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Plan

WHAT IS PHOSPHATE? WHAT HAPPENS IN 
CHRONIC KIDNEY 

DISEASE?

DIETETIC ADVICE FOR 
PAEDIATRIC CKD? 

WHAT ARE THE 
CHALLENGES?



Body Phosphate 
distribution

Bones and teeth (~85%)

Soft tissues & cells (~14%)

Blood (<1%)

500-700g P

(22,000 mmol PO4
3-)

1% body weight

The Alchemist Discovering Phosphorus

Joseph Wright of Derby 1771

• UK laboratory systems measure inorganic phosphate ions 
• USA may say phosphorus

Group number 15

“Nitrogen group”

Phosphorus never occurs free in nature — it’s always bound to something.

Allotropes:

White phosphorus    highly reactive, toxic, glows faintly in air

Red phosphorus       more stable 

Black phosphorus    more inert

1669

• Biologically active 

form – PO4
3-



Paediatric – blood phosphate reference ranges

Age group Reference range 
(mmol/L)*

<5 days 1.5 - 2.6

5 days-3 yrs 1.2 - 2.1

Child 

3-10 yrs
1.2 - 1.8

Adolescent

10-15 yrs 
1.1 - 1.75

Adults 0.8 - 1.45

• Trends rather than single values

• Not interpreted in isolation

• Haemolysis can increase level (+0.3-0.5mmol/L)

Clayton BE, Jenkins P, Round JM (1980) 

Paediatric chemical pathology: clinical tests and references ranges. 

Oxford: Blackwell Scientific

P (mg/dL) = phosphate (mmol/L) x 3.1

GOSH; Lockitch 1988*SI units

Age group Reference range 
(mmol/L)

0 - 7 days 1.36 - 2.91

7 days - 2 yrs 1.36 - 2.26

2 - 5 yrs 1.13 - 2.20

5 - 8 yrs 1.00 - 2.03

8 - 12 yrs 0.97 - 1.94 

12 - 16 yrs 0.81 - 1.51

16 + yrs 0.74 - 1.55

Age group Reference range 
(mmol/L)

Neonate 1.0 - 2.7

Infant 1.3 - 2.4

Child 0.8 - 1.9

Adults 0.8 - 1.5

UK hospital published 2022

SickKids (Toronto)

~15,000 healthy children

Community based/multiethnic

Different analysers



PHOSPHATE DIGESTION AND ABSORPTION

DIETARY PHOSPHATE

Free phosphate ions

(PO₄³⁻ / HPO₄²⁻ / H₂PO₄⁻)

1200-1400mg (adults) NDNS 
2000-2500mg *  including additives

Rapidly disassociate in gastric acid 

*Barretto 2019



Source: Dwyer, Journal of Renal Nutrition, 2022

PHOSPHATE ABSORPTION

Paracellular 70-80%  (concentration-dependent) Transcellular 20–30% (active, regulated)

Phosphate
Upregulated by

 1,25-dihydroxyvitamin D 

Downregulated by 

high phosphate intake, FGF23 & 

(indirectly) PTH

• Serum phosphate can rise despite maximal hormonal suppression 

• Phosphate binders are effective (they reduce luminal phosphate → ↓ paracellular flux)



REGULATION OF PHOSPHATE (and calcium) BALANCE 

ACTIVE 

VITAMIN D
FGF 23PTH 

“GATEKEEPERS OF P 
BALANCE”



REGULATION OF PHOSPHATE  (and calcium) BALANCE 

ACTIVE 

VITAMIN D

↑ Intestinal P absorption 

↑ Ca reabsorption in renal 
distal tubules 

Downregulates NaPi-2 a/c 
transporters in the proximal 
tubule → phosphaturia

Stimulates 1α-hydroxylase Inhibits 1α-hydroxylase↑ Intestinal Ca absorption 

PTH 

Downregulates NaPi-2 a/c 
transporters in the proximal 
tubule → phosphaturia

↑ Bone mineralisation

“GATEKEEPERS OF P 
BALANCE”

↑ Calcium
 ↑  Phosphate

FGF 23

↑ Calcium

↓ Phosphate

Reduces PTH 
secretion

↓ Phosphate



+ vitamin D



↓ phosphate excretion
↑ serum phosphate 

↑ FGF23 (early)

↓ 1,25(OH)₂ vitamin D ↓ calcium absorption

± hypocalcaemia

↑ PTH
(2°hyperparathyroidism)

CKD-MBD

WHAT HAPPENS in CHRONIC KIDNEY DISEASE? 

Declining kidney 
function

CKD-MBD
"A systemic disorder of mineral and bone metabolism due to 

CKD manifested by either one or a combination of the 

following:

❑ Abnormalities of calcium, phosphorus, PTH & vitamin D 

metabolism

❑ Abnormalities in bone turnover, mineralisation, volume, 

linear growth and strength

❑ Vascular and other soft tissue calcification"

CKD-MBD



Goodman WG, et al. N Engl J Med 2000;342:1473–83;
Civilibal M, et al. Pediatr Nephrol 2009;24:555–63.

Adapted from: Chang Hu et al, Annu Rev Physiol 2013

BLOOD CHEMISTRY CHANGES with DECLINING KIDNEY FUNCTION 

KLOTHO
• Co-receptor for FGF23

• Mainly produced by kidney

• ↓   →  ↑ FGF23 resistance

Serum P > 1.97mmol/L 

Idependently associated with fracture risk

Barrera-Baena , P. et al.Nephrol Dial Transplant 2024 

Vol. 39 I(4): 618-626

Serum P levels 

Determine progression of coronary calcification



Fracture rate: 2-3 x higher v general population

Peak in puberty

FRACTURES IN CKD

CKD n =  2000     Controls n = 1 million            

adapted from Denburg 2016

with population data from other sources.

Age (yrs) 



Fractures in Children & Young Adults
FRACTURES IN CHILDREN with CKD -  risk factors 

• 537 children

• Mild - moderate CKD (83% in CKD stages 2-3)

• Median age 11 years
• ~4-year follow-up

Denburg, et al. 2016

Risk for 

fractures



Age at fracture
4.9 yrs (2, 11.2)

How happened

Falling from standing/tripping 53%

Consequences

Deformity 37%

Restricted range of movement 27%
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FRACTURES IN CHILDREN with CKD – European data 

Lalayiannis et al  (unpublished)

Working group: CKD-MBD 

and mineral disorders

Fractures linked to hypocalcaemia, high PTH and low Ca intake

Retrospective data (questionnaire) 



↑ PO4
↑ PTH

↑ PO4 & ↑ PTH

CKD PROGRESSION -  European data (EQUAL study) 

1709 adults
• Ongoing, prospective, observational cohort study

• > 65 years GFR < 20ml/min/1.73m2

• 3 years data

↑ PO4 & ↑ PTH  & ↓Ca

Magagnoli et al; KI 2025

↑ PO4 ↓ Ca 

↑ Ca 

Average 

trajectory of 

decline 

European QUALity study in advanced CKD

▲ 
Abnormal 

biochemistry

 (P, PTH and Ca)

▲

Combined: 
↑ PO4   ↑PTH &  ↓Ca  

-3.71 ml/min  ↓ in eGFR in 3 years 

75% higher risk of starting dialysis

↑  PO4 and PTH -  strong biomarkers of e GFR decline



 P
Diet

P binders

Dialysis 

(if 

required)

CKD GUIDELINES RECOMMENDATIONS:  Phosphate 

2017

2023

2024

2025

There are no universally defined paediatric P reference ranges in CKD guidelines

No absolute biochemical cut offs for P, Ca, PTH

Use local age-specific reference ranges;  interpret biochemistry dynamically

Serial monitoring/trends 

Integrated interpretation (Ca, P, PTH)

P  “within range” is not sufficient

A phosphate value in the upper normal range or rising – will require intervention



EVOLUTION OF DIETARY PHOSPHATE MANAGEMENT IN CKD

Biruete, A., et al. J Ren Nutr, 2023

Quantative

(mg/100g 

or per serving)

P density 

(mg/kcal)

P:Protein 

ratio

Phosphatemic index 

(Narasaki, 2020)

BIOACCESSIBILITY

BIOAVAILABILITY

McAlister et al., Pediatr Nephrol  2020

E338 Phosphoric acid

E339 Sodium phosphate

E340 Potassium phosphate

E341 Calcium phosphate

E343 Magnesium phosphate

E450 Diphosphate

E451 Triphosphate

E452 Polyphosphate

Or “PHOS”

Adapted from: Kalantar-Zade, K et al 2010

Polderman, N. et al, Clinical Kidney Journal, 2026

Aiming for low P:protein ratio 

to ensure adequate protein 

➢ Inadequate protein

➢ Protein-energy 

wasting

➢ Avoidance of nuts, 

seeds, legumes

➢ Ignores absorption

➢ BIOACCESSIBILITY

Released from food matrix

➢ BIOAVAILABILITY
     Actually absorbed

Research-based



DIETARY PHOSPHATE MANAGEMENT IN CKD

https://www.espn-online.org
/nutrition-taskforce/

www.vitaflo-VIA.com 

Practical guides 
Health care 

professionals

Patient resources
www.myrenalnutrition.com

www.vitaflo-VIA.com 

https://www.espn-online.org/
https://www.espn-online.org/
https://www.espn-online.org/


High serum P is common 

in children with CKD

Karamanidou        2008

Lambert                 2017

Apostolou             2014

Adherence is under 50%

Serum 

Phosphate 

*

45%
all

children

81%
12+ years

* KDOQI 2008



Journal of Renal Nutrition 2024

DIETARY PHOSPHATE EDUCATION

• Reading age / ease

• Date of production

• Validated tools for:   

     Understandability/actionability

         “SAM”            Doak, Doak 1996
          “PEMAT-P”   Shoemaker 2014

• Content analysis

          Compared to PRNT

• Inconsistencies +  inaccuracies 

Phosphate

Units



Acceptable reading age:  10-11 years

SAM:             54% superior 

      38% adequate

      8% unsuitable  

PEMAT-P:                           Ease of understanding 70% [IQR 50-82] 

                         Actionability  50% [IQR 33-67]

Lack:                                   Practical support options 

       Visual appeal       

       Include irrelevant images

                                             25% not dated 

       Not updated 

           >75% produced  > 2 years ago 

                                                ~ 20% >5 years

QUALITY CONTENT

Specific Food Advice

▪ Advice to avoid foods that are not high in phosphate

▪ Advice to encourage high fat foods such as cheese       

            (which would increase phosphate intake)

▪ Conflicting advice on certain fruits and vegetables  

▪ Inclusion of alcohol advice despite designed for children 

▪ Inclusion of advice about potassium restriction

▪ Foods on both allowed and forbidden list within same PEM

▪ Confusing / inaccurate colour coding

▪ Spelling mistakes

INCONSISTENCIES / INACCURACIES  (36%)

LIMIT

REDUCE (high P)

Low P

No recommendation



Promote home-cooked foods

Minimise intake of low nutritional value foods



Phosphate additives 
Roles:  preservatives, raising agent, enhance colour / moisture / flavour

Ingredients:
Wheat Flour (Wheat Flour, Calcium Carbonate, Iron, Thiamine, Niacin), Sugar, Palm 

Oil, Glucose Syrup, Colours: Safflower Concentrate, Radish Concentrate, Apple 

Concentrate, Blackcurrant Concentrate, Carrot Concentrate, Hibiscus Concentrate, 

Salt, Partially Inverted Refiners Syrup, Raising Agents: Sodium Bicarbonate, 

Ammonium Bicarbonate,  Disodium Diphosphate, Glycerine, Flavouring, Emulsifier: 

Soya Lecithin, Hydrolysed Wheat Gluten, Acidity Regulators: Citric Acid

E-Number Phosphate Additive

E338 Phosphoric acid

E339 Sodium phosphate 

E340 Potassium phosphate

E341 Calcium phosphate

E343 Magnesium phosphate

E450 Diphosphate

E451 Triphosphate

E452 Polyphosphate

E541 Sodium aluminium phosphate

Cola & dark fizzy drinks 
phosphoric acid as acidulant

Processed meats: 
ham, bacon, sausages, burgers 

Cooked & formed poultry: 
injected or “enhanced” meats 

Processed cheeses & cheese spreads 

Instant mashed potato, packet sauces, instant noodles 

Flavoured dairy products 
Custard

Baking powders and cake mixes

Cheese 

spread

Ingredients:
Raising Agents 

E 450 (Diphosphates)

E 500 (Sodium Carbonates)

Maize Starch

1. Absorption >90%

2. Can increase P content by  >50%    
              EFSA 2019 quotes exposure levels from international surveys [6-30%]

3. Manufacturers are not legally required to list the total P content

4. Not included in nutrient databases / dietary assessment software packages



Reduce animal- based phosphate

Replace some animal-based foods with plant-based foods

46 CKD 3-5D

Bread 

Fortified non dairy milk 

products

Ca fortified orange juice

Fish with bones

Kale

Baked beans

Phosphate binders 

Ca fortified cereals

Calcium
0
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   Healthy       All CKD           CKD3-5           Dialysis

Ca from diet and medications

Ca from diet only

*
**

Dietary Ca intake
*     Healthy vs all CKD    p = 0.002
**    Healthy vs CKD3-5    p = 0.0007
***   Healthy vs Dialysis    p = 0.017

***
Ca intake 
• 81% RNI in CKD 

    vs 108% for healthy 

    (p=0.002)

• 76% CKD had an               

intake <100%RNI

Phosphate portions



Plant P 
less bioavailable

Less P 
additives 

From processed 
foods

↓Renal acid 
load

↑ Fibre

Alter gut microbiome

 → ↑ anti-inflammatory                      
                           compounds
      ↓ uraemic toxins

3.3 Diet Practice Point:

Advise people with CKD ….higher consumption of 

plant-based foods compared to animal-based foods

2024

No paediatric data to support link 

to ↓CKD progression.

Including CKiD 2022

Plant Slant diet 

Moe et al 

Clin J Am Soc Nephrol. 2011;6(2):257-264.

• Randomised crossover trial 

• 9 adults with CKD 3-4 (mean eGFR 32)

• 7-day vegetarian diet v 7 day meat-based
    (same protein, energy, Ca and P intake)

• Lower serum phosphate levels & FGF-23

ACIDOSIS

Growth failure

         Supresses the GH-IGF-1 axis

 Bone disease 

          ↑Bone resorption & impaired mineralisation

Muscle wasting

          ↑ Muscle protein breakdown 

Faster CKD progression

↑ Availability:  phytic acid (seeds , wholegrains , nuts and legumes)
Processing –refine grains,  boiling, soaking, fermenting, gut microbiome







Wake up:  1 glass of semi-skimmed milk.

Breakfast: Scrambled egg + tomato on toast

Morning snack:  Peach 

  Packet of  potato crisps

Lunch:  Fish fingers, chips and peas/corn 

              or salami and cheese sandwich

Afternoon Snack: Chocolate digestive biscuit

  100ml orange juice

Evening Meal: Home-cooked Caribbean stew with potatoes or rice

  Yogurt

Nutritional Oral nutritional supplement – 200ml
supplement:

1) Dilute whole milk

2) Reduce quantity/frequency

3) Swap to oat milk

1 x egg + 1 x egg white to make 

scrambled eggs

Check label for phosphate 

additives

? Choose cold meat

Lower PO4 cheese eg: mozzarella, cream 

cheese or vegan cheese

Plain digestives or NICE, Rich Tea or jam 

biscuits

Or replace with nuts

Check portion size of meat – can this be reduced.?

Can they have more carbohydrates / veg at this meal?

Lower phosphate supplement



Plant-based foods



Per 100ml    (standard dilution)
Calcium

 (mg) *

Phosphate

 (mg) 

Potassium 

(mg) *

Mature breast milk 34 15 58

Infant formula:

Whey dominant 45 24-39 85

Casein dominant– “hungry baby” 56 44 73

Follow-on (whey dominant) 66 40 75

Cow’s milk 120 96 157

* Values considering a range of formula in the UK

Extended use of infant formulas (> 1 year)

Phosphate binders

Infant feeding 

“Cow’s milk based foods such as yogurt, cheese, custard and rice pudding naturally contain high levels of 

PHOSPHATE.  Discuss with your dietitian when would be a good time to start introducing these foods”.

Solids 



PHOSPHATE 
BINDER 
MEDICATION 

Phosphate 

Binder 

Medication

NICE 2021



CaCO3 Ca acetate

Solubility Low pH Wider range

Calcium (%) 40% 25%

mg P bound/

mg Ca absorbed
1:8 1:3

% Ca absorbed 20-30% 20%

Calcium based Non calcium based

Calcium carbonate and calcium acetate

(Suspension, tablets )

Sevelamer -  synthetic polymer resin

(Tablets or powder) 

Aluminium based Sucralfate (rescue)

Check AL level every 3 months

CHEMICAL BINDING

Forms insoluble calcium phosphate salts
ELECTROSTATIC BINDING

Insoluble  “trapped” P

First line in children   -  source of Ca

(NICE 2021, KDOQI 2008, KDIGO 2017)

Using sevelamer when hypercalcaemic.  

Lowers vascular calcification risk

Constipation, nausea Constipation, bloating/abdominal pain/distension, 

nausea, diarrhoea*

Give with meals / snacks – not between**

Give separate from Fe medication (>1 hour)

Separate from sodium bicarbonate – as then not 

effective at treating acidosis 

(disassociates into sodium, CO2 and water).  

Give with meals and snacks

Binds fat soluble vitamins, bile acids, levothyroxine, 

ciprofloxacin 

Some binders cause feeds to separate If given via feeding tube – flush well

Challenges to adherence: “makes me feel sick”, “puts me off eating”, “hate the taste”, “stuck in my throat”***

PHOSPHATE BINDER MEDICATION 

**Schiller, 1989

*Fathallah-Shaykh, 2018

***McAlister, 2025

Phosphate binder Formulation Cost per unit (NHS)

Calcium carbonate 500 mg chewable tablet 1 - 3 pence per tablet

Calcium acetate (Renacet®) 475 mg tablet 9 pence per tablet

Sevelamer carbonate 800 mg tablet 14  pence per tablet

Sevelamer carbonate 2.4 g sachet ~£2.80 per sachet

Better just before food

Less effective in Jejunum



KIReports
McAlister, 2025

DIETARY ADHERENCE

Phosphate (P) knowledge not linked to serum P levels

Questionnaires Online Focus Groups

Sequential explanatory 2-phase prospective multicentre mixed method study

Phase 1 Phase 2



The social environment of the child and 
family is disrupted

The journey requires acceptance, adaptation and 
perseverance

Practical advice and support are valued 

Education and self-management skills can influence success

Personalised strategies are preferred to facilitate sense-making

“Feel isolated”                                           mother of 13-year-old girl
“Don’t eat when out with friends”       16-year-old boy 
“Child eats separately to family”           father of 24-year-old girl
“Family moan that food is disgusting” 16-year-old boy
“Can’t go to grandparents’ house”        mother of 13-year-oldy

“Drives you nuts “                                                                    mother of 16-year-old girl
“Walking a tightrope” mother of 13-year-old girl
“On autopilot,”                                                                         mother of 14-year-old girl
“Rules changed a few times”                                                mother of 13-year-old girl
“Not always positive experiences with medical team”  mother of 13-year-old girl
“Now just get on with it”                                                      16-year-old boy 

“Break it down” 
“Set a timer on my phone” 
“Constantly rattling” 
“It was a big thing to listen to what the doctors say”                            

13-year-old boys

“Rigid”  mother of 9-year-old boy
“Don’t eat out”                  mother of 14-year-old girl
“Bewildered” father of 16-year-old girl
“Annoyed”  14-year-old girl
“Images too childish” 13-year-old girl

“Difficult to understand safe foods”            mother of 10-year-old boy
“Need something quick and easy to see”   mother of 16-year-old girl
“Rely on dietitian to take lead”                     mother of 13-year-old boy
“Want relevant information”                         mother of 16-year-old girl
“Want trustworthy information”                  16-year-old girl

Online Focus Groups

Phase 2
3 overarching concepts 

Navigating 

practical and 

informational 

support

Living with 

social and 

emotional 

disruption 

Adapting to a 

lifelong 

journey 



Suggested 

strategies

More effective

PHOSPHATE

management



CONCLUSIONS

Management of hyperphosphataemia is essential to prevent  CKD-MBD

Start early management of P intake – before serum P rises 

Management together with MDT

Regular reviews

Check not limiting nutrition and growth

Give practical support for families for diet and phosphate binders

Q and A

Louise.mcalister@gosh.nhs.uk
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