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Hoe beinvloedt dieet (nier-)gezondheid?

• Minder zout?
• Minder calorieën?
• Minder fosfaat?
• Minder saturated fat?
• Een generic effect (DASH diet, vegetarisch, STOP hypertension, mediterraan)
• Het is een proxy van healthy lifestyle
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Evidence based medicine?
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Fosfaat is ook een noodzakelijke nutrient
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Fosfaat: hoeveel nemen we in?

• Wat nemen we in, en hoeveel krijgen we binnen?

• NB:
– Aanbevolen dagelijkse hoeveelheid: 600-700 mg (20-22 mmol in 24 uurs

urine)
– 50% van al het fosfaat komt uit additieven*
– ADI (Acceptable Daily intake): 3000-4000 mg/dag 105-130 mmol/dag (EFSA 

report 2019)

Winger, et al. Trends Food Sci Techn 2012
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ADI?

• ADI is defined as “an estimate of the amount of a substance in food or drinking water that 
can be consumed over a lifetime without presenting an appreciable risk to health”.
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ADI: 40 mg/kg/day

• Gebaseerd op één “chronische” expositie studie uit 19?? (Hodge) in ratten
• Er zijn geen chronische prospective humane expositie studies
• EFSA verwijst naar nog een andere studie:

Eur Food Safety Authority advice to EU 2019, EFSA journal
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NB

• In deze studie was het fosfaat uit voeding (dus niet het supplement) onbekend. 
Dit is achterhaald door “personal communication” met een andere onderzoeker, 
uit een ander experiment uit 2011…
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NHANES-III
non-CKD, US population

Chang A, et al. Am J Clin Nutr 2014;29:320-7

Phosphorus intake on log scale (mg/day)

Inflectie punt: 1400 mg/dag
(20 mg/kg/day voor een 70kg 
wegend individu, zonder
nierziekte)
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Geïndexeerd naar calorie-intake

Chang A, et al. Am J Clin Nutr 2014;29:320-7
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Fosfaat-inname en serum concentratie
(In hemodialyse, predialyse waarde)

Noori, et al. Clin J Am Soc Nephrol 2010

Lastig….

Bewijs nodig voor :
1. P concentratie
2. P inname
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Fosfaat-inname stijgt

http://www.ars.usda.gov/ba/bhnrc/fsrg
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De bron van fosfaat doet er ook nog toe

Adema, Vervloet, J Ren Nutr 2014
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Bewerkt vlees (zoals we het kopen) vs “direct” van varken of koe

Sherman R, et al. Clin J Am Soc Nephrol 2009
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Fosfaat/eiwit ratio

Kalantar-Zadey K, et al. Clin J Am Soc Nephrol 2010
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Drankjes

Kalantar-Zadey K, et al. Clin J Am Soc Nephrol 2010
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Circadian rhythm of phosphate

Effect of diet

Effect of 
phosphate 
“pool”?

Bone “unloading”

Vervloet MG, et al. Nature Rev Nephrol 2017;13:27–38 PTH: parathyroid hormone
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Phosphate pool?

Bone/Teeth

Intracellular

Vervloet MG, van Ballegooijen AJ. Kidney Int 2018;93:1060–72, based on Osuka
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Importance of phosphate pool

NHANES
N=12984

Chang AR and Grams M. Am J Kidney Dis 2014;64:567–73 NHANES: National Health and Nutrition Examination Survey
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Importance of postprandial phosphate

McDonald’s, New Orleans 2009
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Flow mediated dilation (FMD)

Corretti MC, et al. J Am Coll Cardiol 2002;39:257–65; 
Moens AL, et al. Chest 2005;127:2254–63 

Ca: calcium; EDHF: endothelium-derived hyperpolarising factor; eNOS: endothelial nitric oxide synthase; 
FMD: flow-mediated dilation; Kc: calcium-activated potassium channel; NO: nitric oxide; PGI2: prostacyclin
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Flow Mediated Vasodilatation

Phosphate enriched diet in healthy subjects

• n=11
• normal kidney function

400 mg phosphate

1200 mg phosphate

Shuto E, et al. J Am Soc Nephrol 2009;20:1504–12
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High P diet and FMD
(acute effects)

Low P diet High P diet

Before meal 2 hours after meal

Shuto E, et al. J Am Soc Nephrol 2009;20:1504–12
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Phosphate intake and blood pressure

Healthy subjects

Mohammad et al. J Am Soc Nephrol 2018;29: 2089-2098 P: phosphorus 
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Phosphate intake and blood pressure

No effect on FMD (Endo Pat)

Mohamed J, et al. JASN 2018;29:2089–98
BL: baseline; DBP: diastolic blood pressure; Endo Pat: endothelial peripheral arterial 

tone; h: hours; REC: recovery; SBP: systolic blood pressure; W: weekMohammad et al. J Am Soc Nephrol 2018;29: 2089-2098
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Dietary intervention

Sullivan, JAMA 2009
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Phosphate changes
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Sullivan, JAMA 2009

p<0.01 p=0.02
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Randomised trial on dietary intervention

• 134 patients on hemodialysis
• Randomized to exchanging processed food with phosphate-containing additives of education only 

for 3 months
• Unchanged intake of energy, protein and unchanged nPCR

De Fornasari, J Ren Nutr 2017
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Who should we ”target”?
Patients or policymakers

33Lee PLoS One 2019

Effect of 30% subsidy on

Validated simulation study among 82 
million US Medicare or mediaid
participants:
• 2 – 3.3 million CVD events prevented
• 40 – 100 billion USD health care cost 

saving
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Conclusie

• Hoge fosfaat-inname is iets anders dan hyperfosfatemie, maar waarschijnlijk ook een
probleem

• Laten we ophouden met patiënten allemaal restricties op te leggen: zoutarm? Fosfaatarm? 
Geen rood vlees? Weinig drinken of veel drinken?

• Maar wel stimuleren gezond te eten (en te leven)

• Intussen moeten we wel werken aan beïnvloeding van overheden, voedingsmiddelenindustrie
en de publieke opinie
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Conclusions

• Phosphate toxicity ≠ Hyperphosphatemia

• Hyperphosphatemia ≠ Phosphate toxicity 

• Hence: Targeting phosphate toxicity encompasses more than treating 
hyperphosphatemia
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Mortality in kidney disease

Matsushita K, et al. JAMA 2012;307:1941–51
EPI: epidemiology; GFR: glomerular filtration rate; HR: hazard ratio; 

MDRD: Modification of Diet in Renal Disease
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Risk factors for mortality

Traditional (Framingham)
• Hypertension
• Diabetes
• Hypercholesterolaemia
• Smoking
• Obesity

CKD-related
• Proteinuria
• Volume/sodium overload
• Anaemia?
• Malnutrition
• Oxidative stress/inflammation

• CKD-MBD
• And several more…

MBD: mineral bone disorder
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What is the rationale for targeting phosphate?
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Phosphate and mortality risk

Kalantar-Zadeh K, et al. Kidney Int 2006;70:771–80 MICS: malnutrition–inflammation–cachexia syndrome
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What are we measuring?

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


At what timepoint of day is phosphate highest?

1. Very early in the morning
2. After meals
3. End of the day
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What percentage of body phosphate resides in 
extracellular compartment

1. 85%
2. 35%
3. 14%
4. 1%
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Other modifiers of phosphate toxicity

• Vascular inflammation
• Hypercalcemia, either transient/constant and local/systemic
• Mechanical stress
• Zinc deficiency
• More?
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• Magnesium
• Zinc
• miRNA profile
• Genetics
• Mechanical stress
• Vitamin D

Conceptual models of phosphate toxicity

Vervloet MG, van Ballegooijen AJ. Kidney Int 2018;93:1060–72
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Conclusion:Treating phoshate toxicity
may need to address

• Hyperphosphatemia
• Phosphate load
• Correcting acidemia
• Restoring klotho deficiency (once we know how)
• Optimizing magnesium concentration (higher than “normal”)
• Supplementing vitamin K, especially when using P-binders
• Target (secondary) calciprotein formation
• Etc…..
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Einde
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