 patients, including the initially treated individuals and were
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sustained up to two years.?”> The final 3-year report of the SYMPLICITY HTN-1 study,
published in 2013, reported OBP reductions at an average of -32/-14mmHg in the remaining
88 patients, who completed long-term follow up. The proportion of patients considered
responders in terms of renal denervation, defined as having a decrease in office measured
systolic BP by >10mmHg, rose from 69% at one month to 81% at six months, 83% at one
year and further to 93% at three years. However, compared to baseline, there was a
significant increase in serum creatinine concentration from baseline 83,8 to 92umol/L at
three years, associated with a decrease in eGFR from 83,6 at baseline to 74,3mL/min/1,73m?
at the end of follow up.?*?

In 2010, the SMPLICITY HTN-2 Trial, a randomised, controlled, prospective trial could
confirm the significant decrease in OBP six months after denervation in the intervention
group of 52 patients, while there was no change from baseline in the control group of 54
patients. Home measured ambulatory BP data was available in 20 patients in the RSD group,
who witnessed a significant reduction by -11/-7mmHg. Again, no serious procedure or
device-associated adverse events could be reported and renal function, assessed by serum
creatinine, eGFR and Cystatin C remained without statistically significant change.?®! In
terms of a crossover after six months, 35 patients from the initial control group underwent
renal denervation per protocol. Those patients witnessed a significant reduction of BP similar
to the group, undergoing RSD in first place. Besides, the BP lowering effect was shown to
be unchanged after 12 months in the initially treated cohort.?**

Very recently, the SYMPICITY HTN-3 study was published, which was designed as a
randomized controlled trial, including over 500 patients, receiving bilateral RSD or a sham
procedure in a 2:1 ration in a single-blind manner. Furthermore, measurement of ABP was
be assessed in all patients, in order to refine the inclusion criteria as well as the BP lowering
effects of RSD.?*> Contrary to the previous studies, no significant difference between the
denervation and the sham procedure group could be detected. Office BP was significantly
reduced in both groups, however, average blood pressure difference between the two groups
accounted for only -2,39mmHg, which was tested non-superior using a margin of SmmHg.
Similarly, average ABP difference between RSD and sham group, amounting to -
1,96mmHg, deemed non-significant using a margin of 2mmHg for superiority. Safety
profiles, heart rate, HbA1c levels and renal function did not differ between the groups.?*®
This study seems to be a major backlash for the method of RSD, as it clearly contradicts the

previously published data, in which large BP reductions have been reported. However,
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further clinical trials are needed to assess the true effects of RSD, also in applications beyond

hypertension and with other devices than those used in the SYMPLICITY studies.?”’

1.6.5. Possible Limitations of RSD
Apart from the fact, that the now presented SYMPLICITY HTN-3 study may have caused a

shift in the general notion of RSD from enthusiastic to sceptic, the yet published results
concerning BP reduction and also the applications beyond seem to be promising. The
scientific background of targeting the SNS in various diseases appears compelling, still, a
large number of questions remain unanswered: As previously mentioned, regrowth of the
sympathetic nerve fibres may be possible and injury to the kidney and its vessels by the
procedure, although it has not yet been reported, constitutes a further uncertainty.?”’
Further questions are raised by the recent prospective case series by Brinkmann et al., who
could neither re-enact the previously reported decreases in measures of SNA, nor in office
BP,?> which now seems to be confirmed by the HTN-3 study.>®

Other recently criticized points in the application of renal sympathetic denervation in
resistant hypertension include the lack of ABP measurement in patient selection for the
intervention and reported BP results upon RSD. The fact, that only a minor part of patients
in the SYMPLICITY HTN-1 and HTN-2 studies received ABP monitoring and that the
reported blood pressure effects were much more attenuated in ambulatory than in office
measuring, may indicate a significant white coat effect,®” which is also supported by the
recent studies.?*® Lately, Mahfoud et al. published a report of ABP data of 346 patients
treated with RSD at ten different centres. ABP significantly decreased among all patients,
but especially after the exclusion of 43 patients considered being “pseudo-resistant”
hypertensive (baseline systolic ABP <130mmHg). The remaining 303 “true-resistant”
hypertension patients had significant systolic ABP reductions by -10,2 and -11,7mmHg at
six and twelve months respectively, while in the “pseudo-resistant HT” group no significant
changes could be detected.’’® ABP measurement before RSD may therefore probably
improve outcomes concerning BP reduction by selecting patients more likely to benefit from
the intervention. Still, despite the implementation of these methodological improvements in
the SYMPLICITY HTN-3 study, no superiority of ABP and OBP reduction by RSD versus

sham procedure could be demonstrated.**°
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1.6.6. RSD in Other Fields of Application

Next to the primarily reported BP lowering effects of RSD, soon other possible fields of
application for this novel method emerged. These include insulin resistance, congestive heart
failure, chronic kidney disease and atrial fibrillation. However, all of those studies only
included small patient numbers and were designed in a proof-of-concept fashion, so there is

still no evidence of a therapeutic effect of RSD in the mentioned conditions.?”’

1.6.6.1. RSD in Chronic- and End Stage Renal Disease

Sympathetic nerve activity is increased in CKD and ESRD,'?*"'?” and may be involved in
initiation as well as in the perpetuation of hypertension.*’%12® Hering et al. conducted a study
among n=15 patients with CKD stages 3 and 4 receiving bilateral RSD. Results concerning
BP and safety profile were similar to those reported in previous RSD studies among patients
without CKD.?*” Similarly, Schlaich et al. reported, that RSD in n=9 patients with ESRD
could reduce blood pressure. Measures of SNA (renal noradrenaline spillover rate and
MSNA), assessed in a small group of patients, were shown to be increased before RSD and
decreased after the procedure. However, three patients could not undergo denervation due

to atrophic renal arteries, a condition which may limit the application of RSD in ESRD.?%

1.6.6.2. RSD in Insulin Resistance
In a pilot study published in 2011, Mahfoud et al investigated glucose metabolism

parameters in a group of n=37 patients, most of them included in the randomized controlled
SYMPLICITY HTN-2 trial. N=20 of those patients were diagnosed with type 2 diabetes,
n=16 received antidiabetic drugs. After three months FPG, insulin and C-peptide levels, as
well as the 2-hour glucose levels in the oral glucose tolerance test were shown to be
significantly reduced. Insulin sensitivity, measured by HOMA-IR and ISquicki improved
significantly. HbA | levels did not differ from baseline, as reported probably due to the short
time of follow up. OBP was significantly decreased in the patients according to previous
studies, however, systolic or diastolic BP reduction did not correlate with the changes in
FPG or insulin levels.*! In addition, the SYMPLICITY HTN-3 study reported no significant
differences in changes in HbAlc fraction between denervation and sham group.?’ More
evidence will possibly arise from the currently ongoing DREAMS study (Denervation of the
Renal Artery in Metabolic Syndrome), in which glucose metabolism parameters and MSNA

will be assessed in patients meeting the criteria for the metabolic syndrome.?’”-3%2

35



2.Methods

2.1. Study Setting

We performed a retrospective analysis of ambulatory and office BP values, body weight, as
well as of metabolic-, renal function-, inflammatory- and endocrine parameters among n=78
patients treated with RSD for resistant hypertension. This study was conducted according to

the Declaration of Helsinki and approved by the ethics committee of Upper-Austria.

2.2. Patient Characteristics

We analysed the previously mentioned parameters in a group of n=78 patients, who received
renal sympathetic denervation in the years 2010 and 2011 at the General Hospital of Linz
(Allgemeines Krankenhaus der Stadt Linz). Mean age among the study patients was 62,8
years, 42% were female, 58% male. Before RSD, 40% had a history of coronary artery
disease, 13% of previous stroke or TIA, 31% were diabetic and hyperlipidaemia was present
in 54%. Patients received an average of 3,6 antihypertensive drugs, 18% of the study patients
were taking ACE-I, 31% ARB, 51% renin inhibitors, 76% B-blockers, 15% a-blockers, 50%
calcium-channel blockers, 88% diuretics and 12% vasodilatators. Oral antidiabetic drugs
were administered in 21% of cases, 6% were on insulin treatment. Patients received an
average of 5,2 ablations in the left and 5,5 ablations in the right renal artery.

Patients were thoroughly screened for eligibility for the intervention according to the
recommendations of the Austrian Society of Hypertension published in 2012. All patients
gave written informed consent before RSD. After the intervention, all treated patients were
appointed to follow up examinations within one month, three months and twelve months
consecutively. The follow up examination at six months was conducted in an in-patient
setting, as all individuals received MR-angiography of the renal arteries at this visit.
Furthermore, an extended laboratory check-up, including blood lipid metabolism parameters

was performed during the hospital stay.
2.3. Study Procedure

After the approval of the study by the ethics committee of Upper-Austria, patient data was
collected at the Cardiology Department of the General Hospital of Linz (Abteilung Interne
1, Allgemeines Krankenhaus der Stadt Linz).
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Laboratory data was extracted from the local SAP-based hospital information system, body
weight was taken from the scan-documented patient charts and blood pressure data was
collected using printed copies of admission notes and ABP report sheets in the patients’
medical records. All data was collected in a Microsoft Excel table. Patient data was made
anonymous by assigning consecutive numbers chronologically by treatment date.

The data used in statistical analysis, as well as the results published here does not contain

any identifiable patient data.

2.4. Statistical Analysis

All statistical analyses were performed with IBM SPSS statistics 20 software. Baseline and
follow up data are presented as mean =+ standard deviation, differences between baseline
values and follow up data, as mean and 95% confidence interval.

Means of descriptive statistics were used to characterize baseline, 6 months and 12 months
data values and differences between baseline data and follow up visits. Comparison between
baseline and follow up values was performed using a paired-samples t-test or the Wilcoxon
signed-rank test for normally and non-normally-distributed data, respectively. Group
differences were examined by applying an independent samples t-test, given normal
distribution or the Mann-Whitney U-test in the other case. Normal distribution was
determined using the Shapiro-Wilk-test. A two-tailed probability value of <0,05 was
regarded statistically significant.

Separate analyses were conducted for pseudo- and true-resistant hypertension, defined as
baseline systolic ABP of </>130mmHg and for RSD responders and non-responders, defined
as having a systolic ABP reduction of </>5mmHg at six months.

Correlations of baseline values and differences from baseline values during follow up with
baseline ABP/OBP and their changes at six months were primarily investigated by graphic
analysis of point cloud diagrams and calculation of a univariate linear regression with the
coefficient of determination (R?). Pearson’s correlation coefficients were then calculated,
whereupon the reported probability values are for deviation from 0 and a correlation

coefficient with a probability value of <0,05 was regarded statistically significant.
2.5. Role of the Funding Source and Conflicts of Interest

Authors received no funds from any source or sponsor and declare no conflicts of interest.
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3.Results

3.1. Office and Ambulatory Blood Pressure

3.1.1. Office Blood Pressure (OBP)

3.1.1.1. Office Blood Pressure in All Patients

Office blood pressure was available in all n=78 patients at baseline, n=70 at six months and
n=59 patients at one year. Among those, average BP was 164/89mmHG (21,1/13,1) at
baseline, 150/83mmHG (20,2/14,2) at six and 167/91mmHg (27,9/17,8) at twelve months.

Office Systolic Blood Pressure in All Patients
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Office Diastolic Blood Pressure in All Patients
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Figure 1. Office systolic and diastolic blood pressure (OBP) in all patients at baseline, 6 and 12 months after renal
sympathetic denervation. Whiskers indicate 5 and 95 percentile.

Mean OBP reduction at the six months follow up visit (n=70) was -16,0/-6,4mmHg (-22,2;-
9,9/-10,4;-2,4). In the group of patients, who completed one year follow up (n=59), OBP
changed by -0,4/0,6mmHg (-8,2;7,5/0,6;-4,6). Systolic and diastolic office BP differences at
six months were found to be statistically significant (p<0,001/p=0,002), while the changes
at one year deemed non-significant (p=0,928/p=0,824).
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Office Diastolic Blood Pressure Change in All Patients
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Figure 2. Office systolic and diastolic blood pressure (OBP) changes in all patients at 6 and at 12 months after renal

sympathetic denervation. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

3.1.1.2. Office Blood Pressure in Pseudo-/True Resistant

Hypertension
Mean office systolic and diastolic BP in the “pseudo-resistant HT” group was 157/84mmHg
(15,1/13,6) at baseline (n=13), 148/84mmHg (20,6/12,9) at six months (n=11) and
166/93mmHg (33,3/21,5) at twelve months (n=8). In the “true resistant HT” group, average
OBP amounted to 166/90mmHg (21,9/12,9) at baseline (n=65), 151/82mmHg (20,3/14,5) at
six months (n=59) and 168/90mmHg (27,3/17,3) at twelve months (n=51).

Office Systolic Blood Pressure in True-/Pseudo-Resistant HT
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Figure 3. Office systolic blood pressure (OBP) at baseline, 6 and 12 months after renal sympathetic denervation in the

pseudo-resistant HT and the true resistant HT group, respectively. Whiskers indicate 5 and 95 percentile.
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Among the patients considered having “true resistant HT”, paired six months follow up data
was available in n=59 patients, whose average OBP levels were reduced by -16,8/-7,4mmHg
(-23,8;-9,9/-11,6;-3,2), which was considered statistically significant (p<0,001/p=0,001).
One year follow up was completed by n=51 patients in this group, who witnessed a mean
OBP change by -1,0/-0,4mmHg (-9,4;7,4/-5,7;4,9), which was considered statistically non-
significant (p=0,808/p=0,877). Among the “pseudo-resistant HT” patients, in whom
complete follow up of values was available, mean OBP change amounted to -11,8/-
1,5mmHg (-25,7;2,1/-14,7;11,8) at six months (n=11) and to 3,9/6,9mmHg (-24,9;32,6/-
14,5;28,3) at twelve months (n=8). Changes at six months (p=0,088/0,812) and at twelve
months (p=0,759/0,472) were tested statistically non-significant.
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Figure 4. Office systolic blood pressure (OBP) changes at 6 and 12 months after renal sympathetic denervation in the true
resistant HT and the pseudo-resistant HT group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for
comparison with baseline values.

No statistically significant difference between the “pseudo-“and the “true resistant HT”
group could be detected concerning baseline OBP values (p=0,158/p=0,172), differences at
six months (p=0,558/p=0,286) or the differences at one year (p=0,674/p=0,337).

3.1.1.3. Office Blood Pressure in RSD Non-/Responders

Patients, who witnessed a reduction in systolic ambulatory BP by >5mmHg at six months
after the intervention were considered RSD responders. Among those, average office systolic
and diastolic OBP was 165/90mmHg (17,6/12,9) at baseline (n=33), 148/81mmHg
(20,0/14,6) at six months (n=33) and 164/88mmHg (30,5/19,4) at twelve months (n=29). In
the RSD non-responders group, OBP levels were 167/90mmHg (20,3/12,8) before
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denervation (n=32), 152/85mmHg (21,6/14,2) at six months (n=32) and 170/94mmHg
(26,5/16,3) at one year (n=26).

Office Systolic Blood Pressure in RSD Non-/Responders
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Figure 5. Office systolic blood pressure (OBP) at baseline, 6 and 12 months after renal sympathetic denervation in the
RSD responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

Among the RSD responders, who completed six months follow up of values (n=33), systolic
and diastolic OBP decreased by -17,5/-9,1mmHg (-26,1;-8,9/-14,3;-3,9) on average. In the
one year follow up group (n=29), mean difference averaged out at -1,6/-2,0mmHg (-
14,4;11,2/-10,0;6,1). OBP changes in the RSD responders group were considered significant
at six months (p<0,001/p=0,001) and non-significant at twelve months (p=0,797/p=0,622).
In non-responders, who attended the six months follow up visit (n=32), OBP decreased by -
14,6/-4,1mmHg (-23,9;-5,2/-10,9;2,7) on average, while patients with complete follow up to
one year (n=26) had a mean BP change by 0,4/3,7mmHg (-10,5;11,3/-4,0;11,4). Systolic
OBP changes at six months were considered statistically significant (p=0,003), mean
diastolic change at six months (p=0,229) and the BP differences at twelve months

(p=0,937/p=0,331) were tested non-significant.
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Office Systolic Blood Pressure Change in RSD Non-/Responders
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Figure 6. Office systolic BP (OBP) changes at 6 and 12 months after renal sympathetic denervation in the RSD non-
responder and responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with
baseline values.

No statistically significant difference between the RSD responders and non-responders
group could be detected, neither concerning baseline OBP values (p=0,729/p=0,928), nor in
mean changes at six months (p=0,640/p=0,236) or at twelve months (p=0,806/p=0,304).

3.1.2. Ambulatory Blood Pressure (ABP)

3.1.2.1. Ambulatory Blood Pressure in All Patients

ABP values were available in n=78 patients at baseline, n=65 at six and n=51 at twelve
months. Among those, mean ABP amounted to 145/86mmHg (18,4/12,5) before RSD,
142/84mmHg (16,2/12,7) at six months and 138/82mmHg (15,6/13,2) after one year.
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Ambulatory Systolic Blood Pressure in All Patients
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Figure 7. Ambulatory systolic and diastolic blood pressure (ABP) at baseline, 6 and 12 months after renal sympathetic

denervation in all patients. Whiskers indicate 5 and 95 percentile.

In the group of patients, who attended the six months follow up examination (n=65), mean

ABP changed by -2,6/-1,4mmHg (-7,1;1,9/-3,9;1,2). In the one year follow up group (n=51),
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ABP levels decreased by a mean difference of -8,2/-3,8mmHg (-13,5;-2,9/-7,0;-0,5). ABP
changes at six months, were tested non-significant (p=0,136/p=0,113), while one year results

indicated significant reductions of both systolic and diastolic blood ABP (p=0,002/p=0,021).
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Figure 8. Ambulatory systolic and diastolic blood pressure (ABP) changes at 6 and at 12 months after renal sympathetic
denervation in all patients. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

After excluding three patients with extraordinarily high ABP alterations (one with a decrease
of more than 60mmHg at six months and two with an increase of more than 40mmHg at one
year), the following results were seen: ABP decreased from 145/85mmHg (18,4/12,3) to
141/83mmHg (14,9/12,1) and to 138/81mmHg (12,4/10,9) in n=75, n=62 and n=49 patients
during follow up. In the n=62 patients, in whom complete six months follow up data was
available, ABP changed by -3,7/-1,9mmHg (-7,7;0,3/-4,1;0,3), the n=49 patients, who
attended the one year follow up visit, had a mean decrease by -8,1/-3,3mmHg (-12,5;-3,6/-
5,6;-1,0). ABP changes at six months were considered statistically non-significant

(p=0,067/p=0,087), changes at one year deemed significant (p=0,001/p=0,005).

3.1.2.2. Ambulatory Blood Pressure in Pseudo-/True-Resistant

Hypertension

In the “pseudo-resistant HT” group, systolic and diastolic ABP values developed from

123/74mmHg (5,5/8,6) to 140/80mmHg (19,5/14,0) and 132/73mmHg (7,9/10,8) at baseline
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(n=13), six months (n=11) and one year among (n=7), respectively. In the “true-resistant
HT” group, baseline ABP was 150/88mmHg (16,6/11,9) in n=65 patients. Six months after
RSD, values among the n=54 remaining patients had decreased to 142/84mmHg (15,6/12,5)
and further to 139/83mmHg (16,3/13,1) among n=44 patients after one year.

Ambulatory Systolic Blood Pressure in Pseudo-True-Resistant HT
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Figure 9. Ambulatory systolic blood pressure (ABP) at baseline, 6 and 12 months after renal sympathetic denervation in
the pseudo-resistant HT and the true resistant HT group, respectively. Whiskers indicate 5 and 95 percentile.

Among “true-resistant HT” patients, who attended the six months follow up visit (n=54),
ABP significantly fell by an average of -6,3/-2,9mmHg (-10,5;-2,1/-5,4;-0,5
p=0,006/p=0,015). One year follow up of ABP values was available in n=44 subjects in this
group, who had a mean decrease by -10,5/-4,6mmHg (-16,3;-4,8/-8,3;-0,9
p<0,001/p=0,009). ABP levels in the “pseudo-resistant HT” group increased by
15,4/6,AmmHg (1,5;29,2/-1,9;14,6) at six months (n=11), which was considered statistically
significant for the systolic (p=0,029), but not for diastolic values (p=0,139). At one year
(n=7), ABP values had changed by 6,4/1,4mmHg (-2,4;15,3/-2,0;4,9 p=0,172/p=0,400).
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Ambulatory Systolic Blood Pressure Change in Pseudo-True-Resistant HT
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Figure 10. Ambulatory systolic blood pressure (ABP) changes at 6 and 12 months after renal sympathetic denervation in
the true resistant HT and the pseudo-resistant HT group, respectively. Whiskers indicate 5 and 95 percentile, p-values are
for comparison with baseline values.

Significant differences between the “pseudo-" and the “true-resistant HT” group could be
demonstrated for systolic and diastolic ABP at baseline (both p<0,001), for ABP differences
at six months (p=0,001/p=0,020) and for the systolic difference (p=0,013) at one year, but
not for the diastolic ABP difference at one year (p=0,100).

3.1.2.3. Ambulatory Blood Pressure in RSD Non-/Responders

Among RSD responders, ABP values were available in n=33 patients at baseline, n=33 at
six months and n=29 at twelve months, systolic and diastolic ABP developed from
151/88mmHg (16,1/14,7) to 135/80mmHg (13,5/13,2) and to 135/79mmHg (14,1/12,7).
RSD non-responders had ABP values averaging out at 137/82mmHg (13,9/10,3) at baseline
(n=32), 149/88 (15,8/11,0) at six (n=32) and 141/84 (16,1/13,9) at twelve months (n=21).
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Ambulatory Systolic Blood Pressure in RSD Non-/Responders
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Figure 11. Ambulatory systolic blood pressure (ABP) at baseline, 6 and 12 months after renal sympathetic denervation in

the RSD responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

In the RSD responders group, paired six months ABP follow up data was available in n=33
patients, who had a significant mean decrease by -16,4/-8,1mmHg (-19,8;-13,1/-10,3;-5,8
p<0,001/p<0,001). Patients, who attended the one year follow up visit (n=29), had a
significant mean decrease by -15,9/-7,6mmHg (-22,4;-9,4/-12,1;-3,1 p<0,001/p=0,001).

RSD non-responders, in whom complete six months follow up of values was available
(n=32), witnessed an increase by 11,6/5,5mmHg (6,8;16,4/2,4;8,7 p<0,001/p=0,001).
Twelve months follow up of values was completed by n=21 non-responders, who had a mean

change adding up to 3,4/1,1mmHg (-3,4;10,2/-3,1;5,2 p=0,394/p=0,489).
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Ambulatory Systolic Blood Pressure Change in RSD Non-/Responders
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Figure 12. Ambulatory systolic blood pressure changes (ABP) at 6 and 12 months after renal sympathetic denervation in
the RSD responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for
comparison with baseline values.

Statistical testing revealed a significant difference between the RSD responders and non-
responders group concerning baseline systolic ABP (p=0,001), systolic and diastolic ABP
differences at six months (p<0,001 for both) and at twelve months (p<0,001/p=0,003).

3.1.3. Correlations of Office and Ambulatory Blood Pressure
Data

Graphical and mathematical analysis of correlations between ABP and OBP values at
baseline and the BP differences at six months was conducted using the modified dataset for
ABP values.

Analysis revealed a significant positive correlation between baseline ABP and baseline OBP
values (r=0,452; p<0,001). OBP differences at six months were significantly correlated with
baseline OBP (r=-0,643; p<0,001) and ABP differences at six months were significantly
correlated with baseline ABP values (r=-0,574; p<0,001).
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Figure 13. Relationship between ABP and OBP values at baseline (n=75).

3.2. Weight and Body Mass Index (BMI)

3.2.1. Body Weight and Body Mass Index in All Patients

Body weight was assessed among all n=78 patients at baseline and in n=63 at the six-month
follow up visit. Among all patients, average BMI amounted to 30,4 kg/m? (4,7) at baseline
and to 30,2kg/m? (5,2) after six months of follow up.
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Body Mass Index in All Patients

457 0
o O
o
o] —_
404
§35'
E
2
=
0 30—
255
20= —1
1 |
BL &M
(n=T§&) (n=63)

Figure 14. Body mass index (BMI) in all patients at baseline and 6 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile.

In the group of n=63 patients, in whom paired six month follow up BMI data was available,
average BMI significantly decreased by -0,5kg/m? (-0,8;-0,2 p=0,004), representing an
average weight loss of -1,4kg (-2,4;-0,5 p=0,006).
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Figure 15. Body mass index (BMI) change in all patients at 6 months after renal sympathetic denervation. Whiskers indicate
5 and 95 percentile, p-value is for comparison with baseline value.
After excluding one patient with an extraordinarily great weight loss of 15kg, average
baseline BMI among the remaining n=62 patients was 30,8kg/m? (4,9) and 30,3kg/m? (5,1)
at the six month visit, resulting in a significant mean reduction by -0,4kg/m2 (-0,7;-0,1

p=0,004) in BMI and by -1,2kg (-2,1;-0,4 p=0,005) in body weight.
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3.2.2. Body Mass Index in RSD Non-/Responders

In the RSD responders group, average BMI was 30,2kg/m? (4,1) at baseline (n=33) and
29,4kg/m? (4,6) at six months (n=29). The RSD non-responder patients had a baseline BMI
of 30,8kg/m? (5,1) before denervation (n=32) and 30,6kg/m? (5,2) six months after (n=32).

Body Mass Index in RSD Non-/Responders
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Figure 16. Body mass index (BMI) at baseline and 6 months after renal sympathetic denervation in the RSD responder and

the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

Among RSD responders, in whom paired BMI follow up data was available (n=29), mean
BMI significantly decreased by -0,6kg/m? (-1,2;-0,1 p=0,028) on average. Mean difference
among RSD non-responders (n=30) was -0,4kg/m? (-0,8;0,0 p=0,058).
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Figure 17. Body mass index (BMI) change at 6 months after renal sympathetic denervation in the RSD responder and non-

responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.
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Neither baseline BMI (p=0,823) nor the changes at six months (p=0,543) could be proven to

differ significantly between the RSD responders and non-responders group.

3.2.3. Correlations of Body Mass Index and Blood Pressure

Values
Graphical and mathematical analysis of correlations between BMI, ABP and OBP values at
baseline and the BP differences at six months was conducted using the modified datasets

both for BMI and ABP values.

Analysis revealed a significant positive correlation between ABP and BMI differences at six

months (r=0,273; p=0,041).
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Figure 18. Relationship between BMI differences and ABP differences at 6M (n=56). Modified datasets were used for ABP
and BMI values.

3.3. Glucose Metabolism Parameters

3.3.1. Fasting Plasma Glucose Concentration (FPG)

3.3.1.1. Fasting Plasma Glucose Concentration in All Patients

Plasma fasting glucose concentration was measured in all n=78 patients at baseline, n=70 at

six months and n=60 at twelve months. FPG levels among all patients averaged out at
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112,9mg/dL (28,9) at baseline, 112,0mg/dL (36,5) at six months and 127,7mg/dL (50,1) at
one year. In the group with complete six months follow up of values available (n=70), mean
concentration difference amounted to -1,5mg/dL (-9,7;6,7 p=0,202). One year follow up of
FPG data was completed by n=60 patients, mean concentration in those increased

significantly by 13,8mg/dL (4,1;23,5 p=0,012).

After excluding all patients on insulin treatment (n=5), mean FPG concentration was
111,0mg/dL (26,9) at baseline (n=73), 111,Img/dL (29,2) at six months (n=65) and
121,7mg/dL (41,7) at twelve months (n=57).
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Figure 19. Fasting plasma glucose (FPG) concentration in all patients at baseline, 6 and 12 months after renal sympathetic

denervation. Whiskers indicate 5 and 95 percentile. Patients on insulin treatment (n=5) were excluded from this analysis.

In the six months follow up group (n=65), mean FPG concentration changed by an average
of -0,4mg/dL (-7,2;6,5 p=0,338), while patients, who attended the one-year follow up visit
(n=57), witnessed a significant mean increase by 10,7mg/dL (1,8;19,6 p=0,036).
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Fasting Plasma Glucose Concentration Change in All Patients
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Figure 20. Fasting plasma glucose concentration changes in all patients at 6 and at 12 months after renal sympathetic
denervation. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values. Patients on insulin

treatment (n=5) were excluded from this analysis.

3.3.1.2. Fasting Plasma Glucose Concentration in RSD Non-
/Responders

The modified dataset excluding all patients on insulin treatment (n=5) was used in this
analysis. In the RSD responders group, mean FPG concentration was measured in n=32
patients at baseline at a mean concentration of 117,8mg/dL (32,6), that developed to 111,3
(27,5) at six months (n=32) and 130,7mg/dL (48,1) at twelve months (n=30). FPG
concentration among RSD non-responders averaged out at 105,7mg/dL (17,7) at baseline

(n=29), 109,2mg/dL (26,7) at six (n=29) and 109,0mg/dL (29,1) at twelve months (n=25).
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Figure 21. Fasting plasma glucose concentration at baseline, 6 and 12 months after renal sympathetic denervation in the
RSD responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile. Patients on insulin

treatment (n=5) were excluded from this analysis.

Among RSD responders, who completed six months follow up (n=32), mean FPG
concentration changed by an average of -6,5mg/dL (-13,6;0,6 p=0,162). Twelve months
follow up was available in n=30 responders, whose mean FPG concentration significantly
increased by 14,2mg/dL (0,1;28,2 p=0,034). Patients considered RSD non-responders, who
attended the follow up examinations, had a mean change by 3,5mg/dL (-8,2;15,1 p=0,866)
at six months (n=29) and by 4,4mg/dL (-7,0;15,9 p=0,686) at twelve months (n=25).
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Fasting Plasma Glucose Concentration Changes in RSD Non-J/Responders
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Figure 22. Fasting plasma glucose (FGP) concentration changes at 6 and 12 months after renal sympathetic denervation
in the RSD responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for
comparison with baseline values. Patients on insulin treatment (n=5) were excluded from this analysis.

Neither FPG concentration at baseline (p=0,319), nor the differences at six (p=0,461) or
twelve months (p=0,272) differed statistically significant between the two groups.

3.3.1.3. Correlations of Fasting Plasma Glucose Concentration and

Blood Pressure Values
Graphical and mathematical analysis of correlations between FPG concentrations, ABP and
OBP values at baseline and the differences at six months was conducted using the modified
datasets both for FPG concentrations and ABP values.
Analysis revealed a significant positive correlation between baseline ABP and FPG values
(r=0,235; p=0,049). FPG differences at six months were significantly correlated to baseline
FPG concentrations in a negative way (r=-0,418; p=0,001).
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Figure 23. Relationship between baseline FPG concentrations and baseline ABP values (n=71). Modified datasets were

used for FPG and ABP values.

3.3.2. Glycated Haemoglobin Fraction (HbAlc)

3.3.2.1. HbA1c Fraction in All Patients

HbA Ic fraction data was collected among n=70 patients at baseline, n=65 at six months and
n=50 at twelve months. Among those, values developed from 6,03% (0,89) to 6,12% (0,88)
and 6,07% (0,96) during follow up. In the group with complete six months follow up of
values available (n=63), mean HbAlc change accounted for -0,06% (-0,03;0,15 p=0,083).
In the one year follow up group (n=49), average difference was -0,13% (-0,00;0,26 p=0,057).

After the exclusion of all patients on insulin treatment (n=5), average percentage of HbAlc

was 5,91% (0,75) at baseline (n=65), 6,03% (0,79) at six months (n=60) and 5,98% (0,82)

at twelve months (n=48).
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HbA1c Fraction in All Patients
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Figure 24. HbAlc fraction in all patients at baseline, 6 and 12 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile. Patients on insulin treatment (n=5) were excluded from this analysis.

Among the patients, who attended the six months follow up visit (n=58), mean fraction of
HbA 1c significantly increased by 0,09% (0,01;0,17 p=0,015). After one year of follow up
(n=47), analysis revealed a non-significant difference of 0,09% (-0,02;0,19 p=0,098).

HbA1c Fraction Change in All Patients
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Figure 25. HbAlc fraction changes in all patients at 6 and at 12 months after renal sympathetic denervation. Whiskers
indicate 5 and 95 percentile, p-values are for comparison with baseline values. Patients on insulin treatment (n=5) were

excluded from this analysis.

3.3.2.2. HbA1c Fraction in RSD Non-/Responders

The modified dataset excluding all patients on insulin treatment (n=5) was used in this
analysis. Patients considered RSD responders had a baseline (n=32) HbAlc fraction of

6,00% (0,84), that developed to 6,08% (0,88) at six months (n=32) and to 5,98% (0,91) at
59



twelve months (n=25). RSD non-responders had a mean HbA ¢ fraction of 5,79% (0,54) at
baseline (n=27), 5,90% (0,60) at six months (n=24) and 5,87% (0,47) at one year (n=21).
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Figure 26. HbAlc fraction at baseline, 6 and 12 months after renal sympathetic denervation in the RSD responders and
non-responders group, respectively. Whiskers indicate 5 and 95 percentile. Patients on insulin treatment (n=>5) were
excluded from this analysis.

Among RSD responders, who attended the six months follow up examination (n=32),
HbA 1c fraction changed by 0,08% (-0,03;0,18 p=0,081) on average. Mean difference in the
one year follow up group (n=25) accounted for 0,08% (-0,10;0,25 p=0,410). RSD non-
responders, who completed six months follow up of values (n=23) witnessed an average
change in HbAc fraction by 0,12% (-0,03;0,26 p=0,109). In the one year follow up group
of non-responders (n=20), mean change amounted to 0,08% (-0,03;019 p=0,159).
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Figure 27. HbAlc fraction changes at 6 and 12 months after renal sympathetic denervation in the RSD responder and non-
responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.
Patients on insulin treatment (n=>5) were excluded from this analysis.

No statistically significant difference between the groups, neither concerning baseline values

(p=0,478), nor changes at six (p=0,829) or twelve months (p=0,747) could be found.

3.3.2.3. Correlations of HbA1c Fraction and Blood Pressure Values

Graphical and mathematical analysis of correlations between HbA 1¢ fraction, ABP and OBP
values at baseline and the differences at six months was conducted using the modified
datasets both for HbAlc and ABP values.

Analysis revealed a significant positive correlation between baseline HbAlc fraction and

baseline ABP values (r=0,253; p=0,045).

61



|R2 Linear = 0,064

200,0-

180,0-

160,0-

140,04

120,01

Ambulatory systolic BP at baseline (mmHg)

1000 T T T T I T
400 500 &,00 7,00 8,00 5,00
HbA1c fraction at baseline (%)

Figure 28. Relationship between baseline HbAlc fraction and baseline ABP values (n=63). Modified datasets were used
for ABP and HbAIc values.

3.4. Lipid Metabolisms Parameters

3.4.1. Low-Density Lipoprotein Cholesterol (LDL-C)

3.4.1.1. LDL-Cholesterol in All Patients

LDL-C concentration was assessed in n=72 patients at the baseline examination and in n=50
patients at the six month follow up visit. In those, mean baseline LDL-C concentration was

112,2mg/dl (40,0) and increased to 116,2mg/dl (39,2) at six months.
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LDL-C Concentration in All Patients
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Figure 29. LDL-cholesterol concentration in all patients at baseline and 6 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile.

Complete six months follow up of values was available in n=46 patients, whose mean LDL-

C concentration changed by 1,6mg/dL (-5,9;9,1 p=0,676).
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Figure 30. LDL-cholesterol concentration change in all patients at 6 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile, p-value is for comparison with baseline value.

3.4.1.2. LDL-Cholesterol in RSD Non-/Responders

In the RSD responders group, LDL-C concentration was assessed in n=29 patients at
baseline and n=24 patients at six months, average values were 103,1mg/dL (35,5) and
115,Img/dL (34,0), respectively. Among non-responders, LDL-C at baseline (n=30)
amounted to 119,2mg/dL (47,6) and to 119,9 (43,5) at six months (n=23).
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Figure 31. LDL-cholesterol concentration at baseline and 6 months after renal sympathetic denervation in the RSD

responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

In the group of patients considered RSD responders, paired follow up data was available in
n=21 cases, mean change in those accounted for 9,5mg/dL (-1,6;20,7 p=0,266). Among non-
responders (n=22), average LDL-concentration changed by -2,5mg/dL (-12,6;7,7 p=0,495).
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Figure 32. LDL-C concentration changes at 6 months after renal sympathetic denervation in the RSD responder and non-

responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

Neither baseline LDL-C concentrations (p=0,187), nor the mean difference at six months

(p=0,101) could be proven to differ statistically significant between the two groups.
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3.4.1.3. Correlations of LDL-C and Blood Pressure Values

Graphical and mathematical analysis of correlations between LDL-C, ABP and OBP values
at baseline and the differences at six months was conducted using the modified dataset for
ABP values.

Analysis revealed no significant correlation between those values. LDL-C differences at six

months were significantly correlated with baseline LDL-C (r=-0,413; p=0,004).

3.4.2. High-Density Lipoprotein Cholesterol (HDL-C)

3.4.2.1. HDL-Cholesterol in All Patients

Baseline HDL-C concentrations were available in n=77 patients, averaging out at 52,4mg/dL

(15,8) and in n=64 patients at six months with a mean concentration of 52,9mg/dL (15,2).
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Figure 33. HDL-cholesterol concentration in all patients at baseline and 6 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile.

During six months of follow up (n=63), mean HDL-C significantly increased by an average

of 1,1mg/dL (-0,8;2,9 p=0,031).
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Figure 34. HDL-cholesterol concentration change in all patients at 6 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile, p-value is for comparison with baseline value.

3.4.2.2. HDL-Cholesterol in RSD Non-/Responders

Among RSD responders, values developed from 50,9mg/dL (16,6) to 54,3mg/dL (15,5)
during follow up (n=32 at baseline and n=30 at six months, respectively). Patients considered
RSD non-responders had an average HDL-C of 51,5mg/dL (15,5) at baseline (n=32) and
51,6mg/dL (15,9) at six months (n=30).
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Figure 35. HDL-cholesterol concentration at baseline and 6 months after renal sympathetic denervation in the RSD

responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

Among RSD non-responders, who completed six months follow up of values (n=30), mean
HDL-C changed by 0,6mg/dL (-2,0;3,2 p=0,367). Meanwhile, RSD responders (n=29) had
a significant increase in HDL-C by 2,9mg/dL (0,6;5,2 p=0,002).
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Figure 36. HDL-cholesterol concentration changes at 6 months after renal sympathetic denervation in the RSD responder
and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline
values.
Both baseline values (p=0,783) and mean differences at six months (p=0,349) did not differ

significantly between the two groups.

3.4.2.3. Correlations of HDL-C and Blood Pressure Values

Graphical and mathematical analysis of correlations between HDL-C, ABP and OBP values
at baseline and the differences at six months was conducted using the modified dataset for
ABP values.

Analysis revealed no significant correlation between those values. HDL-C differences at six

months were significantly correlated with baseline HDL-C values (r=-318; p=0,011).

3.4.3. Total Blood Cholesterol Concentration

3.4.3.1. Total Cholesterol Concentration in All Patients

Total blood cholesterol concentration was measured in n=77 patients at baseline and n=64
at six months, average concentrations at those examination dates were 194,5mg/dL (42,2)

and 197,0mg/dL (40,1).
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Figure 37. Total cholesterol concentration in all patients at baseline and 6 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile.

In the group of patients, who attended the six months follow up visit (n=63), mean total

cholesterol concentration change amounted to 4,5mg/dL (-1,7;10,7 p=0,153).
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Figure 38. Total cholesterol concentration change in all patients at 6 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile, p-value is for comparison with baseline value.

3.4.3.2. Total Cholesterol Concentration in RSD Non-/Responders

In the RSD responders group, baseline total cholesterol concentration levels were assessed
in n=32 patients, whose mean concentration amounted to 184,2mg/dL (34,8) and to
194,4mg/dL (35,5) after six months of follow up (n=30). Among RSD non-responders, total
cholesterol concentration averaged out at 200,6mg/dL (52,0) at baseline (n=32) and at
198,7mg/dL (46,2) at six months (n=30).
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Figure 39. Total cholesterol concentration at baseline and 6 months after renal sympathetic denervation in the RSD

responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

In the patients considered RSD responders, who completed follow up of values (n=29), mean
change in total cholesterol concentration was 11,3mg/dL (1,6;21,0 p=0,066). RSD non-
responders (n=30) had a mean difference averaging out at -0,2mg/dL (-8,7;8,3 p=0,854).
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Figure 40. Total cholesterol concentration changes at 6 months after renal sympathetic denervation in the RSD responder
and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline

values.

Between the two groups, no statistically significant differences concerning baseline

concentrations (p=0,334) or differences at six months (p=0,203) could be detected.
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3.4.3.3. Correlations of Total Cholesterol and Blood Pressure Values

Graphical and mathematical analysis of correlations between total cholesterol concentration,
ABP and OBP values at baseline and the differences at six months was conducted using the
modified dataset for ABP values.

Analysis revealed no significant correlation between those values. However, total
cholesterol concentration differences at six months were significantly correlated with

baseline total cholesterol concentrations (r=-0,448; p<0,001).

3.4.4. Non-HDL-Cholesterol (non-HDL-C)

3.44.1. Non-HDL-Cholesterol Concentration in All Patients

Non-HDL-C was assessed in n=77 patients at baseline and in n=64 at six months, average

values at those examination dates were 146,0mg/dL (53,9) and 144,0mg/dL (39.,4).
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Figure 41. Non-HDL-cholesterol concentration in all patients at baseline and 6 months after renal sympathetic

denervation. Whiskers indicate 5 and 95 percentile.

Among the patients, who attended the six month follow up visit (n=63), non-HDL-C levels
changed by an average of 3,4mg/dL (-2,5;9,3 p=0,537).
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Figure 42. Non-HDL-cholesterol concentration change in all patients at 6 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile, p-value is for comparison with baseline value.

3.4.4.2. Non-HDL-Cholesterol in RSD Non-/Responders

In the RSD responders and non-responders group, non-HDL-C concentration was assessed
in n=32 patients at baseline and in n=30 at six months. Mean concentration among
responders amounted to 133,3mg/dL (33,3) at baseline and to 140,1mg/dL (36,0) at six
months. RSD non-responders had a mean baseline concentration of 149,1mg/dL (48,9), that
changed to 147,1mg/dL (44,0) during follow up.
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Figure 43. Non-HDL-cholesterol concentration at baseline and 6 months after renal sympathetic denervation in the RSD

responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

Among RSD responders, complete follow up of values was available in n=29 patients, whose
non-HDL-C changed by 8,4mg/dL (-1,3;18,0 p=0,087) on average. RSD non-responders
(n=30) witnessed a mean change of -0,8mg/dL (-9,00;7,5 p=0,850) within six months.
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Figure 44. Non-HDL-cholesterol concentration changes at 6 months after renal sympathetic denervation in the RSD
responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with
baseline values.

Neither differences in baseline values (p=0,204), nor in changes at six months (p=0,146)

were proven to differ statistically significant between the two groups.

3.44.3. Correlations of Non-HDL-Cholesterol and Blood Pressure

Values
Graphical and mathematical analysis of correlations between and non-HDL-C, ABP and
OBP values at baseline and the differences at six months was conducted using the modified
dataset for ABP values.
Analysis revealed no significant correlation between those values. However, non-HDL-C

concentration differences at six months were significantly correlated with baseline non-

HDL-C levels (r=-0,397; p=0,001).
3.4.5. Fasting Triglycerides

3.4.5.1. Fasting Triglyceride Concentration in All Patients

Fasting blood triglyceride concentrations were available in n=77 patients at baseline,
averaging out at 167,4mg/dL (123,7), and in n=64 at six months with a mean concentration
amounting to 166,1mg/dL (92,2). Among the patients, in whom complete follow up of values

was available (n=63), mean fasting triglyceride concentration significantly increased by

7,7mg/dL (-10,4;25,8 p=0,033).
After exclusion of all patients with triglyceride concentrations >400mg/dL (n=4), the

remaining n=73 patients at baseline had an average concentration amounting to 144,0mg/dL

(63,6), while mean concentration at six months (n=61) averaged out at 155,8mg/dL (68,2).
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Figure 45. Triglyceride concentration in all patients at baseline and 6 months after renal sympathetic denervation.
Whiskers indicate 5 and 95 percentile. Patients with triglyceride concentrations >400mg/dL (n=4) were excluded from this

analysis.

Patients, in whom complete follow up of values was available (n=60), had a significant

increase in fasting triglyceride concentration at by 14,4mg/dL (2,3;26,4 p=0,020).
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Figure 46. Triglyceride concentration change in all patients at 6 months after renal sympathetic denervation. Whiskers
indicate 5 and 95 percentile, p-value is for comparison with baseline value. Patients with triglyceride concentrations

>400mg/dL (n=4) were excluded from this analysis.

3.4.5.2. Fasting Triglyceride Concentration in RSD Non-/Responders
The modified dataset excluding all patients with fasting triglyceride concentration values
>400mg/dL was used in this analysis. Mean triglyceride concentration among patients
considered RSD responders was 144,9 mg/dL (61,7) at baseline (n=29) and 155,5mg/dL

(79,6) at six months (n=28). Non-responders displayed average concentrations of

140,7mg/dL (59,5) at baseline (n=31) and 157,6mg/dL (61,5) at six months (n=29).
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Figure 47. Triglyceride concentration at baseline and 6 months after renal sympathetic denervation in the RSD responder
and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile. Patients with triglyceride concentrations

>400mg/dL (n=4) were excluded from this analysis.

Paired follow up data was available in n=27 RSD responders, who witnessed a mean
triglyceride concentration change by 11,9mg/dL (-7,1;30,9 p=0,210). Among RSD non-
responders (n=29), average difference amounted to 16,6mg/dL (-1,6;34,7 p=0,073).
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Figure 48. Triglyceride concentration changes at 6 months after renal sympathetic denervation in the RSD responder and
non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline

values. Patients with triglyceride concentrations >400mg/dL (n=4) were excluded from this analysis.

Neither baseline values (p=0,767), nor mean changes at six months (p=0,549) differed

significantly between the groups.
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3.4.5.3. Correlations of Fasting Triglyceride Concentration and

Blood Pressure Values
Graphical and mathematical analysis of correlations between fasting triglyceride
concentration, ABP and OBP values at baseline and the differences at six months was
conducted using the modified dataset for fasting triglyceride concentration and ABP values.

Analysis revealed no significant correlation between those values.

3.5. Inflammatory Parameters

3.5.1. C-Reactive Protein (CRP)

3.5.1.1. C-Reactive Protein Concentration in All Patients

Mean overall CRP-concentration in plasma was 0,47mg/dL (0,72) at baseline (n=78),
0,44mg/dL (0,46) at six months (n=70) and 0,44mg/dL (0,44) at twelve months (n=59).
Among the patients, who completed follow up of values, CRP concentration had changed
by a mean difference of 0,03mg/1 (-0,11;0,16 p=0,720) at six months (n=70) and by -
0,004mg/dL (-0,13;0,12 p=0,465) at one year (n=59).

In order to arrange the statistics more clearly, all patients with values >1,5mg/dL (n=5) were
excluded for further analyses, resulting in the following development of mean CRP
concentration values: 0,36mg/dL (0,27) at baseline (n=73), 0,37mg/dL (0,29) at six months
(n=66) and 0,40mg/dL (0,36) at twelve months (n=55).
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Figure 49. C-reactive protein (CRP) concentration in all patients at baseline, 6 and 12 months after renal sympathetic
denervation. Whiskers indicate 5 and 95 percentile. Patients with CRP concentrations >1,5mg/dL (n=5) were excluded

from this analysis.

Mean change in CRP-concentration was 0,01mg/dL (-0,05;0,07 p=0,891) among the
patients, who completed six months follow up of values (n=66) and 0,02mg/dL (-0,07;0,11
p=0,646) in the one year follow up group (n=55).
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Figure 50. C-reactive protein (CRP) concentration changes at 6 and at 12 months after renal sympathetic denervation.
Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values. Patients with CRP concentrations

>1,5mg/dL (n=5) were excluded from this analysis.

3.5.1.2. CRP Concentration in RSD Non-/Responders

The modified dataset excluding all patients with CRP concentration values >1,5mg/dL was

used in this analysis. In the group of patients considered RSD responders, average CRP
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concentration was 0,37mg/dL (0,26) at baseline (n=30), 0,34mg/dL (0,30) at six months
(n=30) and 0,35mg/dL (0,34) at twelve months (n=27). Among RSD non-responders,
average concentration developed from 0,36mg/dL (0,29) at baseline (n=31) to 0,38mg/dL
(0,30) at six months (n=31) and 0,44mg/dL (0,39) at twelve months (n=25).
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Figure 51. C-reactive protein (CRP) concentration at baseline, 6 and 12 months after renal sympathetic denervation in the

RSD responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile. Patients with CRP

concentrations > 1,5mg/dL (n=5) were excluded from this analysis.

Among patients considered RSD responders, mean difference at six months (n=30) averaged
out at -0,02mg/dL (-0,10;0,06 p=0,211), mean change at twelve months (n=27) amounted to
-0,0lmg/L (-0,13;0,12 p=0,355). RSD non-responders (n=31) had a mean CRP
concentration change by 0,0lmg/L (-0,09;0,12 p=0,861) and by 0,03mg/L (-0,12;0,18

p=0,938), at six and twelve months, respectively.
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Figure 52. C-reactive protein (CRP) concentration changes at 6 and 12 months after renal sympathetic denervation in the
RSD responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison
with baseline values. Patients with CRP concentrations >1,5mg/dL (n=5) were excluded from this analysis.

Neither baseline values (p=0,803), nor changes at six (p=0,231) and twelve months
(p=0,302) could be shown to differ statistically significant between the two groups.

3.5.1.3. Correlations of CRP Concentration and Blood Pressure

Values
Graphical and mathematical analysis of correlations between CRP concentrations values,
ABP and OBP at baseline and the differences at six months was conducted using the
modified datasets both for CRP concentrations and for ABP values.
Analysis revealed no significant correlation between those values. CRP concentration

differences at six months were significantly correlated with baseline CRP concentrations

(r=-0,362; p=0,003).
3.5.2. Interleukin-6

3.5.2.1. Interleukin-6 Concentration in All Patients

Interleukin-6 in plasma was measured in all n=78 patients at baseline, n=66 at six months
and n=56 at twelve months. Average 11-6 levels were 5,3pg/mL (3,0), 5,0pg/mL (3,4) and
3,9pg/mL (3,5) at the follow up examinations.
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Figure 53. Interleukin-6 (1l-6) concentration in all patients at baseline, 6 and 12 months after renal sympathetic
denervation. Whiskers indicate 5 and 95 percentile.

Patients, in whom complete six months (n=66) and twelve months (n=56) follow up of values
was available, had significant decreases in Il1-6 concentrations by -0,5pg/mL (-1,3;0,2

p=0,042) and by-1,7pg/mL (-2,7;-0,7 p<0,001) on average, respectively.
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Figure 54. Interleukin-6 (I1I-6) concentration changes in all patients at 6 and at 12 months after renal sympathetic

denervation. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

3.5.2.2. I1-6 Concentration in RSD Non-/Responders
RSD Responders had average I1-6 concentrations of 5,7pg/mL (2,9) at baseline (n=33),
4, 7pg/mL (3,5) at six months (n=32) and 4,2pg/mL (2,9) at twelve months (n=29). Among
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the patients considered RSD non-responders, 11-6 levels amounted to 5,0pg/mL (3,2) at
baseline (n=32), 5,4pg/mL (3,4) at six (n=29) and 3,8pg/mL (4,2) at twelve months (n=24).
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Figure 55. Interleukin-6 (I1-6) concentration at baseline, 6 and 12 months after renal sympathetic denervation in the RSD
responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile.

Patients considered RSD responders, who attended the six months follow up visit (n=32),
had an average decrease in I1-6 concentration by -1,1pg/mL (-2,4;0,1 p=0,012). Among the
responders with complete one year follow up available (n=29), values further decreased by
-1,7pg/mL (-2,9;-0,5 p=0,002). RSD non-responders, who completed six months (n=29) or
twelve months of follow up (n=24) of values, displayed a mean change by 0,2pg/mL (-
0,7;1,1 p=0,776) and a significant decrease by -1,4pg/mL (-3,4;0,5 p=0,004), respectively.
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Figure 56. Interleukin-6 (I1l-6) concentration changes at 6 and 12 months after renal sympathetic denervation in the RSD
responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with
baseline values.

The between-group difference in I1-6 concentration changes at six months deemed
statistically significant (p=0,024), while changes at one year (p=0,514) and baseline
concentrations (p=0,143) did not differ significantly.

3.5.2.3. Correlations of I1-6 Concentrations and Blood Pressure

Values
Graphical and mathematical analysis of correlations between I1-6 concentrations, ABP and
OBP values at baseline and the differences at six months was conducted using the modified
dataset for ABP values.
Analysis revealed statistically significant correlations between baseline 11-6 concentration
and baseline ABP values (r=0,255; p=0,027), as well as with ABP differences at six months
(r=-0,295; p=0,020). Changes in Il1-6 concentrations at six months were significantly
correlated with baseline ABP (r=-0,321; p=0,010) and with baseline 11-6 levels (r=-0,367;
p=0,002).
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Figure 57. Relationship between 11-6 concentration and ABP values at baseline (n=75). Modified dataset was used for ABP

values.
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Figure 58. Relationship between I11-6 concentration at baseline and ABP changes at six months (n=62). Modified dataset

was used for ABP values.
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Figure 59. Relationship between Il-6 concentration changes at six months and ABP values at baseline (n=62). Modified

dataset was used for ABP values.

3.5.3. White Blood Cell Count

3.5.3.1. White Blood Cell Count in All Patients
Leukocyte counts were conducted in all n=78 patients at baseline, in n=69 at six months and
n=58 at one year. Developing of mean WBC count was 8,1*10%/ul (2,1), 7,7*%10%/ul (1,7)

and 7,3*10%/ul (2,3) at the baseline assessment and the follow up examinations.
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Figure 60. White blood cell (WBC) count in all patients at baseline, 6 and 12 months after renal sympathetic denervation.
Whiskers indicate 5 and 95 percentile.

Six months follow up of WBC counts was completed by n=69 patients, whose values
significantly decreased by an average of -0,5%10%/ul (-0,8;-0,1 p=0,017). In the one year
follow up group (n=58), a highly significant (p<0,001) mean decrease by -0,8%10°/ul (-1,3;-
0,3 p<0,001) was seen.
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Figure 61. White blood cell (WBC) count changes in all patients at 6 and at 12 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

3.5.3.2. White Blood Cell Count in RSD Non-/Responders
Average WBC count in the group of patients considered RSD responders was 8,2*10°/ul
(1,7) at baseline (n=33), 7,8*10%/ul (1,4) at six months (n=33) and 7,2*10%/ul (2,1) at the
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one year follow up examination (n=30). Among RSD non-responders, values amounted to
8,0%10%/ul (2,6) at baseline (n=32), 7,6*10/ul (2,1) at six months (n=31) and 7,4*10°/ul
(2,5) at twelve months (n=26).
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Figure 62. White blood cell (WBC) counts at baseline, 6 and 12 months after renal sympathetic denervation in the RSD

responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile.
Among the patients considered RSD responders, n=33 patients attended the six-, and n=30
patients the twelve months follow up visit. Average WBC count changed by -0,5%10%/ul (-
1,0;0,1 p=0,098) and significantly by -1,0¥10%/ul (-1,8;-0,1 p=0,001), respectively. Non-
responders displayed a mean change by 0,3*10%/ul (-0,7;0,1 p=0,388) at six months (n=31)
and a significant decrease by -0,6*10/ul (-1,1;-0,1 p=0,025) at one year (n=30).
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Figure 63. White blood cell (WBC) counts at 6 and 12 months after renal sympathetic denervation in the RSD responder
and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline

values.

Statistical testing revealed no significant difference in baseline values (p=0,427) and mean

changes at six (p=0,643) or twelve months (p=0,237) between the groups.

3.5.3.3. Correlations of White Blood Cell Count and Blood Pressure

Values

Graphical and mathematical analysis of correlations between WBC count, ABP and OBP
values at baseline and the differences at six months was conducted using the modified dataset
for ABP values.

Analysis revealed no significant correlation between those values. WBC count changes at

six months were significantly correlated with baseline WBC counts (r=-0,619; p<0,001).

3.6. Renal Function Parameters

3.6.1. Serum Creatinine Concentration

3.6.1.1. Serum Creatinine Concentrations in All Patients

Serum creatinine concentration was assessed among all n=78 patients at baseline, n=70 at
six months and n=60 at one year. Overall mean creatinine concentrations at the follow up

examinations were 1,00mg/dL (0,38), 1,01mg/dL (0,45) and 1,03mg/dL (0,46).
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Figure 64. Serum creatinine concentration in all patients at baseline, 6 and 12 months after renal sympathetic denervation.
Whiskers indicate 5 and 95 percentile.

In the six months follow up group (n=70), mean serum creatinine concentration difference
was 0,01mg/dL (-0,03;0,06 p=0,765) on average. In the patients with complete one year
follow up available (n=60), concentrations changed by 0,06mg/dL (-0,01;0,13 p=0,114).
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Figure 65. Serum creatinine concentration change in all patients at 6 and at 12 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

3.6.1.2. Serum Creatinine Concentration in RSD Non-/Responders
Patients considered RSD responders had an average creatinine concentration amounting to
0,97mg/dL (0,34) at baseline (n=33), 1,00mg/dL (0,44) at six months (n=33) and 1,06mg/dL

(0,42) at one year (n=30).In the RSD non-responders group, paired creatinine follow up data
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was available in n=32 patients at baseline, n=32 at six months and n=27 at twelve months,

mean values were 0,98mg/dL (0,38), 0,96mg/dL (0,39) and 0,91mg/dL (0,17).

Serum Creatinine Concentrations in RSD Non-/Responders

3,0

ra
[43]
1

BL (n=32) 6M(n=32) 12M (n=2T)

SRR

BL (n=33) 6M(n=33) 12M (n=30)

Serum creatinine concentration (mgfdl)
— — (%]
=] T =]
] ] 1

o
n
1

0,0

Resp. Non-Resp.

Figure 66. Serum creatinine concentrations at baseline, 6 and 12 months afier renal sympathetic denervation in the RSD
responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile.

In the RSD responders group, complete follow up of serum creatinine values was available
in n=33 patients at six months and in n=30 at twelve months, mean changes were 0,03mg/dL
(-0,03;0,09 p=0,562) and 0,08mg/dL (0,00;0,16 p=0,060), respectively. In the RSD non-
responders group, six months follow up was completed by n=32 patients, who had a mean
change by -0,02mg/dL (-0,08;0,04 p=0,134). Average difference in the one year follow up
group (n=28) amounted to -0,01mg/dL (-0,08;0,05 p=0,829).
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Figure 67. Serum creatinine concentration changes at 6 and 12 months after renal sympathetic denervation in the RSD
responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with

baseline values

Differences between the groups concerning baseline values (p=0,890), differences at six

(p=0,215) and at twelve months (p=0,150) were tested non-significant.

3.6.1.3. Correlations of Serum Creatinine Concentration and Blood

Pressure Values
Graphical and mathematical analysis of correlations between serum creatinine
concentration, ABP and OBP values at baseline and the differences at six months was
conducted using the modified dataset for ABP values.

Analysis revealed no statistically significant correlation between those values.

3.6.2. Glomerular Filtration Rate

3.6.2.1. Glomerular Filtration Rate in All Patients
Mean GFR amounted to 79,8mL/min/1,73m? (22,0) at baseline (n=78), 80,3mL/min/1,73m?
(23,5) at six (n=70) and 76,1mL/min/1,73m? (23,7) at twelve months (n=60).
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Figure 68. Glomerular filtration rate (GFR) in all patients at baseline, 6 and 12 months after renal sympathetic
denervation. Whiskers indicate 5 and 95 percentile.

Mean difference between baseline and six months GFR values (n=70) was
1,29ml/min/1,73m? (-1,6;4,2 p=0,372), changes at one year (n=60) averaged out at -
3,2mL/min/1,73m? (-6,9;0,57 p=0,095).
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Figure 69. Glomerular filtration rate (GFR) change in all patients at 6 and at 12 months after renal sympathetic

denervation. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

3.6.2.2. Glomerular Filtration Rate and RSD Non-/Responders
Among RSD responders, GFR was assessed in n=33 cases at baseline, n=33 at six months
and n=30 at twelve months, mean values were 81,9ml/min/1,73m> (23,2),

81,5mL/min/1,73m? (25,6) and 74,0mL/min/1,73m? (26,7). RSD non-responders had a mean
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GFR amounting to 78,0mL/min/1,73m? (18,7) at baseline (n=32), 81,1mL/min/1,73m?
(18,4) at six months (n=32) and 79,0mL/min/1,73m? (16,4) at twelve months (n=27).
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Figure 70. Glomerular filtration rate (GFR) at baseline, 6 and 12 months after renal sympathetic denervation in the RSD
responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile.

In the RSD responders group, mean GFR change averaged out at -0,4mL/min/1,73m? (-
5,5;4,8 p=0,889) at six months (n=33) and at -5,7mL/min/1,73m? (-11,7;0,3 p=0,060) at
twelve months (n=30). RSD non-responders, in whom paired follow up data was available,
witnessed a mean change by 3,1ml/min/1,73m? (0,2;6,1 p=0,036) at six months (n=32) and
by -0,3mL/min/1,73m? (-5,4;4,7 p=0,556) at one year (n=27).
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Figure 71. Glomerular filtration rate (GFR) changes at 6 and 12 months after renal sympathetic denervation in the RSD
responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with

baseline values

No significant difference between the two group could be found, concerning baseline GFR

(p=0,458), six month (p=0,236) or twelve month differences (p=0,164).

3.6.2.3. Correlations of Glomerular Filtration Rate and Blood

Pressure Values

Graphical and mathematical analysis of correlations between glomerular filtration rate, ABP
and OBP values at baseline and the differences at six months was conducted using the
modified dataset for ABP values.

Analysis revealed no statistically significant correlation between those values.

3.6.3. Cystatin C

3.6.3.1. Cystatin C Concentration in All Patients
Cystatin C levels were assessed in n=76 patients at baseline and averaged out at 1,1 1mg/L
(0,33). Values at six months (n=66) amounted to 1,17mg/L (0,34) and to 1,25mg/L (0,37) at

one year (n=56).
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Cystatin C Concentration in All Patients
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Figure 72. Cystatin C concentration in all patients at baseline, 6 and 12 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile.

Among patients, who attended the follow up visits, mean Cystatin C concentration
significantly increased by an average of 0,04mg/L (0,01;0,08 p=0,026) in the six months
(n=64) and by 0,14mg/L (0,08;0,20 p<0,001) in the one year follow up group (n=54).
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Figure 73. Cystatin C concentration change in all patients at 6 and at 12 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

3.6.3.2. Cystatin C Concentration and RSD Non-/Responders

Among RSD responders, mean Cystatin C concentration amounted to 1,14mg/L (0,32) at

baseline (n=32), 1,19mg/L (0,33) at six months (n=32) and 1,31mg/L (0,38) at twelve
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months (n=29). Non-responders had a baseline (n=31) concentration of 1,07mg/L (0,34),
increasing to 1,10mg/L (0,31) at six (n=29) and to 1,12mg/L (0,15) at twelve months (n=24).
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Figure 74. Cystatin C concentrations at baseline, 6 and 12 months after renal sympathetic denervation in the RSD
responders and non-responders group, respectively. Whiskers indicate 5 and 95 percentile.

Among RSD responders, Cystatin C concentration had changed significantly by 0,05mg/L
(-0,00;0,09 p=0,103) at six months (n=31) and by 0,14mg/L (0,06;0,21 p<0,001) at one year
(n=28). Among RSD non-responders with complete follow up available, mean change
amounted to 0,02mg/L (-0,03;0,06 p=0,250) at six months (n=28) and to 0,11mg/L
(0,06;0,16 p<0,001) at one year (n=23).
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Figure 75. Cystatin C concentration changes at 6 and 12 months after renal sympathetic denervation in the RSD responder
and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline

values.

Neither baseline Cystatin C concentration (p=0,286), nor differences at six (p=0,461) or
twelve months (p=0,857) differed statistically significant between the groups.

3.6.3.3. Correlations of Cystatin C Concentration and Blood

Pressure Values

Graphical and mathematical analysis of correlations between Cystatin C concentration, ABP
and OBP values at baseline and the differences at six months was conducted using the
modified dataset for ABP values.

Analysis revealed no statistically significant correlation between those values.

3.7. Endocrine Parameters

3.7.1. Free Plasma Cortisol Concentration

3.7.1.1. Free Plasma Cortisol Concentration in All Patients

Free cortisol concentrations in plasma were measured in n=67 patients at baseline, n=60
patients at six months and n=56 at twelve months. Among those, average concentrations

amounted to 11,9ug/dL (5,2), 14,2ug/dL (4,7) and 14,7ug/dL (5,2), respectively.
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Figure 76. Free plasma cortisol concentration in all patients at baseline and 6 months after renal sympathetic denervation.
Whiskers indicate 5 and 95 percentile.

Among the patients, who attended the six month follow up visit (n=56), mean cortisol
concentration significantly increased by 2,3ug/dL (0,5:4,2 p=0,016). In the one year follow
up group (n=50), values significantly rose by 2,9ug/dL (0,8;5,0 p=0,008) on average.
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Figure 77. Free plasma cortisol concentration change in all patients at 6 months after renal sympathetic denervation.

Whiskers indicate 5 and 95 percentile, p-value is for comparison with baseline value.

3.7.1.2. Free Plasma Cortisol Concentration in RSD Non-
/Responders
In the RSD responders group, free plasma cortisol concentration was measured in n=30

patients at baseline, n=31 at six months and n=29 at twelve months. Values at those
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examinations were 11,7ug/dL (5,6), 13,9ug/dL (5,0) and 15,7ug/dL (5,9), respectively.
Among RSD non-responders, mean concentration amounted to 12,6pg/dL (4,7) at baseline

(n=27), 14,7ug/dL (4,7) at six months (n=25) and 13,4ug/dL (4,4) at one year (n=24).
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Figure 78. Free plasma cortisol concentration at baseline and 6 months after renal sympathetic denervation in the RSD
responder and the non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

RSD responders, who attended the follow up examinations, had a mean change in free
plasma cortisol concentration by 2,6pg/dL (-0,4;5,6 p=0,088) at six months (n=29) and a
significant increase by 3,5pug/dL (0,1;6,8 p=0,044) at one year (n=27). RSD non-responders
witnessed an change by 2,0pg/dL (-0,5;4,5 p=0,109) at six months (n=24) and by 1,8ug/dL
(-0,9;4,5 p=0,187) at twelve months (n=21).
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Figure 79. Free plasma cortisol concentration changes at 6 months after renal sympathetic denervation in the RSD
responder and non-responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with
baseline values.

Neither baseline concentrations (p=0,505), nor differences at six (p=0,768) or twelve months

(p=0,438) were proven to differ in a statistically significant way between the two groups.

3.7.1.3. Correlations of Free Plasma Cortisol Concentration and

Blood Pressure Values
Graphical and mathematical analysis of correlations between free plasma cortisol
concentration, ABP and OBP values at baseline and the differences at six months was
conducted using the modified dataset for ABP values.
Analysis revealed no statistically significant correlation between those values. Differences

in cortisol concentration at six months were significantly correlated with baseline cortisol

values (r=-0,749; p<0,001).
3.7.2. Free Triiodothyronine (fT3)

3.7.2.1. fT3 Concentration in All Patients

FT; concentration was measured in n=14 patients at baseline and n=11 at six months, overall

mean concentrations changed from 3,04pg/mL (0,32) to 2,96pg/mL (0,34) during follow up.
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3,50 —_—

3,25
0
E
on
=
53,00
&
t
i
(5]
S 2,75
(&)
o 1

2,507

225

1 I
BL &M
(n=14) {n=11)

Figure 80. Free T3 concentration in all patients at baseline, 6 and 12 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile.

In n=5 patients with complete six month follow up of {T3 levels available, values changed
by a mean difference of -0,20pg/mL (-0,70;0,30). Due to the lack of paired follow up data,

no allocation to groups or further statistical testing was conducted.

3.7.3. Free Thyroxine (fT4)

3.7.3.1. FT4 Concentration in All Patients

FT4 was measured among n=34 patients at baseline with a mean concentration amounting to

12,6pg/mL (1,9), that changed to 12,1pg/mL (1,8) within six months (n=29).
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Figure 81. FT4 concentration in all patients at baseline and 6 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile.

Six months follow up of values was available in n=23 patients, in whom fT4 concentrations

significantly decreased by a mean difference of -0,8pg/mL (-1,5;-0,1 p=0,029).
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Figure 82. FT4 concentration change in all patients at 6 months after renal sympathetic denervation. Whiskers indicate 5

and 95 percentile, p-value is for comparison with baseline value.

3.7.3.2. Free Thyroxine and RSD Responders at 6 Months

FT4 concentration in the RSD responders group averaged out at 13,2pg/mL (2,0) at baseline
(n=15) and 12,0pg/mL (1,6) at six months (n=14). Among RSD non-responders, values
developed from 12,1pg/mL (1,7) at baseline (n=13) to 12,2pg/mL (2,1) at six months (n=13).
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fT4 Concentration in RSD Non-/Responders
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Figure 83. FT4 concentration at baseline and 6 months after renal sympathetic denervation in the RSD responder and the

non-responder group, respectively. Whiskers indicate 5 and 95 percentile.

Among RSD responders, in whom complete follow up of values was available (n=12), mean
fT4 concentration significantly decreased by -1,4pg/mL (-2,6;-0,3 p=0,019), while non-
responders (n=9) had a non-significant mean change by -0,02pg/mL (-0,8;0,7 p=0,946).
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Figure 84. FTy concentration changes at 6 months after renal sympathetic denervation in the RSD responder and non-

responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

A statistically significant difference between the RSD responders and non-responders group
could be detected for mean fT4 concentration differences (p=0,048) at six months, but not

for baseline fT4 concentrations (p=0,128).
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3.7.3.3. Correlations of fT4 Concentration and Blood Pressure Values
Graphical and mathematical analysis of correlations between fT4 concentration, ABP and
OBP values at baseline and the differences at six months was conducted using the modified
dataset for ABP values.

Analysis revealed a statistically significant correlation between fTs4 concentration
differences at six months and office systolic BP at baseline (1=0,432; p=0,040). FT4
concentration differences at six months were significantly correlated to baseline thyroxine

concentrations (r=-0,539; p=0,008).
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Figure 85. Relationship between office systolic BP at baseline and fT+ concentration change at six months (n=23). The

modified dataset was used for ABP values.

3.7.4. Thyroid-Stimulating Hormone (TSH)

3.7.4.1. TSH Concentration in All Patients
TSH concentrations were measured in n=35 patients at baseline, amounting to an average of

1,80pU/mL (1,15), and to 1,88uU/mL (1,55) at six months (n=30).
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Figure 86. TSH concentration in all patients at baseline and 6 months after renal sympathetic denervation. Whiskers

indicate 5 and 95 percentile.

In the group of patients, in whom paired six months follow up data was available (n=23),

mean TSH concentration changed by 0,39 pU/mL (-0,10;0,87 p=0,140) on average.
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Figure 87. TSH concentration change in all patients at 6 months after renal sympathetic denervation. Whiskers indicate 5
and 95 percentile, p-value is for comparison with baseline value.
3.7.4.2. TSH Concentration in RSD Non-/Responders
The RSD responders group covered n=15 patients at baseline, with a mean TSH
concentration of 1,22uU/mL (0,74), that had increased to 1,67uU/mL (0,64) at six months
(n=14). Among the RSD non-responders, baseline TSH concentration (n=14) amounted to

2,32uU/mL (1,34) on average and to 2,10pU/mL (2,18) at six months (n=14).
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Figure 88. TSH concentration at baseline and 6 months after renal sympathetic denervation in the RSD responder and the
non-responder group, respectively. Whiskers indicate 5 and 95 percentile.
Among patients considered RSD responders, who completed six months follow up of values
(n=12), mean TSH concentration significantly increased by an average difference of
0,56pU/mL (0,05;1,07 p=0,015). RSD non-responders (n=9) witnessed a non-significant
mean change by 0,27uU/mL (-0,93;1,47 p=0,813).
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Figure 89. TSH concentration changes at 6 months after renal sympathetic denervation in the RSD responder and non-

responder group, respectively. Whiskers indicate 5 and 95 percentile, p-values are for comparison with baseline values.

Baseline TSH concentrations were shown to differ significantly (p=0,020), between-group

differences for the changes at six months were tested non-significant (p=0,111).
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3.7.4.3. Correlations of TSH Concentration and Blood Pressure

Values
Graphical and mathematical analysis of correlations between TSH concentration, ABP and
OBP values at baseline and the differences at six months was conducted using the modified

dataset for ABP values.

Analysis revealed a statistically significant correlation between baseline TSH concentration

and systolic ABP changes at six months (r=0,399; p=0,039).
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Figure 90. Relationship between ambulatory systolic BP differences at 6M and TSH concentration at BL (n=27). The

modified dataset was used for ABP values.
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4.Discussion

4.1. Interpretation

4.1.1. Interpretation of Office and Ambulatory Blood Pressure

Results
We found, that OBP had significantly decreased by -16,0/-6,4mmHg (p<0,001/p=0,002) at

the six months follow up visit, however, these reduction were not sustained up to one year.
This finding is in contrast to most previously published studies, where significant reductions
of OBP were shown to be sustained during follow up to three years after RSD.?%02%* Still,
our results do not stand isolated among other studies, as also Brinkmann et al. found office
BP levels to be unchanged after RSD in a small, prospective case series and the
SYMPLICITY HTN-3 study reported no significant difference in OBP changes between the
sham intervention and renal denervation group.?8>2%
ABP values were, despite the changes being statistically non-significant at six months,
shown to be significantly reduced by -8,2/-3,8mmHg (p=0,001/p=0,005) after one year. The
extent of ABP-reduction was found to be similar to that reported in other studies.??!-?932%8
As suggested by Mahfoud et al., we conducted an analysis separating all patients with
baseline ABP levels <130mmHg from those with higher BP.?*® We found “pseudo-resistant
HT” in n=13 patients, indicating, that >16% of patients enrolled, may not have had resistant
HT at all, but white coat hypertension, which is a common finding, as previously discussed.’
Upon this, we saw statistically significant decreases in ABP levels by -6,3/-2,9mmHg
(p=0,006/p=0,015) at six and by -11,5/-4,6mmHg (p<0,001/p=0,009) at twelve months after
RSD, while the “pseudo-resistant HT” group displayed a significant increase in systolic ABP
at six months and a trend towards an increase at twelve months. Differences between “true
resistant” and “pseudo-resistant” HT patients were regarded significant for systolic and
diastolic baseline values and the differences during follow up, except for diastolic changes
at twelve months. The same analysis was conducted for office BP levels, but neither baseline
values, nor differences at six or twelve months differed statistically between the two groups.
Ambulatory blood pressure monitoring is generally considered superior to office
measurement concerning prediction of cardiovascular risk, as it comprises a more detailed
survey of BP regulation throughout the day and especially during the night.!!1131¢ Qur
findings implicate, that ABP measurement may not only be the better choice in screening
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patients’ eligibility for RSD, but also to judge outcomes in follow up. This notion is further
supported by the finding that, although ABP and OBP values were significantly correlated
to each other at baseline, no such correlation could be found for the BP changes at six months
after RSD. In line with that we saw, that nearly all baseline values and significant changes
of metabolic parameters were, if at all, correlated to ABP values, but only very rarely with
office BP values. Baseline ABP values were significantly correlated with baseline FPG
concentration, HbAlc fraction, I1-6 concentration and Il-6 concentration changes at six
months. ABP changes at six months were significantly associated with BMI changes at six
months, as well as with baseline I1-6 and TSH concentration. Baseline OBP was only found
to be correlated with baseline fT4 concentration.

Importantly, our results suggest, that the extent of ABP reduction by RSD could be related
to the levels of 11-6 and TSH before the intervention. Thus, screening of inflammatory and
thyroid function parameters before RSD should be considered in future studies, to further
elucidate the role of these parameters, possibly predicting response to RSD.

Further analyses were conducted for RSD responders, defined as those patients with a
decrease in ABP levels by >5mmHg at six months after RSD. Approximately 51% of all
patients, who attended the six months follow up visit were regarded RSD responders
according to this definition. In those, ABP values had significantly decreased at six and
twelve months (p<0,001 for all), while there was a significant increase at six months in the
non-responders group. Baseline values and differences during follow up differed
significantly between the groups. When applying this classification to the OBP data, no
statistically significant difference between RSD responders and non-responders was visible.
OBP decreases at six months deemed significant (p<0,005), while changes at twelve months
tended towards zero in both groups. These findings again suggest, that ABP measurement is
superior to assessing OBP values in patients treated with RSD.

Our results concerning responder status to the intervention seem to be in blatant contrast to
those reported in the SYMPLICITY studies, where office BP measurement based
classification of responder status, applying a threshold at >10mmHg OBP reduction, resulted
in a percentage of 81% responders at six months and even 93% at three years.?*> Compared
to the fraction of 51% regarded RSD responders at six months in our collective, it seems
unlikely, that such dimensions can be reached, when using ABP results for that
classification. However, in our study, substantial beneficial effects on especially

inflammatory parameters were also seen in RSD non-responders, although they were usually
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less distinct than among RSD responders. This suggests, that RSD could have effects apart
from, and also in the absence of BP reductions. Hypothetically, one may assume, that
increased renal and central SNS activity, primarily targeted by renal denervation, is not the
cause of elevated blood pressure in all patients displaying resistant hypertension. The fact,
that only about half of the patients responded to RSD in terms of a BP reduction, but anti-
inflammatory effects were also seen in non-responders, therefore leads to two hypotheses:
First, the other half of patients may have causes underlying their resistant hypertension other
than increased SNS activity. Second, also in those patients, RSD may still exert influences

on various parameters.

4.1.2. Interpretation of BMI, Glucose- and Lipid Metabolism

Results
BMI was significantly reduced by -0,5kg/m? (p=0,004) or -1,4kg in body weight (p=0,006).
The decrease had a trend to be stronger in RSD responders and was significantly correlated
to ABP changes at six months.
Glucose metabolism parameters were analysed, excluding all patients on insulin treatment
(n=5). Among those, FPG did not change at six months after RSD, but had increased
significantly at one year. These changes did not differ between RSD responders and non-
responders, however, among responders, FPG had a trend towards a decrease at six months,
but had increased significantly at one year. HbAlc values indicated a small, but significant
increase at six months, which was -non-significantly- sustained at twelve months after RSD.
HbA Ic results did not differ between RSD responders and non-responders. Baseline FPG
concentration and HbA1c fraction were positively correlated with baseline systolic ABP.
Of all lipid metabolism parameters, HDL-C and triglyceride levels increased significantly
by 1,Img/dL (p=0,031) and 7,7mg/dL (p=0,033), respectively, while there were no
significant changes in LDL-C, non-HDL-C and total cholesterol concentrations. Baseline
values and differences in blood lipid concentration did not differ significantly between
responders and non-responders. RSD non-responders displayed a trend towards higher
changes in triglyceride concentrations, while HDL-C concentration increased significantly
among RSD responders, but not in non-responders.
Numerous studies suggest a close relationship between the sympathetic nervous system and

77,88-90

insulin resistance, mainly at a microvascular level #>%4617174 Thyg it could be

expected, that an intervention, which has been reported to reduce central sympathetic
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outflow to the periphery,?832%4

should have positive effects on insulin resistance and glucose
metabolism. However, as reported in a smaller study, MSNA at rest and baroreflex control
of MSNA did not change significantly upon RSD, raising the question, whether a decrease
in efferent SNS activity was rather an exception than the rule.?®> A study by Mahfoud et al.
demonstrated, that FPG, insulin and C-peptide levels decreased within three months after
renal denervation. Also 2-hour glucose tolerance test values, HOMA-IR and ISquicki were
reported to have improved, while HbAlc fraction remained unchanged.*®' Unchanged
HbA Ic levels were also reported in the SIMPLICITY HTN-3 study.?”¢

Our results concerning glucose metabolism seem inconclusive at first glance: The solitary
large increase in FPG at the twelve months follow up visit, while there was hardly any
change at all at six months, suggests, that patients probably were simply not fasting, as the
twelve months follow up examination was conducted in the outpatient clinic, while patients
stayed overnight for the six months visit. This assumption is confirmed by the finding, that
the alterations in FPG concentration at twelve months were not paralleled by a further
increase in HbAlc fraction, like seen at six months. Altogether, though the results seem
inconclusive, one can at least state with relative certainty, that glucose metabolism
parameters did improve among the patients in this study. However, as our glucose
metabolism data seems to comprise methodological limitations additional to the general
statistical restrictions in an uncontrolled retrospective registry study, these results should be
only interpreted cautiously.

Results concerning lipid metabolism parameters revealed no fundamental changes apart
from the mentioned significant increases in HDL-C and triglyceride concentrations. Low
HDL levels are a common feature in dyslipidaemia marking the metabolic
syndrome,!08:129:130.135 Begides, high fasting triglyceride concentration in visceral obesity,
referred to as the “hypertriglyceridaemic waist” is associated with the risk of cardiovascular
disease.!3!"!** Weight loss and physical activity are known to improve blood lipid
metabolism.!%%12%:139 Patients in this study actually displayed significant weight loss, which
may explain the significant increase in HDL-C, but not the increase in fasting triglycerides,
as the opposite would have been expected.

Although speculative, it seems, that among RSD responders, there was a trend towards an
increase in LDL-C, non-HDL-C, total cholesterol compared to non-responders. The opposite
seemed to be the case for fasting triglycerides and HDL-C, where RSD responders tended to

have higher increases in HDL and lower increases in triglyceride concentrations. If those
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alterations might have been caused by factors related to RSD and sympathetic deactivation,
the decrease in blood pressure itself or by external biases like non-fasting by the patients
cannot be elucidated in retrospect. However, as already emphasised, this is only subject to
speculation and cannot be clarified in a retrospective study.

Dyslipidaemia is reported to be closely associated with the RAAS,* as blockade of the
RAAS by ACE-I or ARB has been demonstrated to improve lipid profile, whereas
improvements especially in triglyceride and HDL-C levels have been reported among
patients meeting the criteria for the metabolic syndrome.!#+!1%°

The observed significant weight loss may pose one of the most surprising findings in this
study. Weight loss was found to be significantly correlated with ambulatory BP changes at
six months, which indicates, it may in fact be related to the RSD procedure. Still, due to
possible methodological flaws, interpretation should done only carefully, as described in the
chapter on possible limitations below.

Nevertheless, weight loss caused by RSD seems possible and even plausible. For instance,
the appetite- and energy-household regulation hormone leptin is closely linked with the
SN, 101-103.112-119 Changes in central and peripheral sympathetic nerve activity by RSD may
therefore exert influence on the actions of leptin in the CNS, in adipose tissue or in insulin
sensitive tissues. Furthermore, as increased SNS activity might be involved in the emergence

and perpetuation of insulin resistance,’”-%%3

sympathetic deactivation may improve insulin
resistance and thereby promote weight loss.

These assumptions are, in line with the findings reported for a-blockers and centrally acting
imidazoline-derivatives like Moxonidine or Rilmenidine: The a-blocker Doxazosin has been
demonstrated to deploy better antihypertensive effects in obese subjects, probably due to
higher SNS activity in those.?”! Also, this substance has been reported to exert beneficial
effects on insulin sensitivity and lipid metabolism, reducing plasma LDL-C and triglyceride
concentrations and increasing HDL-C.?"° Rilmenidine increased HDL-C and decreased FPG
concentration in patients with the metabolic syndrome,?’?> has further been reported to
decrease noradrenaline spillover to plasma,?’* and could significantly increase adiponectin
concentration in hypertensive patients.''? Finally, body weight has been demonstrated to be
reduced in patients treated with Moxonidine in two relatively large-scale studies, by -1,4kg

within eight weeks and by -2,1kg within six months, respectively.?’>’® Interestingly, this

reported weight loss was of a similar extent, as in the group of patients examined here.
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Although evidence is limited to few studies, centrally acting sympathoinhibitory substances
display striking similarities concerning their beneficial metabolic side-effects to the
alterations found after RSD in this study. Intuitively, those substances may act in a way
similar to RSD and therefore also have the same metabolic effects. Nevertheless, the exact
mechanisms of RSD and the interactions between SNS and various metabolic pathways
remain largely unclear. Importantly, the power of this study is tightly limited due to its
retrospective design, the extraction of data from a patient registry and the relatively low case
numbers. No causality between RSD, BP reduction and the metabolic alterations can be
proven. Still, these results may give an overview of possible metabolic effects linked with

RSD and inspire future trials.

4.1.3. Interpretation of Inflammatory Parameter Results

Results indicate, that I1-6 concentration and WBC count were significantly reduced in follow
up of patients treated with RSD. CRP concentration however, did not change significantly,
which may be due to the lack of hs-CRP measurement, posing an important limitation to this
study. CRP changes were small and regarded non-significant, still, a trend towards a
decrease in responders and an increase in non-responders may be visible.

11-6 concentration differences at six months were significantly higher in the RSD responders
group, but changes at one year appeared to be similar in both groups. This suggests an anti-
inflammatory effect generated by RSD, unrelated to blood pressure reduction or, as
previously discussed, renal denervation may have failed to significantly reduce BP in certain
patients, but still have caused other effects leading to the observed decrease in inflammatory
parameters. Similarly, also the decreases in leukocyte counts were significant for RSD
responders and non-responders at one year.

Another interesting finding regarding I1-6 was, that baseline 11-6 values were significantly
correlated with ABP differences at six months. This finding implies, that the success of RSD
may be predictable by the degree of systemic proinflammatory activity.

A great body of evidence highlights the presence of inflammation and its important role in
pathophysiological processes underlying a variety of diseases like visceral obesity,!>>1%” the

107,108,147-149

metabolic syndrome or atherosclerosis.?’ Inflammation is also involved in the

4,61,62

pathogenesis of hypertension in the kidney, in microvascular control and insulin

42,48,49 195-197

resistance, in the pancreas in diabetes, and in deregulations of the endocrine
system.?!* Importantly, it is well known, that increases in proinflammatory markers like CRP
are an independent risk factor for cardiovascular disease, death and diabetes.!>%15? One may
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therefore speculate, that the decreases in inflammatory marker concentrations upon RSD
may reduce CV risk.

However, the underlying mechanisms, linking the SNS to inflammation are complicated,
and only incompletely understood by now. Increased SNS activity may up-regulate RAAS

activity, 2121

and consecutively increase circulating or local levels of angiotensin II, which
is known to be involved in numerous inflammatory processes, probably by causing oxidative

stress.?”142192 Fyrthermore, angiotensin II is known to be able to cause activation to immune

142,143 142

cells like macrophages, which is an important contributor to atherosclerosis,

diabetes,'**!% or kidney injury.>®*1? This also explains the protective effect of ACE-I or
ARB against diabetes'**!8718 chronic kidney disease and renal failure.!-3?

Furthermore, the ARB telmisartan has been recently reported to reduce I1-6 and TNF-a
concentrations.’®* Few studies also suggest, that centrally acting imidazoline receptor
binding agents like Moxonidine may display anti-inflammatory properties, as TNF-a levels
have been shown to be reduced by such medication compared to atenolol.>*® This suggests a
direct or indirect effect of central sympathetic blockade on inflammatory pathways and may

therefore be a possible explanation for the putative anti-inflammatory effects of RSD seen

in our study.

4.1.4. Interpretation of Renal Function Parameter Results

Our results suggest, that creatinine concentration and mean glomerular filtration rate did not
change in a statistically significant way after RSD. Cystatin C concentrations significantly
increased during follow up (p=0,026 and p<0,001, respectively).

The findings concerning creatinine and GFR are line with those reported in most studies on
renal denervation, where also no deterioration of renal function could be found after RSD
either 283:290291.296 However, the three year follow up report of the SYMPLICITY HTN-1
study described a significant decrease in GFR and an increase in serum creatinine
concentrations.?”?

Renal function parameters at baseline and during follow up did not differ significantly
between RSD responders and non-responders, but creatinine concentration showed a trend
towards an increase and GFR seemed to decrease among responders, while non-responders
tended to have changes to the opposite direction. This may suggest a connection of renal
function parameter changes with blood pressure reduction. Glomerular hyperfiltration in

70,71

hypertension, possibly caused by obesity,”®’! sympathetic nerve- and RAAS activity,'?°
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could thus have been reversed by weight loss or decreased SNS activity, causing decreases
in GFR and increases in creatinine concentration.

Our results concerning Cystatin C however, are contrary to those reported in the
SYMPLICITY HTN-2 study, where no changes were reported at six months after RSD.?"!
Cystatin C levels had significantly increased among RSD responders and non-responders at
one year (p<0,001for both), which suggests effects apart from alterations in blood pressure.
Indeed, increased Cystatin C levels are frequently found in obesity and the metabolic
syndrome, independent of alterations in other renal function parameters.’**** Recent studies
demonstrated, that Cystatin C is also produced in fat cells, whereupon in obesity,
subcutaneous and visceral adipose tissue display an increased expression of Cystatin C
mRNA.3% Still, reduction of fat mass by bariatric surgery has been reported not to result in
significant decreases of Cystatin C concentrations.** Importantly, Cystatin C also seems to
be involved in inflammatory processes, as its plasma concentrations have been shown to be
inversely correlated with TNF-o and I1-6 levels in hypertensive patients.*®’ This seems to be
in line with the finding in our study, whereupon Cystatin C levels significantly increased,
while I1-6 concentration was reduced after RSD. An association between weight loss and
Cystatin C seems unlikely in this study, as patients lost weight but Cystatin C levels
increased.

However, the underlying mechanisms are not understood up to now. In any case, Cystatin C
seems to play an important role in inflammation, especially in obesity. The findings in our
patients, may possibly be a sign of anti-inflammatory properties of Cystatin C, but a direct
impact of changed SNS activity on Cystatin C levels also seems possible.

Concluding, further scientific effort is needed to increase our knowledge in this field.

4.1.5. Interpretation of Endocrine Parameter Results

We found, that free plasma cortisol concentrations had significantly increased at six and
twelve months after RSD. Intuitively, blood pressure reduction should rather be
accompanied by a decrease in HPA-axis activity and thus cortisol concentrations. Still, a
possible explanation for this finding exists:

States of chronic inflammations, like IBD or rheumatoid arthritis, are known to be associated
with impaired responsiveness of the HPA-axis.?!®2!® It is unclear, what ultimately causes
those alterations, leading to actual or functional hypocortisolism,??° but the glucocorticoid
receptor may play a crucial role.??*??? As the metabolic syndrome, diabetes and hypertension

107,108,147-149 it seems

113

are known to be accompanied by increased measures of inflammation,



likely, that those alterations of the HPA-axis may also occur in those states. Thus, it seems
possible, that the decrease in inflammatory parameters seen in this study upon RSD may be
paralleled by an increase in cortisol concentration, as inhibitory effects on the HPA axis
might have been reduced.

The HPA-axis may also be closely linked with the SNS,?** and noradrenaline is known to
exert modulatory effects on immune cells.??*2* Studies in patients with rheumatoid arthritis
suggest, that chronic inflammation may influence the response to adrenergic stimuli in

immune cells,??

as well as local and systemic sympathetic innervation, whereupon SNS
activity has been shown to be increased in RA patients.??’> TNF-a blockers, used in the
treatment of rheumatoid arthritis have been reported to significantly reduce ABP, as well as
plasma noradrenaline levels and plasma renin activity.?*° Apart from classic inflammatory
diseases, an impaired HPA-axis reactivity was also found in hypertension, coronary artery

disease and obesity,?!23

and low plasma cortisol levels were reported in hypertension and
OSAS. 2235 This suggests, that an increase in plasma cortisol levels upon RSD can be
plausible. However, those findings should be interpreted only carefully, as singular
measurements of plasma cortisol levels are not a very reliable way to judge HPA-axis
function, as those results may have been influenced by a great number of other factors next
to RSD. Still, as the increase in cortisol concentration parallels a decrease in II-6 and
leukocyte levels, an association with a decrease in SNS activity by RSD seems likely.

Analysis of thyroid function parameters in a smaller subset of patients revealed a significant
decrease in fT4 concentration and trend towards an increase in TSH levels, which was tested
significant for RSD responders. Baseline TSH and TSH changes were significantly higher
among RSD responders, as well as the decrease in fT4. This suggests a close relationship
between alterations in thyroid function and changes in blood pressure. Indeed, ABP changes
at six months were significantly correlated with baseline TSH concentration, suggesting a

possible prediction of ABP response to RSD by thyroid function parameters.

Obesity is reported to be associated with higher levels of TSH, which decrease with weight

238,240-242 240-242

loss, while results concerning free thyroid hormones vary between the studies.
Weight loss may especially influence the peripheral conversion of Ts4to T3.24* The HPT-axis
might also be linked with the actions of leptin at some level. However, as weight decreased
and thus probably also leptin levels, a decrease in TSH concentration would have been

expected.
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Inflammation and oxidative stress, for example caused by may exert similar

influences in the HPT-axis, than those describe for the HPA-axis.?*® This may affect both
the CNS regulation of thyroid hormones, as well as their peripheral metabolism.?*7-"!

The observed decrease in inflammatory parameters would therefore suggest, that the
inhibitory effects on the HPT-axis might have been at least partly reversed. As TSH tended
to rise, the increase being significant among RSD responders, a decrease of suppression to
the HPT-axis by inflammation seems possible. However, in this case, alterations in TSH
would have been expected to be paralleled by an increase in free hormone concentrations.
Thus, it seems more likely, that rather a primary decrease in fT4 consecutively caused a
reactive increase of TSH through the HPT axis feedback system. A decrease in fT4 could be
explained by periphery effects involving the conversion and inactivation of free thyroid
hormones, which may have been be influenced by weight loss or changes in SNS activity.
Nevertheless, it has to be emphasised, that thyroid hormone parameters were only collected
in a small subset of patients in this study and results may have been biased by various factors,
as discussed below. Still, changes in thyroid parameters upon RSD seem possible and may
intuitively contribute to blood pressure and metabolic effects.

Further studies are required to allow a clearer view of those alterations and the possible

underlying causes.

4.2. Possible Limitations of this Study

It has to be emphasised, that this is an uncontrolled, retrospective study based on a patient
registry. Due to the retrospective character of the study, no sample-sized calculation could
be conducted, as the number of patients enrolled in this analysis resulted from the number
of patients treated. Importantly, due to the lack of a control group and its statistical
limitations, this study can neither give evidence on any causalities of alterations in the
examined parameters, nor can it rule out other factors possibly having biased the measures.
Due to those mentioned statistical restrictions and the small size of the study sample, only
simple statistical analysis, including descriptive statistics, calculation of correlation
coefficients, t-tests and non-parametric tests were conducted.

The retrospective character of this analysis also limits the evidence that can be drawn from
this study, as in some cases it is not possible to re-enact afterwards, how and when exactly
the different measures were taken. Also, the collected parameters themselves may limit the

quality of this analysis, as the available measures not always represent the gold standard in
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the assessment of the various examined functions of the cardiovascular, metabolic, endocrine
or immune systems.

This thesis refers to the “metabolic syndrome” as primary point of interest. However, not all
patients in this dataset may have met all criteria necessary for this denotation, as some
patients had baseline BMI values <25kg/m?. Also, this dataset may not represent a typical
cross-sectional collective of individuals with the metabolic syndrome, because of a pre-
selection of patients displaying resistant hypertension, but hypertension itself constitutes an
important diagnostic feature of the metabolic syndrome. However, average baseline BMI
among all patients was 30,4kg/m? and a large fraction exhibited impairments in glucose- and
lipid metabolism, as well as in renal function or inflammation. Together, these facts suggest,
that despite a possible bias due to pre-selection of resistant hypertensive patients, the
majority of patients have actually met the diagnostic criteria for the metabolic syndrome.
BMI values were based on documentation of body weight in the patient charts. Although
body weight is usually measured by nursing staff upon admission, there is no proof, that
weight was really measured in all cases. It is possible, that some patients were only asked
about their approximate weight. Also, the accuracy of the measurement was not defined, so
that in some patients, weight was approximated to full kilograms, while more exact
documentation was done in others. Still, it should be noted, that several admission notes and
outpatient reports on the follow up examinations gave account of patients, who themselves
reported they had experienced considerable weight loss.

Another possible methodological limitation to this dataset is, that according to most
guidelines on the MetS, abdominal obesity should be judged by measuring waist
circumference, as it is the best correlate for all other MetS parameters.'2%13%131 Sti]],
guidelines suggest, that if -as it was the case here- BMI was over 30kg/m?, no measurement
of WC was necessary, as abdominal obesity would be definitely present in this state.'?
Glucose metabolism was examined by analysing FPG concentration and HbA 1¢ fraction. As
the name fasting plasma glucose implies, it should be assessed in a state of fasting. As
discussed before, it is important to remark, that the baseline and the six months examination
was done, while the patients stayed in hospital overnight, while the twelve months follow up
visit took place at the outpatient clinic. It suggests itself, that fasting discipline may therefore
have been higher among inpatients than outpatients, which is likely to represent a

considerable bias in this study.
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Concerning inflammatory parameters, the greatest limitation to our results is the lack of the
measurement of high-sensitivity-CRP, which should be used for the assessment of
subclinical inflammatory processes in diseases like hypertension and coronary artery
disease. The “normal” CRP assessment, used in our study may be suitable for detection of
major inflammations, however, small changes will remain undetectable.

Free plasma cortisol was measured in a relatively large part of the study patients. Most
measures were taken before noon but still, the circadian rhythm of cortisol may have biased
the results, as the exact time of assessment was not standardized in this study. Also, singular
measurement of blood cortisol levels does certainly not represent the best way to assess
HPA-axis function. Conduction of dexamethasone-suppression tests or salivary cortisol
measuring several times a day would have been desirable, but were not conducted among
the study patients.

Measures of thyroid function were only assessed in a minor part the patient collective.
Patients with thyroid disorders or on thyroid hormone substitution may have been included
in our study sample and have thereby biased the results. This and low patient numbers
considerably limit the reported results concerning thyroid hormones, which should therefore

only interpreted very cautiously.
4.3. Conclusion

Patients treated with renal sympathetic denervation displayed significant decreases in ABP
levels up to one year after the intervention, while OBP values did not change significantly
versus baseline. Exclusion of patients considered “pseudo-hypertensive” resulted in
significantly improved BP results, which suggests, that ABP measurement should be
performed in all patients screened for eligibility for RSD. Also, the finding, that metabolic
and inflammatory parameters at baseline and the changes in those were, if at all, correlated
to ABP values, raises the question about the actual value of OBP measurement in assessing
RSD results.

Interestingly, we observed a significant decrease in body weight at six months after RSD.
Changes in parameters concerning glucose and lipid metabolism were mostly small and non-
significant. However, we conclude, that most glucose and lipid parameters did at least not
improve, but partly displayed a trend towards a deterioration of values. As an exception,
HDL-C levels significantly increased in all patients and more markedly among RSD

responders.

117



A major finding in this study is the decrease we found among the inflammatory parameters
[1-6 and WBC count. Although those alterations were of a higher extent among RSD
responders, also non-responders had witnessed significant improvements after one year of
follow up. Although it is speculative, our results may suggest, that effects of RSD concerning
inflammatory activity could also be seen in non-responders in terms of blood pressure
changes. Therefore, non-response to RSD may putatively not be due to a lack in reduction
of SNS activity, but to causes underlying resistant hypertension apart from increased SNS
activity. Given the possible connections between SNS, RAAS and inflammation, it would
be interesting to learn more about changes in measures of SNS activity after RSD, as
evidence of decreased noradrenaline spillover rate is based on only very few patients, and
results concerning MSNA are not conclusive.

Changes in endocrine parameters should be interpreted only cautiously, as low patient
number and methodological constraints may limit the results. Still, it seems highly
interesting, that both the HPA-axis and thyroid parameters may have been influenced by
RSD. Whether these alterations have been caused by concomitant changes in inflammation,
body weight, SNS activity or blood pressure itself, remains to be elucidated by future studies.
Concluding, it should be mentioned once more, that this study may be limited by the
uncontrolled, retrospective design, low patient numbers and methodological weaknesses.
Especially the findings from the previously published SIMPLICITY HTN-3 study should
teach us a lesson, not to prematurely accept and apply novel scientific findings before they

have been proven evidence in randomized controlled trials.

118



5.References

1.

10.

Kotchen TA. Hypertensive Vascular Disease. In: Fauci AS, Kasper DL, Hauser SL,
Jameson JL, Loscalzo J Longo DL editors. Harrison's Principles of Internal Medicine.
New York: Mcgraw-Hill Professional; 2011, p. 2042-2059.

Nwankwo T, Yoon SS, Burt V, Gu Q. Hypertension among adults in the United States:
National Health and Nutrition Examination Survey, 2011-2012. NCHS Data Brief.
2013 Oct;(133):1-8.

Chien KL, Yang CY, Lee YT. Major gene effects in systolic and diastolic blood
pressure in families receiving a health examination in Taiwan. J Hypertens. 2003
Jan;21(1):73-9.

Johnson RJ, Feig DI, Nakagawa T, Sanchez-Lozada LG, Rodriguez-Iturbe B.
Pathogenesis of essential hypertension: historical paradigms and modern insights. J
Hypertens. 2008 Mar;26(3):381-91.

Fava C, Sjogren M, Montagnana M, Danese E, Almgren P, Engstrom G, Nilsson P,
Hedblad B, Guidi GC, Minuz P, Melander O. Prediction of blood pressure changes
over time and incidence of hypertension by a genetic risk score in Swedes.
Hypertension. 2013 Feb;61(2):319-26.

Canoy D, Luben R, Welch A, Bingham S, Warecham N, Day N, Khaw KT. Fat
distribution, body mass index and blood pressure in 22,090 men and women in the
Norfolk cohort of the European Prospective Investigation into Cancer and Nutrition
(EPIC-Norfolk) study. J Hypertens. 2004 Nov;22(11):2067-74.

Benetou V, Bamia C, Trichopoulos D, Mountokalakis T, Psaltopoulou T, Trichopoulou
A. The association of body mass index and waist circumference with blood pressure
depends on age and gender: a study of 10,928 non-smoking adults in the Greek EPIC
cohort. Eur J Epidemiol. 2004;19(8):803-9.

Wilson PW, D'Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and obesity
as determinants of cardiovascular risk: the Framingham experience. Arch Intern Med.
2002 Sep 9;162(16):1867-72.

Horvath K, Jeitler K, Siering U, Stich AK, Skipka G, Gratzer TW, Siebenhofer A.
Long-term effects of weight-reducing interventions in hypertensive patients:
systematic review and meta-analysis. Arch Intern Med. 2008 Mar 24;168(6):571-80.
Singer GM, Setaro JF. Secondary hypertension: obesity and the metabolic syndrome.

J Clin Hypertens (Greenwich). 2008 Jul;10(7):567-74.
119



11.

12.

13.

14.

15.

16.

17.

18.

19.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL Jr, Jones DW,
Materson BJ, Oparil S, Wright JT Jr, Roccella EJ; National Heart, Lung, and Blood
Institute Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; National High Blood Pressure Education Program
Coordinating Committee. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7
report. JAMA. 2003 May 21;289(19):2560-72.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective Studies
Collaboration. Age-specific relevance of usual blood pressure to vascular mortality: a
meta-analysis of individual data for one million adults in 61 prospective studies.
Lancet. 2002 Dec 14;360(9349):1903-13.

Vasan RS, Larson MG, Leip EP, Kannel WB, Levy D. Assessment of frequency of
progression to hypertension in non-hypertensive participants in the Framingham Heart
Study: a cohort study. Lancet. 2001 Nov 17;358(9294):1682-6.

James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J,
Lackland DT, LeFevre ML, MacKenzie TD, Ogedegbe O, Smith SC Jr, Svetkey LP,
Taler SJ, Townsend RR, Wright JT Jr, Narva AS, Ortiz E. 2014 evidence-based
guideline for the management of high blood pressure in adults: report from the panel
members appointed to the Eighth Joint National Committee (JNC 8). JAMA. 2014 Feb
5;311(5):507-20.

Verdecchia P. Prognostic value of ambulatory blood pressure : current evidence and
clinical implications. Hypertension. 2000 Mar;35(3):844-51.

Kabutoya T, Hoshide S, Ishikawa J, Eguchi K, Shimada K, Kario K. The effect of pulse
rate and blood pressure dipping status on the risk of stroke and cardiovascular disease
in Japanese hypertensive patients. Am J Hypertens. 2010 Jul;23(7):749-55.

Holecki M, Dutawa J, Chudek J. Resistant hypertension in visceral obesity. Eur J Intern
Med. 2012 Oct;23(7):643-8.

Sim JJ, Bhandari SK, Shi J, Liu IL, Calhoun DA, McGlynn EA, Kalantar-Zadeh K,
Jacobsen SJ. Characteristics of resistant hypertension in a large, ethnically diverse
hypertension population of an integrated health system. Mayo Clin Proc. 2013
Oct;88(10):1099-107.

de la Sierra A, Segura J, Banegas JR, Gorostidi M, de la Cruz JJ, Armario P, Oliveras
A, Ruilope LM. Clinical features of 8295 patients with resistant hypertension classified

120



20.

21.

22.

23.

24.

25.

26.

27.

28.

on the basis of ambulatory blood pressure monitoring. Hypertension. 2011
May;57(5):898-902.

Weber T, Zweiker R, Watschinger B, Griiner P, Koppelstitter C, Brandt MC, Horina
J, Brussee H, Hohenstein K, Lambert T, Auer J, Hoppe UC. Clinical application of
interventional renal sympathetic denervation: recommendations of the Austrian
Society of Hypertension 2012. Wien Klin Wochenschr. 2012 Nov;124(21-22):789-98.
Acelajado MC, Pisoni R, Dudenbostel T, Dell'ltalia LJ, Cartmill F, Zhang B, Cofield
SS, Oparil S, Calhoun DA. Refractory hypertension: definition, prevalence, and patient
characteristics. J Clin Hypertens (Greenwich). 2012 Jan;14(1):7-12.

Grassi G, Seravalle G, Cattanco BM, Bolla GB, Lanfranchi A, Colombo M,
Giannattasio C, Brunani A, Cavagnini F, Mancia G. Sympathetic activation in obese
normotensive subjects. Hypertension. 1995 Apr;25(4 Pt 1):560-3.

Alonso-Galicia M, Brands MW, Zappe DH, Hall JE. Hypertension in obese Zucker
rats. Role of angiotensin II and adrenergic activity. Hypertension. 1996
Dec;28(6):1047-54.

Boustany CM, Bharadwaj K, Daugherty A, Brown DR, Randall DC, Cassis LA.
Activation of the systemic and adipose renin-angiotensin system in rats with diet-
induced obesity and hypertension. Am J Physiol Regul Integr Comp Physiol. 2004
Oct;287(4):R943-9.

O'Seaghdha CM, Hwang SJ, Vasan RS, Larson MG, Hoffmann U, Wang TJ, Fox CS.
Correlation of renin angiotensin and aldosterone system activity with subcutaneous and
visceral adiposity: the framingham heart study. BMC Endocr Disord. 2012 Apr 4;12:3.
Skov J, Persson F, Frokiaer J, Christiansen JS. Tissue Renin-Angiotensin Systems: A
Unifying Hypothesis of Metabolic Disease. Front Endocrinol (Lausanne). 2014 Feb
28;5:23. eCollection 2014.

Putnam K, Shoemaker R, Yiannikouris F, Cassis LA. The renin-angiotensin system: a
target of and contributor to dyslipidemias, altered glucose homeostasis, and
hypertension of the metabolic syndrome. Am J Physiol Heart Circ Physiol. 2012 Mar
15;302(6):H1219-30.

Van Harmelen V, Ariapart P, Hoffstedt J, Lundkvist I, Bringman S, Arner P. Increased
adipose angiotensinogen gene expression in human obesity. Obes Res. 2000

Jul;8(4):337-41.

121



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Yiannikouris F, Gupte M, Putnam K, Thatcher S, Charnigo R, Rateri DL, Daugherty
A, Cassis LA. Adipocyte deficiency of angiotensinogen prevents obesity-induced
hypertension in male mice. Hypertension. 2012 Dec;60(6):1524-30.

Hall ME, do Carmo JM, da Silva AA, Juncos LA, Wang Z, Hall JE. Obesity,
hypertension, and chronic kidney disease. Int J Nephrol Renovasc Dis. 2014 Feb
18;7:75-88. eCollection 2014.

Bomback AS, Kshirsagar AV, Amamoo MA, Klemmer PJ. Change in proteinuria after
adding aldosterone blockers to ACE inhibitors or angiotensin receptor blockers in
CKD: a systematic review. Am J Kidney Dis. 2008 Feb;51(2):199-211.

Mallamaci F, Ruggenenti P, Perna A, Leonardis D, Tripepi R, Tripepi G, Remuzzi G,
Zoccali C; REIN Study Group. ACE inhibition is renoprotective among obese patients
with proteinuria. J Am Soc Nephrol. 2011 Jun;22(6):1122-8.

Andronico G, Cottone S, Mangano MT, Ferraro-Mortellaro R, Baiardi G, Grassi N,
Ferrara L, Mulé G, Cerasola G. Insulin, renin-aldosterone system and blood pressure
in obese people. Int J Obes Relat Metab Disord. 2001 Feb;25(2):239-42.

Sarzani R, Guerra F, Mancinelli L, Buglioni A, Franchi E, Dessi-Fulgheri P. Plasma
aldosterone is increased in class 2 and 3 obese essential hypertensive patients despite
drug treatment. Am J Hypertens. 2012 Jul;25(7):818-26.

Rossi GP, Belfiore A, Bernini G, Fabris B, Caridi G, Ferri C, Giacchetti G, Letizia C,
Maccario M, Mannelli M, Palumbo G, Patalano A, Rizzoni D, Rossi E, Pessina AC,
Mantero F; Primary Aldosteronism Prevalence in hYpertension Study Investigators.
Body mass index predicts plasma aldosterone concentrations in overweight-obese
primary hypertensive patients. J Clin Endocrinol Metab. 2008 Jul;93(7):2566-71
Hwang MH, Yoo JK, Luttrell M, Kim HK, Meade TH, English M, Segal MS, Christou
DD. Mineralocorticoid receptors modulate vascular endothelial function in human
obesity. Clin Sci (Lond). 2013 Dec;125(11):513-20.

Gaddam KK, Pratt-Ubunama MN, Calhoun DA. Aldosterone antagonists: effective
add-on therapy for the treatment of resistant hypertension. Expert Rev Cardiovasc
Ther. 2006 May;4(3):353-9.

Nielsen FT, Jensen BL, Hansen PB, Marcussen N, Bie P. The mineralocorticoid
receptor antagonist eplerenone reduces renal interstitial fibrosis after long-term
cyclosporine treatment in rat: antagonizing cyclosporine nephrotoxicity. BMC

Nephrol. 2013 Feb 20;14:42.

122



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Mehdi UF, Adams-Huet B, Raskin P, Vega GL, Toto RD. Addition of angiotensin
receptor blockade or mineralocorticoid antagonism to maximal angiotensin-converting
enzyme inhibition in diabetic nephropathy. J] Am Soc Nephrol. 2009 Dec;20(12):2641-
50.

Makani H, Bangalore S, Desouza KA, Shah A, Messerli FH. Efficacy and safety of
dual blockade of the renin-angiotensin system: meta-analysis of randomised trials.
BMJ. 2013 Jan 28;346:360.

Jonk AM, Houben AJ, de Jongh RT, Sern¢ EH, Schaper NC, Stehouwer CD.
Microvascular dysfunction in obesity: a potential mechanism in the pathogenesis of
obesity-associated insulin resistance and hypertension. Physiology (Bethesda). 2007
Aug;22:252-60.

Serné EH, de Jongh RT, Eringa EC, IJzerman RG, Stehouwer CD. Microvascular
dysfunction: a potential pathophysiological role in the metabolic syndrome.
Hypertension. 2007 Jul;50(1):204-11.

Serné EH, Gans RO, ter Maaten JC, Tangelder GJ, Donker AJ, Stehouwer CD.
Impaired skin capillary recruitment in essential hypertension is caused by both
functional and structural capillary rarefaction. Hypertension. 2001 Aug;38(2):238-42.
de Jongh RT, Serné EH, IJzerman RG, de Vries G, Stehouwer CD. Impaired
microvascular  function in obesity: implications for obesity-associated
microangiopathy, hypertension, and insulin resistance. Circulation. 2004 Jun
1;109(21):2529-35.

Gudbjornsdottir S, Elam M, Sellgren J, Anderson EA. Insulin increases forearm
vascular resistance in obese, insulin-resistant hypertensives. J Hypertens. 1996
Jan;14(1):91-7.

Potenza MA, Marasciulo FL, Chieppa DM, Brigiani GS, Formoso G, Quon MJ,
Montagnani M. Insulin resistance in spontaneously hypertensive rats is associated with
endothelial dysfunction characterized by imbalance between NO and ET-1 production.
Am J Physiol Heart Circ Physiol. 2005 Aug;289(2):H813-22.

Cardillo C, Campia U, lantorno M, Panza JA. Enhanced vascular activity of
endogenous endothelin-1 in obese hypertensive patients. Hypertension. 2004
Jan;43(1):36-40.

de Jongh RT, [jzerman RG, Serné¢ EH, Voordouw JJ, Yudkin JS, de Waal HA,

Stehouwer CD, van Weissenbruch MM. Visceral and truncal subcutaneous adipose

123



49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

tissue are associated with impaired capillary recruitment in healthy individuals. J Clin
Endocrinol Metab. 2006 Dec;91(12):5100-6.

Kim JA, Montagnani M, Koh KK, Quon MJ. Reciprocal relationships between insulin
resistance and endothelial dysfunction: molecular and pathophysiological mechanisms.
Circulation. 2006 Apr 18;113(15):1888-904.

Johnson RJ, Herrera-Acosta J, Schreiner GF, Rodriguez-Iturbe B. Subtle acquired renal
injury as a mechanism of salt-sensitive hypertension. N Engl J Med. 2002 Mar
21;346(12):913-23.

de Jongh RT, Serné EH, IJzerman RG, Stehouwer CD. Microvascular function: a
potential link between salt sensitivity, insulin resistance and hypertension. J Hypertens.
2007 Sep;25(9):1887-93.

Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic kidney
disease and decreased kidney function in the adult US population: Third National
Health and Nutrition Examination Survey. Am J Kidney Dis. 2003 Jan;41(1):1-12.
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US
adults: findings from the third National Health and Nutrition Examination Survey.
JAMA. 2002 Jan 16;287(3):356-9.

Moebus S, Hanisch JU, Neuhduser M, Aidelsburger P, Wasem J, Jockel KH. Assessing
the prevalence of the Metabolic Syndrome according to NCEP ATP III in Germany:
feasibility and quality aspects of a two step approach in 1550 randomly selected
primary health care practices. Ger Med Sci. 2006 Oct 9;4:Doc07.

Mancia G, Bombelli M, Corrao G, Facchetti R, Madotto F, Giannattasio C, Trevano
FQ, Grassi G, Zanchetti A, Sega R. Metabolic syndrome in the Pressioni Arteriose
Monitorate E Loro Associazioni (PAMELA) study: daily life blood pressure, cardiac
damage, and prognosis. Hypertension. 2007 Jan;49(1):40-7.

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the
distribution of body mass index among US adults, 1999-2010. JAMA. 2012 Feb
1;307(5):491-7.

Julius S, Nesbitt S. Sympathetic overactivity in hypertension. A moving target. Am J
Hypertens. 1996 Nov;9(11):113S-120S.

Julius S, Krause L, Schork NJ, Mejia AD, Jones KA, van de Ven C, Johnson EH,
Sekkarie MA, Kjeldsen SE, Petrin J, et al. Hyperkinetic borderline hypertension in
Tecumseh, Michigan. J Hypertens. 1991 Jan;9(1):77-84.

124



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lombardi D, Gordon KL, Polinsky P, Suga S, Schwartz SM, Johnson RJ. Salt-sensitive
hypertension develops after short-term exposure to Angiotensin II. Hypertension. 1999
Apr;33(4):1013-9.

Quiroz Y, Pons H, Gordon KL, Rincon J, Chavez M, Parra G, Herrera-Acosta J,
Gomez-Garre D, Largo R, Egido J, Johnson RJ, Rodriguez-Iturbe B. Mycophenolate
mofetil prevents salt-sensitive hypertension resulting from nitric oxide synthesis
inhibition. Am J Physiol Renal Physiol. 2001 Jul;281(1):F38-47.

Franco M, Martinez F, Quiroz Y, Galicia O, Bautista R, Johnson RJ, Rodriguez-Iturbe
B. Renal angiotensin II concentration and interstitial infiltration of immune cells are
correlated with blood pressure levels in salt-sensitive hypertension. Am J Physiol Regul
Integr Comp Physiol. 2007 Jul;293(1):R251-6.

Franco M, Tapia E, Bautista R, Pacheco U, Santamaria J, Quiroz Y, Johnson RIJ,
Rodriguez-Iturbe B. Impaired pressure natriuresis resulting in salt-sensitive
hypertension is caused by tubulointerstitial immune cell infiltration in the kidney. Am
J Physiol Renal Physiol. 2013 Apr 1;304(7):F982-90.

Rodriguez-Iturbe B, Pons H, Quiroz Y, Gordon K, Rincéon J, Chavez M, Parra G,
Herrera-Acosta J, Gomez-Garre D, Largo R, Egido J, Johnson RJ. Mycophenolate
mofetil prevents salt-sensitive hypertension resulting from angiotensin II exposure.
Kidney Int. 2001 Jun;59(6):2222-32.

Brenner BM, Garcia DL, Anderson S. Glomeruli and blood pressure. Less of one, more
the other? Am J Hypertens. 1988 Oct;1(4 Pt 1):335-47.

Luyckx VA, Brenner BM. Low birth weight, nephron number, and kidney disease.
Kidney Int Suppl. 2005 Aug;(97):S68-77.

Curhan GC, Willett WC, Rimm EB, Spiegelman D, Ascherio AL, Stampfer MJ. Birth
weight and adult hypertension, diabetes mellitus, and obesity in US men. Circulation.
1996 Dec 15;94(12):3246-50.

Woods LL, Weeks DA, Rasch R. Programming of adult blood pressure by maternal
protein restriction: role of nephrogenesis. Kidney Int. 2004 Apr;65(4):1339-48.
Hughson MD, Douglas-Denton R, Bertram JF, Hoy WE. Hypertension, glomerular
number, and birth weight in African Americans and white subjects in the southeastern
United States. Kidney Int. 2006 Feb;69(4):671-8.

Keller G, Zimmer G, Mall G, Ritz E, Amann K. Nephron number in patients with
primary hypertension. N Engl J Med. 2003 Jan 9;348(2):101-8.

125



70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Hall JE, Brands MW, Dixon WN, Smith MJ Jr. Obesity-induced hypertension. Renal
function and systemic hemodynamics. Hypertension. 1993 Sep;22(3):292-9.

Hall JE, Crook ED, Jones DW, Wofford MR, Dubbert PM. Mechanisms of obesity-
associated cardiovascular and renal disease. Am J Med Sci. 2002 Sep;324(3):127-37.
Foster MC, Hwang SJ, Porter SA, Massaro JM, Hoffmann U, Fox CS. Fatty kidney,
hypertension, and chronic kidney disease: the Framingham Heart Study. Hypertension.
2011 Nov;58(5):784-90.

Dwyer TM, Mizelle HL, Cockrell K, Buhner P. Renal sinus lipomatosis and body
composition in hypertensive, obese rabbits. Int J Obes Relat Metab Disord. 1995
Dec;19(12):869-74.

Burnett JC Jr, Haas JA, Knox FG. Segmental analysis of sodium reabsorption during
renal vein constriction. Am J Physiol. 1982 Jul;243(1):F19-22.

Deji N, Kume S, Araki S, Soumura M, Sugimoto T, Isshiki K, Chin-Kanasaki M,
Sakaguchi M, Koya D, Haneda M, Kashiwagi A, Uzu T. Structural and functional
changes in the kidneys of high-fat diet-induced obese mice. Am J Physiol Renal
Physiol. 2009 Jan;296(1):F118-26.

Lambert GW, Straznicky NE, Lambert EA, Dixon JB, Schlaich MP. Sympathetic
nervous activation in obesity and the metabolic syndrome--causes, consequences and
therapeutic implications. Pharmacol Ther. 2010 May;126(2):159-72.

Mancia G, Bousquet P, Elghozi JL, Esler M, Grassi G, Julius S, Reid J, Van Zwieten
PA. The sympathetic nervous system and the metabolic syndrome. J Hypertens. 2007
May;25(5):909-20.

Grassi G, Vailati S, Bertinieri G, Seravalle G, Stella ML, Dell'Oro R, Mancia G. Heart
rate as marker of sympathetic activity. J Hypertens. 1998 Nov;16(11):1635-9.

Vaz M, Jennings G, Turner A, Cox H, Lambert G, Esler M. Regional sympathetic
nervous activity and oxygen consumption in obese normotensive human subjects.
Circulation. 1997 Nov 18;96(10):3423-9.

Rumantir MS, Vaz M, Jennings GL, Collier G, Kaye DM, Seals DR, Wiesner GH,
Brunner-La Rocca HP, Esler MD. Neural mechanisms in human obesity-related
hypertension. J Hypertens. 1999 Aug;17(8):1125-33.

Ferrier C, Esler MD, Eisenhofer G, Wallin BG, Horne M, Cox HS, Lambert G,
Jennings GL. Increased norepinephrine spillover into the jugular veins in essential

hypertension. Hypertension. 1992 Jan;19(1):62-9.

126



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Grassi G, Cattaneo BM, Seravalle G, Lanfranchi A, Mancia G. Baroreflex control of
sympathetic nerve activity in essential and secondary hypertension. Hypertension.
1998 Jan;31(1):68-72.

Huggett RJ, Scott EM, Gilbey SG, Stoker JB, Mackintosh AF, Mary DA. Impact of
type 2 diabetes mellitus on sympathetic neural mechanisms in hypertension.
Circulation. 2003 Dec 23;108(25):3097-101.

Grassi G, Dell'Oro R, Quarti-Trevano F, Scopelliti F, Seravalle G, Paleari F, Gamba
PL, Mancia G. Neuroadrenergic and reflex abnormalities in patients with metabolic
syndrome. Diabetologia. 2005 Jul;48(7):1359-65.

Huggett RJ, Burns J, Mackintosh AF, Mary DA. Sympathetic neural activation in
nondiabetic metabolic syndrome and its further augmentation by hypertension.
Hypertension. 2004 Dec;44(6):847-52.

Lambert E, Straznicky N, Eikelis N, Esler M, Dawood T, Masuo K, Schlaich M,
Lambert G. Gender differences in sympathetic nervous activity: influence of body mass
and blood pressure. J Hypertens. 2007 Jul;25(7):1411-9.

Grassi G, Facchini A, Trevano FQ, Dell'Oro R, Arenare F, Tana F, Bolla G, Monzani
A, Robuschi M, Mancia G. Obstructive sleep apnea-dependent and -independent
adrenergic activation in obesity. Hypertension. 2005 Aug;46(2):321-5.

Jamerson KA, Julius S, Gudbrandsson T, Andersson O, Brant DO. Reflex sympathetic
activation induces acute insulin resistance in the human forearm. Hypertension. 1993
May;21(5):618-23.

Lembo G, Rendina V, laccarino G, Lamenza F, Volpe M, Trimarco B. Insulin reduces
reflex forearm sympathetic vasoconstriction in healthy humans. Hypertension. 1993
Jun;21(6 Pt 2):1015-9.

Vollenweider P, Randin D, Tappy L, Jéquier E, Nicod P, Scherrer U. Impaired insulin-
induced sympathetic neural activation and vasodilation in skeletal muscle in obese
humans. J Clin Invest. 1994 Jun;93(6):2365-71.

Gentile CL, Orr JS, Davy BM, Davy KP. Modest weight gain is associated with
sympathetic neural activation in nonobese humans. Am J Physiol Regul Integr Comp
Physiol. 2007 May;292(5):R1834-8.

Masuo K, Mikami H, Ogihara T, Tuck ML. Sympathetic nerve hyperactivity precedes
hyperinsulinemia and blood pressure elevation in a young, nonobese Japanese

population. Am J Hypertens. 1997 Jan;10(1):77-83.

127



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Flaa A, Aksnes TA, Kjeldsen SE, Eide I, Rostrup M. Increased sympathetic reactivity
may predict insulin resistance: an 18-year follow-up study. Metabolism. 2008
Oct;57(10):1422-7.

Alvarez GE, Beske SD, Ballard TP, Davy KP. Sympathetic neural activation in visceral
obesity. Circulation. 2002 Nov 12;106(20):2533-6.

Charles MA, Eschwege E, Thibult N, Claude JR, Warnet JM, Rosselin GE, Girard J,
Balkau B. The role of non-esterified fatty acids in the deterioration of glucose tolerance
in Caucasian subjects: results of the Paris Prospective Study. Diabetologia. 1997
Sep;40(9):1101-6.

Florian JP, Pawelczyk JA. Non-esterified fatty acids increase arterial pressure via
central sympathetic activation in humans. Clin Sci (Lond). 2009 Oct 2;118(1):61-9.
Karpe F, Dickmann JR, Frayn KN. Fatty acids, obesity, and insulin resistance: time for
a reevaluation. Diabetes. 2011 Oct;60(10):2441-9.

Grekin RJ, Ngarmukos CO, Williams DM, Supiano MA. Renal norepinephrine
spillover during infusion of nonesterified fatty acids. Am J Hypertens. 2005
Mar;18(3):422-6.

Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce MR,
Ohannesian JP, Marco CC, McKee LJ, Bauer TL, et al. Serum immunoreactive-leptin
concentrations in normal-weight and obese humans. N Engl J Med. 1996 Feb
1;334(5):292-5.

van Dielen FM, van't Veer C, Schols AM, Soeters PB, Buurman WA, Greve JW.
Increased leptin concentrations correlate with increased concentrations of
inflammatory markers in morbidly obese individuals. Int J] Obes Relat Metab Disord.
2001 Dec;25(12):1759-66.

Hausberg M, Morgan DA, Chapleau MA, Sivitz WI, Mark AL, Haynes WG.
Differential modulation of leptin-induced sympathoexcitation by baroreflex activation.
J Hypertens. 2002 Aug;20(8):1633-41.

Ahima RS. Revisiting leptin's role in obesity and weight loss. J Clin Invest. 2008
Jul;118(7):2380-3.

Grassi G. Leptin, sympathetic nervous system, and baroreflex function. Curr Hypertens

Rep. 2004 Jun;6(3):236-40.

128



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Straznicky NE, Lambert EA, Lambert GW, Masuo K, Esler MD, Nestel PJ. Effects of
dietary weight loss on sympathetic activity and cardiac risk factors associated with the
metabolic syndrome. J Clin Endocrinol Metab. 2005 Nov;90(11):5998-6005.

Masuo K, Kawaguchi H, Mikami H, Ogihara T, Tuck ML. Serum uric acid and plasma
norepinephrine concentrations predict subsequent weight gain and blood pressure
elevation. Hypertension. 2003 Oct;42(4):474-80.

Bruun JM, Lihn AS, Verdich C, Pedersen SB, Toubro S, Astrup A, Richelsen B.
Regulation of adiponectin by adipose tissue-derived cytokines: in vivo and in vitro
investigations in humans. Am J Physiol Endocrinol Metab. 2003 Sep;285(3):E527-33.
Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H, Capeau J, Feve B.
Recent advances in the relationship between obesity, inflammation, and insulin
resistance. Eur Cytokine Netw. 2006 Mar;17(1):4-12.

Eckel RH. The Metabolic Syndrome. In: Fauci AS, Kasper DL, Hauser SL, Jameson
JL, Loscalzo J Longo DL editors. Harrison's Principles of Internal Medicine. New
York: Mcgraw-Hill Professional; 2011, p. 1992-1997.

Iwashima Y, Katsuya T, Ishikawa K, Ouchi N, Ohishi M, Sugimoto K, Fu Y, Motone
M, Yamamoto K, Matsuo A, Ohashi K, Kihara S, Funahashi T, Rakugi H, Matsuzawa
Y, Ogihara T. Hypoadiponectinemia is an independent risk factor for hypertension.
Hypertension. 2004 Jun;43(6):1318-23.

Nowak £, Adamczak M, Wiecek A. Blockade of sympathetic nervous system activity
by rilmenidine increases plasma adiponectin concentration in patients with essential
hypertension. Am J Hypertens. 2005 Nov;18(11):1470-5.

Tanida M, Shen J, Horii Y, Matsuda M, Kihara S, Funahashi T, Shimomura I, Sawai
H, Fukuda Y, Matsuzawa Y, Nagai K. Effects of adiponectin on the renal sympathetic
nerve activity and blood pressure in rats. Exp Biol Med (Maywood). 2007
Mar;232(3):390-7.

Shek EW, Brands MW, Hall JE. Chronic leptin infusion increases arterial pressure.
Hypertension. 1998 Jan;31(1 Pt 2):409-14.

Ozata M, Ozdemir IC, Licinio J. Human leptin deficiency caused by a missense
mutation: multiple endocrine defects, decreased sympathetic tone, and immune system
dysfunction indicate new targets for leptin action, greater central than peripheral
resistance to the effects of leptin, and spontaneous correction of leptin-mediated

defects. J Clin Endocrinol Metab. 1999 Oct;84(10):3686-95.

129



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Mark AL, Shaffer RA, Correia ML, Morgan DA, Sigmund CD, Haynes WG.
Contrasting blood pressure effects of obesity in leptin-deficient ob/ob mice and agouti
yellow obese mice. J Hypertens. 1999 Dec;17(12 Pt 2):1949-53.

do Carmo JM, da Silva AA, Cai Z, Lin S, Dubinion JH, Hall JE. Control of blood
pressure, appetite, and glucose by leptin in mice lacking leptin receptors in
proopiomelanocortin neurons. Hypertension. 2011 May;57(5):918-26.

Tallam LS, Stec DE, Willis MA, da Silva AA, Hall JE. Melanocortin-4 receptor-
deficient mice are not hypertensive or salt-sensitive despite obesity, hyperinsulinemia,
and hyperleptinemia. Hypertension. 2005 Aug;46(2):326-32. Epub 2005 Jul 18.
Farooqi IS, Drop S, Clements A, Keogh JM, Biernacka J, Lowenbein S, Challis BG,
O'Rahilly S. Heterozygosity for a POMC-null mutation and increased obesity risk in
humans. Diabetes. 2006 Sep;55(9):2549-53.

Greenfield JR, Miller JW, Keogh JM, Henning E, Satterwhite JH, Cameron GS, Astruc
B, Mayer JP, Brage S, See TC, Lomas DJ, O'Rahilly S, Farooqi IS. Modulation of
blood pressure by central melanocortinergic pathways. N Engl J Med. 2009 Jan
1;360(1):44-52.

da Silva AA, do Carmo JM, Hall JE. Role of leptin and central nervous system
melanocortins in obesity hypertension. Curr Opin Nephrol Hypertens. 2013
Mar;22(2):135-40.

DiBona GF, Esler M. Translational medicine: the antihypertensive effect of renal
denervation. Am J Physiol Regul Integr Comp Physiol. 2010 Feb;298(2):R245-53.
Grassi G. Renin-angiotensin-sympathetic crosstalks in hypertension: reappraising the
relevance of peripheral interactions. J Hypertens. 2001 Oct;19(10):1713-6.
Gorzelniak K, Engeli S, Janke J, Luft FC, Sharma AM. Hormonal regulation of the
human adipose-tissue renin-angiotensin system: relationship to obesity and
hypertension. J Hypertens. 2002 May;20(5):965-73.

Schlaich MP, Lambert E, Kaye DM, Krozowski Z, Campbell DJ, Lambert G, Hastings
J, Aggarwal A, Esler MD. Sympathetic augmentation in hypertension: role of nerve
firing, norepinephrine reuptake, and Angiotensin neuromodulation. Hypertension.
2004 Feb;43(2):169-75.

Converse RL Jr, Jacobsen TN, Toto RD, Jost CM, Cosentino F, Fouad-Tarazi F, Victor
RG. Sympathetic overactivity in patients with chronic renal failure. N Engl ] Med. 1992
Dec 31;327(27):1912-8.

130



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Klein IH, Ligtenberg G, Oey PL, Koomans HA, Blankestijn PJ. Enalapril and losartan
reduce sympathetic hyperactivity in patients with chronic renal failure. ] Am Soc
Nephrol. 2003 Feb;14(2):425-30.

Grassi G, Quarti-Trevano F, Seravalle G, Arenare F, Volpe M, Furiani S, Dell'Oro R,
Mancia G. Early sympathetic activation in the initial clinical stages of chronic renal
failure. Hypertension. 2011 Apr;57(4):846-51.

Esler M, Straznicky N, Eikelis N, Masuo K, Lambert G, Lambert E. Mechanisms of
sympathetic activation in obesity-related hypertension. Hypertension. 2006
Nov;48(5):787-96. Epub 2006 Sep 25.

Foss JD, Fink GD, Osborn JW. Reversal of genetic salt-sensitive hypertension by
targeted sympathetic ablation. Hypertension. 2013 Apr;61(4):806-11.

Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-wide definition. A
Consensus Statement from the International Diabetes Federation. Diabet Med. 2006
May;23(5):469-80.

National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
III). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation. 2002 Dec 17;106(25):3143-21.

Carr DB, Utzschneider KM, Hull RL, Kodama K, Retzlaff BM, Brunzell JD, Shofer
JB, Fish BE, Knopp RH, Kahn SE. Intra-abdominal fat is a major determinant of the
National Cholesterol Education Program Adult Treatment Panel III criteria for the
metabolic syndrome. Diabetes. 2004 Aug;53(8):2087-94.

Underwood PM. Cardiovascular risk, the metabolic syndrome and the
hypertriglyceridaemic waist. Curr Opin Lipidol. 2004 Aug;15(4):495-7.

Lemieux I, Pascot A, Couillard C, Lamarche B, Tchernof A, Alméras N, Bergeron J,
Gaudet D, Tremblay G, Prud'homme D, Nadeau A, Després JP. Hypertriglyceridemic
waist: A marker of the atherogenic metabolic triad (hyperinsulinemia;
hyperapolipoprotein B; small, dense LDL) in men? Circulation. 2000 Jul
11;102(2):179-84.

Blackburn P, Lemieux I, Lamarche B, Bergeron J, Perron P, Tremblay G, Gaudet D,
Després JP. Hypertriglyceridemic waist: a simple clinical phenotype associated with

coronary artery disease in women. Metabolism. 2012 Jan;61(1):56-64.

131



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity: mechanisms and potential
targets. Nutrients. 2013 Apr 12;5(4):1218-40.

Tchernof A, Lamarche B, Prud'Homme D, Nadeau A, Moorjani S, Labrie F, Lupien
PJ, Després JP. The dense LDL phenotype. Association with plasma lipoprotein levels,
visceral obesity, and hyperinsulinemia in men. Diabetes Care. 1996 Jun;19(6):629-37.
McQuaid SE, Hodson L, Neville MJ, Dennis AL, Cheeseman J, Humphreys SM, Ruge
T, Gilbert M, Fielding BA, Frayn KN, Karpe F. Downregulation of adipose tissue fatty
acid trafficking in obesity: a driver for ectopic fat deposition? Diabetes. 2011
Jan;60(1):47-55.

Potts JL., Coppack SW, Fisher RM, Humphreys SM, Gibbons GF, Frayn KN.: Impaired
postprandial clearance of triacylglycerol-rich lipoproteins in adipose tissue in obese
subjects. Am J Physiol 1995;268:E588—E594.

Yki-Jarvinen H. Ectopic fat accumulation: an important cause of insulin resistance in
humans. J R Soc Med. 2002;95 Suppl 42:39-45.

Unger RH. Lipotoxicity in the pathogenesis of obesity-dependent NIDDM. Genetic
and clinical implications. Diabetes. 1995 Aug;44(8):863-70.

Kusminski CM, Shetty S, Orci L, Unger RH, Scherer PE. Diabetes and apoptosis:
lipotoxicity. Apoptosis. 2009 Dec;14(12):1484-95.

Keidar S, Kaplan M, Hoffman A, Aviram M. Angiotensin II stimulates macrophage-
mediated oxidation of low density lipoproteins. Atherosclerosis. 1995 Jun;115(2):201-
15.

Kanome T, Watanabe T, Nishio K, Takahashi K, Hongo S, Miyazaki A. Angiotensin
IT upregulates acyl-CoA:cholesterol acyltransferase-1 via the angiotensin II Type 1
receptor in human monocyte-macrophages. Hypertens Res. 2008 Sep;31(9):1801-10.
Parhofer KG, Miinzel F, Krekler M. Effect of the angiotensin receptor blocker
irbesartan on metabolic parameters in clinical practice: the DO-IT prospective
observational study. Cardiovasc Diabetol. 2007 Nov 27;6:36.

Kintscher U, Bramlage P, Paar WD, Thoenes M, Unger T. Irbesartan for the treatment
of hypertension in patients with the metabolic syndrome: a sub analysis of the Treat to
Target post authorization survey. Prospective observational, two armed study in 14,200
patients. Cardiovasc Diabetol. 2007 Apr 3;6:12.

Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD. Splanchnic lipolysis in
human obesity. J Clin Invest. 2004 Jun;113(11):1582-8.

132



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Pou KM, Massaro JM, Hoffmann U, Vasan RS, Maurovich-Horvat P, Larson MG,
Keaney JF Jr, Meigs JB, Lipinska I, Kathiresan S, Murabito JM, O'Donnell CJ,
Benjamin EJ, Fox CS. Visceral and subcutaneous adipose tissue volumes are cross-
sectionally related to markers of inflammation and oxidative stress: the Framingham
Heart Study. Circulation. 2007 Sep 11;116(11):1234-41.

Ziccardi P, Nappo F, Giugliano G, Esposito K, Marfella R, Cioffi M, D'Andrea F,
Molinari AM, Giugliano D. Reduction of inflammatory cytokine concentrations and
improvement of endothelial functions in obese women after weight loss over one year.
Circulation. 2002 Feb 19;105(7):804-9.

Ford ES. The metabolic syndrome and C-reactive protein, fibrinogen, and leukocyte
count: findings from the Third National Health and Nutrition examination Survey.
Atherosclerosis. 2003 Jun;168(2):351-8.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers
of inflammation in the prediction of cardiovascular disease in women. N Engl J Med.
2000 Mar 23;342(12):836-43.

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein,
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA. 2001 Jul
18;286(3):327-34.

Hussein AA, Gottdiener JS, Bartz TM, Sotoodehnia N, DeFilippi C, See V, Deo R,
Siscovick D, Stein PK, Lloyd-Jones D. Inflammation and sudden cardiac death in a
community-based population of older adults: the Cardiovascular Health Study. Heart
Rhythm. 2013 Oct;10(10):1425-32.

Fontana L, Eagon JC, Trujillo ME, Scherer PE, Klein S. Visceral fat adipokine
secretion is associated with systemic inflammation in obese humans. Diabetes. 2007
Apr;56(4):1010-3.

Castell JV, Gémez-Lechon MJ, David M, Hirano T, Kishimoto T, Heinrich PC.
Recombinant human interleukin-6 (IL-6/BSF-2/HSF) regulates the synthesis of acute
phase proteins in human hepatocytes. FEBS Lett. 1988 May 23;232(2):347-50.
Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW Jr. Obesity
is associated with macrophage accumulation in adipose tissue. J Clin Invest. 2003
Dec;112(12):1796-808.

Neels JG, Olefsky JM. Inflamed fat: what starts the fire? J Clin Invest. 2006
Jan;116(1):33-5.

133



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Christiansen T, Richelsen B, Bruun JM. Monocyte chemoattractant protein-1 is
produced in isolated adipocytes, associated with adiposity and reduced after weight
loss in morbid obese subjects. Int J Obes (Lond). 2005 Jan;29(1):146-50.

Maury E, Brichard SM. Adipokine dysregulation, adipose tissue inflammation and
metabolic syndrome. Mol Cell Endocrinol. 2010 Jan 15;314(1):1-16.

Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, Yamashita S, Noda M,
Kita S, Ueki K, Eto K, Akanuma Y, Froguel P, Foufelle F, Ferre P, Carling D, Kimura
S, Nagai R, Kahn BB, Kadowaki T. Adiponectin stimulates glucose utilization and
fatty-acid oxidation by activating AMP-activated protein kinase. Nat Med. 2002
Nov;8(11):1288-95.

Luo N, Liu J, Chung BH, Yang Q, Klein RL, Garvey WT, Fu Y. Macrophage
adiponectin expression improves insulin sensitivity and protects against inflammation
and atherosclerosis. Diabetes. 2010 Apr;59(4):791-9.

Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, Hotta K, Nishida M,
Takahashi M, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita S, Funahashi T,
Matsuzawa Y. Adiponectin, an adipocyte-derived plasma protein, inhibits endothelial
NF-kappaB signaling through a cAMP-dependent pathway. Circulation. 2000 Sep
12;102(11):1296-301.

Fain JN, Bahouth SW, Madan AK. TNFalpha release by the nonfat cells of human
adipose tissue. Int J Obes Relat Metab Disord. 2004 Apr;28(4):616-22.

Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil GS. Protection from obesity-
induced insulin resistance in mice lacking TNF-alpha function. Nature. 1997 Oct
9;389(6651):610-4.

Gonzalez-Gay MA, De Matias JM, Gonzalez-Juanatey C, Garcia-Porrua C, Sanchez-
Andrade A, Martin J, Llorca J. Anti-tumor necrosis factor-alpha blockade improves
insulin resistance in patients with rheumatoid arthritis. Clin Exp Rheumatol. 2006 Jan-
Feb;24(1):83-6.

Bernstein LE, Berry J, Kim S, Canavan B, Grinspoon SK. Effects of etanercept in
patients with the metabolic syndrome. Arch Intern Med. 2006 Apr 24;166(8):902-8.
Tam LS, Tomlinson B, Chu TT, Li TK, Li EK. Impact of TNF inhibition on insulin
resistance and lipids levels in patients with rheumatoid arthritis. Clin Rheumatol. 2007

Sep;26(9):1495-8.

134



167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Sabio G, Das M, Mora A, Zhang Z, Jun JY, Ko HJ, Barrett T, Kim JK, Davis RJ. A
stress signaling pathway in adipose tissue regulates hepatic insulin resistance. Science.
2008 Dec 5;322(5907):1539-43.

Martinovic I, Abegunewardene N, Seul M, Vosseler M, Horstick G, Buerke M, Darius
H, Lindemann S. Elevated monocyte chemoattractant protein-1 serum levels in patients
at risk for coronary artery disease. Circ J. 2005 Dec;69(12):1484-9.

Petrkova J, Szotkowska J, Hermanova Z, Lukl J, Petrek M. Monocyte chemoattractant
protein-1 in patients with peripheral arterial disease. Mediators Inflamm. 2004
Feb;13(1):39-43.

Scheen AJ. Prevention of type 2 diabetes mellitus through inhibition of the Renin-
Angiotensin system. Drugs. 2004;64(22):2537-65.

Smith MM, Minson CT. Obesity and adipokines: effects on sympathetic overactivity.
J Physiol. 2012 Apr 15;590(Pt 8):1787-801.

Clark MG, Wallis MG, Barrett EJ, Vincent MA, Richards SM, Clerk LH, Rattigan S.
Blood flow and muscle metabolism: a focus on insulin action. Am J Physiol Endocrinol
Metab. 2003 Feb;284(2):E241-58.

Clerk LH, Vincent MA, Jahn LA, Liu Z, Lindner JR, Barrett EJ. Obesity blunts insulin-
mediated microvascular recruitment in human forearm muscle. Diabetes. 2006
May;55(5):1436-42. PubMed PMID: 16644702.

Jonk AM, Houben AJ, Schaper NC, de Leeuw PW, Serné EH, Smulders YM,
Stehouwer CD. Meal-related increases in microvascular vasomotion are impaired in
obese individuals: a potential mechanism in the pathogenesis of obesity-related insulin
resistance. Diabetes Care. 2011 May;34 Suppl 2:S342-8.

Krssak M, Falk Petersen K, Dresner A, DiPietro L, Vogel SM, Rothman DL, Roden
M, Shulman GI. Intramyocellular lipid concentrations are correlated with insulin
sensitivity in humans: a 1H NMR spectroscopy study. Diabetologia. 1999
Jan;42(1):113-6.

Samuel VT, Shulman GI. Mechanisms for insulin resistance: common threads and
missing links. Cell. 2012 Mar 2;148(5):852-71.

Itani SI, Ruderman NB, Schmieder F, Boden G. Lipid-induced insulin resistance in
human muscle is associated with changes in diacylglycerol, protein kinase C, and

IkappaB-alpha. Diabetes. 2002 Jul;51(7):2005-11.

135



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Petersen KF, Dufour S, Befroy D, Lehrke M, Hendler RE, Shulman GI. Reversal of
nonalcoholic hepatic steatosis, hepatic insulin resistance, and hyperglycemia by
moderate weight reduction in patients with type 2 diabetes. Diabetes. 2005
Mar;54(3):603-8.

Fabbrini E, Magkos F, Mohammed BS, Pietka T, Abumrad NA, Patterson BW,
Okunade A, Klein S. Intrahepatic fat, not visceral fat, is linked with metabolic
complications of obesity. Proc Natl Acad Sci U S A. 2009 Sep 8;106(36):15430-5.
Kim JK, Fillmore JJ, Chen Y, Yu C, Moore IK, Pypaert M, Lutz EP, Kako Y, Velez-
Carrasco W, Goldberg 1J, Breslow JL, Shulman GI. Tissue-specific overexpression of
lipoprotein lipase causes tissue-specific insulin resistance. Proc Natl Acad Sci U S A.
2001 Jun 19;98(13):7522-7.

Liu P, Ying Y, Zhao Y, Mundy DI, Zhu M, Anderson RG. Chinese hamster ovary K2
cell lipid droplets appear to be metabolic organelles involved in membrane traffic. J
Biol Chem. 2004 Jan 30;279(5):3787-92.

Gregor MF, Yang L, Fabbrini E, Mohammed BS, Eagon JC, Hotamisligil GS, Klein S.
Endoplasmic reticulum stress is reduced in tissues of obese subjects after weight loss.
Diabetes. 2009 Mar;58(3):693-700.

Kumashiro N, Erion DM, Zhang D, Kahn M, Beddow SA, Chu X, Still CD, Gerhard
GS, Han X, Dziura J, Petersen KF, Samuel VT, Shulman GI. Cellular mechanism of
insulin resistance in nonalcoholic fatty liver disease. Proc Natl Acad Sci U S A. 2011
Sep 27;108(39):16381-5.

Romeo GR, Lee J, Shoelson SE. Metabolic syndrome, insulin resistance, and roles of
inflammation--mechanisms and therapeutic targets. Arterioscler Thromb Vasc Biol.
2012 Aug;32(8):1771-6.

Larsen CM, Faulenbach M, Vaag A, Ehses JA, Donath MY, Mandrup-Poulsen T.
Sustained effects of interleukin-1 receptor antagonist treatment in type 2 diabetes.
Diabetes Care. 2009 Sep;32(9):1663-8.

Fleischman A, Shoelson SE, Bernier R, Goldfine AB. Salsalate improves glycemia and
inflammatory parameters in obese young adults. Diabetes Care. 2008 Feb;31(2):289-
94.

NAVIGATOR Study Group, McMurray JJ, Holman RR, Haffner SM, Bethel MA,
Holzhauer B, Hua TA, Belenkov Y, Boolell M, Buse JB, Buckley BM, Chacra AR,
Chiang FT, Charbonnel B, Chow CC, Davies MJ, Deedwania P, Diem P, Einhorn D,

136



188.

189.

190.

191.

192.

193.

194.

Fonseca V, Fulcher GR, Gaciong Z, Gaztambide S, Giles T, Horton E, Ilkova H,
Jenssen T, Kahn SE, Krum H, Laakso M, Leiter LA, Levitt NS, Mareev V, Martinez
F, Masson C, Mazzone T, Meaney E, Nesto R, Pan C, Prager R, Raptis SA, Rutten GE,
Sandstroem H, Schaper F, Scheen A, Schmitz O, Sinay I, Soska V, Stender S, Tamaés
G, Tognoni G, Tuomilehto J, Villamil AS, Vozar J, Califf RM. Effect of valsartan on
the incidence of diabetes and cardiovascular events. N Engl J Med. 2010 Apr
22;362(16):1477-90.

Niklason A, Hedner T, Niskanen L, Lanke J; Captopril Prevention Project Study
Group. Development of diabetes is retarded by ACE inhibition in hypertensive
patients--a subanalysis of the Captopril Prevention Project (CAPPP). J Hypertens. 2004
Mar;22(3):645-52.

Pscherer S, Heemann U, Frank H. Effect of Renin-Angiotensin system blockade on
insulin resistance and inflammatory parameters in patients with impaired glucose
tolerance. Diabetes Care. 2010 Apr;33(4):914-9.

Ogihara T, Asano T, Ando K, Chiba Y, Sakoda H, Anai M, Shojima N, Ono H, Onishi
Y, Fujishiro M, Katagiri H, Fukushima Y, Kikuchi M, Noguchi N, Aburatani H,
Komuro I, Fujita T. Angiotensin Il-induced insulin resistance is associated with
enhanced insulin signaling. Hypertension. 2002 Dec;40(6):872-9.

Richey JM, Ader M, Moore D, Bergman RN. Angiotensin II induces insulin resistance
independent of changes in interstitial insulin. Am J Physiol. 1999 Nov;277(5 Pt
1):E920-6.

Wei Y, Sowers JR, Nistala R, Gong H, Uptergrove GM, Clark SE, Morris EM, Szary
N, Manrique C, Stump CS. Angiotensin II-induced NADPH oxidase activation impairs
insulin signaling in skeletal muscle cells. J Biol Chem. 2006 Nov 17;281(46):35137-
46.

Golovchenko I, Goalstone ML, Watson P, Brownlee M, Draznin B. Hyperinsulinemia
enhances transcriptional activity of nuclear factor-kappaB induced by angiotensin II,
hyperglycemia, and advanced glycosylation end products in vascular smooth muscle
cells. Circ Res. 2000 Oct 27;87(9):746-52.

Lupi R, Del Guerra S, Bugliani M, Boggi U, Mosca F, Torri S, Del Prato S, Marchetti
P. The direct effects of the angiotensin-converting enzyme inhibitors, zofenoprilat and
enalaprilat, on isolated human pancreatic islets. Eur J Endocrinol. 2006

Feb;154(2):355-61.

137



195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

Chipitsyna G, Gong Q, Gray CF, Haroon Y, Kamer E, Arafat HA. Induction of
monocyte chemoattractant protein-1 expression by angiotensin II in the pancreatic
islets and beta-cells. Endocrinology. 2007 May;148(5):2198-208.

Donath MY, Boni-Schnetzler M, Ellingsgaard H, Ehses JA. Islet inflammation impairs
the pancreatic beta-cell in type 2 diabetes. Physiology (Bethesda). 2009 Dec;24:325-
31.

Ehses JA, Perren A, Eppler E, Ribaux P, Pospisilik JA, Maor-Cahn R, Gueripel X,
Ellingsgaard H, Schneider MK, Biollaz G, Fontana A, Reinecke M, Homo-Delarche F,
Donath MY. Increased number of islet-associated macrophages in type 2 diabetes.
Diabetes. 2007 Sep;56(9):2356-70.

Bose M, Olivan B, Laferrere B. Stress and obesity: the role of the hypothalamic-
pituitary-adrenal axis in metabolic disease. Curr Opin Endocrinol Diabetes Obes. 2009
Oct;16(5):340-6.

Shively CA, Register TC, Clarkson TB. Social stress, visceral obesity, and coronary
artery atherosclerosis in female primates. Obesity (Silver Spring). 2009
Aug;17(8):1513-20.

Michelson D, Stratakis C, Hill L, Reynolds J, Galliven E, Chrousos G, Gold P. Bone
mineral density in women with depression. N Engl J Med. 1996 Oct 17;335(16):1176-
81.

Brunner EJ, Hemingway H, Walker BR, Page M, Clarke P, Juneja M, Shipley MJ,
Kumari M, Andrew R, Seckl JR, Papadopoulos A, Checkley S, Rumley A, Lowe GD,
Stansfeld SA, Marmot MG. Adrenocortical, autonomic, and inflammatory causes of
the metabolic syndrome: nested case-control study. Circulation. 2002 Nov
19;106(21):2659-65.

Chandola T, Brunner E, Marmot M. Chronic stress at work and the metabolic
syndrome: prospective study. BMJ. 2006 Mar 4;332(7540):521-5. Epub 2006 Jan 20.
Brunner EJ, Chandola T, Marmot MG. Prospective effect of job strain on general and
central obesity in the Whitehall II Study. Am J Epidemiol. 2007 Apr 1;165(7):828-37.
Wallerius S, Rosmond R, Ljung T, Holm G, Bjorntorp P. Rise in morning saliva
cortisol is associated with abdominal obesity in men: a preliminary report. J Endocrinol
Invest. 2003 Jul;26(7):616-9.

Rask E, Walker BR, Soderberg S, Livingstone DE, Eliasson M, Johnson O, Andrew R,

Olsson T. Tissue-specific changes in peripheral cortisol metabolism in obese women:

138



206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

increased adipose 11beta-hydroxysteroid dehydrogenase type 1 activity. J Clin
Endocrinol Metab. 2002 Jul;87(7):3330-6.

Simonyte K, Rask E, Nislund I, Angelhed JE, Lonn L, Olsson T, Mattsson C. Obesity
is accompanied by disturbances in peripheral glucocorticoid metabolism and changes
in FA recycling. Obesity (Silver Spring). 2009 Nov;17(11):1982-7.

Dagogo-Jack S, Selke G, Melson AK, Newcomer JW. Robust leptin secretory
responses to dexamethasone in obese subjects. J Clin Endocrinol Metab. 1997
Oct;82(10):3230-3.

Putignano P, Brunani A, Dubini A, Bertolini M, Pasquali R, Cavagnini F; "Study Group
on Obesity" of the Italian Society of Endocrinology. Effect of small doses of
dexamethasone on plasma leptin levels in normal and obese subjects: a dose-response
study. J Endocrinol Invest. 2003 Feb;26(2):111-6.

Laferrére B, Caixas A, Fried SK, Bashore C, Kim J, Pi-Sunyer FX. A pulse of insulin
and dexamethasone stimulates serum leptin in fasting human subjects. Eur J
Endocrinol. 2002 Jun;146(6):839-45.

Laferrére B, Fried SK, Osborne T, Pi-Sunyer FX. Effect of one morning meal and a
bolus of dexamethasone on 24-hour variation of serum leptin levels in humans. Obes
Res. 2000 Oct;8(7):481-6.

Schoeller DA, Cella LK, Sinha MK, Caro JF. Entrainment of the diurnal rhythm of
plasma leptin to meal timing. J Clin Invest. 1997 Oct 1;100(7):1882-7.
Zimmermann-Belsing T, Brabant G, Holst JJ, Feldt-Rasmussen U. Circulating leptin
and thyroid dysfunction. Eur J Endocrinol. 2003 Oct;149(4):257-71.

Licinio J, Mantzoros C, Negrao AB, Cizza G, Wong ML, Bongiorno PB, Chrousos GP,
Karp B, Allen C, Flier JS, Gold PW. Human leptin levels are pulsatile and inversely
related to pituitary-adrenal function. Nat Med. 1997 May;3(5):575-9.

Chrousos GP. The hypothalamic-pituitary-adrenal axis and immune-mediated
inflammation. N Engl J Med. 1995 May 18;332(20):1351-62.

Wirtz PH, Ehlert U, Emini L, Suter T. Higher body mass index (BMI) is associated
with reduced glucocorticoid inhibition of inflammatory cytokine production following
acute psychosocial stress in men. Psychoneuroendocrinology. 2008 Sep;33(8):1102-
10.

Barnes PJ, Adcock IM. Glucocorticoid resistance in inflammatory diseases. Lancet.

2009 May 30;373(9678):1905-17.

139



217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Durham A, Adcock IM, Tliba O. Steroid resistance in severe asthma: current
mechanisms and future treatment. Curr Pharm Des. 2011;17(7):674-84.

Silverman MN, Sternberg EM. Neuroendocrine-immune interactions in rheumatoid
arthritis: mechanisms of glucocorticoid resistance. Neuroimmunomodulation.
2008;15(1):19-28.

Straub RH, Cutolo M. Circadian rhythms in rheumatoid arthritis: implications for
pathophysiology and therapeutic management. Arthritis Rheum. 2007 Feb;56(2):399-
408.

Silverman MN, Sternberg EM. Glucocorticoid regulation of inflammation and its
functional correlates: from HPA axis to glucocorticoid receptor dysfunction. Ann N'Y
Acad Sci. 2012 Jul;1261:55-63.

Webster JC, Oakley RH, Jewell CM, Cidlowski JA. Proinflammatory cytokines
regulate human glucocorticoid receptor gene expression and lead to the accumulation
of the dominant negative beta isoform: a mechanism for the generation of
glucocorticoid resistance. Proc Natl Acad Sci U S A. 2001 Jun 5;98(12):6865-70.
Straub RH, Cutolo M, Buttgereit F, Pongratz G. Energy regulation and neuroendocrine-
immune control in chronic inflammatory diseases. J Intern Med. 2010 Jun;267(6):543-
60.

Straub RH, Dhabhar FS, Bijlsma JW, Cutolo M. How psychological stress via
hormones and nerve fibers may exacerbate rheumatoid arthritis. Arthritis Rheum. 2005
Jan;52(1):16-26.

Kavelaars A, van de Pol M, Zijlstra J, Heijnen CJ. Beta 2-adrenergic activation
enhances interleukin-8 production by human monocytes. J Neuroimmunol. 1997
Aug;77(2):211-6.

Heijnen CJ, Rouppe van der Voort C, Wulffraat N, van der Net J, Kuis W, Kavelaars
A. Functional alpha 1-adrenergic receptors on leukocytes of patients with polyarticular
juvenile rheumatoid arthritis. J Neuroimmunol. 1996 Dec;71(1-2):223-6.

Baerwald C, Graefe C, von Wichert P, Krause A. Decreased density of beta-adrenergic
receptors on peripheral blood mononuclear cells in patients with rheumatoid arthritis.
J Rheumatol. 1992 Feb;19(2):204-10.

Weidler C, Holzer C, Harbuz M, Hofbauer R, Angele P, Schélmerich J, Straub RH.

Low density of sympathetic nerve fibres and increased density of brain derived

140



228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

neurotrophic factor positive cells in RA synovium. Ann Rheum Dis. 2005
Jan;64(1):13-20.

Vicek M, Rovensky J, Blazicek P, Radikova Z, Penesova A, Kerlik J, Kvetnansky R,
Imrich R. Sympathetic nervous system response to orthostatic stress in female patients
with rheumatoid arthritis. Ann N'Y Acad Sci. 2008 Dec;1148:556-61.

Janse van Rensburg DC, Ker JA, Grant CC, Fletcher L. Autonomic impairment in
rheumatoid arthritis. Int J Rheum Dis. 2012 Aug;15(4):419-26.

Yoshida S, Takeuchi T, Kotani T, Yamamoto N, Hata K, Nagai K, Shoda T, Takai S,
Makino S, Hanafusa T. Infliximab, a TNF-a inhibitor, reduces 24-h ambulatory blood
pressure in rheumatoid arthritis patients. ] Hum Hypertens. 2014 Mar;28(3):165-9.
Wirtz PH, von Kénel R, Emini L, Ruedisueli K, Groessbauer S, Maercker A, Ehlert U.
Evidence for altered hypothalamus-pituitary-adrenal axis functioning in systemic
hypertension: blunted cortisol response to awakening and lower negative feedback
sensitivity. Psychoneuroendocrinology. 2007 Jun;32(5):430-6.

Nijm J, Jonasson L. Inflammation and cortisol response in coronary artery disease. Ann
Med. 2009;41(3):224-33.

Champaneri S, Xu X, Carnethon MR, Bertoni AG, Seeman T, DeSantis AS, Diez Roux
A, Shrager S, Golden SH. Diurnal salivary cortisol is associated with body mass index
and waist circumference: the Multiethnic Study of Atherosclerosis. Obesity (Silver
Spring). 2013 Jan;21(1):E56-63.

Karaca Z, Ismailogullari S, Korkmaz S, Cakir I, Aksu M, Baydemir R, Tanriverdi F,
Bayram F. Obstructive sleep apnoea syndrome is associated with relative
hypocortisolemia and decreased hypothalamo-pituitary-adrenal axis response to 1 and
250pg ACTH and glucagon stimulation tests. Sleep Med. 2013 Feb;14(2):160-4.
Tolmay CM, Malan L, van Rooyen JM. The relationship between cortisol, C-reactive
protein and hypertension in African and Causcasian women: the POWIRS study.
Cardiovasc J Afr. 2012 Mar;23(2):78-84.

Scherrer U, Vollenweider P, Randin D, Jéquier E, Nicod P, Tappy L. Suppression of
insulin-induced sympathetic activation and vasodilation by dexamethasone in humans.
Circulation. 1993 Aug;88(2):388-94.

Grassi G, Seravalle G, Dell'Oro R, Turri C, Pasqualinotto L, Colombo M, Mancia G.
Participation of the hypothalamus-hypophysis axis in the sympathetic activation of
human obesity. Hypertension. 2001 Dec 1;38(6):1316-20.

141



238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

Knudsen N, Laurberg P, Rasmussen LB, Biilow I, Perrild H, Ovesen L, Jorgensen T.
Small differences in thyroid function may be important for body mass index and the
occurrence of obesity in the population. J Clin Endocrinol Metab. 2005 Jul;90(7):4019-
24,

Krotkiewski M. Thyroid hormones in the pathogenesis and treatment of obesity. Eur J
Pharmacol. 2002 Apr 12;440(2-3):85-98. Review. PubMed PMID: 12007527.
Reinehr T, Andler W. Thyroid hormones before and after weight loss in obesity. Arch
Dis Child. 2002 Oct;87(4):320-3.

Sari R, Balci MK, Altunbas H, Karayalcin U. The effect of body weight and weight
loss on thyroid volume and function in obese women. Clin Endocrinol (Oxf). 2003
Aug;59(2):258-62.

Chikunguwo S, Brethauer S, Nirujogi V, Pitt T, Udomsawaengsup S, Chand B, Schauer
P. Influence of obesity and surgical weight loss on thyroid hormone levels. Surg Obes
Relat Dis. 2007 Nov-Dec;3(6):631-5;

Agnihothri RV, Courville AB, Linderman JD, Smith S, Brychta R, Remaley A, Chen
KY, Simchowitz L, Celi FS. Moderate weight loss is sufficient to affect thyroid
hormone homeostasis and inhibit its peripheral conversion. Thyroid. 2014
Jan;24(1):19-26.

Kim MS, Small CJ, Stanley SA, Morgan DG, Seal LJ, Kong WM, Edwards CM,
Abusnana S, Sunter D, Ghatei MA, Bloom SR. The central melanocortin system affects
the hypothalamo-pituitary thyroid axis and may mediate the effect of leptin. J Clin
Invest. 2000 Apr;105(7):1005-11.

Cusin I, Rouru J, Visser T, Burger AG, Rohner-Jeanrenaud F. Involvement of thyroid
hormones in the effect of intracerebroventricular leptin infusion on uncoupling protein-
3 expression in rat muscle. Diabetes. 2000 Jul;49(7):1101-5.

Toni R, Malaguti A, Castorina S, Roti E, Lechan RM. New paradigms in
neuroendocrinology: relationships between obesity, systemic inflammation and the
neuroendocrine system. J Endocrinol Invest. 2004 Feb;27(2):182-6.

Mebis L, van den Berghe G. The hypothalamus-pituitary-thyroid axis in critical illness.
Neth J Med. 2009 Nov;67(10):332-40.

Wajner SM, Maia AL. New Insights toward the Acute Non-Thyroidal Illness
Syndrome. Front Endocrinol (Lausanne). 2012 Jan 26;3:8.

142



249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

Plikat K, Langgartner J, Buettner R, Bollheimer LC, Woenckhaus U, Scholmerich J,
Wrede CE. Frequency and outcome of patients with nonthyroidal illness syndrome in
a medical intensive care unit. Metabolism. 2007 Feb;56(2):239-44.

Sumita S, Ujike Y, Namiki A, Watanabe H, Kawamata M, Watanabe A, Satoh O.
Suppression of the thyrotropin response to thyrotropin-releasing hormone and its
association with severity of critical illness. Crit Care Med. 1994 Oct;22(10):1603-9.
Peeters RP, Wouters PJ, Kaptein E, van Toor H, Visser TJ, Van den Berghe G. Reduced
activation and increased inactivation of thyroid hormone in tissues of critically ill
patients. J Clin Endocrinol Metab. 2003 Jul;88(7):3202-11.

Friberg L, Werner S, Eggertsen G, Ahnve S. Rapid down-regulation of thyroid
hormones in acute myocardial infarction: is it cardioprotective in patients with angina?
Arch Intern Med. 2002 Jun 24;162(12):1388-94.

Davies PH, Sheppard MC, Franklyn JA. Inflammatory cytokines and type I 5'-
deiodinase expression in phil rat liver cells. Mol Cell Endocrinol. 1997 May
16;129(2):191-8.

Thannickal VJ, Fanburg BL. Reactive oxygen species in cell signaling. Am J Physiol
Lung Cell Mol Physiol. 2000 Dec;279(6):L1005-28.

Wassmann S, Stumpf M, Strehlow K, Schmid A, Schieffer B, Bohm M, Nickenig G.
Interleukin-6 induces oxidative stress and endothelial dysfunction by overexpression
of the angiotensin II type 1 receptor. Circ Res. 2004 Mar 5;94(4):534-41.

Wajner SM, Goemann IM, Bueno AL, Larsen PR, Maia AL. IL-6 promotes
nonthyroidal illness syndrome by blocking thyroxine activation while promoting
thyroid hormone inactivation in human cells. J Clin Invest. 2011 May;121(5):1834-45.
Lamirand A, Pallud-Mothré S, Ramaugé M, Pierre M, Courtin F. Oxidative stress
regulates type 3 deiodinase and type 2 deiodinase in cultured rat astrocytes.
Endocrinology. 2008 Jul;149(7):3713-21.

Kahn R, Buse J, Ferrannini E, Stern M; American Diabetes Association; European
Association for the Study of Diabetes. The metabolic syndrome: time for a critical
appraisal: joint statement from the American Diabetes Association and the European
Association for the Study of Diabetes. Diabetes Care. 2005 Sep;28(9):2289-304.
Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, Rinfret S, Schiffrin EL,
Eisenberg MJ. The metabolic syndrome and cardiovascular risk a systematic review

and meta-analysis. ] Am Coll Cardiol. 2010 Sep 28;56(14):1113-32.

143



260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

Stevens VJ, Obarzanek E, Cook NR, Lee IM, Appel LJ, Smith West D, Milas NC,
Mattfeldt-Beman M, Belden L, Bragg C, Millstone M, Raczynski J, Brewer A, Singh
B, Cohen J; Trials for the Hypertension Prevention Research Group. Long-term weight
loss and changes in blood pressure: results of the Trials of Hypertension Prevention,
phase II. Ann Intern Med. 2001 Jan 2;134(1):1-11.

Carroll JF, Kyser CK. Exercise training in obesity lowers blood pressure independent
of weight change. Med Sci Sports Exerc. 2002 Apr;34(4):596-601.

Bacon SL, Sherwood A, Hinderliter A, Blumenthal JA. Effects of exercise, diet and
weight loss on high blood pressure. Sports Med. 2004;34(5):307-16.

Rucker D, Padwal R, Li SK, Curioni C, Lau DC. Long term pharmacotherapy for
obesity and overweight: updated meta-analysis. BMJ. 2007 Dec 8;335(7631):1194-9.
Takagi H, Mizuno Y, Yamamoto H, Goto SN, Umemoto T; All-Literature
Investigation of Cardiovascular Evidence Group. Effects of telmisartan therapy on
interleukin-6 and tumor necrosis factor-alpha levels: a meta-analysis of randomized
controlled trials. Hypertens Res. 2013 Apr;36(4):368-73.

Shen L, Shah BR, Reyes EM, Thomas L, Wojdyla D, Diem P, Leiter LA, Charbonnel
B, Mareev V, Horton ES, Haffner SM, Soska V, Holman R, Bethel MA, Schaper F,
Sun JL, McMurray JJ, Califf RM, Krum H. Role of diuretics,  blockers, and statins in
increasing the risk of diabetes in patients with impaired glucose tolerance: reanalysis
of data from the NAVIGATOR study. BMJ. 2013 Dec 9;347:16745.

Wofford MR, Anderson DC Jr, Brown CA, Jones DW, Miller ME, Hall JE.
Antihypertensive effect of alpha- and beta-adrenergic blockade in obese and lean
hypertensive subjects. Am J Hypertens. 2001 Jul;14(7 Pt 1):694-8.

Meredith IT, Friberg P, Jennings GL, Dewar EM, Fazio VA, Lambert GW, Esler MD.
Exercise training lowers resting renal but not cardiac sympathetic activity in humans.
Hypertension. 1991 Nov;18(5):575-82.

Grassi G. Counteracting the sympathetic nervous system in essential hypertension.
Curr Opin Nephrol Hypertens. 2004 Sep;13(5):513-9.

Dell'lOmo G, Penno G, Del Prato S, Pedrinelli R. Doxazosin in metabolically
complicated hypertension. Expert Rev Cardiovasc Ther. 2007 Nov;5(6):1027-35.
Pessina AC, Ciccariello L, Perrone F, Stoico V, Gussoni G, Scotti A, Muggeo M.

Clinical efficacy and tolerability of alpha-blocker doxazosin as add-on therapy in

144



271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

patients with hypertension and impaired glucose metabolism. Nutr Metab Cardiovasc
Dis. 2006 Mar;16(2):137-47.

Toyonaga S, Nakatsu T, Suezawa C, Matsubara H, Sogou T, Kusachi S. Relationship
between body mass index and anti-hypertensive efficacy of doxazosin according to a
survey of Japanese patients. J Int Med Res. 2004 Mar-Apr;32(2):176-84.

Anichkov DA, Shostak NA, Schastnaya OV. Comparison of rilmenidine and lisinopril
on ambulatory blood pressure and plasma lipid and glucose levels in hypertensive
women with metabolic syndrome. Curr Med Res Opin. 2005 Jan;21(1):113-9.

De Luca N, Izzo R, Fontana D, lovino G, Argenziano L, Vecchione C, Trimarco B.
Haemodynamic and metabolic effects of rilmenidine in hypertensive patients with
metabolic syndrome X. A double-blind parallel study versus amlodipine. J Hypertens.
2000 Oct;18(10):1515-22.

Esler M, Lux A, Jennings G, Hastings J, Socratous F, Lambert G. Rilmenidine
sympatholytic activity preserves mental stress, orthostatic sympathetic responses and
adrenaline secretion. J Hypertens. 2004 Aug;22(8):1529-34.

Sharma AM, Wagner T, Marsalek P. Moxonidine in the treatment of overweight and
obese patients with the metabolic syndrome: a postmarketing surveillance study. J Hum
Hypertens. 2004 Sep;18(9):669-75.

Chazova I, Schlaich MP. Improved Hypertension Control with the Imidazoline Agonist
Moxonidine in a Multinational Metabolic Syndrome Population: Principal Results of
the MERSY Study. Int J Hypertens. 2013;2013:541689.

Xu J, Hering D, Sata Y, Walton A, Krum H, Esler MD, Schlaich MP. Renal
denervation: current implications and future perspectives. Clin Sci (Lond). 2014 Jan
1;126(1):41-53.

Ye S, Zhong H, Yanamadala V, Campese VM. Renal injury caused by intrarenal
injection of phenol increases afferent and efferent renal sympathetic nerve activity. Am
J Hypertens. 2002 Aug;15(8):717-24.

Schlaich MP, Socratous F, Hennebry S, Eikelis N, Lambert EA, Straznicky N, Esler
MD, Lambert GW. Sympathetic activation in chronic renal failure. ] Am Soc Nephrol.
2009 May;20(5):933-9.

Kopp UC, Cicha MZ, Smith LA. Dietary sodium loading increases arterial pressure in
afferent renal-denervated rats. Hypertension. 2003 Nov;42(5):968-73.

145



281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

Esler M. Sympathetic nervous system moves toward center stage in cardiovascular
medicine: from Thomas willis to resistant hypertension. Hypertension. 2014
Mar;63(3):¢25-32.

Atherton DS, Deep NL, Mendelsohn FO. Micro-anatomy of the renal sympathetic
nervous system: a human postmortem histologic study. Clin Anat. 2012 Jul;25(5):628-
33.

Krum H, Schlaich M, Whitbourn R, et al. Catheter-based renal sympathetic
denervatioin for resistant hypertension: a multicentre safety and proof-of-principle
cohort study. Lancet. 373 2009, S. 1275-81.

Schlaich MP, Sobotka PA, Krum H, Lambert E, Esler MD. Renal sympathetic-nerve
ablation for uncontrolled hypertension. N Engl J Med. 2009 Aug 27;361(9):932-4.
Brinkmann J, Heusser K, Schmidt BM, Menne J, Klein G, Bauersachs J, Haller H,
Sweep FC, Diedrich A, Jordan J, Tank J. Catheter-based renal nerve ablation and
centrally generated sympathetic activity in difficult-to-control hypertensive patients:
prospective case series. Hypertension. 2012 Dec;60(6):1485-90.

Kaye DM, Esler M, Kingwell B, McPherson G, Esmore D, Jennings G. Functional and
neurochemical evidence for partial cardiac sympathetic reinnervation after cardiac
transplantation in humans. Circulation. 1993 Sep;88(3):1110-8.

Bengel FM, Ueberfuhr P, Schiepel N, Nekolla SG, Reichart B, Schwaiger M. Effect of
sympathetic reinnervation on cardiac performance after heart transplantation. N Engl J
Med. 2001 Sep 6;345(10):731-8.

Grisk O, Grone HJ, Rose HJ, Rettig R. Sympathetic reinnervation of rat kidney grafts.
Transplantation. 2001 Sep 27;72(6):1153-5.

Arrowood JA, Goudreau E, Minisi AJ, Davis AB, Mohanty PK. Evidence against
reinnervation of cardiac vagal afferents after human orthotopic cardiac transplantation.
Circulation. 1995 Aug 1;92(3):402-8.

Gosain P, Garimella PS, Hart PD, Agarwal R. Renal sympathetic denervation for
treatment of resistant hypertension: a systematic review. J Clin Hypertens (Greenwich).
2013 Jan;15(1):75-84.

Symplicity HTN-2 Investigators, Esler MD, Krum H, Sobotka PA, Schlaich MP,
Schmieder RE, Bohm M. Renal sympathetic denervation in patients with treatment-
resistant hypertension (The Symplicity HTN-2 Trial): a randomised controlled trial.
Lancet. 2010 Dec 4;376(9756):1903-9.

146



292.

293.

294.

295.

296.

297.

298.

299.

300.

Symplicity HTN-1 Investigators. Catheter-based renal sympathetic denervation for
resistant hypertension: durability of blood pressure reduction out to 24 months.
Hypertension. 2011 May;57(5):911-7.

Krum H, Schlaich MP, Sobotka PA, Bohm M, Mahfoud F, Rocha-Singh K, Katholi R,
Esler MD. Percutaneous renal denervation in patients with treatment-resistant
hypertension: final 3-year report of the Symplicity HTN-1 study. Lancet. 2014 Feb
15;383(9917):622-9.

Esler MD, Krum H, Schlaich M, Schmieder RE, Bohm M, Sobotka PA; Symplicity
HTN-2 Investigators. Renal sympathetic denervation for treatment of drug-resistant
hypertension: one-year results from the Symplicity HTN-2 randomized, controlled
trial. Circulation. 2012 Dec 18;126(25):2976-82.

Kandzari DE, Bhatt DL, Sobotka PA, O'Neill WW, Esler M, Flack JM, Katzen BT,
Leon MB, Massaro JM, Negoita M, Oparil S, Rocha-Singh K, Straley C, Townsend
RR, Bakris G. Catheter-based renal denervation for resistant hypertension: rationale
and design of the SYMPLICITY HTN-3 Trial. Clin Cardiol. 2012 Sep;35(9):528-35.
Bhatt DL, Kandzari DE, O'Neill WW, D'Agostino R, Flack JM, Katzen BT, Leon MB,
Liu M, Mauri L, Negoita M, Cohen SA, Oparil S, Rocha-Singh K, Townsend RR,
Bakris GL; the SYMPLICITY HTN-3 Investigators. A Controlled Trial of Renal
Denervation for Resistant Hypertension. N Engl J Med. 2014 Mar 29.

O'Brien E. Renal sympathetic denervation for resistant hypertension. Lancet. 2009 Jun
20;373(9681):2109; author reply 2109-10.

Mahfoud F, Ukena C, Schmieder RE, Cremers B, Rump LC, Vonend O, Weil J,
Schmidt M, Hoppe UC, Zeller T, Bauer A, Ott C, Blessing E, Sobotka PA, Krum H,
Schlaich M, Esler M, Béhm M. Ambulatory blood pressure changes after renal
sympathetic denervation in patients with resistant hypertension. Circulation. 2013 Jul
9;128(2):132-40.

Hering D, Mahfoud F, Walton AS, Krum H, Lambert GW, Lambert EA, Sobotka PA,
Bohm M, Cremers B, Esler MD, Schlaich MP. Renal denervation in moderate to severe
CKD. J Am Soc Nephrol. 2012 Jul;23(7):1250-7.

Schlaich MP, Bart B, Hering D, Walton A, Marusic P, Mahfoud F, Bohm M, Lambert
EA, Krum H, Sobotka PA, Schmieder RE, Tka-Sari C, Eikelis N, Straznicky N, Lambert

GW, Esler MD. Feasibility of catheter-based renal nerve ablation and effects on

147



301.

302.

303.

304.

305.

306.

307.

sympathetic nerve activity and blood pressure in patients with end-stage renal disease.
Int J Cardiol. 2013 Oct 3;168(3):2214-20.

Mahfoud F, Schlaich M, Kindermann I, Ukena C, Cremers B, Brandt MC, Hoppe UC,
Vonend O, Rump LC, Sobotka PA, Krum H, Esler M, Bohm M. Effect of renal
sympathetic denervation on glucose metabolism in patients with resistant hypertension:
a pilot study. Circulation. 2011 May 10;123(18):1940-6.

ClinicalTrials.gov. A service of the U.S. National Institutes of Health. Denervation of
the REnal Artery in Metabolic Syndrome (DREAMS). Available at:
http://clinicaltrials.gov/ct2/show/study/NCT01465724. Accessed March 31, 2014.
Poyhonen-Alho MK, Manhem K, Katzman P, Kibarskis A, Antikainen RL, Erkkola
RU, Tuomilehto JO, Ebeling PE, Kaaja RJ. Central sympatholytic therapy has anti-

inflammatory properties in hypertensive postmenopausal women. J Hypertens. 2008
Dec;26(12):2445-9.

Servais A, Giral P, Bernard M, Bruckert E, Deray G, Isnard Bagnis C. Is serum
cystatin-C a reliable marker for metabolic syndrome? Am J Med. 2008
May;121(5):426-32.

Naour N, Fellahi S, Renucci JF, Poitou C, Rouault C, Basdevant A, Dutour A, Alessi
MC, Bastard JP, Clément K, Guerre-Millo M. Potential contribution of adipose tissue
to elevated serum cystatin C in human obesity. Obesity (Silver Spring). 2009
Dec;17(12):2121-6.

Sledzinski T, Proczko-Markuszewska M, Kaska L, Stefaniak T, Swierczynski J. Serum
cystatin C in relation to fat mass loss after bariatric surgery. Pol Przegl Chir. 2012
Apr;84(4):202-7.

Okura T, Jotoku M, Irita J, Enomoto D, Nagao T, Desilva VR, Yamane S, Pei Z,
Kojima S, Hamano Y, Mashiba S, Kurata M, Miyoshi K, Higaki J. Association between
cystatin C and inflammation in patients with essential hypertension. Clin Exp Nephrol.

2010 Dec;14(6):584-8.

148


http://clinicaltrials.gov/ct2/show/study/NCT01465724

