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This leaves a 70 kg anuric patient consuming 1.1 g/kg/day of protein

with about 12 mmol/day of excess phosphate

70 kg anuric 77 g/day protein 60-80% intestinal HD removes about 1 g ‘PBED’
patient intake absorption 2400-3000 mg binds about
phosphorus/week 45 mg P

Approximately 8g of calcium carbonate or ‘phosphate binder equivalent dose’
are required to bind 12 mmol/day phosphate

courtesy E.Lindley



Which cheese brings most phosphorus ?

(NDT Educational 2013)




Cheese phosphate content (100 Q)

Kcal g prot mg phosphorus mg calcium mg sodium mg phos/g prot

Melted cheese 284 12,4 757 303 650 61,0
beaufort 398 26,6 728 995 628 27,4
emmental 381 28,4 666 1055 244 23,5
comté 407 28,4 664 909 412 23,4
gruyére 428 29,8 606 1036 328 20,3
morbier 347 23,6 520 760 990 22,0
pyrénnée (goat) 393 23,8 499 721 740 21,0
cantal 365 23,9 494 798 875 20,7
tomme 362 22,6 480 626 807 21,2
St marcellin 291 12,7 442 138 1009 34,8
roquefort 363 18,7 430 608 1600 23,0
cancaillotte 122 14,5 425 144 502 29,3
reblochon 325 20,8 339 514 555 16,3
bleu de bresse 354 17,5 320 450 602 18,3
maroilles 376 28,5 320 350 937 11,2

camembert 277 22,5 307 456 595 13,6
St nectaire 331 20,9 304 539 477 14,5
bleu d'auvergne 347 19,9 301 563 1136 15,1

crottin chévre 354 20,8 266 144 410 12,8
munster 328 19,8 265 370 682 13,4
brie 330 18,4 220 313 647 12,0
petit suisse 20% 96 9,6 125 117 34 13,0

cheese fondue (one serving) 1200 mg
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 Phosphorus and binders




Serum phosphorus and longevity

Kuro-O M, Mech Ageing Devel 2010



NHANES cohort 9600 adults
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Phosphorus Intake on log-scale (mg/d)

Chang et al. Am J Clin Nutr 2014,99:320



Dietary phosphorus is associated with greater left
ventricular mass

Kalani T. Yamamoto', Cassianne Robinson-Cohen?, Marcia C. de Oliveira®, Alina Kostina',
Jennifer A. Nettleton?, Joachim H. Ix*°, Ha Nguyenﬁ, John Eng7, Joao A.C. Lima® David S. Siscovick®,

Noel S. Weiss? and Bryan Kestenbaum'~?

Yamamoto et al, Kidney Int 2013



CKD-Mineral bone disease physiopathology

Weinman et al. Am J Kidney Dis 2013,62:1006



CKD-MBD and related cardiovascular disease

Weinman et al. Am J Kidney Dis 2013,62:1006
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Association between dietary protein intake,

serum phosphorus and mortality

= Low protein intake: increase in mortality

Study design: Cohort study to evaluate if a decline in serum phosphorus and a concomitant
decline in protein intake was associated with increased risk of death
Patients: 30,075 maintenance HD patients

Shinaberger et al. Am J Clin Nutr 2008
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Phosphorus Absorption

» Passive paracellular and
via NaPi cotransporters in
luminal brush border

*Absorb inorganic
phosphate

*Alkaline phosphatase
hydrolyzes organic
phosphates into inorganic
phosphate for absorption

Courtesy J. Scialla



Bioavailability of Phosphorus in Plant Foods

Phytic acid
QH
—D— Accounts for 60-90% of
OH O_FI) OH o phosphorus in
HO. - O “ _OH cereals, legumes,
P< - O'P\ seeds, and nuts
O M OH
Denﬁ;e stI;Jrage foam of
A\ /, phosphorus an
HO‘P O O. F;vo antioxidant
HO™ ™ O 7 ~OH _
O RO Poorly absorbed in
HO—-P=0 humans due to
CI)H deficient phytase

Courtesy J. Scialla


http://upload.wikimedia.org/wikipedia/commons/4/45/Phytic_acid.svg

Protein Source & Metabolic Effects in CKD

Unadjusted mean values (+ standard deviation) of metabolic parameters by quintiles of percent plant protein

1 2 3 4 5
<24% 24209 30-35% 36-44% ~44% p-trend
(n=587) (n=388) (n=588) (n=387) (n=588)

Serum phosphate (mg/dL) 3.67+0.66 373+064 369065 3.69+0.61 3.69+0.66 0.69
FGF23 (RU/mL) i 138 (92, 239) 144 (95.247) 143 (94,224) 139(95,232) 134(88,215) 0.60

24 urinary phosphate (mg)  849+369.96 8§12+36371 T68+347.17 75231822 697+331.06 =0.001
iPTH (pg/mL) 53 (34.87)  54(33.90)  51(33.83)  53(34.84)  52(35,84) 0.83

Serum bicarbonate (mEq/L) 2447=x3.17 2450+ 3.05 2450+£3.07 2485+322 2482+3.19 0.07

"Median (mterquartile range)

FGF23 = fibroblast growth factor 23; 1PTH = intact parathyroid hormone

CRIC study, 3000 CKD pts, GFR 45 ml/min

Scialla et al. J Renal Nutr, 2012; 22: 379-388.



Phosphate and FGF 23: modulation by nutrients

Phosphate intake, 800 mg/d, either from meat or vegetarian
(randomized cross over)

o 00
o 00

Moe et al. C JASN 2011,6:257
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Sausages and phosphorus

12 to 146 mgq per portion of 55g




Phosphate food pyramid and CKD

Content
Ratio Ph/Prot
Biodisponibility

D’Alessandro et al, BMC Nephrol 2015:16:9



Phosphate in beverages

* The phosphate in beverages is readily absorbed.

* Beverages are often consumed between meals, without a
phosphate binder.

* Additives may be listed on food labels but the quantity of
phosphate per serving is not.

* The phosphate present in beer and wine is not mentioned on the
label as it is not usually from additives.

* Home-made beer and wine may have di-ammonium phosphate added as a
nutrient for the yeast

* Professional brewers (in Yorkshire) disapprove of additives!

Lindley et al, JREN 2014,24:353-56
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Added phosphate in processed foods and drinks

e Sodas, colas, fanta,...

* Coca-Cola: +30% phosphoric acid in 2005
« Coca-Cola 170 mg/L
* Coca-Cola light 70 mg/L

* Chocolate bars (Mars, Nuts,...)
 Nutella

 Melted cheese

* Rice which does not stick




Why do industrials add phosphate ?

Increase in conservation time and
shelf duration

Increase in water content (increase
meat weight by 10-15%...)

Keeps food a nice color

a 300 mg « processed meat »
contains 300 mg instead of 50 mg
phosphate

Triphosphates

N° Descriptif
E4511 Triphosphate pentasodique
EA451 1 Triphosphate pentapotassique
E 4521 Polyphosphates sodiques
E 45211 Polyphosphates potassiques
E 452 11l Polyphosphates calco-sodiques
E 452 1V Polyphosphates calciques
E 459 Béta-cyclodextrine




Additives with phosphate (limited list — Europe)




Mayne et al, J Renal Nutr 2012;22:472



Dietary intervention and phosphate control

Mayne et al, J Renal Nutr 2012;22:472



Effect of dietary phosphorus additives on

phosphorus control

Educating ESRD patients to avoid phosphorus-containing food
additives resulted in modest improvements in

hyperphosphataemia.
8 -1.0 -0.4 Difference in differences:
- (95%CI -1.3 to -0.7) (95%CI -1.0 to -0.1) -0.6
g p<0.001 p=0.02 (95%CI -1.0 to -0.1)
o)) p=0.03
g 7
\or’
g m Baseline
O .
® Final
S 6 -
(7))
o
L
o
5 -
Intervention Control
(n=145) (n=134)

Study design: Cluster randomised controlled trial (Intervention: education on avoiding foods
with phosphorus additives; Control: usual care)
Patients: 279 patients with elevated baseline serum phosphorus levels (>5.5 mg/dL)

Sullivan et al. JAMA. 2009,301(6):629-35
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Compliance to drugs (lipid lowering + antiHTN)

Chapman et al, Arch Int Med 2005



Phosphate binders binding properties

Fouque et al, Am J Kidney Dis 2014



Is nutritional phosphorus a risk factor in CKD?

NO YES

When it comes from protein | When it comes from
additives

From vegetal protein +++ For taste, conservation,
colour

For water content and
weight increases (+15%)

800 mg (CKD) to 1200 + 500 to 1000 mg/day
mg(MD)
40-60% absorbed 100% absorbed

Net balance =0 Net balance + 500

mg/day to 1000 mg/day
(Kt/V, time, HDF, diet and
phosphate binders)




Phosphorus control at population level

Scialla et al, Nat Rev Nephrol 2014; 10:268



Take home messages

* There is a contradiction between optimal protein intake and phosphorus intake
limitation

* Reduced protein intake is associated with increased mortality in patients on
maintenance dialysis; therefore, restricting dietary protein may not be the best method
of controlling phosphorus intake in these patients

* Dietary phosphorus absorption is reduced by vegetable fibers

* Hidden inorganic phosphorus added in processed food is readily absorbed and can be
as high as 1000 mg per day

* Phosphate binders have varying equivalent doses and differ in their calcium content,

and potential effects on PTH and FGF23

* Adherence to binders is a cornerstone to the correction of phosphorus abnormalities

and ways to improve adherence should be encouraged



Serum phosphate control over time in dialysis

Data compiled from Block, Dopps,

Kalantar, and French Observatory
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A success story !

Pelletier et al, Nephrol Dial Transplant 2011






