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Problemen in Voedingsonderzoek

* Tekortkoming van vragenlijsten en anamnese

— Sociaal wenselijke antwoorden
* Selectieve onder- en overrapportage

— Heel slechte schatting van energie intake

— Geen valide schatting van belangrijke factoren zoals
zout intake

— Heel hoge correlatie tussen actieve substanties, bijv.
vezels en thiamine

— Inadequate inschatting van belangrijke potentiéle
confunders, zoals alcohol en roken



Problemen in Voedingsonderzoek
* Tekortkomingen bij Phenotypering

— Variabelen laten niet zien wat ze verondersteld worden te
weerspiegelen

 \Voorbeelden:

 BMI (bedoeld om vetmassa te weerspiegelen, maar geeft
daadwerkelijk vetmassa + spiermassa + botmassa + ...
weer)

» DEXA / CT (bedoeld om vetmassa en spiermassa apart te
weerspiegelen, maar in feite wordt vetmassa onderschat
en spiermassa overschat, vooral bij hogere vetmassa)



Functies van de nier in relatie tot voeding:
Glomerulaire Filtratie

 Glomerulaire filtratie van wateroplosbare klein moleculaire en middel moleculaire stoffen, bijv.
* Water
* Ureum (afbraakproduct van eiwit)
* Natrium
e Kalium
* Fosfaat
* Sulfaat (afbraakproduct uit zwavelhoudende aminozuren, noodzaak tot uitscheiding zuur / ammonia via de nier)

* Glucose

* Aminozuren
 Wateroplosbare vitamines
* Vitamine B12

* Eiwit/albumine

 Tubulaire secretie van (slechter) wateroplosbare klein moleculaire stoffen
* Terugwinnen uit het ultrafiltraat van belangrijke glomerulair gefiltreerde klein moleculaire en middel moleculaire stoffen

e Bewaren van homeostase / evenwicht
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Functies van de nier in relatie tot voeding:
Tubulaire secretie

* Glomerulaire filtratie van wateroplosbare klein moleculaire en
middel moleculaire stoffen, bijv.

* Tubulaire secretie van klein moleculaire stoffen, bijv.
 Creatinine
e Kalium
* Geneesmiddelen / toxines
e H*
* NH,*

* Terugwinnen uit het ultrafiltraat van belangrijke glomerulair
gefiltreerde klein moleculaire en middel moleculaire stoffen

e Bewaren van homeostase / evenwicht
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Functies van de nier in relatie tot voeding:
Tubulaire terugresorptie

* Glomerulaire filtratie van wateroplosbare klein moleculaire en
middel moleculaire stoffen, bijv.

e Tubulaire secretie van klein moleculaire stoffen

* Terugwinnen uit het ultrafiltraat van belangrijke glomerulair
gefiltreerde klein moleculaire en middel moleculaire stoffen, bijv.

 Glucose

* Aminozuren

* Wateroplosbare vitamines
* Vitamine B12

* Eiwit/ albumine

e Bewaren van homeostase / evenwicht
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Functies van de nier in relatie tot voeding:
Homeostase

* Glomerulaire filtratie van wateroplosbare klein moleculaire en
middel moleculaire stoffen, bijv.

e Tubulaire secretie van klein moleculaire stoffen

* Terugwinnen uit het ultrafiltraat van belangrijke glomerulair
gefiltreerde klein moleculaire en middel moleculaire stoffen

* Bewaren van homeostase / evenwicht, bijv.
* Water
 Natrium (hypertensie, volume overbelasting, hartfalen)
* Kalium (hyperkaliaemie, hartritmestoornissen, hartstilstand)
* Zuur-base (metabole acidose, botontkalking, sarcopenie)
* Fosfaat (vaatverkaling, botontkalking)
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Voedingsfocus bij Chronic Kidney Disease
(voorafgaand aan dialyse)

* Laag eiwit
* Minder glomerulaire hyperfiltratie
* Minder uremische toxines

* Plantaardig

* Minder fosfaat load
e Minder zuur load

* Meervezels

* Minder natrium

* Nadelen

* Verhoogd risico op ondervoeding, sarcopenie, meer ziekenhuisopnames en
voortijdige sterfte
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Belangrijke componenten die voeding bij
dialyse complexer maken

* Dialyse
* Geen terugwinning belangrijke stoffen uit het ultrafiltraat
* Verlies van aminozuren, micro-nutrienten en eiwit naar het dialysaat

* Verhoogde neiging verlies van spiermassa
* Verhoogde kans op deficienties

21-4-2026
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Bovendien ligt het focus/prioriteit van het met
voeding te bereiken doelen (wellicht) anders

* Focus bij Chronic Kidney Disease

* Voorkomen progressie nierschade
* Voorkomen cardio-metabole complicaties

* Focus bij Dialyse
* Voorkomen voortijdig overlijden
* Optimalisering kwaliteit van leven
* Voorkomen van ziekenhuisopnames
* Voorkomen van cardio-metabole complicaties

21-4-2026
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Verschuiving naar “Plant-Based” Voeding

21-4-2026

Food in the Anthropocene: the EAT-Lancet Commissionon @ 'k ®
healthy diets from sustainable food systems :

Walter Willett, Johan Rockstrom, Brent Loken, Marco Springmann, Tim Lang, Sonja Vermeulen, Tara Garnett, David Tilman, Fabrice DeClerck, Amanda
Wood, Malin Jonell, Michael Clark, Line Gordon, Jessica Fanzo, Corinna Hawkes, Rami Zurayk, Juan A Rivera, Wim De Vries, Lindiwe Majele Sibanda,

Ashkan Afshin, Abhishek Chaudhary, Mario Herrero, Rina Agustina, Francesco Branca, Anna Lartey, Shenggen Fan, Beatrice Crona, Elizabeth Fox,
Victoria Bignet, Max Troell, Therese Lindahl, Sudhvir Singh, Sarah E Cornell, K Srinath Reddy, Sunita Narain, Sania Nishtar, Christopher L Murray

The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

Julie R. Ingelfinger, M.D., Editor

Nutritional Management of Chronic Kidney
Disease

Kamyar Kalantar-Zadeh, M.D., M.P.H., Ph.D., and Denis Fouque, M.D., Ph.D.
Willett W et al. Lancet 2019; 393: 447-492 & Kalantar-Zadeh K et al. New Engl J Med 2017; 377: 1765-1776
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KDOQI 2020: Voedingrichtlijn bij CKD

Adequate energy intake: 25 a 30 kcal/kg

Proteins: 0,6- 0,8 g/kg (LPD) /0,3 a 0,6 g/kg
(sVLPD) + ketoanalogues supplementation

Fibers : 25 a 30 g/day K DOQ I .eg'|'®
\ .. Academy of Nutrition
> 50 & 70 % food of plant origin QUALTY INMATIVE rig Yo irimites e
National Kidney Foundation
Potassium : <4 g/day only if hyperkalemia KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN

CKD: 2020 UPDATE

f Phosphore : <800-1000 mg
Salt : < 4 g/day

Ikisler, 2020, AJKD



Belangrijke vragen bij Dialyse

* |s het — gegeven de verschillen met Chronic Kidney Disease —wel
verstandig de focuspunten van de dieetbegeleiding bij Chronic
Kidney Disease 1 op 1 over te nemen?

* |s het - gegeven het nog grotere belang van goede dieetbegeleiding
bij dialysepatienten dan bij patienten met CKD - wel verstandig om
hierbij grotendeels te varen op subjectieve informatie verkregen uit
de anamnese”?

21-4-2026 14



Example: Protein Consensuses
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CKD

RDA =0.8
g/kg/day

Prevention of
Progression

Prevention of
Uremic
symptoms

Dialysis induced No RDA, similar

protein to CKD?
catabolism and
losses
RDA=1.1 Chronic
g/kg/day Immunosuppres
sion
Catabolism
iInduced by

glucocorticoids
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Onderzoek naar gezondhelid bij dialyse (1)

- Hoe definieer je gezondheid?
- Niet ziek worden?
- Lang leven?
- Hoge kwaliteit van leven?

21-4-2026
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Onderzoek naar gezondheid bij dialyse (2)

- Wat zouden oorzaken van “ongezondheid” bij dialyse?
- Slechte voeding?
- Weinig beweging?
- Te dik?
- Weinig slaap?
- Bijwerkingen medicijnen?
- Bijkomende aandoeningen?

21-4-2026
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Onderzoek naar gezondheid bij dialyse (3)

-Wat zouden uitkomstmaten van
“ongezondheid” bij dialyse kunnen zijn?
- Matige kwaliteit van leven?
- Veel ziekenhuisopname?
- Noodzaak tot operaties?
- Gebruik antibiotica?
- Hart- en vaatziekten?
- Diabetes?
- Functieverlies van het getransplanteerde orgaan?
- Sterfte?

21-4-2026
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Hoe kun je onderzoek naar gezondheld bij
dialyse doen?

- Dwarsdoorsnede onderzoek
- Metingen
- Onderlinge verbanden

- Cohortonderzoek

- Metingen
- Nagaan of de metingen die je gedaan hebt “voorspellen” wat er in de toekomst gaat

gebeuren

- Interventie onderzoek

- lets veranderen
- Nagaan of er iets gebeurt

21-4-2026
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Wi hebben gekozen voor cohortonderzoek bij
dialyse

e Onze truc in cohortonderzoek: 24 uurs urine

Spier —> Creajine — Energie Voeding —> (BOUIV)StOf ---> |nbouw
Creatinine Afbraakproduct
Urine/Dialysaat Urine/Dialysaat

Voedingseiwit —> Aminozuur —> |Inbouw

l

Ureum

l

149096 Urine/Dialysaat



Afgeleid van 24 uurs urine: “unbiased”

e |Intake ~ Excretie

— Natrium (gouden standaard voor zout intake)
— Ureum (gouden standaard voor eiwit intake)
— Jodium (gouden standaard voor jodium intake)

* Opname ™~ Excretie
— Kalium
— Magnesium
— Cotinine



Dialyse

* Verlies van klein moleculaire, water-oplosbare toxische metabolieten
en toxines (bijv. ureum, creatinine)

* Verlies van waardevolle klein-moleculaire, water-oplosbare
metabolieten en moleculen
* Aminozuren (bijv. arginine, tryptofaan, serine, etc.)

 Secondaire metabolieten van aminozuren (bijv. guanidinoacetate, serotonine,
agmatine, polyaminen)

* Vitamins (vitamine C, foliumzuur, vitamine B6, etc.)
 Jodium, selenium, etc.

* Bijna geen data beschikbaar over daadwerkelijke verliezen tijdens
dialyse

* Beschouwd als te moeilijk en niet mogelijk

21-4-2026
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Dialysaat Verzamel Bak (Eenvoudige Versie)
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Dialysaat Verzamel Bak (Uitgebreide Versie
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Parameters voor en na dialyse

Table 2. Clinical and laboratory parameters before and after dialysis.

21-4-2026

Variable Before Dialysis A fter Dialysis p-Value
Clinical
Systolic blood pressure (mmHg) 147 + 21 138 + 27 0.012
Diastolic blood pressure, (mmHg) 69 £+ 12 67 =11 0.163
Pulse, min~! 74 + 14 73 + 12 0.631
Body weight, kg 80.0 £ 16.0 78.7 = 16.0 < 0.001
Laboratory
Hemoglobin (mmol/L) 6.9 £ 0.7 74+ 1.0 0.001
Hematocrit 0.34 £ 0.04 0.36 == 0.04 0.012
Sodium (mmol/L) 138 £ 3 139 £ 2 0.023
Potassium (mmol/L) 49 +05 3.5 04 < 0.001
Phosphate (mmol /L) 1.6 £0.6 0.8 0.2 < 0.001
Albumin (g/L) 40 + 5 43 + 4 < 0.001
Urea (mmol/L) 20£5 612 < 0.001
Creatinine (umol/L) 707 £ 196 265 £ 94 < 0.001

Post A et al. Nutrients 2018; 10: 1827
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Verschil tussen aan de hand van biomarkers

bepaalde intake en door anamnese bepaalde intake

Table 3. Mean values of complementary biomarker assessed (CBA) intakes and dietary assessed (DA)

intakes of protein, sodium, potassium and phosphate.

Variable CBA Intake * DA Intake p-Value
Protein (g/24 h) 63 &= 19 71 £19 0.003

Sodium (mg/24 h) 4035 £ 2316 2123 = 616 < 0.001
Potassium (mg/24 h) 2041 £+ 907 2445 + 568 0.008
Phosphate (mg/24 h) 1427 4 637 1221 = 276 0.029

* = uptake in the case of phosphate.

Post A et al. Nutrients 2018; 10: 1827
21-4-2026
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Eiwit intake (Anamnese vs biomarker)
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Natrium Intake
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Figure 2. (a) Comparison of complementary biomarker assessed (CBA ) sodium intake and diary assessed (DA) sodium intake (r = 0.297; p = 0.056); (b) Bland-Altman
plot for CBA sodium intake and DA sodium intake, with significant proportional bias (r = L887; p < 0.001).

Post A et al. Nutrients 2018; 10: 1827
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Kalium Intake
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DA potassium intake (mg/24h)
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Figure 3. (a) Comparison of complementary biomarker assessed (CBA) potassium intake and diary assessed (DA) potassium intake (r=0.312; p = 0.047);
(b) Bland-Altman plot for CBA potassium intake and DA potassium intake, with significant proportional bias (r = 0.4446; p = 0.003).

Post A et al. Nutrients 2018; 10: 1827

29



21-4-2026

Fosfaat iIntake
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Figure 4 (a) Comparison of complementary biomarker assessed (UBA) phosphate uptake and diary assessed (DA) phosphate intake (r = 0.409; p = 0LD08);
(b) Bland-Altman plot for CBA phosphate uptake and DA phosphate intake, with significant proportional bias (r= 0.710; p < 0.001).

Post A et al. Nutrients 2018; 10: 1827
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Creatine — Creatinine — Spleren
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24 uurs Creatinine Excretie is de Gouden Standaard
voor bepaling functionele spiermassa
Beter dan CT, MRI, DEXA en BIA,
omdat er geen interferentie is van
lichaamswater, inter- en intramusculair
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bloedvaten Complementary Biomarker Assessment
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24 uurs Urine Creatinine Excretie is een Uitstekende
Gezondheidsmaat

_ o == | St Tertile (N=204)
* Kidney Transplant Recipients 2nd Tertile (n=198)

(Oterdoom LH et al. 3rd Tertile (n=202)
Transplantation 2008)

* General Population P<0.001
(Oterdoom LH et al.
Atherosclerosis 2009)

* Diabetes
(Sinkeler SJ et al. Diabetes
Care 2013)

* Heart Failure (ter Maaten JM o 1 2 3 4 5 6
et al. Clin Res Cardiol 2014) Follow-up (years)
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24 uurs Urine Creatinine Excretie en Sterfte bij ICU
patienten

A UCE and in-hospital mortality B UCE and long-term mortality
100, 100 7o
2 80 80
>
| X
g 60; — 601
©
3 =
g 40 2 40
=
20 20+
-_-— Log-rank test: P<0.001
) v 0 v - - - \
Q1 Q2 Q3 Q4 Q5 0 1 2 3 4 5
quintiles years after hospital discharge
Nrs at risk
Q1 850 658 589 529 495 471
Q2 1006 834 759 701 659 636

Q3 1040 909 841 790 753 729
Q4 1092 991 935 900 875 850
Q5 1123 1066 1016 086 976 961

Hessels L et al. Intensive Care Med 2018; 44: 1699-1708

Complementary Biomarker Assessment
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Dialysaat Creatinine Excretie als maat voor
spiermassa .

Handgrip strength (kg)

0 | T 1
2,0 4,0 6,0 8.0

Creatinine synthesis rate (mmol/24h)
indexed to body surface area

Fig. 1. Scatter plot of the correlation between Creatinine Synthesis Rate, indexed to
BSA, and handgrip strength. Legend Fig. 1: Scatter plot of the correlation between
creatinine synthesis rate, indexed to body surface area, and handgrip strength. For the
total cohort the correlation coefficient was 0.63 (P < 0.001); The correlation coefficient
was 0.61 in men (solid circles, P < 0.001), and 0.56 (open circles, P = 0.045) in women.

Poppe ESJM et al. Clin Nutr 2019
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Creatine, Creatinine en Guanidinoacetate
concentaties in dialyse patienten

5-6-2025

Overall

Creatine

Predialysis concentration, pmol/L 26[16-41]

Postdialysis concentration, umol/L 21[15-30]

Absolute decrease, pmol/L 5[1-14]""

Proportional decrease, % 13439
Creatinine

Predialysis concentration, pmol/L 6894207

Postdialysis concentration, pmol/L 257492

Absolute decrease, umol/L 4324146

Proportional decrease, % 63+8

Males Females

19[15-33] " 33 [24-56] 0.01
20[15-25] " 24[15-371 0.01
3[0-8]° 10[3-18] ™ 0.02
5443 27426 0.02
7064224 6604175 04
274497 2284787 0.07
4324156 43241307 0.9
61+9 65+7 0.05

Differences between males and females are tested using an independent sample t-test. Differences between predialysis and postdialysis plasma concentrations are
tested using paired sample t-test or the paired samples Wilcoxon test. Absolute decrease and proportional decrease are test against no decrease by t-test or Wilcoxon

test. Statistical significance is indicated with asterixis (' P<0.05;  P<0.01; "~

Post A et al. J Transl Med 2021; 19: 115

"P<0.001)

Optimal Diet

reported variation in fasting plasma creatine concentra-
tions is high [62, 63], the median fasting plasma con-
centration of 26 pmol/L observed in the hemodialysis
patients in the current report is appreciably lower than
reported mean values of 40.5 pymol/L in 6 healthy subjects
in a creatine supplementation study and 36.7 pmol/L in
4,735 subjects of the general population [62, 63]. Inter-
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Ongewilld creatine verlies gedurende

dialyse

Overall
Creatine

719 [399-1070]

EE

Total loss, pmol
Estimated extracellular loss, pmol 79 [19-196]
Estimated intracellular loss, pmol

Creatinine
Total loss, mmol 155484
Estimated extracellular loss, mmol 6.8+25
Estimated intracellular loss, mmol 87+7.1

612 [365-902]

Males

655 [397-1015]
58 [5-144] ™

545 [365-871]

175496
72427
104484

Females

867 [464-1363]

147 [42-231]1 7
697 [413-1052]

120+39
6.2+£19
58122

0.2
0.04
04

0.003
0.2
0.003

ECV is calculated according to the formula by Abraham et al. [27]

Differences between males and females are tested using an independent sample t-test or Mann-Whitney U test. Differences between extracellular and intracellular

removal are tested using paired sample t-test or the paired samples Wilcoxon test, and statistical significance is indicated with asterixis (' P<0.05; " P<0.01;

P <0.001)

Post A et al. J Transl Med 2021; 19: 115

5-6-2025 Optimal Diet
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24uurs Creatinine Productie en Sterfte bij

Dialysis Patiént
CER CERH
100- 1001
g |10 s |0
E 80- E 804
e -
@ 60 @ 60
t 1=
e 2 40
E 404 Log-Rank p < 0.001 5 :l: Log-Rank p < 0.001
T ' : : 03 ' : :
ulJ 10 20 30 0 10 20 30
Follow-up (months) _ _ Follow-up (months)
Subjects at risk Subjects at risk
— Tertile 1 13 10 6 2 — Tertile 1 13 10 B 3
= Tertile 2 14 13 13 [ — Tertile 2 14 13 13 5
Tertile 3 13 13 13 8 Tertile 3 13 13 13 8
(a) (b)

Figure 5. (a) Kaplan-Meier curves for sex-stratified tertiles of creatinine excretion rate (CER) and

3 5 8 5 8 ¥ e
(b) creatinine excretion rate, indexed to height (CERH). Table 4. Cox regression analyses for prediction of patient mortality based on excretion of creatinine
excretion rate (CER) and creatinine excretion indexed to height2 (CERH).

CER CERH
Model
ode HR (95% CI) p-Value ~ HR(©5%CI)  p-Value
1 0.59 (0.42-0.84) 0.003 0.13 (0.04-0.45) 0.001
2 0.50 (0.29-0.83) 0.007 0.14 (0.03-0.61) 0.009
. 3 0.47 (0.28-0.79) 0.005 0.12 (0.03-0.56) 0.007
Post A et al. Nutrients 2018; 10: 1827 4 0.49 (0.29-0.82) 0.007 0.14 (0.03-0.62) 0.010
5 0.50 (0.30-0.82) 0.007 0.14 (0.03-0.61) 0.009

Model 1, crude model; model 2, adjusted for age and sex; model 3, as model 2, additionally adjusted BMI; model 4,

as model 2, additionally adjusted for BSA; model 5, as model 2, additionally adjusted for systolic blood pressure.
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Verlies van aminozuren tijdens dialyse

TABLE 1 Characteristics of included CHD patients'

Patients

Age,y 67.9 &£ 193
Gender, n

Male 7

Female 3
Cause of ESRD, n

Hypertension 4

Diabetes mellitus 2

Autoimmune 2

Other 2
Dialysis vintage, mo 46.8 £+ 284
Height, cm 166 + 9
Weight, kg 644 + 159
BMI, kg/m? 232 + 35
Lean tissue index, kg/m? 17 17
Handgrip strength, kg 245 £ 117
Serum albumin, g/L 335+ 26

TAll values are expressed as mean & SD, n = 10. CHD, chronic
hemadialysis; ESRD, end-stage renal disease.
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FIGURE 2 AA loss during a single HD session in CHD patients.
Filled circles represent individual data points and bars represent group
means + SEMs, n = 10. AA, amino acid; BCAA, branched-chain
amino acid; CHD, chronic hemodialysis; EAA, essential amino acid;
HD, hemodialysis, NEAA, nonessential amino acid; TAA, total amino
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Plasma AA

concentration, pmol/L.  »
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concentration, pmol/I, &
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FIGURE 1 AA concentrations in (A) pre- and post-HD plasma and (B) spent dialysate of CHD patients. Plasma concentrations of 22 AAs are
expressed as umol/L. Values represent means + SEMs, n = 10. *Post-HD plasma AA concentrations are significantly different from pre-HD
plasma AA concentrations, P < 0.05. AA, amino acid; CHD, chronic hemodialysis; HD, hemodialysis.

Hendriks FK et al. J Nutr 2020;150:1160-1166 38



Het belang van het hebben van genoeg

spiermassa bij dialyse

Table 1. Baseline patient characteristics by body mass index (BMI) groups (N = 70,028)"

Characteristic (\Inoinﬂ%i/él) (nHigla ? g/E[ilz)

Age, + SD 66 = 15.0 64 = 13.3 . : : : : .
MaTe ‘;’:ﬁﬁer, " (%()yr) 18,106 (53) 15,582 (43) Table 4. Multivariable Cox regression models of all-cause death and cardiovascular death with body-mass index (BMI) and
Race, 1 (%) urinary creatinine (UCr) as continuous variables in the entire cohort and in BMI subgroups®

white 23,231 (68) 23,431 (65)

African American 7891 (23) 10,033 (28) All-Cause Death Cardiovascular Death

other 2924 (9) 2518 (7)
Medicare insurance, 7 (%) 22,043 (63) 21,179 (59) Model Hazard Ratio bl Hazard Ratio bl
(,011.10rb1d condition, n (%) . (95% CI) value (95% CI) value

diabetes as cause of renal failure 13,057 (38) 18,795 (52)

coronary artery disease 11,727 (34) 11,630 (32) All patient — 70.028

cerebrovascular accident 4123 (12) 3677 (10) patients (n o > )

peripheral vascular disease 6783 (20) 6385 (18) cach 5 kg/mz increasc in BMI 0.95 (0.93 t0 0.96) <0.001 0.95 (0.94 t0 0.97) <0.001

?eartc’{failure" 13%,2‘13; 81(1)% 142,2'{’2 Eg) each g/d increase in UCr 0.68 (0.65 to 0.70) <0.001 0.67 (0.64 to 0.71) <0.001

ung disease 3 R o

. 18.5 =BMI <25 (n = 34,046)

cancer 2084 (6) 1713 (5) >

current smoker 2334 (7) 1691 (5) cach 5 kg/m2 increase in BMI 0.87 (0.83 t0 0.91) <0.001 0.91 (0.851t00.96) 0.001
Functional status, n (%) . cach g/d increase in UCr 0.70 (0.66 to 0.74) <0.001 0.68 (0.63 to 0.73) <0.001

requires assistance to transfer 626 (2) 610 (2) - .

requires assistance to ambulate® 1819 (5) 1850 (5) 25 =BMI <302 (i”l T 2095‘98)
Nutritional parameters each 5 kg/m” increase in BMI 0.94 (0.87 to 1.01) 0.097 0.90 to 0.81 to 1.00) 0.055

BMI, mean + SD (kg/m?®) 220+ 18 305 =49 : :

weight (k) 5909 0« 146 cach g/d increase in UCr 0.68 (0.63 to 0.73) <0.001 0.67 (0.61 to 0.74) <0.001

24-h urine creatinine (g/dl) 0.76 = 0.35 0.86 = 0.39 BMI =30 (n = 15,384)

Serum albumin, mean = SD (g/dl) 31207 3206 ecach 5 kg/m? increase in BMI 1.04 (1.01 to 1.07) 0.021 1.02 (0.98 to 1.07) 0317
Outcome . .

Mlocanse death 16285 (48) 13.677 (38) cach g/d increase in UCr 0.67 (0.62 to 0.73) <0.001 0.69 (0.62to 0.78) <0.001

cardiovascular death 8388 (25) 7413 (21

“ Each model adjusted for age, gender, race, Medicare insurance, comorbid condition, functional status, and serum albumin levels.

* Normal BMI, 18.5 = BMI = 24.9 kg/m”: high BMI, =25.0 kg/m".
® Differences between groups were not significant (P = 0.05). For all other comparisons, P < 0.05.

21-4-2026 Beddhu S et al. ] Am Soc Nephrol 2003; 14: 236632372



Huidige Dieet Richtlijnen bij Chronic Kidney
Disease

* Gebaseerd op problemen met

* Excretie van ureum (= Afbraakproduct van eiwit)

* Excretie van zuur (= Afbraakproduct van zwavelhoudende aminozuren,
vooral in dierlijk eiwit)

* Excretie van fosfaat (= hoge hoeveelheid in dierlijk eiwit en natuurlijk in
ultra-processed foods)

* Laag eiwit dieet
* Als eiwit wordt gegeten, is het bij voorkeur uit plantaardig materiaal

21-4-2026 40
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Dieet bij CKD

Tabke 2. Recommended Dietary and N utrient Intake in Adults, According tothe CKD Stage. ™

MNormal Kidney Function
with Increased CKD Risk

Dietary Constituent
Protein (g/kg/day)

Sodium (g/day)i

Potassium (g/day) Y

Phospharus (mg/day)| «1000; minimize added inor-
ganicphosphorus inpre-
servatives and process ed

foods
Caldum (mg/day)

based Eods (g day)

diet)

Energy (kcalfkg/day)** 30-35; adjust to targetweight
reduction if BMI=3077

Fats Mostly mono ursaturated
and polvunsaturated lipids,
incduding r=3 fatty acds

<10y Increase propotion of
plart- based proteins

<4 (<3 in patients with hyper-
tension )f

4.7 (same asrecommended
for general population)

1000-1300 {ad justed for age)

Fibers, alkali, and plam- 25-30; target higher propor-
tion (=505 of plam-
based foods (eg., DASH

Mild-to- Mod erate CKD7

<10 {eorsider0.6-08 (TeGFR
<d5 ml/minf1.73 miar
rapid progression)

<d; avold imake of <1.5 if
hy o atrermla |kely

4.7 unless frequent or severe

by pe rkaler ia excursions
likely

<J00; minimize added inar-
ganic phosphoms and

ENCOUTage cons um phion
of more plan thased food s

E00- 1000

2530 or more; higher propor
tion (=505 of plam-basad
faods

10-15; Increase proport on
with LPD

Maostl monounsaturated
and polvunsaturated lipkds,
including r=3 fatty ac ds,
Increas e proportion with
| e rteden | it ke

Advanced CKDY

0.6-08, including 50% HBY pro-
tein, or <06 withaddtion of
EAA ar KA

<3, avold imtake of <1.5 iThypona-
frermia likely

<3 Ifhyperkalemia occurs fre-

quertl during high-fibar
intake

<800, minimize added inorganic
phosphorus and encourage
consumption of more plant-
based food s

BO0- 1000

2530 ar mame: oo raide = N5
plart-based bods

30-15; Increase proport on wi th
LFD

Mostl monounsaturated and
pokunsatraed lipids, includ
ing n—3 fatty adds, increase
propartion with low-protein
imtake

Transition to Dialysisy

Ongoing Dialsis or Any Stage
with Exising or Imminent PEW

0608 on nond lalyss days
and =1 Dondals s days

12-1.4; may requimn =15 if hy-
pe rcata bol ke state develo ps

<3

<3 Ifhwperkaleml a cocurs

raquently during high-
fiber irita ke

<800, minimize added in-
organicphosphorus;

consid er phosphorus
binder

BO0- 1000 o less

<3

<3, target high-fiber intake

<800, minimize added inorganic
phasphorus, add phos pho-
rus binder as needed

< K00

2530 or morne 25-30or more; 5 uggest avo id-
Ing strict vegan diet
30-35 30-15; target higher intake If

Mostly monounsaturated
and pokyu reaturated
lipids, incuding n-3 fatty
acids

PEW presant or lmminent

Mostl monounsaturated and
palyursaturated lipids,
including =3 fatty acids

Kalantar-Zadeh K et al. New Engl J Med 2017; 377: 1765-1776

Complementary Biomarker Assessment
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K/DOQI Richtlijn over voeding bij dialyse

540 K/DOQI NUTRITION IN CHRONIC RENAL FAILURE

3. Management of Protein and Energy Intake

Dietary Protein Intake (DPI) in Maintenance Hemodialysis (MHD)

The recommended DPI for clinically stable MHD patients is 1.2 g/kg
body weight/d. (Evidence and Opinion)

* At least 50% of the dietary protein should be of high biological value.

RATIONALE DPI is often reported to be low in MHD

= — —

ADULT GUIDELINES

gested should be of high biological value. Pro-
tein of high biological value has an amino acid
composition that 1s similar to human protein, is
likely to be an animal protein, and tends to be
utilized more efficiently by humans to conserve
body protems. The increased efficiency of utiliza-

S41

therefore recommended that a safe DPI that will
maintain protein balance in almost all clinically

stable MHD patients 1s 1.2 g protein/kg BW/d; at
least 50% of the protein should be of high
biological value.

tion of high biological value protein is particu-
larly likely to be observed in individuals with
low protein intakes.

It 1s difficult for some MHD patients to main-
tain this level of daily protein intake. Techniques
must be developed to ensure this level of intake
for all patients. Education and dietary counseling

National Kidney Foundation. Am J Kidney Dis 2000; 35 Suppl 2: S1-S138
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NUTRITION AND DIALYSIS

National Kidney Foundation K/DOQI Clinical Practice Guidelines
for Nutrition in Chronic Renal Failure

Joel D. Kopple, MD

e The National Kidney Foundation Kidney Disease Outcomes Quality Initiative Clinical Practice Guidelines for
Nutrition in Chronic Renal Failure was recently published in the American Journal of Kidney Diseases. This
publication provides 27 clinical practice guidelines for adults and 10 clinical practice guidelines for children. The
adult guidelines focus primarily on patients undergoing maintenance dialysis therapy, although there are several
clinical practice guidelines on nutritional issues for patients with advanced chronic renal failure (CRF) not
undergoing dialysis therapy. The pediatric guidelines focus entirely on children undergoing maintenance dialysis
treatment. The present article discusses a number of the more prominent clinical practice guidelines for the adults.
Among these is the recommendation that the protein-energy nutritional status in these patients should be assessed
by a panel of measures rather than by any single measure. Also, non-dialyzed patients with advanced CRF (ie,
glomerular filtration rate <25 mL/min) and those undergoing maintenance hemodialysis or chronic peritoneal
dialysis should be prescribed a dietary energy intake of 35 kcal/kg/day for patients who are <60 years of age and 30
kcal/kg for patients =60 years of age. Maintenance hemodialysis patients should be prescribed 1.2 g protein/kg/d;
chronic peritoneal dialysis patients should be prescribed 1.2 to 1.3 g protein/kg/d. For non-dialyzed patients with
CRF (glomerular filtration rate <25 mL/min), 0.60 g protein/kg/d should be prescribed. For patients who will not
Accen N a diet or are unable to maintain an adequate enerqv intake on that diet. a protein intake @ N fo ( ’
protein/kg/d may be prescribed. At least 50% of the protein intake for all of these patients should be of high biologic
value. A guideline concerning indications for inaugurating maintenance dialysis treatment or renal transplantation

on the basis of deteriorating nutritional status is also given.
© 2001 by the National Kidney Foundation, Inc.

Kopple JD. Am J Kidney Dis 2001; 37 Suppl 2: S66-S70
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Creatine Homeostase bij 7/0-kg zware man

Arginine + Glycine

l AGAT - Kidney

Dietary —
creatine intake Guanidinoacetate
i l GAMT - Liver
. | Endogenous
ARSIl EEEE creatine synthesis
6.3 mmol/24h 8.3 mmol/24h

Voo

Creatine pool
Creatine + Phosphocreatine

120g = 915 mmol creatine

Non-enzymatic
conversion

1.6% per day

| Creatinine
Post A et al. Nutrients 2019; 10;11(5):1044 14.6 mmol/24h
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Essentiéle Rol van de Nier in Endogene Creatine

21-4-2026

Biosynthese

cal Giycine some cells
o'-""'.‘ AGAT g L S --....-.-..,-._._L%‘Tf?.gAm
L-Ornithine Guanidinoacetate \\
- kidney (GAT S-adencsyl-methioni ;
aiet TS GAMT i :
Intake Sad : .
P urine
—1t
SLCGAS plasma %
i muscle
Guanidi Tases Creatine -P
S-adenosyl-methionine :m enzymanc
» W *:‘ moc > m -
liver (GAMT) homocysteine Grvevsion e

Fig. 2. Creatine metabolism: biosynthesis, transport and intra-regulatory interactions. Kidney 15 the major site for the expression of AGAT which converts arginine and glycine to
guanxdinoacetate (and -ornithine . For pursuing creatine bsosynthesis, guanidinoacetate is methylated essentially in liver by GAMT using S-adenosylmethionine as a methyl donor.
Creatine from de novo biosynthesis or from diet source transits by blood and is up-taken by tissues or cells expressing Na' -dependent SLCO6AS, a plasmic membrane transporter
responsible for intracellular incorporation of creatine, Cellular creatine may be phosphorylated to creatine phosphate by creatine kinase(s) in muscle and many other cell types
including ONS cells. Creatinine, the formation of whach is correlated with muscle mass, 15 an end-product of metabolism which 15 removed in the urine, stagnation in blood being
observed when renal function is altered. Dashed red lines/arrows/symbols emphasize the major regulations taking place n creatne metabolism. Abbreviations are: AGAT, -
arginine:glycine anudinotransferase; GAMT, N-guanidinoacetate methyltransferase; SLCGAS, creatme transposter.

Joncquel-Chevalier M et al. Biochimie 2075,419! {46 pg5'ker Assessment
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Endogene creatine synthese and afbraak

21-4-2026

‘Arginine E Glycine‘ I Guanidinoacetate ‘—) Creatine —> Creatinine
GAMT Non-enzymatic
conversion
AGAT
Arginine + Lysine ‘ Homoarginine
Figure 2. Enzymatic functions of AGAT, showing that guanidinoacetate is further metabolized to creatine
and eventually creatinine, while homoarginine is not further metabolized.

Post A et al. Nutrients 2019; 10;11(5):1044
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Verminderde homoarginine en
guanidinoacetate productie na nierdonatie

Table 1. Effect of unilateral nephrectomy on biochemical parameters in 127 healthy kidney donors. Study
design and methods are described previously [51,52].

Variable N Before A fter Absolute Change in p-Value
Donation Donation Difference Mean (%)

Urinary homoarginine excretion (umol/24h) 127 40+44 30+£23 11+34 -25 0.001

Urinary urea excretion (mmol/24h) 125 420 + 127 394 + 111 26 + 140 -6 0.04
Urinary sodium excretion (mmol/24h) 125 203 +72 176 + 65 27 + 82 -13 <0.001
Plasma homoarginine (umol/L) 125 1.7+0.6 1.5+0.5 02+04 -12 <0.001
Plasma guanidinoacetate (umol/L) 127 29+1.1 23+0.5 0.6+1.0 -23 <0.001
Serum creatinine (umol/L) 127 73+12 107+ 21 -35+ 11 +47 <0.001
mGFR (mL/min) 127 118 +24 74+ 14 43+ 14 -37 <0.001
eGFR (mL/min/1.73 m?) 127 95+ 16 60+ 12 34+10 -37 <0.001

Abbreviations: eGFR: estimated glomerular filtration rate. mGFR: measured glomerular filtration rate.

Post A et al. Nutrients 2019; 11: E1044

21-4-2026
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Verminderde homoarginine en
guanidinoacetate productie na nierdonatie

Table 1. Effect of unilateral nephrectomy on biochemical parameters in 127 healthy kidney donors. Study
design and methods are described previously [51,52].

Before A fter Absolute Change in

Variable N Donation Donation Difference Mean (%) p-Value

Urinary homoarginine excretion (umol/24h) 127 40+44 30+£23 11+34 -25 0.001
Urinary urea excretion (mmol/24h) 125 420 + 127 394 + 111 26 + 140 -6 0.04

Urinary sodium excretion (mmol/24h) 125 203 +72 176 + 65 27 + 82 -13 <0.001

Plasma homoarginine (umol/L) 125 1.7+0.6 1.5+0.5 02+04 -12 <0.001

Plasma guanidinoacetate (umol/L) 127 29+1.1 23+0.5 0.6+1.0 -23 <0.001

Serum creatinine (umol/L) 127 73+12 107+ 21 -35+ 11 +47 <0.001

mGFR (mL/min) 127 118 +24 74+ 14 43+ 14 -37 <0.001

eGFR (mL/min/1.73 m?) 127 95+ 16 60+ 12 34+10 -37 <0.001

Abbreviations: eGFR: estimated glomerular filtration rate. mGFR: measured glomerular filtration rate.

Post A et al. Nutrients 2019; 11: E1044

21-4-2026
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Verminderde homoarginine en
guanidinoacetate productie na nierdonatie

Table 1. Effect of unilateral nephrectomy on biochemical parameters in 127 healthy kidney donors. Study
design and methods are described previously [51,52].

Before A fter Absolute Change in

Variable N Donation Donation Difference Mean (%) p-Value

Urinary homoarginine excretion (umol/24h) 127 40+44 30+£23 11+34 -25 0.001
Urinary urea excretion (mmol/24h) 125 420+ 127 394+ 111 26 + 140 -6 0.04

Urinary sodium excretion (mmol/24h) 125 203 +72 176 + 65 27 + 82 -13 <0.001

Plasma homoarginine (umol/L) 125 1.7+0.6 1.5+0.5 02+04 -12 <0.001

Plasma guanidinoacetate (umol/L) 127 29+1.1 23+0.5 0.6+1.0 -23 <0.001

Serum creatinine (umol/L) 127 73+12 107+ 21 -35+ 11 +47 <0.001

mGFR (mL/min) 127 118 +24 74 + 14 43+ 14 -37 <0.001

eGFR (mL/min/1.73 m2) 127 95+ 16 60 + 12 34+10 -37 <0.001

Abbreviations: eGFR: estimated glomerular filtration rate. mGFR: measured glomerular filtration rate.

Post A et al. Nutrients 2019; 11: E1044

21-4-2026
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Creatine Homeostase bij een 70 kg wegende

man

Arginine + Glycine

l AGAT - Kidney

Dietary
creatine intake

i l GAMT - Liver

Guanidinoacetate

_ Endogenous
Absorbed creatine creatine synthesis
6.3 mmol/24h 8.3 mmol/24h

Voo

Creatine pool
Creatine + Phosphocreatine

120g = 915 mmol creatine

Non-enzymatic
conversion

1.6% per day

| Creatinine

Post A et al. Nutrients 2019; 11: E1044 14.6 mmol/24h
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Genetische AGAT deficientie

21-4-2026

Molecular Genetics and Metabolism 116 (2015) 252-259

Contents lists available at ScienceDirect

Molecular Genetics and Metabolism

= -
Journal homepage: www.elsevier.com/locate/ymgme D \.l=

Arginine:glycine amidinotransferase (AGAT) deficiency: Clinical features @m“k
and long term outcomes in 16 patients diagnosed worldwide

Sylvia Stockler-Ipsiroglu #7*, Delia Apatean ?, Roberta Battini ¢, Suzanne DeBrosse 9, Kimberley Dessoffy ¢,
Simon Edvardson ¢, Florian Eichler f, Katherine Johnston &, David M. Koeller ", Sonia Nouioua ', Meriem Tazir ,
Ashok Verma”, Monica D. Dowling ¥, Klaas ]. Wierenga ', Andrea M. Wierenga /,

Victor Zhang ™, Lee-Jun C. Wong ™

ARTICLE I NFOD ABSTRACT
Article history: Badcground : Arginine:glycine aminotransferase (AGAT) (GATM ) deficiency is an autosomal recessive inbom
Received 4 September 2015 ermror of creative synthesis.

Recsived in revised form 12 October 2015
Accepted 12 October 2015
Available onling 17 October 2015

Objective: We performed an international survey among physicians known to treat patients with AGAT deficien-
cy, to assess clinial characteristics and long-term outcomes of this ultra-rare condition.

Results: 16 patients from 8 families of 8 different ethnic backgrounds were included. 1 patient was asymptomatic
when diagnosed at age 3 weeks. 15 patients diagnosed between 16 months and 25 yvears of life had intellectual

E‘;I“;:r{h' disability/developmental delay (IDD). 8 patients also had myopathy/proximal muscle weakness. Common
Cerebral creatine defidency biochemical denominators were low/undetectable guanidi noacetate ( GAA) concentrations in urine and plasma,
Myo pathy and low /undetectable cerebral creatine levels. 3 families had protein truncation/null mutations, The rest had
Intelle dual disability missense and splice mutations.

Treatment with creatine monohydrate ( 100-800 mg/kg/day) resulted in almost complete restoration of brain
creatine levels and significant improvement of myopathy. The 2 patients treated since age 4 and 16 months
had normal cognitive and behavioral development at age 10 and 11 years. Late treated patients had limited
improvement of cognitive functions

Conclusion: AGAT deficiency is a treatable intelledrual disability. Early diagnosis may prevent IDD and myopathy.
Patients with unexplained IDD with and without myopathy should be assessed for ACAT deficiency by determi-
nation of urine/plasma GAA and cerebral creatine levels (via brain MRS ), and by GATM gene sequencing.
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Creatine als een conditioneel essentiele

nutrient

>
>

Symptom severity

Creatine production

CKD 1 > CKD 5

CKD progression

Figure 3. Schematic overview indicating the increasing demand for dietary creatine as endogenous creatine

production falls during chronic kidney disease (CKD) progression.

Post A et al. Nutrients 2019; 11: E1044
21-4-2026
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Algemene symptomen bij dialyse patienten
die deels gerelateerd zouden kunnen zijn
aan creatine deficientie

* Spierzwakte

e Spierkrampen

* Vermoeidheid

* Verminderd cognitief functioneren
* Depressie

* Hartfalen
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Veelvoorkomende Fenomenen bij Dialyse
Patiénten die gerelateerd zouden kunnen zijn
aan creatine deficientie

* Progressief verlies van spiermassa
* Volume overload

* Onverklaarde hyperphosphatemie
* Onverklaarde hyperkaliemie

* Gevoeligheid voor infecties

Post A et al. Nutrients 2019; 11: E1044



En is het bij plantaardige voeding niet gewoon zo dat
we makkelijker en meer wegblijven van

ultraprocessed foods?

21-4-2026

- Ultra-processed food
; preparation

Ultra-processed Foods Characteristics and Examples

i Ultra-processed foods typically
: contain:

o Artificial additives

........................................................

.......................................................

\ Hyd ogenation, ) |
hydrolyzation, or w0 \

extrusion

.....................................................................

¢ Instant noodles

o Artificially sweetened

e Pre-prepared frozen r“ ""“.

i Types of ultra-processed foods

foods

e Sugary cereals

« Microwaveable meals g y

e Reconstituted meat @b

products

« Sweet and savory 7rd¢

packaged snacks

_—

dishes

- » - =
&

o Soft drinks { @ ’
0fed

---------------------------------------------------------------------
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Effect van bereiding methode op de vorming van
Advanced Glycation End products in rundvlees

_ The cooking methods that use dry heat and high temperatures create the most AGEs,
Effect of cooking on AGE content in beet whereas cooking technigues that use water or low to medium temperatures cause much

less damage. The safest cooking methods include:

Raw
Boiling
Microwaved

Steaming

Stewed Microwave cooking

Broiled Pan frying in low to medium heat

Grilled Stewing
Poaching

Pan fried w/fo oil

2 AcneEinstein.com Slow cookers

FPan fried w/ olive oil
kl/serving

0 2500 5000 7500 10000

21-4-2026 UribarriJ et al. ] Am Diet Assoc 2010; 110: 911-166



Vragenlijst naar intake van fruit en sterfte bij

niertransplantatiepatienten

21-4-2026

Table 3. Association of fruit consumption with risk of cardiovascular and all-cause mortality in 400 RTRs, adjusted for confounders®

Outcomes, Categories of fruit consumption, servings/day Fruit consumption, servings/day (N = 400)
mortality -
0-1 (n = 207) 2 (n=129) >3 (n = 64)
Events Reference Events HR (95% CI) ARR (%) Events HR (95% CI) ARR (%) Events HR (95% CI) P-value
Cardiovascular 25 - 17 - 1 7 - -1 49 - -
Model 1° 1.00 0.74 (0.39-1.41) 0.59 (0.24-1.47) 0.82 (0.60-1.12) 0.21
Model 2° 1.00 0.74 (0.38-1.44) 0.62 (0.25-1.55) 0.82 (0.60-1.14) 0.24
Model 3¢ 1.00 0.84 (0.41-1.71) 0.82 (0.31-2.12) 0.90 (0.64-1.27) 0.55
Model 4° 1.00 0.78 (0.38-1.57) 0.82 (0.32-2.12) 0.79 (0.57-1.10) 0.16
All-cause 45 - 36 - 6 12 - -3 93 - -
Model 1° 1.00 0.77 (0.39-1.49) 0.52 (0.20-1.35) 0.86 (0.69-1.08) 0.19
Model 2° 1.00 0.89 (0.56-1.41) 0.60 (0.31-1.17) 0.87 (0.69-1.09) 0.23
Model 3¢ 1.00 0.90 (0.56-1.43) 0.63 (0.32-1.26) 0.91 (0.71-1.16) 0.45
Model 4° 1.00 0.89 (0.55-1.46) 0.75 (0.37-1.50) 0.83 (0.65-1.05) 0.12

*Cox proportional hazards regression analysis was performed to assess the association of fruit consumption with outcomes.
hf—'tdjusted for age, sex, income and education level.

“‘Model 1 plus adjustment for eGFR, proteinuria, time since transplantation and primary renal disease.

“Model 2 plus adjustment for physical activity, total cholesterol, systolic blood pressure, BMI, diabetes and smoking status.
*Model 2, plus adjustment for cardiovascular history, alcohol use and hs-CRP.

Sotomayor CG et al. Nephrol Dial Transplant 2020 Feb 1;35(2):357-365
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Vragenlijst naar intake van groente en sterfte

bij niertransplantatiepatienten

Table 4. Association of vegetable consumption with risk of cardiovascular and all-cause mortality in 400 RTRs, adjusted for confounders®

Outcomes, Categories of vegetable consumption, tablespoons/day Vegetable consumption, tablespoons/day (N = 400)
mortality | ) _ _. . . e
0-1 (n = 35) 2(n=175) >3 (n=190)
Events Reference Events HR (95% CI) ARR (%) Events HR (95% CI) ARR (%)  Events HR (95% CI)

Cardiovascular 10 - 27 - —14 12 - —23 49 - -
Model 1° 1.00 0.44 (0.20-0.94) 0.19 (0.08-0.46) 0.52 (0.36-0.74) <0.001
Model 2° 1.00 0.42 (0.19-0.93) 0.18 (0.07-0.43) 0.49 (0.34-0.71) <0.001
Model 3¢ 1.00 0.44 (0.20-0.98) 0.18 (0.07-0.44) 0.50 (0.35-0.72) <0.001
Model 4° 1.00 0.40 (0.18-0.89) 0.17 (0.07-0.41) 0.48 (0.33-0.70) <0.001

All-cause 12 - 46 - —8 35 - —16 93 - -
Model 1° 1.00 0.61 (0.31-1.20) 0.44 (0.22-0.89) 0.75 (0.58-0.99) 0.04
Model 2° 1.00 0.60 (0.31-1.19) 0.41 (0.21-0.82) 0.73 (0.56-0.95) 0.02
Model 3¢ 1.00 0.60 (0.31-1.19) 0.41 (0.21-0.83) 0.73 (0.56-0.95) 0.02
Model 4° 1.00 0.60 (0.30-1.19) 0.41 (0.20-0.81) 0.72 (0.55-0.95) 0.02

“Cox proportional hazards regression analysis was performed to assess the association of fruit consumption with outcomes.
IJ15'|Ltfl"iu51:ttfl for age, sex, income and education level.

“Model 1 plus adjustment for eGFR, proteinuria, time since transplantation and primary renal disease.

“Model 2 plus adjustment for physical activity, total cholesterol, systolic blood pressure, BMI, diabetes and smoking status.
“Model 2, plus adjustment for cardiovascular history, alcohol use and hs-CRP.

Sotomayor CG et al. Nephrol Dial Transplant 2020 Feb 1;35(2):357-365
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Eiwit Intake en Sterfte na Niertransplantatie
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Kaplan-Meier curves for mortality according

to tertiles of urinary urea excretion. Log-rank test for mor-

tality (P = 0.001). Range of urinary urea excretion (g/24 hr)
in tertiles: I, 20.1 or less: II, 20.1-24.8; III, 24.8 or greater.

21-4-2026 Deetman PE et al. Transplantation 2015; 99: 1009-15
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Eiwit intake en sterfte bij

niertransplantatiepatienten, de rol van spiermassa

Tabls 4. Associaton of urea excration with rnsk of mortality and graft
failura, adjustad lor confoundars

HR (25% CI) of continuous :[rE-a axcrefion (per

100 mmal’24-h)
Cutcome Mortality p Caraft failure p
Maortality, 133 {Z2.0) 53(8.8)
%)
Person- 3860 3710
YEArS

Model 1 | 0.75[0.63-0.80) 0.001]|| 067 [0.52-0.87] 0.002
Model 2 | 0.75[063-0.90] 0001||0.73[056-097] 0.03
Model 3 | 0.76[0.63-0.90] 0002|061 [0.45084] 0.002
Model 4 | 0.73[061-0.87] 0001||0.71[053-095] 0.02
Model5 | 0.73[0.61-0.88] 0.001|| 0.65[0.48-0.87] 0.004
Model 5 | 0.76[0.64-0.90] 0002||0.74[056-097] 0.03

Modsal 12 urea excretion per 100 mmolf24-h + adjustmeants for age, sex,
and waist.

Model 2- model 1 + adjustments for proteinunia and eGFR.

Model 3: model 2 + adjustment for alcohol intake.

Model 4: model 2 + adjustments for antifypertensives usage, antidiabst-
ic drugs usage, and statine usage.

Model 5: model 2 + adjustments for sodium excretion and serum uresa
concantration.

Model &: model 2 + adjustment for obesity.

eGFR, estimated glomerular filtration rate.

21-4-2026 Said MY et al. Clin Transplant 2015; 29: 447-57

Table 5. Association of urea excretion with risk of morntality and grafi
fedlure and causal path analyses

HR {253% Cl) of continuous wea excretion {per
100 mimioli24-h)

Cubcome Mortality p Graft failure p
Maortality, 133 (22.0 53 (8.8)

(%]
Person- S50 370

YEETS

Model 1 0.75[063-083] 0001 O6T[0.52087 o002
Model 2 075 [063-080] 0001 073056097 0.03
Model3 087[0.77-121) 079 o74[052-1.08] 007

- s 02 OT5[0.57-098] 0.03
O74[0.55-1.04] 0.09
Model Tt erfefe=fr . O72[0.55098] o002
Model 5 0.70[065-095) 001 O76[057-1.00] 005
Model & 082 [068-099) 003 O74[054-1.01] 0.06

0,96 [0.78-1.23)

L e I

Moded 1: urea excretion per 100 mmolf24-h + adjusiments lor age, sex,
and waisl,

Modad 2 madel 1 + .‘.‘IﬂiLIEII'I'IEmﬁ fiof prolesnuTsE Snd alGFH.

Moded 3 model 2 + adjusiment for malkuirition: sesum  albumin and
creglirmne excrefon. 3a: model 2 + &ﬂj.lﬂl'r'll‘.'l"ll lor sorurm albuming and
db: el 2 + EI'JjLI31I'r'IE"|[ lof realinins excraim.

Moda 4: rodel 2 + adjusiment Tor nllammation: CRFP, blood leukocyle,
|':-r|:|-:E|I|:l:r.':-r'|i|‘|. shCARK-1, and SVCAM-1 concanlralions.

Modad 5: model 2 + adjusiment for markers of hean ladue: pro-ANP and
pro-BMF.

Moded &: rrodel 2 + adjustment lor physical aetivity: MET.

eGFR, eglimated glomerular filiration rate; CHP, C-reaclive probeing
siCAM-1, solubde inraceliular adhbeaaon molecule 1; sWOAM-1, soluble
vascukar call adhesion malecula 1; |'L"'I:I-.I’-.|"-|F'. |.'|r-|:l-EIriEI nairiuraiic penlide;
FTD-ENF’. FT'I:I-El'EiI"I ra b Lt [ i KET, metaboks aquivalent al 1ask
[ Pfurk].
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Urine zwavel metabolieten bij

lert lantati tient
A All Cause Mortality (Sulfate)
100+ | _‘_'—|_,
I_l—|_ ard tertile
Table 4. Regression coefficients for the association of protein intake with 95- —— 2nd tertile
urinary sulfate and thiosulfate excretion in 637 RTRs -
52
Model 1 Model 2 Model 3 — 904
Variable g
B P Value B PValue B P Value >
Sulfate ® 85-
Total protein, g/d 0.25 =0.001 0.23 <0.001 0.22 <(0.001 — 1st tertile
Animal protein, g/d 0.27 <0.001 0.24 <0.001 0.23 < 0.001 g0l
Plant protein, g/d 0.10 0.01 0.09 0.02 0.08 0.03 '|' p<0.001
Methionine, mg/d 0.27 =0.001 0.24 <=0.001 0.24 <0.001 ﬂEI 1ID i‘:ﬂ ’a'll]
Cysteine, mg/d 0.23 =<0.001 0.21 =0.001 0.20 <0.001 o . L
Methionine plus cysteine, mg/d ~ 0.25 <0.001 0.23 <0.001 0.22  <0.001 _ _
Thiosulfate B All Cause Mﬂrtallty [ThlﬂEUIfatE}
Total protein, g/d 0.01 0.85 0.02 0.72 0.01 0.85 100=  —
Animal protein, g/d —0.02 0.66 —0.01 0.80 —0.01 0.74 -
Plant protein, g/d 0.05 0.28 0.05 0.26 0.04 0.37 3rd tertile
Methionine, mg/d —0.02 0.67 —0.01 0.79 —0.02 0.68 95+
Cysteine, mg/d 0.01 0.81 0.02 0.72 0.01 0.88 = =
Methionine plus cysteine, mg/d ~ 0.01 0.92 0.01 0.81 0.002 0.96 = 90- |_| _ .
Coefficients are provided as standardized B values, referring tothe number of SDs sulfate or thiosulfate E L _ %gﬁmt?mge
changes, per SD increase of the nutrient. Medel 1, adjusted for age and sex; model 2, additionally E
adjusted for BSA; and model 3, additionally adjusted for eGFR (Chronic Kidney Disease Epidemiology vy B854
Collaberation equation).
80—~
'|' p=0.02
E ) I | 1
0 10 20 30

21-4-2026 Van den Berg E et al. ] Am Soc Nephrol 2014; 25: 1303-1312

Follow-up (months)
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Urine sulfaat excretie en graft failure

Figure 2. Kaplan-Meier analyses of the associations of sex-specific tertiles of
urinary sulfate excretion with graft failure.
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Urine Taurine Excretie

21-4-2026

Model 1 Model 2
Variable RTR Cohort (n = 678) Range Std. P value Std. B P value
Urinary excretion
Sodium, mmol/24 h 158 + 62 24-374 0.288 <0.001 0.179 <(0.001
Chloride, mmol/24 h 138 (108-181] 28-391 0.268 <0.001 0.151 <(0.001
Sulfate, mmol/24 h 176 + 6.4 1.8-62.4 0.324 <0.001 0.199 <(0.001
Thiosulfate, mmol/24 h 7 (4-12] 0-108 0.285 <0.001 0.170 <0.001
Creatinine, mmol/24 h 11.7 + 3.4 2.9-233 0.397 <0.001 0.265 <0.001
Dietary intake ©

Energy intake, kcal/24 h 2172 + 619 6584871 0.126 0.002 —0.038 0.34

Total protein intake, g/24 h 82 +12 26-144 0.190 <0.001 0.060 0.14

Animal protein intake, gﬁr& h 51+ 15 T3—110 0.153 0.001 0.085 0.03

Methionine intake, mg/24 h 1871 + 327 687-3510 0.176 <0.001 0.077 0.05

Cysteine intake, mgf24 h 1187 + 172 436-2296 0.238 <0.001 0.072 0.08
Meat intake, g/24 h 96 + 38 0-275 0.223 <0.001 0.151 <(0.001

Fish intake, 2/24 h 11 (4-20) 0-134 0.104 0.01 0.096 0.008

Milk jntake Erf?d L 117 4+ 83 (521 —000~ 090 0016 066

Plant protein intake, g/24 h 31+6 7-72 0.110 0.006 —0.077 0.06

Vegetable intake, g/24 h 93 + 57 0412 0.021 0.61 0.034 0.35

Fruit intake, g/24 h 152 + 114 0-621 -0.117 0.004 —0.072 0.05

TOtal Tat MtaRe, o/ 27 1 Po T 10 Z1—250 0212 U001 VAV Ve VAZH

Saturated fat intake, g/24 h 31+7 7-97 0.119 0.003 -0.021 0.59

Monounsaturated fat intake, g/24 h 30+7 797 0.237 <0.001 0.016 0.72

Polyunsaturated fat intake, g/24 h 19+6 4-74 0.151 <0.001 —-0.026 0.52

Total carbohydrate intake, gf24 h 249 + 63 16-537 0.186 <0.001 0.037 0.35

Mono and disaccharides intake, g/24 h 121 + 34 9-301 0.106 0.008 —0.006 0.87

Polysaccharides intake, g/24 h 127 + 28 8-297 0.190 <0.001 —0.009 0.83

Model 1: Crude, Model 2: Crude with adjustment for age, sex and eGFR. Urinary taurine excretion was logs-transformed for analysis. Regression coefficients are given as standardized
beta values (Std. [3), the latter referring to the number of standard deviations a dependent variable changes per standard deviation increase of the independent variable, thereby allowing
tor comparison of the strength of the associations of different variables. * Low alcohol intake was defined as 0-5 g/24 h in females, and 0-10 g/24 h in males. High alcohol intake was
defined as >5 g-24 h in females and >10 g—24 h in males). ® For eGFR, model 2 was adjusted only for age and sex. € Dietary intake was adjusted for energy intake through the residual
method. Dietary intake range was shown for the unadjusted values. Abbreviations: BMI: body mass index; BSA: body surface area; CVA: cerebrovascular accident; TIA: transient ischemic
attack; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HLA: human leukocyte antigen; eGFR: estimated glomerular filtration rate; hsCRP: high-sensitivity C-reactive protein.

Post A et al. Nutrients 2019; 11: E2212 63



Urine Taurine Excretie en Graft Failure
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Figure 1. Continuous association of urinary taurine excretion (a), urinary taurine concentration (b) and urinary taurine/creatinine ratio (c) with death-censored graft
failure. Urinary taurine excretion, urinary taurine concentration and urinary taurine/creatinine ratio were log,-transformed for prospective analysis. The histograms

depict the distribution of urinary taurine excretion, urinary taurine concentration and urinary taurine/creatinine ratio. The black line shows the adjusted hazard ratio

(HR) and the gray areas correspond to the 95% confidence interval (CI). The adjusted association was adjusted for age, sex, weight, height, eGFR and proteinuria.

P values were 0.002, 0.007 and 0.01, respectively.

21-4-2026 Post A et al. Nutrients 2019; 11: E2212
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Vitamin C

* \Water oplosbaar

* Klein moleculair

* Het menselijk lichaam kan het niet zelf maken
* Essentieel vitamine

* Wat zal er gebeuren als de nierfunctie afhneemt?
* En waarom?

21-4-2026
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TransplantLines Biobank and Cohort Study

Cohort A CohortB

688 KTR entered the
TransplantLines biobank and cohort

study = 12 months post-
transplantation

819 KTR entered the
TransplantLines biobank and cohort
study pre-transplantation

219 KTR without available 314 KTR without available
vitamin C measurements vitamin C measurements
598 KTR had an available plasma 374 KTR had an available plasma
vitamin C measurement: vitamin C measurement

-56 KTR at 3 months
-63 KTR at 6 months
436 KTR at 12 months
-348 KTR at 12 24 months
-105 KTR at 12 60 months

19 KTR without available
vitamin C measurements
2 12 months

§79 KTR had an available plasma

vitamin C measurement =12 953 KTR used for cross-
months sectional analyses
-436 KTR at 12 months 487 KTR with FFQ data
-98 KTR at 12 24 months available

-45 KTR at 12 60 months

Supplemental Figure 1. Flow diagram of study population

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):23575/366



Patient characteristics

Table 1. Patient characteristics of the study population

Plasma wvitamin _E concentration

Patient characteristics - Chwerall KTR T 2BpmolfL | =28 pmolL | P value
n QL3 322 631

Vitamin C, pmol/L 37 (24-53) 18 (13-24) 47 (37-60) <0.001
Demographics

Age years Lt +14 Ly+13 5L +14 0.007
Sex (male), n (%) Co0 (62) 226 (70) 364 (58] <0.001
Body mass index, kg/m* * 275%47 283148 270356 <0.001
Graft function

=GFR, mL/min/1.72 m? LS %190 £ %20 57+18 0,001
Urinary protein excretion, g/24-h" 0.2 {0.1-0.3] 0.2 {0.1-0.4] 0.2 (0.1-0.3) 0.02
Urinary potassium excretion, mmol/24-h 715x244 67 B2 245 7371242 0.02
Transplant characteristics

Pre-emptive transplantation, » (%) 304 (32) 92 (29) 212 (34] 0.13
Dizlysis duration, months 9 (0-28) 14 {0-20] & (D-25) 0.01
Time after transplantation, years " 1 (1-8) 1(1-4) 1(1-7] 0.01
Cardiovascular history

aystolic blood pressure, mmHg ® 133+ 16 135 * 16.6 174+ 149 0.54
Active smoking (yes), n (%] 138 (15) 65 (20) 73 (12] 0.001
Dizbetes, n (%) 264 (28) 133 (42) 131 (21) <0.001
Statine use, n (%) c48 (58) 193 (62) 349 (55) 0.07
Antihypertensive use, r (%) 803 (24) 284 (88) 519 (82] 0.02

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):23572366



Patient characteristics continued

Table 1. Patient characteristics of the study population

Plasma witamin C concentration

Patient characteristics Crverall KTR =28 pmol/L ~28 pmoljL P value
n o553 322 631

Witarmin C, prmal/L 37 (24-53) 18 (13-24) 47 (37-60) <0.001
Laboratory

Glycated hemoglobin, %" 5.8 (5.4-6.4) 6.0 (5.6-6.8) 5.7 (5.4-6.2) <(0.001L
hs-CRP, mg/1’ 1.9 (0.8-4.7) 2.5 (1.0-6.0) 1.7 (0.6-9.2) <0001
Albumin, g/ ! 426129 422230 43 8+29 0.002
Total cholesterol, mmol/1® 461 x0.599 451 %103 .65 097 0.04
HDL cholesterol, mmol /1! 138 +0.42 127038 144+042 <0001
Immmunosuppression

Prednisclone use, i (%) 928 (98) 314 (98) 614 (97) 1.00
Cyclosporine use, n (%) 10 (11) 23 (7) a1 {13) 0.01
Tacrolimus use, » (%) 736 (77) 274 (85) 462 (73] <0001
Mycophenolic acid use, n (%) * 770 (81) 2 (32) 506 (80) 0.50
Everolimus use, n (%) 44 (5] 16 (5] 28 (4) 0.84
Azathioprine use, n (%] &3 (7] 16 (5] 47 (7 0.15
Other medication

Proton pump inhibitor use, n (3] 634 (72) 250 (78) 434 (&9) 0.01
Iron supplemantation, n [38) TO(74) 24 (7] 45 (7) 1.00
Diet

Fruit, g/d ' 163 123 137+ 110 175127 0001
Vegstable, g/d’ 115 + 79 112 + 84 116 + 76 0.69
Diairy, g/d 345 * 239 362 * 247 343 + 236 041
Meat, g/d’ 117279 111 =63 115+ 76 020
Fish, g/d’ 24+ 34 20 29 26 + 35 0.07
Muts, g/d’ G (0-18) 4.6 (0-18) 5 (0-19) 0.20
Bread, g/d ' 156 £ 0.7 156 £ 207 156 + 509 0.28
Coffes, mL/d 420 (240-561) 420 (200-561) 420 (240-561) 0.83
Tea, mL/d’ 791 (30-510) 243 (8-510) 291 (79-510) 0.08
Dietary vitamin C intake, mg/d ™ o7 + 48 84 + 44 103 + 48 <0001
Vitamin C supplementation, n (3] " &9 (10) 7(3) 62 (13) =000

“Differences were tested by ANOWVA for continuous variables with mormal distribution, Eruskal—wallis test for continuows
variables with non—normal distnbution, and by x* test for categorncal variables. Data available in 939, *848, <779, “911, *935,
‘942 sozg o490, ‘920, l9s0, 952, 'S00, “457 and 688 KTR.

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):23575366



Plasma vitamin C concentration in KTR and
donors

P00 ]
~—
=
Z 1504
=
p—_
o
: [}
= 100
= .
-
= .
= L
]
=
.
0 1 I | | | T
3 ] 12 24 &l Cohort B Potentisl
Imumhs months months months munlhsl donors
Cohort A

Study moment

Figure 1. Vitamin C concentration in KTR. Dashed and dotted lines represent the median and first and third quartile,
respectively, and the width of the sections represent the probability that members of the population will take that given value.
The median (IQR) plasma vitamin C concentration was 35 (21-48), 30 (18-50), 35 (22-51), 37 (26-52), 39 (26-54), 41 (26-57),
and 58 (43-69) pumol/L at 3, 6-, 12-, 24- and 60-month post-transplantation, among prevalent KTR of cohort B and among
potential donors, respectively.

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):235754866



Vitamin C deficiency in KTR and donors

3 months

= < 6 months I
E i_g 12 months
E ~| 24 months
%i 60 months
7 Cohort B
Potential donors

() 20 40 60 al) 100
Percentage
B Vitamin C deficient =3 Vilamin C sufficient

Figure 2. Vitamin C status in KTR. The percentage of vitamin C deficient KTR was 45, 46, 39, 30, 30, 30 and 11% at 3-, 6-, 12-,

24- and 60-month post-transplantation, among prevalent KTR of cohort B and among potential donors, respectively. P<0.001
for y? test.

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):2357/2366



Clinical determinants of vitamin C deficiency

Table 2. Clinical determinants of vitamin C deficiency

Vitamin C deficiency

Patients characteristics S ——
Odds ratio 95% ClI P value

Diabetes, yes 2.67 1.84-3.87 <0.001
Active smoking, yes 1.84 1.16-2.91 0.01
HDL cholesterol, per SD increase 0.67 0.55-0.82 <0.001
eGFR, per SD increase 0.76 0.63-0.91 0.003
Plasma albumin, per SD increase 0.83 0.69-0.99 0.04

Time since transplantation, years 0.94 0.90-0.99 0.02

Logistic regression analyses with backward selection were performed (Pin 0.05, Pout 0.10). Age, sex, body mass index,
estimated glomerular filtration rate, urinary protein excretion, pre-emptive transplantation, dialysis duration, systolic blood
pressure, statin use, antihypertensive use, glycated hemoglobin, hs-CRP, total cholesterol, prednisolone use, cyclosporine use,
tacrolimus use, mycophenolic acid use, azathioprine use, proton pump inhibitor use, and iron supplementation use were
eliminated from the final model.

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):2357/2866



Dietary determinants of vitamin C deficiency

Table 3. Dietary determinants of plasma vitamin C deficiency in KTR

Vitamin C deficiency
Diet Crude Adjusted’
Odds Ratio  95% Cl Pvalue 0OddsRatio 95% Cl P value
Fruit, 100 g/d 0.75 0.62-0.89 0.002 0.78 0.64-0.94 0.01

Vegetable, 100 g/d 0.95 0.74-1.21 0.68 0.97 0.74-1.27 0.84
Dairy, 100 g/d 1.03 0.96-1.12 0.40 1.01 0.92-1.10 0.88
Meat, 100 g/d 0.85 0.65-1.10 0.22 0.84 0.62-1.12 0.24
Fish, 100 g/d 0.58 0.30-1.05 0.09 0.62 0.31-1.19 0.17
Nuts, 100 g/d 0.30 0.09-0.86 0.03 0.52 0.16-1.62 0.28
Bread, 100 g/d 1.00 0.81-1.23 0.98 1.01 0.79-1.28 0.95
Coffee, 100 ml/d 0.99 0.93-1.07 0.97 0.99 0.92-1.08 0.90
Tea, 100 ml/d 0.98 0.93-1.03 0.42 1.00 0.94-1.06 0.96
Vitamin C intake, 100 mg/d 0.38 0.24-0.61 <0.001 0.44 0.26-0.72 0.002
Vitamin C supplementation use, yes 0.21 0.09-0.44 <0.001 0.25 0.10-0.55 0.001

Univariable and multivariable logistic regression analyses were performed. TAdjustment was performed in each logistic
regression analysis by history of diabetes, active smoking status, HDL cholesterol, estimated glomerular filtration rate, plasma
albumin concentration, and time since transplantation.

21-4-2026 Yepes Calderon M et al. Eur J Nutr. 2024 Sep;63(6):2357/2366



Longitudinal plasma vitamin C measurements
before and after kidney donation
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FIGURE 2. Plasma vitamin C concentrations at predonation screening [5.3 (2.8—8.8) mo predonation, n = 20], at the day of donation (predonation, n = 51), at
the early postdonation follow-up visit [1.7 (1.6—2.1) mo postdonation, n = 35], and at the 5 y postdonation follow-up visit [60.2 (59.8—60.8) mo postdonation,
n = 20]. Vitamin C concentrations at different timepoints were compared with a paired T-test. The red line represents the mean vitamin C concentration across

all timepoints. Doorenbos CSE et al. Am J Clin Nutr 2025; 122: 1513-1523



Voeding en chronische laaggradige ontsteking zijn
onafhankelijk van nierfunctie determinanten van
vitamine C concentraties

21-4-2026

TABLE 3

Results of univariable and multivariable linear regression analyses in the
chronic kidney disease (CKD) population (dialysis group, the CKD stage 4/5
group, and the kidney transplant recipients group combined), with log,-
transformed plasma vitamin C concentrations as the dependent variable. In
the multivaniable analysis, all potential determinants were included in the
model together with additional adjustment for study group.

Univariable P value Multivariable P value
St. B (95% CI) St. B (95% CI)
Age —0.00 (—0.17, 0.16) 0.99 0.11 (—=0.07, 0.29) 0.24
Female 0.23 (-0.11, 0.56) 0.18 0.23 (-0.11, 0.57) 0.19
BMI —0.03 (-=0.20, 0.13) 0.69 0.02 (-0.14, 0.18) 0.80
Smoking 0.00 (=041, 041) 0.99 0.10 (-0.34, 0.54) 0.65
CRP' —0.21 (-0.39, -0.04) 0.02 —0.23 (-0.40, —0.06) 0.009

Vitamin C intake' 0.36 (0.20,0.51)  <0.001 0.39 (0.20, 0.58)  <0.001
Energy intake  0.04 (=0.12,0.21) 0.63  —0.13 (=0.31, 0.05) 0.17

Missing values: none.
Abbreviations: BMI, body mass index; CI, confidence interval; CRP,
C-reactive protein; st. 3, standardized  coefficient.

1
Log,-transformed. Doorenbos CSE et al. Am J Clin Nutr 2025: 122: 1513-1523
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Hoe kan het dat vitamin C lager wordt met
slechtere nierfunctie?

THE RELATION BETWEEN THE STRUCTURE OF HALOGENATED
BENZOIC ACIDS AND THE DEPLETION OF ADRENAL
ASCORBIC ACID CONTENT

J MAXWELL LITTLE, EUGENE R. STRADER axp EDWARD B. TRUITT, Jr.

Laboratories of the A. H. Robins Co., Inc. and the Department of Physiology and Pharmacology,
The Bowman Gray School of Medicine of Wake Forest College, Winston-Salem, N. C.

Received for publication August 13, 1954

Previous studies have been reported on the relationship between structural
modifications of salicylic acid and the effect of these compounds in causing a
depletion of adrenal gland ascorbic acid content, an effect frequently used to
indicate adrenal cortical activation (Hetzel and Hine, 1951; Cronheim et al.,
1952; Smith, 1952; Lowenthal and Jaques, 1953). There is a disagreement be-
tween these investigators as to whether or not the property of adrenal ascorbie
acid depletion is inherent in the benzoic acid molecule, there being two reports
in the affirmative (Cronheim, ef al., 1952; Smith, 1952) and two reports in the
negative (Hetzel and Hine, 1951; Lowenthal and Jaques, 1953).

The purposes of this study are to resolve this conflict, if possible, and to study
the effect of halogen substituted benzoic acid derivatives on the adrenal ascorbic
acid depletion in the rat.

21-4-2026 J Pharmacol Exp Ther 1954; 112: 378-381



Wat doet benzoic acid?

Table 1-Studies that have uncovered potentially hazardous effects of benzoate and/or sorbate in cell culture, model organisms, or isolated mitochondria

21-4-2026

Effect

Comments

References

Whole organism studies
Growth retardation and organ injury (SB)

Teratogenic and neurotoxic effects (SB)

In cell culture studies
Genotoxic effects (sorbate and benzoate)

Lowering of leptin (SB)
Oxidative stress, mutagenic to mtDNA
(PS and SB)

Loss of cell viability (SB)

In isolated mitochondria

Induction of the mitochondrial
permeability transition in isolated
mitochondria (SB)

Excess dietarybenzoate leads to growth retardation,
hematological abnormality, and organ injury of
piglets; also Necrotic and cirrhotic changes in the
livers of mice.

Significant developmental defects on the motor neuron
axons and neuromuscular junctions in zebrafish
larvae; also teratogenic effects during mouse fetal eye
development. Reported to downregulate the
expression of tyrosine hydroxylase and dopamine
transporter in dopaminergic neurons.

Mutagenic to human lymphocytes in vitro; also bone
marrow chromosomes of mice in vivo, causing
enhanced micronucleus formation, and/or
chromosome aberrations.

Inhibition of leptin release in cultured murine adipocytes

In yeast enhances oxidative stress, causing damage to
mtDNA readily identified as an increase in respiratory
deficient cells. In human erythrocytes benzoic acid
induces oxidative stress, causing enhanced
malondialdehyde formation, symptomatic of lipid
peroxidation. In cultured rat hepatocytes potassium
sorbate causes decreased glutathione, another
characteristic of oxidative stress.

Cell death, increases in intracellular Ca(2+)
concentration and loss of mitochondrial
transmembrane potential in cultured rat cortical
neurons and in Hela cells.

Opening of a high-conductance, cyclosporin-sensitive
pore in the mitochondrial inner membrane, causing
mitochondrial swelling, depolarization, and
uncoupling of oxidative phosphorylation.

(Kaboglu and Aktac 2002; Shu and others 2016)

(Tsay and others 2007; Chen and others 2009;
Afshar and others 2013).

(Abe and Sasaki 1977; Banerjee and Giri 1986;
Yilmaz and others 2009; Zengin 2011; Mamur
2012; Pongsavee 2015)

(Ciardi and others 2012)

(Kinderlerer and Hatton 1990; Piper 1999;
Yetuk and others 2014; Bas and others 2014)

(Park 2011)

(Trost and Lemasters 1996)

Comprehensive

REVIEWS

in Food Scieace and Food Safety

Benzoate and Sorbate Salts: A Systematic Review
of the Potential Hazards of These Invaluable
Preservatives and the Expanding Spectrum of
Clinical Uses for Sodium Benzoate

Joseph D. Piper ““" and Peter W. Piper

Abstract: Sodium benzoate and potassium sorbate are extremely useful agents for food and beverage preservation, yet
concerns remain over their complete safety. Benzoate can react with the ascorbic acid in drinks to produce the carcinogen
benzene. A few children develop allergy to this additive while, as a competitive inhibitor of D-amino acid oxidase,
benzoate can also influence neurotransmission and cognitive functioning. Model organism and cell culture studies have
raised some issues. Benzoate has been found to exert teratogenic and neurotoxic effects on zebrafish embryos. In addition,
benzoate and sorbate are reported to cause chromosome aberrations in cultured human lymphocytes; also to be potently
mutagenic toward the mitochondrial DNA in aerobic yeast cells. Whether the substantial human consumption of these

o o
O~ Na* /\/\/U\O—Na‘*'

Sodium sorbate

Sodium benzoate
(@]
(@]
O Na™t
O~Na't
OH

Sodium salicylate Sodium valproate

@\/\/ﬁ\
O~ Nat

Sodium phenylbutyrate

Figure 1-The monocarboxylate compounds discussed in this article,
shown as their sodium salts.
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enzoic acid
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Table 3. Maximum allowed limits (mg/kg) of benzoic acid and its salts (Na, K, and Ca) as permitted food additives, according to Codex Alimentarius (FAO/WHQ, 2014).

Maximum

Product level
Beverages'

Concentrates for fruit juice or nectar, fruit juice, fruit nectar, coffee or substitutes, tea, infusions, and cereal or grain beverages 1000

Concentrates for vegetable nectar, and water-based flavored drinks including “sport,” “energy,” or “electrolyte,” particulated drinks and soft drinks 600

with pH lower than 3.5

Water-based flavored drinks including “sport,” “energy,” or “electrolyte,” particulated drinks and soft drinks with pH higher than 3.5 1000

Beer, wines, spirituous, refreshers, cider, perry, and mead 1000
Bakery and sweets

Bakery wares, cereal and starch-based desserts, fat-based desserts, fruit filling for pastries, and fat emulsions 1000

Chewing gum, cocoa-based spreads and fillings, confectionery including candy and nougats, decorations, topping and sweet sauces, imitation 1500

chocolate, and chocolate substitutes

Table-top sweeteners 2000
Fruits and vegetables® and derivatives

Fruit: candied, cooked, fermented or in vinegar, oil, or brine; Vegetables: cooked, fried, dried, fermented, purees, spreads; Fruit pulp, fruit purees, and 1000

fruit preparations; Nut and seeds, coconut milk, seasoning, and condiments; Jam, jellies, marmalades, sauces, syrups, and vinegars

Dried fruit 800

Salads and sandwich spreads 1500

Vegetables in vinegar, cil, or brine, and soybean sauce 2000

Vegetables pulps or preparations 3000
Eggs and derivatives

Egg-based desserts 1000

Liquid-egg products 5000
Meat and derivatives

Cured or salted and dried nonheat-treated processed meat, poultry and game products in whole pieces or cuts (added on surface) 1000
Fish, seafood, and derivatives

Fish, mollusks, crustacean, and echinoderms: smoked, dried, fermented, or salted; Fish products: smoked, dried, or salted 200

Fermented fish products 1000

Fish, fish products, mollusks, crustacean, and echinoderms: semi-preserved; Mollusks, crustacean, and echinoderms: cooked 2000

Caviar 2500

Cooked shrimps 6000
Dairy products

Dairy-based desserts 300

Dairy-fat spreads 1000
Other products

Soups and broths 500

Pre-cooked pastas and noodles and like products 1000

Dietetic foods for medical purposes and dietetic formulas for slimming purposes 1500

Food supplements and dietetic foods 2000

'Subject to national legislation of the importing country.
*Vegetables, including fungi, roots, pulses, legumes, aloe vera, and seaweeds.
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Table 4. Maximum levels (mg/kg or L) reported for benzoic acid in commerdial

Table 5. Maximum levels (mg/kg or L) reported for benzoic acid in commerdal
fish, seafood, and meat products.

beverages.
Product Maximum level Reference
Apple juice 335 Lozano et al. (2007)
Apricot juice 45 Ene and Diacu (2009)
Grape juice 971 Lozano et al. (2007)
Lemon juice 997 Lozano et al. (2007)
Orange juice 902 Lozano et al. (2007)
Passion fruit juice 804 Tfouni and Toledo (2002)
Peach juice 63 Ene and Diacu (2009)
Ice tea 105 Lazarevic et al. (2011)
Fruit drink 170 Pant and Trenerry (1995)
Orange soft drink 338 Tfouni and Toledo (2002)
Cola drink 170 Morales et al. (2002)
Cola light drink 160 El-Ziney (2009)
Energy drink 129 El-Ziney (2009)
Low alcohol wine 280 Pant and Trenerry (1995)
Cordial 440 Pant and Trenerry (1995)
Diet cordial 450 Pant and Trenerry (1995)
Thai rice wine 25 Techakriengkrai and Surakarnkul (2007)
Rice distillates 7 Techakriengkrai and Surakarnkul (2007)

Maximum
Product level Reference
Canned fish 60 de Luca et al. (1995)
Dried fish 2 Nagayama et al. (1986)
Pickled herring 987 Leth et al. (2010)
Danish caviar 1032 Leth et al. (2010)
Prepared fish products 720 Mischek and Krapfenbauer-Cermak
(2012)
Fish sauce 266 Lin and Choong (1999)
Tunny sauce 17 de Luca et al. (1995)
Fish pate 26 de Luca et al. (1995)
Seafood salad 3 de Luca et al. (1995)
Surimi 890 Leth et al. (2010)
Shrimps, crustacean, and 1040 Mischek and Krapfenbauer-Cermak
mollusks (2012)
Boiled shrimps in brine 932 Leth et al. (2010)
Cured duck meat 345 Lo et al. (2001)
Cured pork meat 52 Lo et al. (2001)
Cured pork liver 933 Lo et al. (2001)
Pate 260 Leth et al. (2010)
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Table 1. Benzoic acid and some derivatives or related compounds approved as
food additives by FAO/WHO (CAC/MISC 6-2013).

INS number Compound
210 Benzoic acid
211 Sodium benzoate
212 Potassium benzoate
213 Calcium benzoate
214 Ethyl p-hydroxybenzoate
215 Sodium ethyl p-hydroxybenzoate
216" Propyl p-hydroxybenzoate
2177 Sodium propyl p-hydroxybenzoate
218 Methyl p-hydroxybenzoate
219 Sodium methyl p-hydroxybenzoate
928 Benzoyl peroxide
1519 Benzyl alcohol
"Currently withdrawn.

INS = International Numbering System, defined by the Codex Alimentarius.
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Leidt de combinatie van benzoic acid en vitamin C
tot endogene benzeen productie en toxiciteit?
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SHORT COMMUNICATIONS

Benzene Production from Decarboxylation of Benzoic Acid in the
Presence of Ascorbic Acid and a Transition-Metal Catalyst
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Group 4:
Ultra-processed foods

Products largely or entirely made from industrial food ingredients, many reguiring sophisticated
equipment and tecimology. Contain little or no whole foods, bt cortain additives, preservatives and

are loaded with sugars, fats, and salt.

Sugar sweetened beverages

Starchy foods and breakfast cereals
Dairy products other than desserts

(i.e. cheeses, vogurt)

Des=zerts

Sauces and fats

Prepared meals

Cookies
Fried foods and salty snacks

Cakes and pastries
Toppings

Processed meats
Liquors

Candy

Flant-based products

Soft drinks, light soft drinks, fruit juices, sov drinks

Bread, raisin bread, buns, rusk, breakfast cereals

Full-fat vogurt, semi-skimmed vogurt, skimmed vogurt, full-fat
quark. semi-skimmed quark, skimmed quark, grated cheese,
breakfast drinks, full-fat dnnks, semi-skimmed dnnks,
skimmed dninks

Ice cream, whipped cream, full-fat custard and pudding, semi-
skimmed custard and pudding, skimmed custard and pudding,
sov desserts, soy ice cream

Mavonaise halvanaise ketchup, other sauces and dressings,
margarine, halvarine

Dutch, Italian, and Chinese readvy-to-heat meals, ready-to-eat
salads, readv-to-heat quiches, other ready-to-heat products,
ready-to-heat fish, pizza

Small and large cookies, biscuits

Spring rolls, snackswith meat or cheese, chips, salty snacks,

French fries _ _
Croissants, cake and pastries, gingerbread

Chocolate spread, sweet toppings. egg salad, fish salad or
spread, meat salad, other salads and spreads

Sausages, smoked sausages etc_, luncheon meat etc.
Long drinks, cocktails, spirts

Candybar, chocolate bonbons, liquorice, other candy
Vegetarian meat products, sov products

Ultra-Processed Foods NOVA classificatie

Oste MCJ et al. Am J Clin Nutr 2022; 115: 1646-1657 zm




aseline characteristics (1)

Sex-specific tertiles

Overall RTRs Tl T2 T3
UPFs (n=632) (n = 210) (n=211) (n=211) P value
Total energy intake, kcal/d 21727 + 638.3 2033.3 + 578.7 2203.5 + 593.3 2280.6 = 711.9 <0.001
Weight proportion UPFs, % g/d
Men 297 £ 11.8 18.1 &+ 3.9 28.1 + 3.2 43.1 £+ 8.8 <0.001
Women 262 £ 9.9 163 &+ 3.6 25.1 £ 24 37.2 £ 7.5 <0.001
Energy proportion UPFs, % kcal/d
Men 339 £+ 14.1 224 £ 5.6 31.8 £ 7.1 474 £ 14.1 <0.001
Women 329 £+ 13.1 2277 £ 6.0 31.1 + 6.6 45.0 £ 13.6 <0.001
NOVA classification
Unprocessed or minimally processed foods, g/d 14549 + 471.2 1733.0 + 469.5 1467.4 + 368.0 1165.0 + 387.4 <0.001
Percentage of total food intake 57%
Processed culinary ingredients, g/d 263 + 26.7 26.8 = 264 249 + 26.1 273 £ 27.7 0.62
Percentage of total food intake 1%
Processed foods, g/d 365.7 £ 239.8 411.1 £ 256.0 363.8 £ 235.3 3224 + 219.8 0.001
Percentage of total food intake 14%
UPFs, g/d 721.2 £ 341.1 453.0 £ 151.5 679.7 £ 193.3 1029.7 + 346.8 <0.001
Percentage of total food intake 28%
Sugar-sweetened beverages 163.3 [53.6-326.1] 429 [8.3-123.1] 153.6 [85.7-294.0] 406.7 [258.4-630.9] <0.001
Starchy foods, breakfast cereals 115.4 [84.7-149.4] 1064 [78.7—140.3] __125.7 [94.7-156.7] __114.8 [85.2-153.4] 0.001
Dairy products (not desserts) 85.8 [28.8-145.0] 62.1 [13.3-127.3] 92.8 [41.4-145.0] 104.6 [49.3-187.9] <0.001
Desserts 20.7 [3.7-61.2] 9.2 10.5-33.7] 28.3 [4.5-65.8] 27.1[9.2-66.7] <0.001
Sauces and fats 38.1[24.5-52.7] 32.3[19.3-47.6] 39.9 [28.6-53.8] 38.1[25.4-57.3] 0.001
Prepared meals 21.9 [5.8-51.3] 12.9 [0.0-39.6] 20.8 [5.8-50.5] 40.2 [16.1-70.8] <0.001
Cookies 21.4[10.7-36.7] 18.5 [8.4-29.9] 23.8[13.1-34.7] 24.6 [11.8-43.5] 0.002
Fried foods and salty snacks 16.9 [6.3-31.6] 10.7 [2.3-21.8] 16.3 [6.4-30.6] 24.9[12.5-39.6] <0.001
Cakes and pastries 13.8 [7.9-29.1] 13.2 [6.9-26.4] 16.0 [7.9-34.4] 13.0 [7.7-28.6] 0.10
Toppings 15.0 [5.4-30.0] 13.1 [4.5-28.8] 16.3 [6.4-32.5] 15.0 [4.3-29.8] 0.07
Processed meats 11.1 [4.5-20.0] 8.3 [1.5-16.6] 12.2 [4.6-20.2] 12.7 [7.3-21.4] <0.001
Liquors 0.0 [0.0-3.7] 0.0 [0.0-3.7] 0.0 [0.04.5] 0.0 [0.0-3.7] 0.82
Candy 5.9[1.6-13.0] 4.9 [1.2-10.6] 5.8 [1.9-11.0] 7.1 [2.2-16.8] 0.008
Plant-based products 0.0 [0.0-0.0] 0.0 [0.0-0.0] 0.0 [0.0-0.0] 0.0 [0.0-0.0] 0.78
Nutrients
Carbohydrates, En% 459 + 6.4 446 £ 6.5 45.7 £ 6.4 473 £ 6.1 <0.001
Protein, En% 15.5 &+ 2.6 162 + 2.5 15.6 &+ 2.6 146 + 2.4 <0.001
Animal protein, g/d 514 + 149 509 + 14.1 5277 £ 154 50.5 £ 15.2 0.29
Plant protein, g/d 30.7 £ 9.9 295 £ 9.2 319 &£ 10.3 30.6 £ 9.9 0.05

Oste MCJ et al. Am J Clin Nutr 2022; 115: 1646-165
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Baseline characteristics (2)

Sex-specific tertiles

Overall RTRs Tl T2 T3

UPFs (n=0632) (n = 210) (n=211) (n=211) P value
Fat, En% 35.8 [32.4-40.0] 35.5[32.1-39.9] 36.1 [32.9-39.7] 35.8 [32.2-40.5] 0.66
SFAs, g/d 29.3122.7-31.7] 26.8 [20.9-35.2] 30.3 [24.2-38.0] 31.6(23.7-394]  <0.001
MUFAs, g/d 28.2 [21.5-35.1] 25.2[19.6-32.8] 29.9 [22.6-35.3] 29.3 [22.9-36.9] 0.001
PUFAs, g/d 17.3[13.0-23.1] 16.3 [12.0-22.9] 18.2 [13.8-23.3] 17.5 [13.0-23.7] 0.08
Total fiber intake, g/d 224 £ 6.8 226 £ 6.8 233+ 73 213 £ 6.1 0.007
Fruit consumption, g/d 123.0[66.3-232.0]  167.4 [84.1-260.7]  128.6[70.3-232.0]  94.4 [35.1-169.1]  <0.001
Vegetables {:cmsumption,2 g/d 1124 [76.8-158.6]  130.2 [87.0-171.6]  114.7[80.7-163.3]  97.0 [68.4-129.9]  <0.001
Alcohol consumption, g/d 2.6[0.0-11.1] 4.8 [0.1-15.6] 2.6[0.1-9.7] 1.1[0.0-6.7] 0.001

Mediterranean diet score 43 £ 1.7 48 £ 18 43 + 1.7 38+ 15 <0.001

DASH score 238 £ 4.7 259 + 4.6 242 + 4.2 214 + 4.1 <0.001

Oste MCJ et al. Am J Clin Nutr 2022; 115: 1646-1 657\3;!3/\%
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Contributie van “food groups” aan intake van
ultra-processed foods

mSugar sweetened beverages

= Starchy foods and breakfast cereals

®Dairy products other than desserts (i.e. cheeses, yogurt)
mDesserts

mSauces and fats

=Prepared meals (including ready-to-heat products)
uCookies

=Fried foods and salty snacks

»Cakes and pastries

=Toppings

®Processed meats

=Liquors

»Candy

»Plant-based burgers and other products

FIGURE 1 Contribution of food groups to the ultra-processed foods (group 4) according to the NOVA classification.

Oste MCJ et al. Am J Clin Nutr 2022; 115: 1646-165 E%
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Conclusie (terug naar dialyse)

Eris nog veel te leren over het optimale dieet voor
dialysepatienten

Tijd voor het opzetten van een grote cohortstudie bij
dialysepatienten met

- Objectieve metingen van voedselintake
- Vragenlijst/anamnese informatie over het dieet

- Dit alles te linken aan uitkomsten (spiermassa, spierkracht,
sterfte, ziekenhuisopnames, kwaliteit van leven, cognitie)

Tijd voor Dialines
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