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Ovupartpikég toivec: XNN kal KAA vooo¢

1 Owkapdlayyelakég na@noelg anoteAovUv TNV KUpLa atial Ovntotnto otouc aoOeveig
UTIO alpokaBapon
d Ta teAevtaia xpovia to evdiadEpov otpEdetal oTnV ENISPOON TWV OUPOLULKWV TOEWVWV

OTLC KapdLayyeLlakeEC MAONoELC

"  OLOUPOILMULKEG TOELVEG:

» YMOAE(MHOTO OPYAVLKWY EVWOEWV =2 Ta eninmeda Toug avfavovtol mpoodeuTika otouc a.oBeveic pe XNN

» Juppetexouv otnv naBoyeveon tng KAA vooou (non traditional risk factors for CVD in CKD)



Ouvpapiki toéivn: Kwvoupevivn

* H kwoupevivn givar petaBoAitng mov mapayetol ano tov HEToBOoALOHE TS Tpuntodpavng

Tpurttodadvn

~90-95% - 080¢ Kwvoupevivng (kynurenine pathway)
~1-2% —> ogpotovivn/pelatovivn

HLETATPEMETAL OE KLVOUPEVIVN HECW SVO eVIUUWV
* IDO-1 (Indoleamine 2,3-dioxygenase-1)
 TDO (Tryptophan 2,3-dioxygenase)

* H Kwoupevivn:

» Opa péow evepyomoinong tou petaypadea AhR (Aryl Hydrocarbon Receptor)
» odnyel otn ouvBeon MOAAWVY BLodpaoTkwV HETABOALTWY
- ennpealouVv PETABOALKA, AVOCOAOYLKA KOl EVEPYELOKA LOVOTIATLOL

* H kwoupevivn avéavetat otn XNN kat otnv HD:

1. Xpovia dpAeypovry otn XNN = P evlupuikn Spaoctnplotnta twv IDO-1 kot TDO

2. I Nedpwkn amofoAn

3. { kdBapon amno to Ppiktpo tng HD (partially protein-bound uremic toxin)

Ziad A. Massy et al., Kidney Inter, vol 101,6,2022

Tpuntodavn (anapaitnto apwoll)
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2KOTLOC TNG MEAETNG

Na SlepeuvnoeL Qv T EMIMES O KLVOUPEVIVNG 0€ 0.0OEVELC

oTnv aLpokaBapon oxetioviol aveéaptnta HE:

o Xtedpaviaio vooo (CHD)
* Kapéiakn avenadapkeia (HFpEF ko HFrEF)
e KoAmkn pappapuyn (AF)



2XEOLAOMOC LEAETNC

Cross sectional peAétn Xapaktnptotikd KAA vooou Twv acBevwv
, e CHD: 41
e 119 acBeveic o HD e AF: 33
(87 avdpec / 32 yuvaikeg, péon nAwia: 65 £€tn) . HF.rEF: 27
25 uyteic papTUPEC * HFpEF: 34

(15 avdpec / 9 yuvaikeg, péon nAwia: 64 £€tn)

Kpttipla eLl0660vu/anokAELopoU:

EvtaxOnkav acOeveic:
v’ 3e oTtaBOepO MPOYPOLUA OILLOKABAPONC VL0 TOUAAXLOTOV 6 LAVEC

AnokAeiotnkav acBeveig Tou toug tTeAeuTAlOUC 6 PAVEC:

s Evepyoc Aolpwén

s Kakonbela

s Hmatwkn SuoAettoupyla

** Autodvooo voonpua n Beparmneia pe KUTTAPOTOELKA, 0LVOOOKATAOTAATLKA 1] KOPTIKOOTEPOELSN pApHOK



MeBodoAoyia peAETng

MetpnOnkav:

* Kynurenine
ELISA assays

* Tryptophan

e KTR ratio

ZtathTlKr'] ovaAuc N (IBM SPSS Statistics version 29 & JASP version 0.95.4)
* Mann-Whitney test
* Speaerman’s correlation co-efficient test (correlations between continuous variables)

* Binary logistic regression



AnoteAéopata

Table I1. Kynurenine, tryptophan and kynurenine-to-tryptophan ratio iin healthy controls and patients undergoing hemodialysis, and subgroups of patients undergoing hemodialysis.

Comparison Kynurenine (¢M) P-value Tryptophan (M) P-value | Kynurenine-to-tryptophanratio ~ P-value

HD patients vs. healthy controls 7.56(3.26) vs.2.33(1.32) <0001 | 3117(18.67)vs.53.66(1887) <0001  (0.235(0.143) vs. 0.05(0.027)  <0.001

Patients undergoing HD
Males vs. females 753 (2.34) vs.8.34 (4.27) 0801 | 3149(15.83)vs.30.39(28.81) 0584 | 0.239(0.127) vs.0.218 (0.189) 0.540
Diabetes mellitus, yes vs. no 6.91 (3.86) vs.7.60(343) 0062 | 31.79(19.74) vs. 30.83 (17.97) 0916 | 0.206(0.167) vs.0.242(0.139) 0.079
Hypertension, yes vs. no 760 (3.15) vs.7.23(3.10) 0271 30.83(19.39) vs. 34.85 (8.07) 0312 | 0.236(0.154) vs.0.207 (0.064) 0.210
Coronary heart disease, yes vs.no |~ 6.87(3.60) vs. 8.05(3.14) 0345 | 36.86(19.99) vs. 28.62 (15.83) 0.001 0.194 (0.095) vs.0.249(0.126)  <0.001
Heart failure, yes vs. no 7137(3.53) vs.7.62(3.53) 0312 | 3235(18.50) vs.29.82 (18.71) 0780 | 0.232(0.147) vs.0.242(0.143) 0.951
HFrEF, yes vs. no 8.78 (3.74) vs.7.56 (3.32) 0.030 28.48 (20.14) vs. 31.33 (18.6) 0741 0.246 (0.194) vs.0.231 (0.121) 0.201
Atrial fibrillation, yes vs. no 9.15(3.57) vs.7.30 (3.34) 0011 | 2883 (18.68) vs.31.90(18.58) 0621 0.254 (0.158) vs. 0.226 (0.119) 0.024
CRP>] mg/dl, yes vs. no 6.68 (4.13) vs. 8.08 (2.70) 0024 | 29.55(1898) vs. 3208 (18.15) 0560 | 0.228(0.060) vs.0.249(0.182) 0.163

Values in bold font indicate statistically significant differences (P<0.05). HD,, hemodialysis; HFrEF, heart failure with reduced ejection fraction; CRP, C-reactive protein.




Table V. Characteristics of patients undergoing hemodialysis with and without heart failure with a reduced ejection fraction.

No HFrEF (n=92) HFrEF (n=27) P-value
Age (years) 67 (16.75) 67 (15.0) 0.706
Duration of HD treatment (months) 32 (49.5) 66 (54.0) 0.034
Males/females 62/30 25/2 0.009
Diabetes mellitus (yes/no) 36/56 8/19 0.369
Hypertension (yes/no) 78/12 25/2 0517
Coronary heart disease (yes/no) 20/72 21/6 <0.001
Autrial fibrillation (yes/no) 22/70 11/16 0.086
White blood cell count (¢/z1) 7.205(2.817.5) 6,890 (3.980.0) 0.146
Neutrophils (c/p1) 4.379.5 (2.369.3) 4226 (3.472.0) 0.814
Lymphocytes (c/zl) 1.790 (703) 1.645 (974) 0.075
Neutrophil-to-lymphocyte ratio 2.706 (1.725) 3.600(1.713) 0.026
Hemoglobin (g/dl) 11.80 (1.20) 11.70 (1.40) 0.228
Platelets (c/ul) 199.000 (74 .500) 202.000 (117.000) 0914
Creatinine (mg/dl) 5.90(297) 6.10 (1.70) 0.671
Urea (mg/dl) 122.5(34.5) 122.0 (37.0) 0.542
Urea reduction rate (%) 67.93(9.75) 67.68 (9.43) 0.785
Residual diuresis (ml) 0 (600) 300 (600) 0.464
Body mass index (kg/m?) 25.183 (6.29) 25.432 (6.07) 0.310
Protein catabolic rate (g/kg/day) 0.852 (0.263) 0.926 (0.229) 0.207
Albumin (g/dl) 3.65(0.3) 3.60(0.2) 0.336
Cholesterol (mg/dl) 139 (53.5) 124 (55.0) 0.050
Triglyceride (mg/dl) 114.5 (78.5) 87.0 (48.0) 0.012
Calcium (mg/dl) 9.1(04) 92(1.2) 0.506
Phosphorous (mg/dl) 5.1(1.47) 5.2(1.30) 0.295
Parathyroid hormone (pg/ml) 285.66 (300.4) 208.31 (238.5) 0.243
Alkaline phosphatase (U/1) 192 (97.5) 179 (57.0) 0.650
SGOT (U/M) 12 (6.75) 12 (4.00) 0.944
SGPT (U/D) 9 (8) 9(11) 0.325
Ferritin (ng/ml) 114.3 (145.82) 141.1 (254.60) 0.542
Transferrin saturation (%) 17.17 (11.82) 14.52 (4.82) 0.129
CRP (mg/dl) 1.0(0.72) 0.85(0.71) 0.854
CRP >1 mg/dl (yes/no) 46/46 10/17 0.235
Kynurenine (M) 7.523.41) 8.78 (3.74) 0.030
Tryptophan (;#M) 31.33(18.6) 2848 (20.14) 0.741
Kynurenine-to-tryptophan ratio 0.231(0.121) 0.246 (0.194) 0.201




Kwoupevivn: ka@oprotikog napayoviog nopovoiog HFrEF oe aogBeveic otnv AK

Binary logistic regression analysis

, , 95% CI for OR

Factors associated with HFrEF

Comparison B SE. Sig. OR Lower Upper VIF
Duration of HD treatment 0.003 0.006 0.642 1.003 0991 1014 1.263
Female sex 0.105 0954 0913 0.901 0.139 5.838 1.295
Coronary heart disease 3353 0.839 <0.001 34312 6.628 177628 1 364
Neutrophile-to-lymphocyte ratio 0.388 0.251 0.122 1474 0.901 2412 1.526
Tniglycerides (per mg/dl) 0.022 0.007 0.003 0978 0.965 0.992 1.380

Kynurenne (per M) 0.500 0.188 0.008 164 1141 2381 1.809

Model fit: Nagelkerke R* = 0.581, AUC=0.904, model fit: X*=57.254, P<0.001. Values in bold font indicate statistically significant differences
(P<0.05). HD, hemodialysis; HFtEF, heart failure with reduced ejection fraction.




Table VII. Characteristics of hemodialysis patients with and without atrial fibrillation.

Characteristic No Atrial fibrillation (n=86) Atrial fibrillation (n=33) P-value
Age (years) 66 (18.0) H2(13.5) 0.033
Duration of HD treatment (months) 33:5(54.25) 48 .0 (79.00) 0.276
Males/females 26/60 6/27 0.184
Diabetes mellitus (yes/no) 30/56 14/19 0.446
Hypertension (yes/no) 74/10 29/4 1.000
Coronary heart disease (yes/no) 28/58 13/20 0.482
HFrEF (yes/no) 16/70 11722 0.086
‘White blood cell count (c/u1) 6,220 (2,802.5) 8,300 (2,245.0) 0.006
Neutrophils (c/u1) 4.194.5 (1.868.5) 56470 (22440) <0.001
Lymphocytes (c/p1) 1,678.5 (841.5) 1.821.0 (709.0) 0.549
Neutrophil-to-lymphocyte ratio 2.72 (1.96) 3.17 (2.06) 0.024
Hemoglobin (g/dl) 11.95 (1.20) 11.40 (2.30) 0.003
Platelets (c/u1) 200500 (77250) 196000 (92000) 0523
Creatinine (mg/dl) 6.10 (2.72) 5.80 (3.20) 0.553
Urea (mg/dl) 122.5 (39.5) 122 0135 5) 0722
Urea reduction rate (%) 68.19 (10.50) 67.33 (7.14) 0.854
Residual diuresis (ml) 0 (700) 0 (500) 0.449
Body mass index (kg/m?) 25.24 (6.35) 26.81 (6.53) 0.254
Protein catabolic rate (g/kg/day) 0.848 (0.268) 0.898 (0.252) 0219
Albumin (g/dl) 3.7 (0.3) 3.6(0.2) 0.073
Cholesterol (mg/dl) 1375 (46.5) 124.0 (66.0) 0.157
Triglyceride (mg/dl) 1095 (85.5) 109.0 (98.5) 0.856
Calcium (mg/dl) 9.1 (0.58) 9.1(0.8) 0.260
Phosphorus (mg/dl) 52(1.53) 4.8 (1.28) 0.030
Parathyroid hormone (pg/ml) 240.31 (196.9) 300.10 (411.2) 0.652
Alkaline phosphatase (U/1) 1750 (82.5) 198.0 (57.5) 0.854
SGOT (U/) 12.0 (6.0) 130 (4.5) 0.128
SGPT (U/)) 9.0 (9.25) 100 85) 0.793
Ferritin (ng/ml) 1069 (129.7) 164 4 (258.15) 0.043
Transferrin saturation (%) 17.13 (10.99) 1495 (9.11) 0.042
CRP (mg/dl) 0.81 (0.66) 1.10 (0.83) 0.181
CRP >1 mg/dl (ves/no) 38/48 18/15 0.311
Kynurenine (M) 723(3.51) 9.15(3.57) 0.011
Tryptophan (M) 31.90 (18.58) 28.83 (18.68) 0.621
Kynurenine-to-tryptophan ratio 0.226 (0.119) 0.254 (0.158) 0.024




Kwvoupevivn: ka@oplotikoc napayovtac nopovoioc AF o aoBeveic otnv AK

Binary logistic regression analysis

Factors associated with AF 9% ClHor OR

Comparison B SE. Sig. OR Lower Upper VIF
Age (per year) 0.092 0.035 0.009 1.096 1023 L1715 1.363
Neutrophil-to-lymphocyte ratio 0374 0211 0.077 1453 0.960 2.198 1229
Hemoglobin (per g/dl) -1.168 0423 0.006 0311 0.136 0.712 1.173
Phosphorus (per mg/dl) -0.537 0.352 0.127 0.584 0.293 1.165 1185
Ferritin (per ng/ml) 0.003 0.001 0.070 1.003 1.000 1.006 1461
Transferrin saturation (%) 0072 0041 0.076 0.930 0.859 1.007 1521
Kynurenine (per jiM) 0316 0153 00 13D 1016 183 1465
Kynurenine-to-tryptophan ratio 4225 2783 0.129 68401 0.292 16008 1.400

Model fit: Nagelkerke R*=0.498, AUC=0.871, model fit: X*=48.306, P<0.001. Values in bold font indicate statistically significant differences

(P<0.05).



JUMTEpACHOTOL

»  H kwoupevivn elvat avénuévn otouc HD aoBeveic
»  Davnke OTL cuoyeTileToL aveéapTnTa UE:

1. HFrEF

2. AF

KAwikn onpaocio Twv EUpnUATWY TG HEAETNG

* Kwoupevivn: mBavog vEoC oupPaLULKOC KOPOLOTOELKOC TIOPAYOVTOC

* MBavOoV val CUHUETEXEL EvepyA oTnV TtaBoyeveon KAA vooou otouc acBeveic o HD

Kynurenine pathway = nmibavog Bspaneutikdg oTOX0G
» vEec Bepareiec pelwong xpoviac GAeyUovnG
e IDO-1 inhibitors

Meploplopol

* Cross-sectional peA€tn, Hkpo delypo aoBevwy
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