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In 1995, Jonas Bergstrom was the first to report that....

Elevated s-CRP is a strong
predictor of increased
mortality in HD patients

Bergstrom et al, JASN 6, 1995

Jonas Bergstrom, M.D.
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Surviving
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PD Patients are in a State of Inflammation (but less
so in Asia)

Ducloux et al m  N=240; CRP = 3.2 mg/l
Qureshi et al m N=36; CRP 210 mg/Il

Wang et al m N=246; CRP = 5 mg/l

N=106
Noh et al CRP = 8 g/l
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CRP Predicts Cardiovascular Events and

Mortality Also in PD

Table 4. Cox model: Relative risks (RR) of cardiovascular event

(CVE intervals
Variayﬁ/ Relative risk? QS%Nvalue
g/L
3.2 (1st quartile) 1 — —_—
3.2—7 (vs. 1st quartile) 2.34 (1.07; 4.38) 0.022
7-12.9 (vs. 1st quartile) 331 (2.01; 12.01) 0.001
=12.9 (vs. 1st quartile) 5.41 (1.69; 12.85)

Serum albumin g/l
<33 (1st quartile)
33-37 (vs. 1st quartile)
37-40 (vs. 1st quartile)
=40 (vs. 1st quartile)
History of CVE

(0.84: 1.44)  0.24°
(0.72; 0.97)  0.041
(0.31; 0.89)  0.01

eooH
o 0010
G

No 1 —_— —

Yes 512 (1.88; 13.54) 0.001
Serum homocysteine umol/L

<18.4 (1st quartile) 1 —_— —

18.4-22.4 (vs. 1st quartile) 1.40 (0.81; 9.57) 0.12°

22.4-26.8 (vs. 1st quartile) 1.81 (0.94; 9.52) 0.07v

=26.8 (vs. 1st quartile) 4.58 (1.73; 17.64)  0.009

*Cox model is adjusted for gender
"Non-significant at « = 5%

Ducloux et al. Kidney Int 2002;62:1417-22
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Wang et al. JASN July 2003



Prevalence of malnutrition, inflammation and atherosclerosis in ESRD
patients

Carotid plaque
72%

Inflammatlon
32%

2%

4%

Malnutrition
44%
Stenvinkel P et al. Kidney Int 1999; 55: 1899-911
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MIA Is associated with poor survival
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Stenvinkel et al. Unpublished finding



Early D/P,,.,
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Stenvinkel et al. Perit Dial Int 2001;21[Suppl 3]:S144-S149



Causes of Inflammation in the PD Patient

Unrelated to treatment Related to PD

® Reduced renal function ® Peritonitis

—Reduced renal clearance of cytokines ® Bio-incompatibility of PD solutions
—Accumulation of AGEs ® Exposure to endotoxins from dialysate

—Oxidative stress ® GDPs in peritoneal fluid

—Volume overload
® [ncreased fat mass (?)

® Genetic factors

® Dietary factors N=183

® Dysbiosis ii” 90 1}::(()):%)31

® Sedentary life style o

® Co-morbidity % ’ X' R $°
—Chronic heart failure E’ 9

—Atherosclerosis per se
—Unrecognized persistent infections o 0 5 10 15 20

Visceral fat mass (kg)



Association Between Residual Renal Function and Inflammatory
Markers in Advanced Renal Failure

p = 0.004
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Chung et al et al. NDT 2003;18:590-7
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Associations Between Circulating Inflammatory Markers and
Residual Renal Function in CRF Patients

Roberto F’ecbits-Filho, MD, PhD, Olof Heimbiirger, MD, PhD, Peter Bamy, MD, PhD,
Mohamed Suliman, MD, PhD, Ingela Fehrman-Ekholm, MD, PhD,
Bengt Lindholm, MD, PhD, and Peter Stenvinkel, MD, PhD

e Background: Circulating levels of cytokines and other inflammation markers are markedly elevated in patients
with chronic renal failure. This could be caused by increased generation, decreased removal, or both. However, it is
not well established to what extent renal function per se contributes to the uremic proinflammatory milieu. The aim
of the present study is to analyze the relationship between inflammation and glomerular filtration rate (GFR) in 176
patients (age, 52 = 1 years; GFR, 6.5 = 0.1 mL/min) close to the initiation of rena! repiacement therapy. Methods:
Circulating levels of high-sensitivity C-reactive protein (hsCRP), tumor necrosis factor-a (TNF-c), interleukin-6
(IL-6), hyaluronan, and neopterin were measured after an overnight fast. Patients subsequently were subdivided
into two groups according to median GFR (6.5 mL/min). Results: Despite the narrow range of GFR (1.8 to 16.5
mbU/min), hsCRP, hyaluronan, and neopterin ievels were significantly greater in the subgroup with lower GFRs, and
significant negative correlations were noted between GFR and IL-6 (rho = —0.18; P < 0.05), hyaluronan (rho =
—0.25; P < 0.001), and neopterin (rho = —0.32; P < 0.0005). In multivariate analysis, although age and GFR were
associated with inflammation, cardiovascular disease and diabetes mellitus were not. Conclusion: These results
show that a low GFR per se is associated with an inflammatory state, suggesting impaired renal elimination of
proinflammatory cytokines, increased generation of cytokines in uremia, or an adverse effect of inflammation on
renal function. Am J Kidney Dis 41:000-000.

© 2003 by the National Kidney Foundation, Inc.

Pecoits-Filho et al. Am J Kidney Dis 2003
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Treatment of Volume Overload may Affect
Inflammation

40 -

B cCrp (mg/1)

30 - p<0.05 B L6 (pgml)

20 -

10 -

Acute decompensation Compensation _
Sato et al. Clin Card 1999



Systemianflammation

Causes Management
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Systemic inflammation



CRP mg/l
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Dialysis modality and nutritional status are associated with
variability of inflammatory markers

Sunna Snaedal™, Abdul R, Qureshi’, Signin H. Lund®, Guna Germanis®, Britta Hylander', Olof Heimbiirger',
Juam J. Carrero’, Peter Stenvinkel’ and Peter Biriu}"'

'Division of Remal Malicine, Department of Clinical Science, Intervention and Technaol ogy, Karolinska Institutet, Kamol ingla University Hospital,
Stockhalm, Sweden, *Landspitali University Hospital, Reylavik, Iceland, "Division of Baxter Movum, Depertment of Clinial Scence,
Intervention and Technology, Kanolingka Institutet, Stodcholm, 5i1-.'edrr'.."Fl.n:uJTg.' aof Medicine, Tniversity of Iosland, Beylgavik, Ioeland and
*Clinical Scences, Danderyd Hospital, Karolinga Instittet, Stockholm, Sweden
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Snaedal S et al: NDT 31:1320-7, 2016
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Inflammation Biomarkers Are Risk Predictors in CKD
Patients
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Genetically Elevated C-Reactive Protein
and Ischemic Vascular Disease

Jeppe facho, M.D_, Anne Tybjeerg-Hansen, M. D_, D M_5c.,
Jam Skow Jensen, M. 0., D M. S5c., Peer Grande, M. ., LK. Sc.,
Henrik Sillesen, M.D_, DM _5c., and Barge . Nordestgaard, M. D., D_MM_5c.
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IL-6 is a Stronger Predictor of Outcome in ESRD

Serum Albumin., C-Reactive Protein. Interleukin 6. and Fetuin A as

Predictors of Malnutrition, Cardiovascular Disease, and Mortality in
Patients With ESRD

Hirockazu Honda, MD, PhD, Abdul Rashid Qureshi, MD, PhD. Olof Haimbuarger, MD, PhD,
Feter Barany, MD, PhD, Kai Wang. MD, Roberio Pecoits-Filho, MD, PhD,
Peater Stenvinkel, MD, PhD, and Bengt Lindgheolm, MD. PhD AJKD Jan 2006

296 patients starting dialysis therapy

2B: ROC curve of CVD L.
2C: ROC curve of clinical outcome

mm— 1,00 ————————
I IL-6

IL-6

0,75 -
i Albumin

=

P |

oh
I

. Albumin

Fetuin-A hs-CRP

=
[£i]
=

0,50

Sensitivity
Sensitivity

0,25 L ]
L 0,25 Fetuin-A -

0,00 T

" 1 P
U_.Dﬂ U.25 050 0?5 1 ,UD D,GU n n L L L L | L n n n 1 L L L
0,00 0.25 0,50 0.75 1,00

1-specificity 1-specificity




& PLOS |one Kaplan-Meier survival estimates
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Local inflammation



D/P for IL-6 vs. time on PD
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Intraperitoneal inflammation was the most
important determinant of peritoneal transport

Scatterplot of PSTR =
measured as 4-hour
dialysate-to-plasma
creatinine ratio with
dialysate IL-6
demonstrating a
center effect.

Peritoneal Solute Transport Rate

40 * s
Lambie M et al. JASN 24: i
2071-2080, 2013

ASN 20—y ' - '
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©2013 by American Society of Nephrology



Dialysate IL-6,
geometric means, 95% Cl

Plasma IL-6,
geometric means, 95% Cl
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The BalANZ Trial — Solute Transport 5

Change in D:P Cr 4 h over time in the balance (A) and control (B) groups over 2 years.
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The BalANZ Trial - Ultrafiltration ; }

Change in peritoneal UF over time in the Balance (A) and control (B) groups over 2 years.

A 4500 B 4500

4000 S 4000 5

§ 3500 3 § 3500 3

= 3000 3 = 3000 3
E E

S 2500 1 § 2500 1

E 2000 ] E 2000 ]

B 1500 4 B 1500 4

= 1000 A = 1000 3
el Ll

2 500 ] 2 5003
Ll ™

a E A 0 3

3 -500 A 3 -500
o = 2

S, -1000 A S, -1000 4

-1500 3 -1500 3

-2000 3 -2000 3

T ] ] | ] T T ] T T T T T T T T T
3 3 9 12 15 18 21 24 3 - 9 12 15 18 21 24
Month Month
Balance Sleep Safe / Stay Safe

Johnson DW et al., Nephrol. Dial. Transplant. 2012

16 centers/ 3 countries
n= 185 incident patients




Incident participants from the
balANZ trial (n=88) who had

completed 24-months of follow-up.

CONCLUSION: Dialysate IL-6
concentration increased with
longer PD duration and was a
significant, independent predictor
of PSTR. The use of
biocompatible PD solutions
exerted no significant effect on
dialysate IL-6 levels but did
abrogate the increase in PSTR
associated with standard PD
solutions.
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IL-6 TNF-alfa

Predicted and Actual Dialysate IL-6 Levels Over Time E Predicted and Actual Dialysate TNF-alpha Levels Over Time
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From: Peritoneal inflammation precedes encapsulating peritoneal sclerosis: results from the GLOBAL Fluid Study
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Interleukin-6 Signaling Drives Fibrosis
in Unresolved Inflammation

Cer A, Flelding,”~ Gareth W. Jones,”* Rachel M. McLoughlin
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l16—/— Mice Are Protected
from the Development of
Fibrosis after Repeated
Inflammation

Fielding CA et al: Immunity 40:40-50. 2014
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Gut microbiota



INFLAMMATION-INDUCING FOODS

é—%léggﬂf intake of fresh plant foods; GREENS, vegetables, fruits,

& Higher intake of proteotoxins in certain foods: casein,
gluten, zein (corn) etc.

@ Higher intake of heat- and storage-induced proteotoxins:
glycated (AGEs), lipoxidated molecules (ALEs),processed
carbohydrates

Ia

ducing:

& Reduced numbers & diversity of bacteria - Dysbiosis

@ Leakage of body membranes: leaky gut, leaky airways,
leaky skin, leaky vagina, leaky eye cavity, leaky nose, leaky
placenta, leaky blood-brain barrier etc.

www. bengmark.com

Slide courtesy Stig Bengmark



INDUCERS OF POSTPRANDIAL INFLAMMATION
Lopez-Moreno J et al. J Agric 2017:65:7756-7763
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[animal fat)  (sunflower oil 85 % olive oil 75 %, mnul% LFHCC = COMPLEX CARBOHYDREATES
(tallows 50 %, lard 40 %)
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Effect of CKD on bacterial metabolism

Effects Mechanism

Prescribed potassium restriction leads to reduced

1. Reduced intake of dietary fibres intake of fruits and vegetables

Multifactorial: dialysis modality, lifestyle, inactivity,
phosphate binders, dietary restrictions, low fluid
intake, primary renal disease and comorbidities
(diabetes, heart failure, malnutrition and
cerebrovascular disease)

2. Prolonged colonic transit time
(constipation)

3. Increased amounts of protein Protein assimilation is impaired in uraemia, with
available for proteolytic bacterial Increased amounts of intact proteins reaching the
species colon

Increased blood ammonia concentrations may
change intestinal lumen pH;

Drug therapies (antibiotics, phosphate binders,
antimetabolites, etc.) with local effect in the gut
lumen

4. Changes of the colonic
microbiota

Sabatino A et al, Nephrol Dial Transplant 30: 924-33, 2013



[mbalanced ecoxysiom has higher number of pathogens
and lower numier of benehicial microbes, Warir =1 2l (2013).
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Healthy Uremia Translocation of bacteria

kidney CKD/ESRD and bacterial products
activates systemic inflammation
(and CKD/ESRD complications?)

Uremia
induces
dysbiosis
Proinflammatory
cytokines

Macroage

Defensins,
mucus, IgA

\ lntesbnal—\_)‘.xr
lumen

are kept in check. barrier
integrity maintained

Pathobionts %ao Symbionts Q —

Anders HJ et al. Kidney Int 83: 1010-6,2013




PUrtation

The Gut: The Forgotten Organ in Uremia?

Elood Purll 2010225130136
CeO: 101 IS5 24 5635

Eva Schepers Griet Glorieux Raymond Vanholder

Mephrotogy Section, University Hospital, Gent, Bedgium

Fig. 2. Fermentation processes under normal conditions (A) and
in uremiz (B). A Under normal conditions, compounds (2g. pro-
teins) are ingested and digested (g to amino acids; black dots)
these compounds are partially sbsorbed wia the small intestine;
the rest mowves to the large intestine where they come into contact

with the intestinal florz {open squares), which transforms the  which zlso more is absorbed.
matecules into other compounds (eg. p-cresol; open circles); part
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Table 1. [ntastinal epproaches to decrazse supplementation of toxin

Method Target molecule (utcome
Diet AGEs, phenol, indoles dacrease concentration
Prebiotics
(Gum zrabic fiber urea dacrease concentration
Oligofmuctose-enriched inulin p-cresal dacrease concentration
Lactuloss p-cresal dacrease concentration
Fesistant starch phenol dacreas: concentration
Probiotics
Urezse- positive bacteria urea dacrease concentration
Lactobaoillus urea, p-cresol dacreas: concentration
Bifidvhacierium p-cresol dacreas: concentration
Lactic acid bacteria p-cresal, phenols indoles dacrease concentration
Sorbents
AST-120 p-cresol, indoles survival; preservation of renal function

of these are shsorbed as well. B In uremia, digestion is the mame
st hsorption of the primary malecules (black dots) is hampered
50 that more substrate enters the large intestine, where also z larg-
ar amount of transforming bacteria are present (open squares);
the result i more generation of end product (open circles) of



© PERITONEAL DIALYSIS REDUCES INFLAMMATION ©@

Wang I-K et al Beneficial Microbes, 2015;6:423-430
39 patients on peritoneal dialysis received during six months either a proboptov containing four
lactobacillus strains: 10° cfu Bifobacterium bifidum A218, 10° cfu Bifidobacterium catenulatum
A302, 10° cfu Bifidobacterium longum A101, & 10° cfu Lactobacillus plantarum A87 -
totally 40 billions of LAB or same amount of maltodextrin as placebo.

Problotics' Placebo’

Basal Final P-valuel Basal Final P-valuel
TNF-a (pgimi) 1.84 {0.76-3.28} -ﬂ.?ﬂ- {0.41-1.29) 0.019 1.61 [0.95-2.7E) -u.u (0.18-2.22) 0611
IFN-y (pgfmil) 767 (4.33-11.66) 7 (412 0.712 8.5 (3673065 a.67 (2-14.66) 0410
IL-5 (il 16.02 (10.94-21.05) 9.19 {7 .6B-12.61} 0.002 12,38 [9.88-21.33) 9.6 (7.99-12.6) 0,369
IL-6 (peirril] 293 (1:21-6.75) -1.12 {0.75-3.93) <0001 1.07 (0.33-2.1) -u.sﬁ (0.11-1.7) 0154
IL-10 {pg/ml] 13.15(10.22-19.31) 15.97 {13.47-23.17) 0,027 15.55 (13,09-19.5) 12,69 (10.25-2002)  0.080
IL-17 {pg/ml) 2.7 (1.66-4.01) 1.61(0.96-2.2) 0,085 2 B1 (1.48-4.01) 213(1.61-38) {832
Endotoxin (EU/ml) 1,61 (0 52-2 58) ﬂa 51 (0.2-0.69) <0001 0.35(0.28-0.82) ‘ 0.51 (0,16-3.2) 0.495

TValues are expressed as median and 25% percentie 1o T5™ percentie in panentheses.
= Wilcoxon signed-rank fest

Slide courtesy Stig Bengmark
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Efficacy of Nutritional Interventions on Inflammatory
Markers in Haemodialysis Patients: A Systematic
Review and Limited Meta-Analysis

Ban-Hock Khor ¥, Sreelakshmi Sankara Narayanan !, Sharmela Sahathevan ',
Abdul Halim Abdul Gafor 2, Zulfitri Azuan Mat Daud 32, Pramod Khosla %, Alice Sabating 512,
Enrico Fiaccadori 5, Karuthan Chinna ® and Tilakavati Karupaiah '+

}
:

 TOOXL L 11sapGl, —— ppRAR / ’
JAA
In conclusion, our meta-analysis — , | ROS
provided evidence that omega-3 fatty -

acids and vitamin E could improve 1 3series | 2 series V¥ NF-xB
. . PGs&Ts PGs&Ts ; T Beneficial gut
inflammatory outcomes in HD microbiome
patients. Evidence for other groups ‘\. :)_InﬂaflmgiogyTlilerpogg

.. . . iomarkers (IL-6, QL
of nutritional interventions was o~ ]

inconclusive. Fiipottinlindsl] S I1S&peren
sulphate

Khor BH et al. Nutrients 10:397,2018



How Do We Handle Dialysis Patients with
Signs of Inflammation?

il

Evaluate and treat co- Evaluate and treat Consider anti-

morbidities that may cause potential dialysis related inflammatory treatment
inflammation :> causes of inflammation - strategies

« Infectious complications * Unpure dialysate « Nutritional intervention
« Silent ischemic heart disease * Fluid balance « Synbiotics

* Intercurrent clinical events * Infectious complications of » Physical training

« Peridontal disease haemodialysis access  Pharmacological

« Failed kidney transplant * Thrombosed fistula or graft Intervention?

« Volume overload * Bioincompatible membranes

« Inflammatory diseases * Bioincompatible dialysis fluids

e Diet * Peritonitis

* Dysbiosis * Hemodiafiltration



Summary

= Inflammation is a common feature of PD and is associated with cardiovascular
events, malnutrition and outcome.

« In PD patients significant associations exist between inflammation and residual
renal function, increased peritoneal transport and volume overload/left
ventricular hypertrophy.

= PD patients seem to be less inflamed compared to HD patients

= Local peritoneal inflammation is related to long-term changes in the peritoneal
membrane

= Dietary factors and the gut dysbiosis are important modifiable inducers of
iInflammation that need further study



