Universiteit
Antwerpen

This item is the archived peer-reviewed author-version of:

Impaired vascular function contributes to exercise intolerance in chronic kidney
disease

Reference:

Van Craenenbroeck Amaryllis, van Craenenbroeck Emeline, Van Ackeren Katrijn, Hoymans Vicky, Verpooten Gert A., Vrints
Christiaan, Couttenye Marie Madeleine.- Impaired vascular function contributes to exercise intolerance in chronic kidney disease
Nephrology, dialysis, transplantation - ISSN 0931-0509 - 310:12(2016), p. 2064-2072

Full text (Publishers DOI): http://dx.doi.org/doi:10.1093/NDT/GFW303

To cite this reference: http://hdl.handle.net/10067/1399260151162165141

/“-
T e uantwerpen.be

Institutional repository IRUA



http://anet.uantwerpen.be/irua

10

11

12

13

14

15

16

17

18

19

20

21

IMPAIRED VASCULAR FUNCTION CONTRIBUTESTO

EXERCISE INTOLERANCE IN CHRONIC KIDNEY DISEASE

Amaryllis H Van Craenenbroebk* Emeline M Van Craenenbroeck Katrijn Van
Ackerer¥; Vicky Y Hoymans; Gert A Verpootefy Christiaan J Vrints® Marie M

Couttenyé

1Department of Nephrology, Antwerp University HaaslpiEdegem, Belgium
’Department of Cardiology, Antwerp University HoahiEdegem, Belgium
3Laboratory for Molecular and Cellular Cardiology,fiversity of Antwerp, Edegem,
Belgium

4Laboratory of Experimental Medicine and Pediatriddniversity of Antwerp,

Edegem, Belgium

Corresponding author:

Amaryllis Van Craenenbroeck, MD PhD

Department of Nephrology, Antwerp University Hogpit
Wilrijkstraat 10, 2650 Edegem, Belgium

tel: ++ 32382138 72

fax: ++ 32 382901 00

amaryllis.vancraenenbroeck@uantwerpen.be



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

ABSTRACT

Background Exercise intolerance is an important feature itiepés with CKD and is
prognostic for both increased morbidity and matyaliLittle is known about
underlying mechanisms in predialysis CKD. This gtadned to gain more insight in
the role of vascular dysfunction in the exercismlgrance of predialysis CKD. In
addition, vascular-related microRNA — as epigenetgulators of exercise capacity —
were analysed.

Methods Sixty-three patients with CKD stage 1-5 and 1&lthy controls were
included. Peak oxygen consumption (¥@®ak) was determined by cardiorespiratory
exercise testing, endothelial function by flow-nedd dilation (FMD) and arterial
stiffness by carotid-femoral pulse wave velocitYM¥). Plasma miRNA levels (miR-
21, miR-126, miR-146a, miR-150 and miR-210) werardgiiied by gRT-PCR.
Results.Peak oxygen consumption was already impaired id @KD (stage 1-3A)
and significantly correlated with eGFR (r=0.5250@01). Likewise, both FMD and
PWV were significantly correlated with eGFR (resipaty r=0.319, p=0.007 and r=-
0.365, p=0.001). In multiple regression analysi/\Premained one of the strongest
independent determinants of Y@eak (3=-0.301, p=0.01). Of the studied miRNA,
circulating levels of miR-146a and miR-150 correthtwith eGFR, PWV and
VOgzpeak, but the association with the latter waswdstn correcting for PWV.
ConclusionsAtrterial stiffness contributes to the observeducsti aerobic capacity in
predialysis CKD, independent of age, hemoglobirleand endothelial function, and
represents a promising therapeutic target for iwipg exercise capacity in this

population. Future work is required to get moreghsin both cause and effect of the
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observation that higher circulating levels of mig& and miR-150 are associated

with impaired renal function and increased artesidfness.

KEY WORDS
Arterial stiffness, chronic kidney disease, endidhe dysfunction, exercise

intolerance, microRNA

SUMMARY

Exercise intolerance is an integral feature of CKiith a debilitating impact on
quality of life, morbidity and mortality. This stydoffers novel insights in the
underlying mechanisms and suggests that arteriihess is a promising new
therapeutic target for improving exercise capaicitthis population. Circulating miR-
146a and miR-150 may be involved in the procesartdrial stiffness, but further

research is warranted to elucidate their origin pathophysiological role.
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INTRODUCTION

Cardiovascular disease is the main cause of maéybégid mortality in patients with
chronic kidney disease (CKD) [1]. The risk of deatardiovascular events and
hospitalization sharply rises when the estimatezmeglrular filtration rate (eGFR)
drops below 45ml/min/1.73mwith even a higher risk for cardiovascular evethtn
progression to end stage renal disease in themn{zaf2]. Exercise intolerance is an
important feature in patients with CKD [3], and u#alue as a prognostic factor for
both increased morbidity and mortality is well édighed [4-6]. Reduced physical
fitness results in the inability to perform actieg in daily life and occupational tasks,
with huge effects on quality of life [7]. In addit, the vulnerable CKD patient will
become prone to a sedentary lifestyle, being trdppe vicious circle of fatigue and
reduced physical functioning [8].

Peak oxygen consumption (V@eak), the gold standard to assess exercise cgpacit
determined by the product of cardiac output anériamenous oxygen difference.
Exercise intolerance could be explained by theabdes that influence these factors.
Hence, both oxygen delivery mechanisms (cardiagouiutperipheral vascular
function, erythrocyte count) as well as oxygenizitig factors (skeletal muscle)
possibly contribute to reduced exercise capaaitythé setting of CKD, the presence
of uremic myopathy and anemia are well-known deiteamts of exercise intolerance
[9, 10]. The contribution of vascular dysfunctiooharacterized by endothelial
dysfunction and arterial stiffness, has been lgrgefkerlooked, despite the fact that
they are attractive therapeutic targets to impmexercise intolerance. Moreover, both
endothelial dysfunction and arterial stiffness atiectly related to increased

cardiovascular mortality in CKD [11, 12].
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MicroRNAs (miRNAs) are endogenous, non-coding srgftanded RNAs, which

repress gene expression at the post-transcriptiemal [13, 14]. MiRNAs that are

detected in the circulation are released followoaj death or injury, but are also
actively secreted and carry genetic informatiommfrone cell to another, thereby
functioning as critical regulators of cellular cstak [15]. As such, they are involved
in a variety of cardiovascular functions, but thete in CKD-associated vascular
disease is only beginning to emerge [14, 16]. RigeBye et al reported that certain
miR are strongly related to aerobic capacity inlthgasubjects [17]. Studying

vascular-related miR in exercise intolerant CKDigrats is promising as it could lead
to the identification of biomarkers and novel theratic targets.

In this observational cross-sectional study we din@ gain more insight in the

determinants of exercise intolerance in patientk WKD, with a focus on vascular
dysfunction. Therefore, we first explored whetheda&thelial dysfunction and arterial
stiffness are independent determinants of exercegggacity in CKD. Second, we
investigated the relation between circulating Isv@ vascular-related miRs and both

exercise capacity and vascular function in CKD.



101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

MATERIALSAND METHODS

Subjects

Ambulatory patients with the diagnosis of CKD aating to the KDOQI guidelines,
regardless of severity and cause, were systenigtisedeened for eligibility at the
moment of visiting the outpatient clinic of the Amrp University Hospital. Of the
966 patients assessed in the period between Apii2 2nd July 2014, 63 patients
were included in the stud{Figure 1). None of them was participating in a formal
exercise trial. Diagnosis of CKD was based on starated glomerular filtration rate
(eGFR) using the CKD-EPI formula [18] and/or theegance of kidney injury as
recommended by the National Kidney Foundation’s KR@uidelines [19]. Patients
with a history of overt cardiovascular disease luding coronary artery disease,
peripheral vascular disease and cerebrovasculaasis were excluded. Other
exclusion criteria were renal replacement therapsegnancy, age <18 years,
treatment with immunosuppressive or oral anticoaiuh therapy and active
malignant disease.

Eighteen healthy subjects without relevant meditastory, pharmacological
treatment and no abnormalities on exercise testwege asked to participate. The
study was approved by the ethics committee of tiwArp University Hospital,
conformed to the principles outlined in the Dediaraof Helsinki and all participants

gave written informed consent.

Study design
All study participants were called in at the momifor successive blood and urine

sampling, vascular assessment, ECG and cardiopaimaxercise testing (CPET).



126  Participants were asked to refrain from food, aaffeand excessive physical exertion
127  for 12 hours prior to the study.

128 In CKD patients, absence of structural heart dise@ass confirmed by transthoracic
129  echocardiography. Systolic and diastolic functicasvassessed through measurement
130 of left ventricular ejection fraction (LVEF, mod#il Simpson rule), left ventricular
131  end-diastolic diameter (LVEDD) and diastolic functi(E/€).

132

133  Cardiopulmonary exer cise test

134 A symptom-limited cardiopulmonary exercise test ETP was performed on a
135  bicycle ergometer (Cardiovit CS-200 Ergo-Spiro, iBehAG, Baar, Switzerland). A
136 ramp protocol, starting with an equivalent of 204@& Watt and incremental steps
137 equivalent of 10 or 20 Watt/min was used. TwehadleECG was recorded
138  continuously and blood pressure was measured hasafid every 2 minutes. Peak
139  oxygen consumption (V4peak) was expressed as the highest attaineddd@ng the
140 final 30 seconds of exercise. Maximal work-economgs defined as maximal
141  workload at VQpeak (Wattmax/V@peak). Online analysis of VE/\NM&nd VE/VCQ
142  curves permitted to encourage patients to exetdisexhaustion, confirmed by a
143  respiratory exchange ratio (RER) > 1.10.

144

145 Blood sampling and analysis

146  Serum creatinin, total cholesterol, high-densitpoprotein (HDL), low-density
147  lipoprotein (LDL), triglycerides, iron, total irohinding capacity (TIBC), transferrin
148 saturation and high sensitive C-reactive protein-@RP) were quantified using
149  routine laboratory techniques (Dimension Vista 15&tem, Siemens). Complete

150 blood count was measured on an Advia Haematologglyxer (ADVIA 2120,
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Siemens Healthcare Diagnostics). Plasma sample$AEWere immediately stored
at -80 °C for later quantification of miR (batchadysis). In all patients, the urine

protein-to-creatinin ratio was evaluated in thetsporning urine sample.

Vascular assessments

All measurements were performed between 8:00 ar@Dldm in a quiet room with a
stable temperature of 21-24 °C.

Endothelial-dependent vasodilation

Endothelial-dependent vasodilation was assessdidwymediated dilation (FMD) of
the brachial artery using ultrasound (10 MHz Uttasb Doppler probe, AU5
ultrasound System, Esaote, Biomedica, Genova,) ltelyording to the guidelines. [20,
21]. After measuring baseline internal diametepnaumatic tourniquet, placed 1-2
cm distal to the elbow, was inflated to 200 mmHgabteast 50 mmHg above peak
systolic pressure for 5 minutes. After cuff releashameter was recorded
continuously during 4 minutes and FMD was expresseth dilation from baseline to
maximal post-occlusion diameter. Endothelial-indefant vasodilation was
measured after sublingual administration of 0.4 ghgceryl trinitrate (GTN-MD).
Off-line analyses were done with FMD-I softwareadgingle trained investigator.
Arterial stiffness

Carotid-femoral pulse wave velocity (PWV) was meaduusing the SphygmoCor
device (AtCor Medical, West Ryde, Australia) acéogadto the current guidelines.[22,
23] The system uses a single high-fidelity appl@matonometer (Millar Instruments,
Texas) to obtain a proximal (i.e. carotid) and aligtulse (i.e. femoral) recorded
consecutively, and calculates PWV from the tratirsie between the two arterial sites

as PWV = distance (meters)/transit time (seconds).such, higher PWV values
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represent stiffer arteries. All measurements wergedn triplicate and were repeated

when they did not meet the quality control guidedinas defined by the manufacturer.

Targeted quantification of miR

A panel of 5 miRNAs, reported in literature to lbwadlved in vascular homeostasis,
was designed and included miR-21, miR-126, miR-146&-150 and miR-210 [24].
Stored plasma samples were thawed on ice and fogetti at 4°C for 10 minutes
(16000xg). Total RNA, including miRNA, was isolatédm 200 pl EDTA plasma
with the miRNeasy serum/plasma kit (Qiagen, Vetih@ Netherlands). To test for
sample-to-sample variation in RNA isolation, a fixamount of the synthetic Cel-
miR-39 was added to the sample, immediately aytgs with Qiazol. Total RNA was
extracted using chloroform, ethanol and spin coland eluted in 15 pl RNAse-free
water. An aliquot of the isolated RNA was usedrfailtiplexed reverse transcription
of mature miR-21, miR-126, miR-146a, miR-150 andRr2il0 into cDNA using
specific stem-loop primers (Applied Biosystems).véls of selected miR were
guantified using real-time PCR via TagMan probepplfed Biosystems) in a Biorad
CFX96 Real-Time PCR system. Exogenously added stintmiR-Cel-39 was used
as a spike-in normalisation control. All reactiomsd analyses were performed in
duplo. The threshold coefficient of variation (C&gcepted for intra-assay replicates
was set at 4%. Ct values were used for relative quéntification using the delta Ct

method. Relative miR levels were expressed as26§'t100).

Statistical analysis
Data are expressed as mean * standard deviation K&lPmality was assessed with

one-sample Kolmogorov-Smirnov and logarithmic tfamsation was applied where
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necessary. Differences between the three groups amalyzed using Chi-square test
or by one-way ANOVA followed by the Sidak post-hiest for multiple comparison
corrections. Where applicable, comparison betwéentwo CKD groups was done
with the Chi-square test or independent samplesst-Bivariate correlations were
measured by Pearson’s correlation analysis. Stepwisiltiple linear regression
analysis was used to evaluate independent detemisivd VOpeak, adjusting for all
significant determinants on bivariate correlatioalgsis.

All tests were two-sided, and a P-value of <0.05swmnsidered statistically
significant. All analyses were performed using PASatistics 22.0 (SPSS Inc.,

Chicago, IL, USA).
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RESULTS

Demographic and clinical characteristics

Subject characteristics are listed Trable 1. Patients were stratified in 2 groups,
according to eGFR < or > 45 ml/min/1.73nman established value below which the
cardiovascular risk sharply increases [2]. Apastrfrhigher BMI in CKD patients, the
presence of traditional risk factors, summarizedhi@ Framingham risk score, was
similar between groups, taking into account th&b5if CKD patients were on statin
and/or antihypertensive therapy. Etiology of kidrikyease differed between groups
with unique functional kidney and ADPKD more remeted in the group with
eGFR>45 ml/min/1.73/ whereas in the group with eGFR<45 ml/min/1.73igA
nephropathy and reflux pathology were the mostuesat causes. Parameters of
systolic and diastolic function were comparableveen groups.

Despite the fact that 19% of the patients with e&#nl/min/1.73m were on
erythropoietin substitution and they were non-amertiieir hemoglobin levels were

lower compared to the other subjects.

Exercise capacity, peripheral vascular function and circulating microRNA in
relation to estimated GFR

Exercise capacity

All patients and healthy subjects performed a makiexercise test (RER>1.10).
Compared to healthy subjects, all CKD patients ldig a significant reduction in
VOzpeak, VQ at anaerobic threshold and exercise duration lisdatready in early
stages of kidney diseagEable 2).

Peripheral vascular function

11



236  Flow-mediated dilation, as measure for endothelep@endent vasodilation, was
237  significantly reduced in patients with e GFR<45mHhi73n%, compared to healthy
238 subjectgTable 2). In these patients, endothelial-independent vaaoalil (GTN-MD)
239 was also significantly impaired when compared talthg subjects. Arterial stiffness,
240 measured by PWV, was significantly higher in pasesith eGFR<45 ml/min/1.73fMm
241 In bivariate analysis, a positive correlation wasirfd between eGFR and both
242  logFMD (r=0.319, p=0.007) and GTN-MD (r=0.407, p8@1). Estimated GFR was
243 inversely correlated with PWV (r=-0.365, p=0.001).

244  Circulating miRNA

245  Of the studied miRNAs, levels of miR-150 were siguaintly higher in CKD patients
246 compared to healthy subjects, and this both ineptgi with eGFR < and > 45
247  ml/min/m? (Table 2). A significant negative correlation was found witBER for
248  both miR-150 and miR-146a (respectively, r=-0.3840.01 and r=-0.253, p=0.03).
249

250 Determinants of peak aerobic capacity

251 Correlation analysis showed that Yf@ak was related to age, eGFR, hemoglobin,
252 FMD and PWV. To identify whether these factors deieed VQpeak
253 independently of each other, a multiple linear esgion analysis was performed.
254  (Table 3). From these determinants, eGFR and arterial s&ffeWV) were the sole
255 that were independently associated withp€ak.

256

257  Circulating microRNA, peak aerobic capacity and PWV

258 Table 4 gives an overview of the bivariate correlationsio€ulating microRNA with
259  VOgzpeak and PWV, respectively. No association was dowith FMD. Both miR-

260 146a and miR-150 positively correlated with PWNigure 2). For VOxpeak, a

12



261 negative correlation was found with circulating dés/ of miR-146a, miR-150 and
262 miR-210. However, the relation with miR-146a andRAii50 with VQpeak was not
263 independent of PWV, as became apparent in a muéiha regression model

264  (analysis not shown).
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DISCUSSION

The present study investigates whether endoth@yislunction and arterial stiffness
are independent determinants of peak aerobic dgpacCKD patients. In addition,
the possible role of vascular-related miRs wasuated.

Two new findings emerge from this study:

1. Peak aerobic capacity, a strong prognostic facoimcreased cardiovascular
risk, is impaired already early in the course ofBCKArterial stiffness and
endothelial function both emerge as prominent feastuin CKD, but only
arterial stiffness contributes independently tousdi peak aerobic capacity.

2. The observed covariance of the levels of circuatimR-146a and miR-150
on the one hand, and increased arterial stiffneddaw peak aerobic capacity
on the other hand, might be a first step in thatifieation of new biomarkers
and/or novel therapeutic targets.

Exercise intolerance: an early and multifactorial feature in chronic kidney
disease

Whereas prior studies clearly demonstrated a sogmifly reduced exercise capacity
and increased cardiovascular risk in patients s@bere renal impairment (defined as
eGFR<45 ml/min/1.73A) [3], data on exercise capacity in patients withidm
impairment are scarce and often generated in pgatieith co-existing cardiovascular
disease [25]. In this study, by inclusion of patsemwith CKD stages 1 to 5, we
revealed a strong inverse relation between eGFRpaall aerobic capacity and this in
patients without established cardiovascular disease

In the last decades, efforts have been made toveinttze underlying mechanisms for

the observed exercise intolerance of CKD patiemtsch is determined by a myriad

14
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314

of factors [26](Figure 3). First, impaired physical performance as such swmto
induce a vicious circle of fatigue, decreased dyaif life and reduction in physical
functioning, [8] which is aggravated further by amaies in different physiological
functions. Based on the Fick equation, €eak is the product of cardiac output and
arterial-venous oxygen difference. In this regamsearchers mainly focused on
oxygen extraction (utilization), and skeletal mesdlisorder in particular. Indeed,
proximal myopathy of the lower extremities is commia end stage renal disease
[27] and subclinical histopathological abnormastimay occur in the pre-dialysis
stages [28]. Renal anemia is another factor thatribmtes to decreased exercise
capacity [29]. However, correction of renal anerbiarecombinant erythropoietin
does not normalize maximal exercise capacity [30-BRBe cardiovascular system is
responsible for oxygen delivery to the working mescand cardiac output in CKD
might be compromised in CKD, both by cardiac autoiwo dysfunction and/or
systolic/diastolic dysfunction [33, 34]. Next, tlwapacity of peripheral vessels to
dilate in response to increased shear stress dexarcise emerged as an important
determinant of exercise capacity in several patgmoups, such as patients with
chronic heart failure (CHF) [35, 36] and coronarieey disease (CAD) [37].

It is essential to clarify the key factors limitiegercise capacity in this patient group.
The focus on vascular dysfunction as potential rituilp exercise intolerance is one of
the novelties of this study, as it could becomargedt for intervention strategies. It
appears that reduced exercise capacity is alreddgrg at an early stage of CKD
(eGFR > 45ml/min/1.73A), and that it can be predicted by the presencartefial
stiffness, even in the absence of established @aadcular disease. Therefore,
tackling arterial stiffness may represent a prongshew therapeutic target for

improving exercise capacity in these patients.
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MiR-146a and miR-150 as cir culating markersfor increased arterial stiffness

This is the first study to show that high levelscatulating miR-146a and miR-150
are associated with impaired renal function, inseelarterial stiffness and lower
aerobic capacity. The association with the latjgweared to be not independent of
arterial stiffness.

Under physiological as well as stress-dependentitons, miRNAs are released by
different cell types into the circulation, whereyhare present in a remarkably stable
form [38, 39]. Next to active and specific secmefioell damage resulting in apoptosis
may also be a source of circulating miRNAs, leadioga modified transcriptional
program when taken up by recipient cells [40]. &@ample, upon endothelial damage,
endothelial apoptotic bodies were shown to carfg4126, with this raising alarm in
recipient adjacent endothelial cells and attracpnggenitor cells [41]. Next, higher
circulating miRNA levels might reflect aspecificaleage following massive cell
damage [42], leakage following higher miR transwoip during cellular adaptation,
or an accelerated posttranscriptional processimpgyerhature miRNA [43].

Apart from its essential regulatory function in reopoiesis, miR-150 has a role in
progenitor cell mobilisation and migration by tarigg CXCR4 (CXC chemokine
receptor 4) and c-MYB [44]. It has been implicateadardiovascular conditions other
than CKD. Microvesicles isolated from the plasmapatients with atherosclerosis
contained higher levels of miR-150 compared to thgatontrols [45]. Recently, a
high level of miR-150 was shown to have potents&abgrognostic marker of unstable
angina [46]; its dysregulation being involved ineecmyocardial infarction [47].

In turn, miR-146a is an inflammation-associated NARand can be induced by

different pro-inflammatory stimuli, such as IL-1BNF-a and Toll-like receptors

16
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(TLR) [48]. IRAK-1 and TRAF6 were identified as ¢gt genes of miR-146a
posttranslational repression, suggesting a negé&irgback mechanism of TLR and
cytokine receptor signaling [48]. Expression of rii&6a is upregulated in PBMC of
patients with CAD [49], in human atherosclerotiagles [50], and in serum of
patients with diabetes mellitus type 2 [51]. Redantitro evidence shows that miR-
146a can be implicated in vascular medial caldifica[52], but this has not been
studied yet in the setting of CKD.

The observed covariance of the levels of circugatimR-146a and miR-150 on the
one hand, and increased arterial stiffness andpleak aerobic capacity on the other
hand, might be a first step in the identificatioh new biomarkers and/or novel
therapeutic targets. However, further work is neagsto elucidate the cellular origin
and biological processes involved in the releasmiét-146a and miR-150 in CKD.
Next, their biological effect on target recipierls (endothelial or vascular smooth
muscle cells) should be confirmed before they aarelgarded as valuable therapeutic
targets.

This study is limited in its observational desigrconclude about causal relationships,
and future studies are warranted to identify préddhrgets to adequately reduce
cardiovascular complications in CKD.

In conclusion, patients with CKD have reduced esercapacity, which is strongly
associated with the stage of CKD and the presehaderial stiffness, independent of
age, hemoglobin levels and endothelial functiorghdr circulating levels of miR-
146a and miR-150 are associated with arterialngté$ in CKD. Future research is
warranted to elucidate both the origin of theseutating miRNAs, as well as their

modulating capacity as part of intercellular commation.
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TABLES

Table 1. Baseline demographics according to CKD severity

HS eGFR>45 eGFR<45
ml/min/1.73m? | ml/min/1.73m?
(n=18) (n=32) (n=31) p-value
Age (years) 54.9 +3.3 47.1+13.9 53.4 + 14. 0.0
Sex (M/F) 10/8 16/16 16/15 0.9
SBP (mmHg) 125+19 125+ 16 126 £ 16 0.9
DBP (mmHg) 80+ 11 83 +13 80+ 10 0.6
BMI (kg/m?) 23.8+3.7 26.9 +5.1* 28.3 +5.4* 0.002
Active smokers 0 1 (3%) 1 (3%) 0.7
Past smoking 4 (22%) 8 (25%) 11 (35%) 0.7
Diabetes mellitus 0 1 (3%) 5 (16%) 0.06
Framingham risk (%) 41+34 35147 59+7.4 30
Characteristics of kidney disease
Estimated GFR 87.9+85 63.6 + 17.6* 24.8 +8.9* <0.001
(mI/min/1.73m)
Urinary protein/creatinin <0.001
ratio (mg/g creatinin)
<30| 18 (100%) 4 (12%) 2 (6%)
30-300 0 25 (78%) 9 (29%)
>300 0 3 (10%) 20 (65%)
Etiology 0.02
Reflux 2 (6%) 6 (19%)
nephropathy/lithiasis
Unique functional kidney 10 (32%) 0
Medication induced 0 1 (3%)
Diabetic nephropathy - 1 (3%) 3 (10%)
Nephrangiosclerosis 8 (25%) 7 (22%)
IgA nephropathy 2 (6%) 7 (22%)
ADPKD 7 (22%) 4 (13%)
FSGS 0 1 (3%)
ADIKD 1 (3%) 1 (3%)
Glomerulonephritis 1 (3%) 0
RTA type 1 0 1 (3%)

24



525
526
527
528
529
530
531
532
533
534

L aboratory measur ements
Total cholesterol (mg/dl) 205 #41 188 £ 35 184 + 34 0.1
HDL (mg/dl) 68 + 19 57 + 14* 48 + 12* <0.001
LDL (mg/dl) 123 +40 107 £ 26 106 + 27 0.1
Triclycerides (mg/dl) 93.5+40.9 123.6 £ 63.3 53.69.8* 0.006
Hemoglobin (g/dI) 14.02+£1.13 13.87£1.29 12.78319* | <0.001
Serum iron (mg/dl) 113 +39 104 + 35 77 + 25* <@00
TIBC (mg/dl) 334 + 37 326 £ 51 304 + 57 0.09
Transferrin saturation (%) 33110 32+11 26 £10*| 0.02
Ferritin 15173 117 £ 93 137 £120 0.5
CRP 0.25+0.23 0.25+0.24 0.38 + 0.33 0.1
hs-CRP (mg/dl) 0.17+0.25 0.21 £0.26 0.36 £+ 0.34 0.06
Echocar diography
LVEF (%) 65.8+9.2 66.7 + 10.1 0.7
LVEDD (mm) - 45.9 + 6.4 472 +7.6 0.5
E/é 10.1+3.2 10624 0.5
Medication
Diuretics 5 (16%) 8 (26%) 0.2
ACE-I/ARB 23 (72%) 21 (67%) 0.5
Betablockers 12 (60%) 15 (48%) 0.3
Calcium-channel blockers 10 (31%) 15 (48%) 0.1
EPO - 1 (3%) 5 (16%) 0.09
Iron substitution 0 6 (19%) 0.05
ASA 4 (13%) 5 (16%) 0.5
Statin 15 (47%) 16 (52%) 0.5

Data are mean = SD or number (percentage). *Differgom HS, p<0.05

HS= healthy subjects; eGFR= estimated glomerulérafion rate; SBP= systolic

blood pressure; DBP= diastolic blood pressure; AOPK autosomal dominant

polycystic kidney disease; FSGS= focal segmentamgtulosclerosis; ADIKD=

autosomal dominant interstitial kidney disease; RTénal tubular acidosis; HDL=

high-density lipoprotein; TIBC= total iron bindingcapacity;

hs-CRP= high

sensitivity CRP; LVEF= left ventricular ejectionafition; LVEDD=; LDL= low-

density lipoprotein; ACE-I= angiotensin convertingnzyme inhibitor; ARB=

angiotensin receptor blocker; EPO= erythropoiethSA= acetylsalicylic acid
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535 Table 2. Exercise capacity, vascular function assessmehtiaculating miRNA
536 according to CKD severity
HS eGFR>45 eGFR<45
ml/min/1.73m? | ml/min/1.73m?
(n=18) (n=32) (n=31) p-value
EXERCISE CAPACITY
VO, peak (ml/kg/min) 35.99 +6.43 28.13+8.34*  24#544* | <0.001
VO at AT (ml/kg/min) 30.83+7.33 25.08+7.47F 218B.53* | <0.001
Maximal workload (Watt) 205 + 60 171 +55 141 £ 47*| 0.001
Exercise duration (sec) 536 + 186 430 = 126f 39M5%* 0.004
Resting HR (bpm) 76 £ 16 80 + 23 7412 0.4
Peak HR (bpm) 169 + 14 158 + 23 147 + 26* 0.006
Peak SBP (mmHg) 200 + 23 191+ 26 190 + 20 0.3
Peak DBP (mmHg) 86 +18 85+ 15 84 +15 0.9
MVV (I/min) 110 + 17 113 + 28 102 + 27 0.2
Ventilatory reserve (%) 71+14 60 £ 24 71+24 0.1
PERIPHERAL VASCULAR FUNCTION
Clinical parameters
FMD (%) 6.93 £ 3.46 5.86 £3.21 4.93 + 2,517 0.03
Baseline diameter (mm) 3.52 £ 0.67 3.48 £ 0.55 38773 0.06
Maximal diameter (mm) 3.71 £ 0.68 3.67 +£0.54 A0R72 0.09
GTN-MD (%) 23.94+£7.18 20.94 £7.87 16.70 £ 7.17* 0.01
PWV (m/s) 7.78 £1.03 8.35+1.66 9.50 £ 2.66f 0.01
CIRCULATING miRNA
miR21 232+0.74 1.71 £0.69 2.06 £ 1.25 0.1
miR126 5.29+£1.08 5.59 £ 1.46 5.69 £ 1.56 0.7
miR146a 429+1.18 4.88 + 1.40 5.24 +1.69 0.1
miR150 4.24 +1.03 4.93 + 1.06* 512 +1.117 0.01
miR210 0.16 £0.94 0.28 £1.25 0.27 £ 1.27 0.7
537
538 Data are mean +SD or number (percentage). *Diffarsom HS, p<0.05. For FMD,
539  p-value is shown for ANOVA after logarithmic traorshation. Levels of circulating
540 miRNA are expressed as the logarithm of the reda@ixpression of the respective
541 miRNA.
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542 VOpeak= peak oxygen uptake; Y@ AT= oxygen uptake at anaerobic threshold,;
543 HR= heart rate; SBP= systolic blood pressure; DBRIastolic blood pressure;
544 MVV= maximal voluntary ventilation; FMD= flow-mede&d dilation; GTN-MD:
545  glyceryl trinitrate mediated dilation; PWV= pulseawe velocity
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Table 3. Clinical parameters associated with peak aerolpacty

Bivariate correéation Multipleregression

Pearson r p-value 3 p-value
Age -0.285 0.01 -0.172 0.2
eGFR 0.525 <0.001 0.363 0.002
Hemoglobin 0.372 0.001 0.199 0.09
logFMD 0.360 0.003 0.162 0.2
PWV -0.435 <0.001 -0.301 0.01

eGFR= estimated glomerular filtration rate; FMD=oflv-mediated dilation; PWV=

pulse wave velocity
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551 Table 4. Correlation of circulating miR with Vépeak and PWV

VO2peak PWV

Pearson r p-value Pearson r p-value
miR21 -0.006 0.9 0.087 0.4
miR126 -0.227 0.05 0.211 0.07
miR146a -0.312 0.006 0.286 0.01
miR150 -0.351 0.002 0.262 0.02
miR210 -0.232 0.04 0.179 0.1

552

553  Levels of circulating miRNA are expressed as tharithm of the relative expression
554  of the respective miRNA
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FIGURES

Figure 1: Patient flow

Assessed for eligibility (n=966) [

Excluded (n=843)
presence of overt CV disease (n=756)
pregnancy (n=1)
active malignant disease (n=25)
immunosuppressive therapy (n=61)

Eligible patients (n=123) |

l Declined to participate (n=40)

Of the 966 patients assessed in the period betvpeh2012 and July 2014, only 63
patients were included in the study. 843 subjeasevexcluded for reasons of not
meeting the inclusion criteria, with overt cardi®ealar disease counting for 78% of
the exclusions. Of the 123 eligible patients, 4fuged to participate and 63 were

included in the study after obtaining informed camts
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Figure 2: miRs, PWV and aerobic capacity
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Figure 3: Possible underlying mechanisms of exercise intolee in CKD
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VOzpeak, the gold standard to assess exercise capasitietermined by the product
of cardiac output and arteriovenous oxygen diffeeerHence, both oxygen delivery
mechanisms (cardiac output, vascular function amgtheocyte count) as well as
oxygen extraction mechanisms (skeletal muscle) ilgpsscontribute to the

observation of impaired exercise capacity in CKnpaired exercise capacity
contributes to the increased morbidity and moryabf patients with CKD. It results
in the inability to perform activities in daily #fand occupational tasks, with huge
effects on quality of life. In addition, the vulable CKD patient will become prone to
a sedentary lifestyle, being trapped in the viciaisle of fatigue and reduced

physical functioning, eventually leading to highrbidity and mortality.
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