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INTRODUCTION PATIENTS AND METHODS

Imbalances of iron homeostasis are a frequent finding 1n dialysis
patients. Intravenous 1ron supplementation and ESA have been used 1n
clinical practice to increase hemoglobin levels i dialysis patients,
decrease the need for red blood cell transtusions and possibly improve
patients’ general quality of life by reducing anemia-related symptoms.
Specifically, iron supplementation 1s necessary to correct true iron
deficiency, prevent 1ts development in ESA-treated patients, increase
responsiveness to ESA, and reduce ESA dosages. Studies
mvestigating the effect of mron supplementation on mortality of
dialysis patients are rare and have produced conflicting results. No
prospective randomized controlled trials of 1ron supplementation | |e
evaluating solid clinical end-points are available so far.

Therefore, this study aimed to investigate the association between 1ron
supplementation and all-cause mortality, cardiovascular and sepsis-
related mortality in a well-characterized inception cohort of mmcident
dialysis patients who were followed for up to more than seven years.

* Single Center prospective, observational cohort study of incident hemodialysis
and peritoneal dialysis patients (INVOR-study).

* All incident dialysis patients starting chronic dialysis treatment between May
1st, 2000 and April 30%, 2006 were enrolled. A total of 235 patients were

included 1n the study and followed for a maximum of 7.6 years until December
31t 2007 or until death.

* Clinical, laboratory and medication data were collected prospectively, starting
itiation of dialysis.

1lable measurements of ferritin, CRP, albumin and hemoglobin were

u a multivariable-adjusted time-dependent Cox regression model.

* The outcomes of interest were all-cause mortality as well as cardiovascular or
sepsis-related mortality.

RESULTS

a) All-cause mortality b)

Cardiovascular or sepsis mortality

Tab. 1. Clinical characteristics of patients at

baseline and during follow-up stratified for
1iron supplementation -
-
No L
All patients Iron supplementation  iron supplementatio
(n=235) (n=204) (n=31)
Sex
Male, n (%) 146 (62.1%) 126 (61 .8%) 20 (64.5%) B _
Female, n (%) 89 (37.9%) 78 (38.2%) 11 (35.5%) g E
Age (years) 61.7+140 61.7+13.7 62.0+16.0 = =
Body Mass Index (kg/m?) 26.1+45 262+46 252+38 = 3
Start of dialysis with =+ |
Hemodialysis. n (%) 197 (83.8%) 181 (88.7%) 16 (51.6%) ¢ =
Peritoneal dialysis, n (%) 38 (16.2%) 23 (11.3%) 15 (48.4%) 4
Year of start of dialysis
2000-2003 122 (51.9%) 106 (52.0%) 16 (51.6%)
2004-2006 113 (48.1%) 98 (48.0%) 15 (48.4%) N N
Diabetes mellitus, n (%) 82 (34.9%) 77 (37.7%) 5(16.1%) 2 &= ™ S
Systolic blood pressure (mmHg) 1540227 1539+£226 1546235
Dhastolic blood pressure (mmHg) 830123 827126 829=+119
[78.0: 84.0: 90.0] [77.0: 83.0: 90.0] [78.0: 85.0: 91.0] — = Iron yes — = Ironyes
Medicarion at baseline g | = Iron no g | = Iron no
ron sopplomments, 1 (% 5 00 6% 5 060%, 000 | | I | | I | ' | | | | |
on supp ts, n (o 6% 0% %) © T Ti "
ESA and iron supplements, n (%) 51 (21.7%) 51 (25.0%) 0 (0.0%) © (méﬂlﬁs; & 1 & 26 2 b 1z B4 26 {mémﬁs} : 12 24 36 48 60 2 i =
Laboratory parameters at baseline n at risk 235 202 160 103 75 46 25 10 3 n at risk 235 202 160 108 5 46 25 10 3
Ferritin (ng/ml) 174 =207 155 £192 320251 Yasurv 100 860 B81 460 319 196 106 43 13 % surv 100 86.0 681 460 319 196 106 43 1.3
[44: 111; 234] [42: 93: 195] [188: 251: 416]
Iron (ug/dl) 51.4+315 50.0+30.8 62.4+348" . ) ) ) ) )
[30.0: 44.0: 61.0] [30.0: 41.0; 61.0] [42.8: 53.5: 79.0] _ _
ematernin () 0.0; 44.0; 61 .0: 410, 61 28; 335,79 Fig. 1. Survival curves for a) all-cause mortality and b) cardiovascular or sepsis-related mortality
Transferrin saturation (%) 18.6+ 113 17.8+10.7 241+138" . . . .
[109.160.228]  [100.150.220]  [146.217.280] adjusted for age, sex, time-dependent type of renal replacement therapy, diabetes, time-dependent
Hemoglobin (g/dL) 1117172 11.17+1.67 11.12+1.99 ? ? ? ?
C-reacti ' dL 324+534 321+550 345+420 " " : . : : : .
reactive protein (mg/dL) 0o nsaat0l 1030 0seaml 0o C-reactive protein, albumin and hemoglobin and patients stratified for iron supplementation. The
Creatinine (mg/dL) 728264 723 +2.65 7.67+2.54 . . . . . . . .
| [550:680:860]  [550:670:835]  [560:820.870] number of patients at risk for each year of observation 1s given with the last observation time at
Albumin (g/dL) 3.71+0.65 372+ 0.65 3.65 + 0.69
Calca dL 85+1.1 83+1.1 37+10 cc ¢ . . .
e e ) e1:1o il Sexlo 91 months. “% surv® indicates the percentage of survivors for each 12-month interval.
1PTH (pg/mlL.) 3505+£2649 36052736 2709+ 1802
[156.5:2872:4687]  [159.4:292.7-4687]  [147.9:222.9: 397.0] _ _
Bicarbonate (mEq/L) 21.00+3.59 2093 +344 21.75+ 498 & o e WL R R . A g
Exrythrocytes (T/L) 373+ 0.62 375+ 0.62 3.61+0.65 . kel o . ST Fi y C ) 1 p 1
Leukocytes (G/L) 818 +329 827+326 7.64+3.43 - -
(Elsssx o Euesas o Teless ig. 2. Cox regression results: splines to
Total cholesterol (mg/dL) 189.8 £ 51.0 189.7 = 50.7 190.3 + 54.7 -
Comorbiition at bocsline 1 - explore the functional form of the effect of
CAD *.n (%) 40 (17.0%) 36 (17.6%) 4(12.9%) . . .
CVD **_n (%) 70 (29.8%) 63 (30.9%) 7 (22.6%) . o
CVD =009 et 3 oy 1269 % % T ferritin values on the log hazard ratio for the
Follow-up @ E: . .
A 134 (99.6% 204 (100.0% 2 (93 5% . risk of all-cause mortality (a,b) and
Follow-up time (months) 1 382+232 404+£226 240+£2244 . . .
Transplantation, n (%) 58 (24.7%) 19 (24.0%) 9 (29.0%) cardiovascular or sepsis-related mortality (c, d)
All-cause mortality, n (%) 82 (34.9%) 66 (32.4%) 16 (51.6%) ® § - g - ?
CV mortality *. n (%) 38 (16.2%) 32 (15.7%) 6 (19.4%) - - - - -
Sepsis mortality. 2 (%) 21 (8.9%) 16 (75% 5 (16.1% 1in patients with C-reactive protein <0.5 mg/dL
CV and/or sepsis mortality, n (%) 59 (25.1%) 48 (23.5%) 11 (35.5%) o _ i w .
R —————————— _I_-.FIIHIIIL‘_I.L[LILllllllll ||||I Ll . | : : wnl Meein 11 : |
Mean = SD [25%, 50% and 75™ percentile for cases of non-normal distribution] or number (%5). 0 200 400 600 GO0 1000 1200 1400 1800 0 00 400 300 BA0 1000 1200 1400 1E00 (a; C) and 20 . 5 mg/ dL (b; d) durlng fOIIOW_up;
3 p<0.05; ® p<0.01; © p<0.005; ¢ p<0.001, comparison between patients who ever received iron supplementation — — . . .
and patients who never received iron supplementation during the observation period. c) Cardiovascular or sepsis mortality oy Cardiovascular or sepsis mortality Eld_] U.Sted fOI' ﬂgej SeX, dlﬂbetes mellltlls ﬂnd

C-reactivie protein <05 moidl C-reactive protein ==0.5 mg/dl

time-dependent albumin and hemoglobin.
Dashed lines are the point wise 95% CI. The
rugplot at the bottom of the figures displays

Tab. 2. Association between 1ron supplementation
and all-cause mortality and cardiovascular or

sepsm-r.elated mortality using time-dependent Cox 3 3 the number of measurements. Time-dependent
proportional hazards models. Cox proportional hazards model using all
T T | = - -
All-cause mortality CV or sepsis mortality™= \ CRP' ﬂIld feITltIIl-VElllleS COIIeCted dllfl]flg
HR (95% EI} P-value AR (95% EI) P-value v ] |—-FIIIIIIIJ!. I.IJIIJJIIIIJIl LI il 1iﬂ'}.l i —I[Illlllqﬂlllllll.llll.llll LA | f 11

Age (years) 105 (1.03-108) <0001 104 (1.02-107) <0001 0 200 400 @00 BOD mlm:- 12In|::- mlnn 1ﬂlun tl:u 200 400 500 8O0 1000 1200 mlun 1E00) O Ow_up'
Sex Ferritin Farritin

Female Ref Ref

Male 1.14 (0.68-1.90) 06 138 (0.73-2.60) 0.3
Type of renal replacement therapy C ONC LU SION S

Hemodialysis Ref Ref

Peritoneal dialysis 028 (0.07-1.03) 006 055 (0.14-2.12) 04

Transplantation 047 (0.14-1.54) 02 038 (0.08-1.72) 0.2 : . : : . : : . . . .
Disbetes mellius o o Iron supplementation 1s associated with a decreased all-cause mortality risk 1n incident dialysis
o ementaton 131 ©81212) 03 154 087273 ol patients. Our findings provide cautious support for the safety and benefit of judicious iron

No Ref Ref » » 41 »

N 0005 000 o oonon 006 supplementation to achieve serum {ferritin levels of up to approximately 600-800 ng/mlL.
C-reactive protein (mg/dL) 1.13 (1.10-1.17) <0001 111 (1.07-1.15) <0.001 41 . . . ; . . ;
O LI e G e Additional studies are needed to determine the influence of various 1ron dosing regimens and
Hemoglobin (/41 2 QFH 07 0% @iy 92 ferntin threshold targets on clinical outcomes such as cardiovascular disease, severe infection
* Adjusted for age, sex, diabetes mellitus and the time-dependent vaniables type of renal replacement therapy, C- .
reactive protein, albumin and hemoglobin.
*k ‘(::‘tard]i]uvtascular or sepsis murtag:it_v: myocardial infarction (MTI), heart failure, sudden death, 1schemic and Overall mortalltY'

stroke, hemorrhagic stroke, sepsis.
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