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Abstract
In children with chronic kidney disease (CKD), optimal control of bone and mineral homeostasis is essential, not only for the
prevention of debilitating skeletal complications and achieving adequate growth but also for preventing vascular calcification and
cardiovascular disease. Complications of mineral bone disease (MBD) are common and contribute to the high morbidity and
mortality seen in children with CKD. Although several studies describe the prevalence of abnormal calcium, phosphate, para-
thyroid hormone, and vitamin D levels as well as associated clinical and radiological complications and their medical manage-
ment, little is known about the dietary requirements and management of calcium (Ca) and phosphate (P) in children with CKD.
The Pediatric Renal Nutrition Taskforce (PRNT) is an international team of pediatric renal dietitians and pediatric nephrologists,
who develop clinical practice recommendations (CPRs) for the nutritional management of various aspects of renal disease
management in children. We present CPRs for the dietary intake of Ca and P in children with CKD stages 2–5 and on dialysis
(CKD2-5D), describing the common Ca- and P-containing foods, the assessment of dietary Ca and P intake, requirements for Ca
and P in healthy children and necessary modifications for children with CKD2-5D, and dietary management of hypo- and
hypercalcemia and hyperphosphatemia. The statements have been graded, and statements with a low grade or those that are
opinion-based must be carefully considered and adapted to individual patient needs based on the clinical judgment of the treating
physician and dietitian. These CPRs will be regularly audited and updated by the PRNT.
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Introduction

The provision of adequate calcium (Ca) and phosphate (P) is
an important part of chronic kidney disease (CKD) manage-
ment [1]. A low Ca or P intake may lead to poor bone miner-
alization, a hallmark of mineral and bone disorder associated

with CKD (CKD-MBD) [2, 3]. However, excess intake of Ca
and P is also detrimental, and may lead to nephrocalcinosis
and vascular calcification [4].

The Pediatric Renal Nutrition Taskforce (PRNT) is a team of
pediatric renal dietitians and pediatric nephrologists from eight
countries in Europe and North America, and endorsed by the
International Pediatric Nephrology Association (IPNA) and the
European Society for Paediatric Nephrology (ESPN). Dietary
management in CKD is an area fraught with uncertainties, with
wide variations in practice, and where expert dietetic input,
even in tertiary pediatric nephrology centers, is often lacking.

The PRNT recognizes that there are few studies in children
with CKD that provide high-level evidence and have undertak-
en a process of developing clinical practice recommendations
(CPRs) for their nutritional management. Existing guidelines
on the nutritional requirements of healthy children of all ages
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were reviewed and requirements for children with CKD pro-
posed. Our CPRs are based on an in-depth review of the avail-
able evidence, but in the absence of applicable studies, guid-
ance is based on the opinion of experienced dietitians and ne-
phrologists from the PRNT. These recommendations are de-
signed to provide information and assist in decision-making
in order to reduce uncertainty and improve patient outcome.
They are not intended to define a standard of care and should
not be interpreted as an exclusive course of management. These
CPRswill be audited and revised periodically by the PRNT.We
also provide research recommendations.

Following guideline publication the PRNT have planned a
dissemination phase to guide practical day-to-day manage-
ment of calcium and phosphate intake. This will involve de-
veloping material (written information in the form of leaflets
and charts, mobile phone Apps, videos, etc.) both for the child
(age-appropriate format) and their parents or carers as well as
for health care professionals. Regional variations in diet will
be addressed. Translation of this information into different
languages will also be performed.

Methods

The development process for the CPRs, including the group
composition and task distribution, is described in the
Supplementary material.

Developing the PICO questions

Recommendations in CPRs are most useful when they provide
specific actionable advice on choosing between alternative ap-
proaches in particular clinical situations [5]. We developed clin-
ical questions to be addressed by each statement and framed
them in a searchable format, with specification of the patient
group (P) to whom the statement would apply; the intervention
(I) being considered; the comparator (C) (which may be “no
action” or an alternative intervention); and the outcomes (O)
affected by the intervention [5]. Our PICO termswere as follows:

Population: Children from birth to 18 years of age with
CKD2-5D
Intervention: Nutritional requirements for Ca and P in
children at different stages of CKD
Comparator: Nutritional requirements for Ca and P in
age-matched healthy controls
Outcomes: Growth, bone disease, fracture risk, Ca bal-
ance, bone mineralization on imaging or biopsies, devel-
opment of hypo- or hypercalcemia, hypo- or hyper-
phosphatemia or hyperparathyroidism, and development
of vascular calcification

The choice of P binder treatment is not within the scope of
this document. The management of hyperphosphatemia in
childhood CKD is covered in the Kidney Disease Improving
Global Outcomes (KDIGO) 2017 CKD-MBD update [6] and
the UK based National Institute for Health and Care Excellence
(NICE) guideline on hyperphosphatemia management (pub-
lished in 2013 and updated in July 2017) [7, 8]. We have not
discussed dietary sources of vitamin D as natural (non-fortified)
foods provide only a negligible amount of vitamin D [9] and do
not significantly alter the serum levels of 25OHD or Ca [10].

Literature search

Details on the literature search are described in Supplemental
Table 1.

Framing advice

After critically reviewing the literature for each question, we
derived CPRs and graded them as suggested by the American
Academy of Pediatrics (Supplemental Table 2) [11]. The
strength of a recommendation is graded as strong, moderate,
weak, or discretionary (when no recommendation can be
made). The quality of evidence is graded high (A), moderate
(B), low (C), or very low (D). Grade X refers to exceptional
situations where validating studies cannot be performed and
benefit or harm clearly predominate: in that case, a moderate
or a strong recommendation may be given.

Using the Delphi method, voting group members were sent
an e-questionnaire to provide a level of agreement on a 5-point
scale (strongly disagree, disagree, neither agree nor disagree,
agree, strongly agree) and given the opportunity for re-wording
of recommendations if appropriate. Participants for the Delphi
survey were selected based on the following three criteria: (i) a
registered doctor or dietitian currently practising in pediatric ne-
phrology; (ii) at least 5 years' experience with children and
young people with CKD2-5D; (iii) currently associated with a
major pediatric renal centre. It was agreed a priori that at least a
70% level of consensus was required for each statement, failing
which the recommendation statement would be adapted after
discussion in the core group, and reviewed again by the voting
panel until a consensus level of at least 70% was achieved.

Clinical Practice Recommendations

1. What are the main dietary sources of Ca and P for an
infant, child and adolescent?

1.1 Themain dietary sources of Ca for children are milk,
milk products, breast milk and manufactured infant
formulas. Statutory or voluntary fortification of
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foods with Ca can increase the contribution from
other foods. (ungraded)

1.2 The main natural dietary sources of P for children are
milk (including milk products, breast milk and
manufactured infant formulas), cereal (grains) and ce-
real products, and meat and meat products. Inorganic
P added to some processed foods is readily absorbed
and can significantly increase P intake. (ungraded)

Evidence and rationale

Dietary sources of calcium

The contribution of foods to average daily intake of Ca at
different ages is presented in Table 1. International data sug-
gest that dairy products are the largest contributor to dietary
Ca intake in most children, providing 69% of Ca intake in
Dutch children [14], 44–70% of Ca intake in UK children
[12, 13], 49% of Ca intake in French children and adolescents
(3–17 years) [15], and 37% of Ca intake (for all age groups) in
the USA [16]. In early infancy, breast milk or infant formulas
comprise 100% of the daily dietary Ca intake. All standard
and most specialized infant formulas have a higher concentra-
tion of Ca relative to human milk, but lower than cow’s milk
or formulas intended for older children. Formulas designed for
infants must comply with set compositional criteria, providing
a minimum amount of 50–60mgCa per 100 kilocalories and a
Ca:P ratio between 1.1 and 2.0 [17, 18]. The typical Ca con-
tent per portion of Ca-rich foods is shown in Table 2. The Ca
content of reduced-fat dairy products is comparable to whole
milk–derived products. Hard water from taps and some min-
eral waters can be important sources of Ca [19, 20], with a
bioavailability similar to dairy products [21].

The National Diet and Nutrition Survey (NDNS) [12, 13], a
continuous cross-sectional survey of a representative sample
from the UK general population above 18 months of age, is

the most recent detailed data for children describing the rela-
tive contribution of different food groups to dietary Ca intake
(Table 1). The “milk and milk products” food group (includes
milk, cheese, yogurt, cream, and ice cream) contributes 44–
70% of dietary Ca intake, being highest in the younger age
groups. “Cereal and cereal products” (comprising grains made
into pasta, rice, breads, breakfast cereal, and biscuits) contrib-
ute 16–28% of average daily Ca intake. This mainly reflects
the contribution from Ca-fortified flour in cereals in the UK,
particularly in older children [22]. Other sources of Ca, includ-
ing vegetables, fish, meat, fruit, and confectionary, each con-
tribute between 1 and 7% of daily Ca intake (see Table 1). The
variation in foods eaten in different countries or cultures
may alter the relative Ca intake from specific food groups.
The most recent NDNS reports that the average dietary Ca
intake has significantly decreased in young children (aged
1.5 months to 10 years) from 2008 to 2017 [23].

Calcium may be added to foods, either for fortification or
as a food additive. Some countries mandate Ca fortification of
foods, such as Ca fortification of bread and wheat flour (ex-
cept wholemeal) in the UK [24]. Ca is also added voluntarily
by manufacturers to some breakfast cereals and drinks to in-
crease the Ca content. Ca-containing additives (used as food
colors, preservatives, and antioxidants rather than for the pur-
pose of nutritional fortification) are frequently used in proc-
essed foods and can contribute 170–430 mg of Ca per day or
between 15 and 30% of Ca intake depending on the child’s
age [25]. Nutrient composition tables include the contribution
from naturally occurring Ca and some fortified products (e.g.,
bread and breakfast cereals), but the actual content of proc-
essed products vary depending on the production methods,
recipe, and brand. However, the calculated estimates of
dietary Ca intake using nutrient databases and dietary
assessment software packages are considered reasonably
accurate when compared to direct chemical analyses
[26]. There are international recommendations on Ca
intake for healthy children (Table 6).

Table 1 Percentage contribution
of food types to average daily
intake of calcium (Ca)

% Total dietary Ca intake

Food group Age (years)

1.5–2.5 2.5–3.5 3.5–4.5 4–6 7–10 11–14 15–18

Cereal (grain) and cereal products 16 20 22 23 27 28 27
Milk and milk products 70 63 59 55 48 45 44
Eggs and egg dishes 1 1 1 1 1 1 1
Meat and meat products 2 3 3 4 6 6 7
Fish and fish dishes 1 1 1 2 2 1 2
Vegetables, potatoes and savory snacks 3 3 4 5 5 6 7
Fruit and nuts 1 1 1 1 1 1 1
Sugars, preserves and confectionary 3 3 4 3 4 5 4

Adapted from National Diet and Nutrition Survey (1995 and 2000) [12, 13]
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Dietary sources of phosphate

Dietary P is available in two forms, organic and inorganic,
with inorganic phosphates added during food processing.
The UK NDNS reports that “milk and milk products” and

“cereal and cereal products” are the main sources of dietary
P intake, contributing 23–35% and 24–27% of total intake,
respectively [12, 13]. Data from the USA for all age groups
also indicate that the highest contributors to P intake are milk,
meat, and grains [27, 28]. As with Ca intake, the highest

Table 2 A guide to the calcium (Ca) content of various food groups

Food Portion size Ca
mg per portion

Dairy and dairy products
Human breast milk (mature) 100 ml 34
Standard whey based infant formula 100 ml 55
Cow’s milk 100 ml 120
Fortified oat, hemp, coconut, rice and almond milk 100 ml 120
Custard or rice pudding 120 g 170
Hard cheese 30 g 240
Soft cheese (e.g., brie, mozzarella) 30 g 120
Yoghurt 80 g (small pot) 90
Dairy free yoghurt* 125 g 130

Egg
Egg, cooked 50 g (1 egg) 28

Soya products
Soya milk, cheese and desserts* Check individual product for degree of calcium fortification
Calcium-set tofu** 50 g (2 tablespoons) 60

Fortified orange juice
Calcium fortified orange juice 100 ml 120

Cereal (grain) and cereal products*
Bread - white fortified 33 g slice 58
Bread - wholemeal 33 g slice 35
Fortified breakfast cereals 30 g portion 80–146

Fruit
Apricots, raw 4 45
Figs, dried/ready to eat 5 230
Currants 2 tablespoons 50
Orange 1 75

Fish (soft bones eaten)
Anchovies, canned ½ small tin 75
Sardines (tinned in oil) 1 sardine 125
Whitebait, fried 40 g 430
Salmon, tinned 100 g 90

Nuts and seeds
Almonds/brazil nuts/hazelnuts/walnuts 6–20 30–60
Sesame seeds 1 tablespoon 65

Spreads
Peanut butter 2 tablespoons 20
Almond butter 1 tablespoon 40
Hummus 100 g (½ tub) 45
Tahini paste 1 heaped teaspoon 125

Vegetables
Broccoli 3 florets 35
Watercress 20 g 35
Curly kale 100 g 150
Okra, stir fried 8 90
Chickpeas 3 tablespoons 45
Red kidney beans 3 tablespoons 40
Green beans 90 g 50
Baked beans 150 g (small tin) 80

*Ca fortification of foods such as bread, breakfast cereals, milk alternatives (including plant based drinks), and fruit and vegetable drinks is practised in
some countries. It is advised to refer to country specific food composition tables where possible

**Tofu can be a good source of calcium as it is made by coagulating soymilk with salts such as calcium sulfate or magnesium chloride—the levels of
calcium are dependent on the coagulant used; we have called this calcium-set tofu. The Ca and phosphate content in various tofu products may be similar
to cow’s milk (i.e., 120 mg/100 g), but can vary widely. Refer to product-specific values
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percentage intake of P comes from “milk and milk products,”
particularly in the younger age groups, while “meat and meat
products” account for 15–20% of P intake, being highest in
older children. Breast milk is relatively low in phosphate,
having a concentration about half of most standard whey-
based formulas and one-third of casein-based infant formulas.
The minimum level (25–30 mg per 100 kilocalories), but not
maximum level, of phosphate in standard infant formulas is
regulated [17, 18]. The relative contribution of foods to aver-
age daily intake of P at different ages in the UK is presented in
Table 3, but data on food P content are often incomplete due to
the inability to accurately quantify the contribution from P
additives. Table 4 shows the typical P content per portion of
foods with high P content.

Phosphate additives, such as phosphoric acid and sodium
phosphate, are used by the food industry to improve the tex-
ture, taste, appearance, and shelf-life of many processed foods
and their presence, but not quantity, may be indicated on the
food ingredient list as an E number (Table 5). P additives may
increase the P content by 60–70 mg per 100 g of product [29].
Manufacturers are not legally required to list the total P con-
tent on the food label or the contribution to daily P require-
ments, despite increasing pressure for this to be mandatory
[30]. Processed foods with significant amounts of added inor-
ganic P include meat, dairy, and bakery products, as well as a
growing number of drinks such as colas and some flavored
drinks, bottled water, malted drinks and sterilized, ultra-heat
treated, and thickened or powderedmilks [31, 32] (Table 4). In
addition, inorganic phosphates are added to several medica-
tions, such as antacids and many anti-hypertensive medica-
tions, as an excipient that aids in dispersion of the active drug
ingredient once ingested [33, 34]; these can vary between
manufacturers and across different formulations of the same
medication. The P load from medications can make a mean-
ingful contribution to the daily P intake, and thus should be

reviewed carefully, particularly in patients receiving anti-
hypertensive medications. Nutrient databases and dietary as-
sessment software packages are used to assess P intake, but
they do not include the amount of inorganic P derived from P
additives. Consequently, assessed total daily P intake in indi-
vidual and national dietary surveys may underestimate the true
P intake by over 20% [26, 30, 35]. This is especially relevant
for children, who may have a high intake of processed foods
[31]. There are international recommendations on P intake in
healthy children (Table 6).

Bioavailability of dietary Ca and P

The absorption of Ca from foods and medications (Ca-based
P-binders and Ca supplements) is about 30%, but varies be-
tween 5 and 82% depending on the food source and subject-
related factors [36], particularly their vitamin D status. The Ca
from breast milk and infant formula has an absorption effi-
ciency of about 66% and 40%, respectively. However, as for-
mulas have a higher concentration of Ca than breast milk, this
comparison in bioavailability may not be important [37], and
absorption values similar to breast milk have been reported for
some specialized formulas [38]. Milk, dairy products, and
fortified foods have a Ca bioavailability between 30 and
40%, whereas it is below 10% for vegetables and fruit (such
as spinach and rhubarb). Thus, although some cereals and
green leafy vegetables and fruit may be rich in Ca (and also
low in phosphate), given the low bioavailability of Ca from
these sources, children with CKD are unlikely to consume
sufficient quantities in order to meet nutritional requirements.
The efficiency of absorption is influenced by the oxalate and
phytic acid content of the food, the amount consumed [32],
vitamin D status [39], and the child’s age. In patients with
v i t amin D def ic iency, de f ined as a se rum 25-
hydroxyvitamin D level less than 75 nmol/L [10], only
10–15% of dietary Ca and approximately 60% of dietary
P is absorbed, while the efficacy of intestinal Ca and P
absorption in vitamin D replete subjects increases to 30–
40% and 80%, respectively [9, 40]. The amount of Ca
absorbed from P-binders is not fully understood [41].

The absorption of P from foods depends on whether it is in
an organic or inorganic form, and on vitamin D status. Meats,
fish, dairy, vegetables, grains, and nuts contain organic
carbon-bound P, with a bioavailability between 30 and 70%
[42–44]. Plant-based organic P (including seeds and legumes)
is stored in the form of phytate or phytic acid, which cannot be
broken down by humans, reducing bioavailability to 30–40%
[45]. However, inorganic P salts added to processed foods are
not organically bound or associated with phytate, resulting in
a bioavailability of up to 100% [35, 46, 47]. Given that chil-
dren often consume processed foods, the potential for high
intake of bioavailable inorganic P additives is significant. A
list of P-containing food additives approved in Europe [48] are

Table 3 Percentage contribution of food types to average daily intake of
phosphate (P)

% Total dietary P intake

Food group Age (years)

4–6 7–10 11–14 15–18

Cereal (grain) and cereal products 24 27 26 24

Milk and milk products 35 29 25 23

Eggs and egg dishes 1 2 2 2

Meat and meat products 15 17 19 20

Fish and fish dishes 3 3 3 3

Vegetables, potatoes, and savory snacks 11 12 13 14

Fruit and nuts 2 2 1 1

Sugars, preserves, and confectionary 3 3 4 3

Adapted from National Diet and Nutrition Survey (1995 and 2000)
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presented in Table 5. The food additives approved in the USA
are available on the FDAwebsite [49].

Foods with comparable P loads may contribute significant-
ly different nutritional values. For example, both a whole
cooked egg and a can of cola-based drink contain approxi-
mately 80 mg phosphate. However, the nutrient-rich egg pro-
vides an excellent source of protein, fat, B-vitamins, and se-
lenium, compared to the nutrient-poor empty-calories in the
cola. The egg’s organic phosphate load has a low

bioavailability, yielding only 40% (36 mg) absorption, com-
pared to cola’s highly bioavailable inorganic phosphate, yield-
ing 100% (80 mg) absorption.

2. How are Ca and P intake assessed in healthy children and
children with CKD2-5D?

We suggest that in healthy children and those with CKD2-
5D a diet history of a typical 24-h period be used to rapidly

Table 4 A guide to the phosphate (P) content of various food groups

Food Portion size Phosphate mg per portion Phosphate additives#

Dairy and dairy products
Human breast milk (mature) 100 ml 15
Standard whey based infant formula 100 ml 32
Cow’s milk 100 ml 100 −
Yoghurt 125 g 100–200 −/++
Fromage frais 60 g 70 −/+
Ice cream 100 g (2 scoops) 100 −/+
Cheese, hard (cheddar, edam, gouda, emmental) 1 thin slice (25 g) 120–160 ++
Cheese, soft (camembert, mozzarella) 30 g portion 80 −/+
Processed cheese 25 g 250 +++ (high bioavailability)
Cottage cheese 1 tablespoon (40 g) 50–70 −

Egg
Egg 50 g (1 egg) 100 −
Egg white 30 g (from 1 egg) 4

Soya products
Soya milk (not calcium-enriched) 100 ml 10-50 −
Soya milk (calcium-enriched) 100 ml 50-100 −
Tofu (depending on production and cooking method) 2 tablespoons (50 g) 50–135 −

Meat and meat products
Lamb, pork, beef, fish, burgers, chicken 100 130-220 ++
Beefburger 1 100 ++ (high bioavailability)
Beef mince 3 tablespoons (75 g) 100 ++
Sausage 1 (or 2 chipolatas) 100 ++
Chicken-drumstick 1 100 −/+
- Breast ½ 100 −/+
- Nuggets 6 100 ++

Cold meat (ham, chicken roll) 1 slice (25 g) 80 ++ (high bioavailability)
Fish filet (small) 50 g 100 −/+
Fish fingers 2 −/+
Prawns 10 −/+
Salmon 1/3 salmon steak −/+ (canned products)
Scampi 3 pieces −/+

Pulses (beans/lentils) and nuts
Baked beans 2 tablespoons (80 g) 70 −/+ low bioavailability)
Nuts 1 small bag (25 g) 120 −/+ (low bioavailability)
Dahl 2 tablespoons (80 g) 60 −/+ (low bioavailability)

Cereal (grain) and cereal products
Bread - white 1 slice (30 g) 30 −/+ (raising agent)
Bread - wholemeal 1 slice (30 g ) 60 −/+ (raising agent)
Bran type breakfast cereals 1 small bowl (30 g) 100–200 −/+
Wheat based breakfast cereals (wheat biscuits/cookies) 1 biscuit/cookie (20 g) 50 −/+

Confectionary and drinks
Milk chocolate 1 bar (50 g) 110 −/+
Chocolate covered biscuit/cookie 1 biscuit/cookie (18–22 g) 20–40 −/+
Cola drink 1 can (330 ml) 100 ++ (high bioavailability)

# –, no added phosphate; –/+, added phosphate in some products; +, added phosphate in most products; ++, large quantities of added phosphate in most
products

Table adapted from Ritz et al, 2012 [31] and Kalantar-Zadeh et al, 2010 [27]
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identify the main dietary sources of Ca and P, including P
additives in processed foods. A 3-day prospective diet diary/
food intake record may be used when detailed information is
required. An estimate of the total Ca and P intake should
consider contributions from diet, nutritional supplements, di-
alysate, and medications, including P binders (grade C, weak
recommendation).

Evidence and rationale

An estimate of usual Ca and P intake can be made using a
variety of tools (Supplemental Table 3), each with advantages
and disadvantages. Many of these have been developed for
research purposes or for particular population groups, and
vary in their accuracy as well as respondent and interviewer

Table 5 Phosphate (P) containing EU approved additives commonly used in Europe

E 338 Phosphoric acid (acidifier in colas and jams)
E 339 Sodium phosphates (emulsifier in processed cheese)
E 340 Potassium phosphates (stabilizer and thickener in processedmeats)
E 341 Calcium phosphates (leavening agent in baked goods)
E 343 Magnesium phosphates (antacid)
E 450 Diphosphates (emulsifier and stabilizer in flour)
E 451 Triphosphates (preservative in canned products)

E 452 Polyphosphates (quality enhancer for meat and fish)
E 541 Sodium aluminum phosphates (chemical leavening of baked goods)
E1410 Monostarch phosphate (thickeners and stabilizers in foods such as

puddings, custards, soups, sauces, gravies, pie fillings, and salad dressings)
E1412 Distarch phosphate (stabilizes the consistency of the foodstuff

when frozen and thawed)
E1413 Phosphated distarch phosphate (stabilizes the consistency of the

foodstuff when frozen and thawed)
E1414 Aceylated distarch phosphate (gluten free and can be used as a

stabilizer, thickener, binder or emulsifier)
E1442 Hydroxyl propyl distarch phosphate (thickening, and texturing

agent in food products provides greater shelf life, enhances shine and
color to products and has excellent cold storage properties)

*The numbering scheme for food additives follows the International Numbering System (INS) as determined by Codex Alimentarius, the international
food standards organization of theWorld Health Organization (WHO) and Food and Agriculture Organization (FAO) of the United Nations (UN). Only a
subset of INS additives are approved for use in the European Union as food additives. The USA does not follow the INS system. The inclusion of “phos”
as part of an ingredient on the food label in North America indicates the presence of phosphate

Table 6 International recommendations for calcium and phosphate in healthy children

Calcium Phosphate

EFSA (2015) D-A-C-H (2015) NCM (2014) IOM (2011) EFSA (2015) D-A-C-H (2015) NCM (2014) IOM (1997)

Age (months) – 0 - < 4 0 < 6 0 < 6 – 0 - < 4 0 < 6 0 < 6

PRI or RDA (mg/day) 220 –
BF only

200 (AI) 120 – 100 (AI)

Age (months) 7–11 4 - < 12 6-11 6–12 7–11 4 - < 12 6–11 7–12

PRI or RDA (mg/day) 280 (AI) 330 540 260 (AI) AI 160 300 420 275 (RDA)

Age (years) 1–3 1 - < 4 1-5 1-3 1-3 1 < 4 1–5 1–3

PRI or RDA (mg/day) 450 600 600 700 (RDA) 250 500 470 460 (RDA)

Age (years) 4–10 4 - < 7 6-9 4-8 4–10 4 - < 7 6–9 4-8

PRI or RDA (mg/day) 800 750 700 1000 (RDA) 440 600 540 500 (RDA)

Age (years) 11–17 7 - < 10 10–17 9–18 11–17 7 - < 10 10–17 9–18

PRI or RDA (mg/day) 1150 900 900 1300 (RDA) 640 800 700 1250 (RDA)
Age (years) 18-24 10 - < 13 18 - 24 10 - < 19

PRI or RDA (mg/day) 1000 1100 550 1250
Age (years) 13 - < 19

PRI or RDA (mg/day) 1200

EFSA, European Food Safety Authority; D-A-C-H, Deutschland-Austria-Confoederatio Helvetica; NCM, Nordic Council of Medicine; IOM, Institute
of Medicine; PRI, Population Reference Intake; RDA, Recommended Dietary Allowance BF, breast fed. PRI and RDA are terms used to reflect the
amount of a nutrient that is likely to meet the needs of almost all (97.5%) healthy people in a population or the average amount plus two standard
deviations (assuming individual requirements are normally distributed with a population). If the average intake of an otherwise healthy individual (or
population) is at or above the PRI or RDA, then the risk of deficiency is judged to be very low. However, if the average regular intake is below this then it
is likely that some will have an intake that may be insufficient. AI (used by EFSA and IOM) is a dietary recommendation used when there is not enough
data to calculate an average requirement. An AI is the average nutrient level consumed daily by a typical healthy population, which is assumed to be
adequate for the population's needs
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burden [50, 51]. Either a 3-day prospective diet diary/food
intake record (semi-quantitative or weighed) or a food fre-
quency questionnaire (FFQ) can give a clinically useful esti-
mate of intake [52]. The 3-day prospective diet diary/food
intake record is considered “gold standard” against which oth-
er dietary assessment methods are compared, but can be time
consuming to administer and assess. FFQs tend to overesti-
mate daily dietary nutrient intake, although this depends on
the number of food categories included in the tool [53–55].
Supplemental Table 3 lists the relative advantages and disad-
vantages of the different methods of dietary assessment.

Clinicians may prefer to rapidly estimate calcium intake
from a retrospective diet history of a typical 24-h period.
This is a detailed dietary assessment technique consisting of
questions about food and drinks consumed at meals and
snacks through a typical 24-h period. This usually requires
about 20–30 minutes by a dietitian or suitably trained desig-
nate. The history is usually taken from morning to night, cap-
turing information on usual meal pattern and types, frequency,
and quantity of foods consumed. Any additional nutrient
source (e.g., nutritional supplements) should be included.
Tools that can assist in estimation of portion sizes include
use of common household measures (e.g., teaspoons, table-
spoons, slices, and handfuls), food portion booklets [56], and
photographic representations of portion sizes. A more detailed
account of the frequency of consumption of specific dietary
sources of Ca or P (such as milk, cereals, and additive-rich
foods) can be ascertained by direct questioning. An estimate
of Ca or P intake can be made from the diet history by refer-
ence to guides of the Ca and P content of common food items
(see Tables 2 and 4). If a more accurate assessment is required,
the portion sizes for each dietary item can be converted into
weights and used with country specific food composition da-
tabases (FCDB) or dietary analysis software, supplemented by
other sources, such as information from manufacturers, if re-
quired. The frequency of assessing the dietary intake should
be guided by the child’s age, CKD stage, relevant nutritional
concerns, or the presence of abnormal serum biochemistry.

Importantly, the Ca intake from P binders can contribute
significantly to dietary Ca intake and must be included when
calculating total daily Ca intake in CKD patients. There is little
data on the Ca absorption from binders, particularly the effects
of age and residual kidney function. Ca carbonate contains 40%
Ca with an absorption of 20–30% and Ca acetate contains 25%
Ca with an absorption of 20% when taken with meals [57, 58].

3. What are the Ca and P requirements in an infant, child and
adolescent?

3.1 Requirements in healthy children

We describe the Ca and P requirements for healthy children
as background and justification for estimating the

requirements for children with CKD2-5D; specific recom-
mendations for healthy children are outside the scope of this
document.

Evidence and rationale

Adequate dietary Ca intake during childhood and adolescence
is essential for normal skeletal mineralization [59]. The Ca
content of the skeleton increases from 25 g at birth to around
1000 g in an adult female and 1200 g in an adult male.
Approximately 25% of the total skeletal mass is laid down
during the 2-year interval of peak height velocity during ado-
lescence [60]. The normal levels of serum Ca and P have been
previously described [41, 61, 62]. Balance studies indicate
that dietary Ca absorption is the main driver of net Ca reten-
tion in infants and adolescents [63, 64]. The highest Ca re-
quirements are during periods of rapid growth, including in
the first year of life and during puberty, dropping after puberty
to normal adult requirements [65]. The higher Ca require-
ments in young children are associated with higher normal
values for serum total Ca, particularly during infancy, and
reach adult levels by 5 years of age.

Randomized controlled trials (RCTs) in healthy children
have shown that children require a higher Ca intake than
adults, presumably for bone mineral accrual and growth [60,
66–68]. A double-blind placebo controlled RCT has shown
that in pre-pubescent girls Ca-enriched foods significantly in-
creased bone mass accrual over 1 year, with a preferential
effect in the appendicular skeleton [66]. A further RCT has
shown that in 12-year-old girls an increase in milk intake led
to an increase in bone mineral density (BMD) and bone min-
eral content as measured by dual-energy x-ray absorptiometry
(DXA) scan [67]. A RCT in pubertal girls with up to 7 years of
follow-up showed that Ca supplementation significantly influ-
enced bone accretion, particularly during the pubertal growth
spurt, and the Ca requirement for growth was associated with
skeletal size [68]. In fact, bone mineral accrual continues up to
the end of the second or early in the third decade of life,
depending on the skeletal site, when peak bone mass is
achieved [60].

There is limited data on the Ca intake and health outcomes
in normal children or suitable biomarkers of bone mineraliza-
tion that can be used to derive suggested dietary requirements.
An estimate of requirements for healthy infants is based on the
Ca and P from breast milk. For children over 1 year of age,
most international bodies use the factorial method to assess Ca
and P requirements. This method accounts for the total quan-
tity of mineral needed for bone accretion, growth, and replace-
ment of obligatory losses (from stool, urine, and skin), and is
adjusted for percentage absorption.

National recommendations for Ca and P intake for normal
children have been reported by many countries [69–74]
(Table 6). The international publications referenced in
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Table 6 use the most reliable methods for assessing mineral
status. A number of different terms have been used in interna-
tional recommendations to describe nutrient adequacy; these
include Population Reference Intake (PRI), Recommended
Dietary Allowance (RDA), Adequate Intake (AI), and others.
Since these recommendations for dietary adequacy have dif-
ferent definitions and have used different methods in their
derivation, some of the resulting recommendations differ
widely. For example, for a 6–11-month-old infant, the
Nordic Council of Medicine gives a Recommended Intake
for calcium of 540 mg, whereas for a 6–12-month old, the
US Institute of Medicine gives an Adequate Intake of
260 mg. We have taken a pragmatic approach and quoted
the range of the published values for our recommendations.
We refer to this new reference using a novel term, Suggested
Dietary Intake (SDI; Table 7). The lower and upper limits of
the SDI lie within the international published values for Ca
and P intake in healthy children (Table 6), which represent the
required average amounts of a nutrient plus 2 standard devia-
tions. Currently, studies of dietary adequacy are not directly
comparable because different standards have been used, de-
pending on the publication used as the benchmark. As the SDI
encompasses the current published international recommen-
dations, future reference to the SDI as the benchmark for nu-
tritional adequacy will allow better comparison between
studies.

3.2 Requirements in children with CKD2-5D

3.2.1 We suggest that the diet of children with CKD2-
5D should be regularly assessed for total Ca and P
content. The contribution of P additives to total P
intake cannot be quantified, but dietary sources of
P additives should be identified where possible.
Frequency of assessment is based on the child’s
age, CKD stage, and trends in serum Ca, P, and
PTH (ungraded).

3.2.2 We suggest that the total Ca intake from diet and
medications, including P binders, should be within

the SDI, and be nomore than twice the SDI, unless
in exceptional circumstances (grade C, weak
recommendation).

3.2.3 In special circumstances, such as for infants with
CKD or those withmineral depleted bone, a higher
Ca intake may be considered with careful monitor-
ing (grade C, weak recommendation).

3.2.4 We suggest that the dietary P intake of children
with CKD should be within the SDI for age, with-
out compromising adequate nutrition (grade C,
weak recommendation).

Evidence and rationale

As with healthy children, children with CKD require adequate
Ca for skeletal mineralization, particularly during periods of
active growth. However, excess Ca is potentially detrimental
and can lead to ectopic calcification.

Childhood CKD is associated with nearly universal distur-
bances in bone and mineral metabolism, [2, 6, 75–77]
resulting in bone pain, deformities [75, 76], growth retardation
[2, 76], and fractures [76, 78]. Abnormal bone micro-
architecture and mineralization defects are common and
strongly associate with Ca status: mineralization defects were
present in 29% of children in CKD2, and nearly 80% in those
with CKD4-5 [79]. Similarly, in a cohort of peritoneal dialysis
(PD) patients over 90% had deficient bone mineralization
[80]. Of 170 children and adolescents with CKD stages 2-
5D, 6.5% sustained a fracture over a 1-year follow-up [81],
and this associated with lower tibial cortical BMD, particular-
ly in growing children [81], and low serum Ca levels [81]. A
prospective cohort study reported that children with pre-
dialysis CKD have a 2–3-fold higher fracture risk than their
healthy peers [82]. P-binder treatment was associated with a
decreased risk of incident fractures, independent of age, sex,
eGFR, and PTH levels [82], but of note, 82% of the children
who were on P binders received a Ca-based P binder, suggest-
ing that the Ca intake from binders may have a protective
effect against fractures.

Conversely, a high Ca intake may lead to vascular
calcification [83–85], progressive vessel stiffness [85,
86], left ventricular failure [87], and sudden death [81].
Vascular calcification begins in pre-dialysis CKD [85,
86] and accelerates on dialysis [85, 88]. In young adults
on dialysis, the coronary artery calcification score was
shown to double within 20 months [83], and worsening
of the calcification score was associated with a higher
serum Ca-P product and prescription of Ca-containing
phosphate binders [83, 84]. Thus, high Ca levels carry
a significant risk of vascular calcification and treatment
strategies must be carefully tailored to provide enough
Ca for mineralization of the growing skeleton, but not

Table 7 Summary of SDI (suggested dietary intake) for calcium and
phosphate in children with CKD2-5D

Age (years) SDI calcium (mg) SDI phosphate (mg)

0–< 4 months 220 120

4–< 12 months 330–540 275–420

1–3 years 450–700 250–500

4–10 years 700–1000 440–800

11–17 years 900–1300 640–1250

For children with poor growth, reference to the SDI for height age may be
appropriate. This is the age that corresponds to their height when plotted
at the 50th centile on a growth chart
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too much to cause ectopic calcification and cardiovascu-
lar disease.

There are no studies to indicate the appropriate amount of
Ca for a child with CKD, and it is very likely that this would
need to be individualized depending on the patient’s age,
growth, and rate of bone turnover. The main source of Ca in
the diet is dairy, which is frequently restricted in CKD due to
its high P content. Hence, dietary intake alone may not pro-
vide sufficient Ca. Furthermore, intestinal Ca absorption may
be impaired due to dysregulation of the normal homeostatic
mechanisms. Low levels of activated vitamin D may lead to
reduced Ca absorption [9, 40], even in the presence of Ca
deficiency [89]. Extrapolation of data from adult CKD studies
is not appropriate in this field, as the growing skeleton of
children has significantly higher Ca requirements than a ma-
ture, possibly osteoporotic, adult skeleton.

In the absence of evidence-based studies, it would be rea-
sonable to provide CKD children with comparable amounts of
Ca intake (including Ca from diet, P binders, and supple-
ments) as their healthy peers. Ca intake from all sources
should provide at least 100% of the SDI. There are no studies
to set a safe upper limit for Ca intake for healthy children of
different ages [69]; however, based on expert opinion,
KDOQI suggested 200% of the dietary reference intake as a
safe upper limit [61]. Thus, the maximum Ca intake we rec-
ommend is 2600 mg/day (i.e., 200% of the SDI for 11–17-
year olds). This is marginally higher than the KDOQI recom-
mended upper limit of 2500 mg Ca/day as the KDOQI use
American DRI, whereas as our SDI is based on recommenda-
tions from current international authorities: EFSA, DACH,
NCM, and IOM.

Research shows that P retention has a significant role in the
development and progression of CKD-MBD, including P-
associated vasculopathy [4, 83–85, 90] and defects in bone
mineralization [80, 91]. In adults on dialysis, high serum P
levels have been linked to vascular calcification and death
[92]. Control of serum P is essential for attenuating the pro-
gression of secondary hyperparathyroidism and associated
cardiovascular damage in children [83–85, 90, 93]. P retention
begins early in the course of CKD, although phosphaturic
hormones such as fibroblast growth factor 23 (FGF-23) may
prevent high serum P levels in early CKD [94, 95].
Nevertheless, it is important to limit dietary P intake to within
the SDI in the mild-moderate stages of CKD (except in chil-
dren with renal tubular disorders) and to the lower limit of the
SDI in patients with advanced CKD and persistent
hyperphosphatemia or hyperparathyroidism. Whey-based in-
fant formulas have a low P content and continued use of these
in place of casein-based formula or cow’s milk beyond infan-
cy may be appropriate. Renal specific formulas may be con-
sidered as they have a lower P content, but caution is advised
as potassium and Ca intake will also be considerably reduced.
Careful advice during transition onto solid foods can control

the introduction of higher P foods, especially when the bulk of
P is provided from an infant formula. Importantly, aggressive
dietary P restriction is difficult since it has the potential to
compromise adequate intake of other nutrients, especially pro-
tein and Ca; hence, P binders are often required.

4. Managing the Ca and P requirements in children with
CKD2-5D

4.1 We suggest that intake of Ca and P is adjusted to
maintain serum Ca and P levels within the age-
appropriate normal range, without compromising
nutrition. Changes in management should be based
on trends of serial results rather than a single result,
with integration of serum Ca, P, PTH, alkaline phos-
phatase, and 25-vitamin D levels (grade C, weak
recommendation).

4.2 We suggest that children with CKD who have
hyperphosphatemia or hyperparathyroidism will re-
quire further dietary restriction of P, potentially to
the lower limit of the SDI, without compromising
adequate nutrition. Advice to limit the P contribu-
tion from phosphate additives should be given. Use
of P binders for further control of serum P and PTH
levels is often required, in addition to dietary restric-
tion (grade C, weak recommendation).

4.3 We suggest that children with persistent
hypocalcaemia or a high PTH may require a Ca
intake above 200% of the SDI for calcium for short
periods and under close medical supervision.
Calcium can be provided through Ca supplementa-
tion, together with vitamin D (usually both native
and active forms), as well as other sources of Ca
such as a high Ca dialysate (grade C, weak
recommendation).

4.4 We suggest that children with persistent
hypophosphatemia should have their dietary P in-
take increased. P supplements may be necessary in
some patients, particularly those on intensified di-
alysis or with renal wasting of P (grade C, weak
recommendation).

Evidence and rationale

The intake of Ca and P is titrated based on serum levels of Ca,
P, PTH, alkaline phosphatase, and 25-vitamin D considered
together, following trends in results rather than single values,
and maintaining levels within the age-appropriate normal
range. Normal Ca and P levels are age dependent and are
higher in infants and younger children [96]. Given the com-
plex inter-dependency of these CKD-MBD measures, it is
important to consider trends in levels, particularly for PTH,
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rather than a single value, as suggested in the KDIGO CKD-
MBD recommendations [6]. Ionized Ca is the ideal measure
when assessing serum Ca. It is influenced by alterations in
albumin, circulating levels of anions, and acid-base status that
are common in dialysis patients [97], and thus may not corre-
late with total serum Ca. Albumin-corrected Ca is superior to
uncorrected total Ca, and should be used to modify treatment
if ionized Ca is not available.

The intake of Ca from all sources must be considered: diet,
medications (including Ca-based P binders and Ca supple-
ments) and dialysate. The Ca intake from the diet may not
provide sufficient Ca, particularly as most Ca-rich foods also
contain large amounts of P, and are likely to be restricted in
CKD patients, as discussed in “Introduction.” Furthermore, as
reviewed in “Introduction,” the bioavailability of Ca and P
from different foods varies and also depends on the vitamin
D status of the individual [9, 10, 40].

The Ca content of P binder medications is shown in
Table 8. The indication, dosage, and titration of different P
binders, as well as use of different dialysate Ca concentrations,
is outside the scope of this guideline and discussed extensively
by other guideline groups [6, 7, 61]. It is noteworthy that
international guidelines in children recommend the use of
Ca -based P-b inde r s a s f i r s t - l i ne t r ea tmen t fo r
hyperphosphatemia to help meet their high Ca requirements
[41, 57]. However, it is important to consider the wide varia-
tion in elemental Ca intake and bioavailability from different
Ca salts [61]. In addition, when Ca-containingmedications are
given with food, the Ca absorption is significantly lower com-
pared to when they are given between meals: Ca absorption
from Ca acetate averaged 21 ± 1% when given with food vs.
40 ± 4% when the binder was given while the subject was
fasting [58].

Hypocalcaemia, common in untreated CKD, may be seen
in patients who present with advanced CKD, in infants who
typically have a high Ca requirement, in patients on intensified
hemodialysis, and patients receiving a calcimimetic.
Treatment with a calcimimetic, similar to a parathyroidecto-
my, commonly causes “hungry bone syndrome” and often
requires more than 200% of the SDI for Ca for prolonged
periods to replenish bone Ca stores. A higher Ca intake can
be provided through Ca supplementation, together with vita-
min D (usually both native and active forms), as well as other
sources of Ca such as a high Ca dialysate. Preliminary clinical
evidence indicates that in the setting of the hungry bone syn-
drome exogenous Ca is directed to the bone and not to the
vasculature; a high Ca intake is associated with increase in
BMD and regression of vascular calcification [98, 99].

Limiting dietary P intake is challenging, and adherence to P
binding medications can be poor, especially amongst older
children and adolescents; an international registry has shown
that 80% of adolescents on peritoneal dialysis have high se-
rum P levels [75]. Limiting the dietary P intake to the lower

limit of the SDI may be required if there is either persistent
hyperphosphatemia or persistent hyperparathyroidism in the
presence of normal Ca levels; a P restriction to the lower limit
of the SDI corresponds to the KDOQI recommendation of
80% ofDRI [61] for most age groups. It is likely that P binders
will be required at this stage, as stringent dietary restriction
may be unrealistic and can compromise the intake of protein
and other nutrients. As described in section 1, it is important to
consider the sources of P and aim to avoid processed foods
that are likely to contain inorganic P additives (Table 5), which
are almost completely absorbed [100]. Dietary supplements
and over-the-counter or prescription medications are hid-
den sources of P, and may contain P salts in their list of
inactive ingredients [101]. The use of P binders can allow
a more varied diet and P intake. However, these should
not be used as a fixed dose, but should be adjusted to
reflect the P content of a meal or snack [102]. For optimal
control of P absorption, regular careful review of the use
and administration of P binders is essential. Children and
their caregivers benefit from regular diet education ses-
sions [103, 104], with help from renal dietitians, as well
as doctors and nurses, to understand the complexities of
their renal diet [102, 105, 106].

Severe and prolonged dietary P restriction can lead to
hypophosphatemic rickets in children. In addition, children
on intensified dialysis regimens, including frequent daily or
nocturnal dialysis, can have excessive dialysate P losses [107].
While high P losses may be compensated by a higher P diet,
some may require P supplementation.

5. Management of the CKD patient with hypercalcemia

5.1 Acute, severe hypercalcemia can be life-threatening
and requires rapid medical intervention (grade X,
strong).

5.2 In a child with persistent mild to moderate hypercal-
cemia, we suggest a stepwise approach with reduc-
ing or stopping Ca supplements, Ca-based P-
binders, and native and active vitamin D and using
lower calcium dialysate. Transient reduction of die-
tary Ca, without compromising adequate nutrition,
may be necessary. Regular reassessment is required,
especially when Ca intake is reduced below the SDI
(grade C, weak recommendation).

Evidence and rationale

Acute, severe hypercalcemia can be life-threatening and re-
quires acute medical management; this is beyond the scope of
this guideline.

Mild to moderate hypercalcemia can often be effectively
addressed by reducing or eliminating intake of Ca
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supplements, native or active vitamin D, and replacing Ca-
based P-binders with Ca-free binders. In addition, the Ca in-
take from dialysate as well as the Ca intake from other med-
ications (such as potassium binders) must be reviewed and
adjusted as best as possible. An investigation into other causes
of hypercalcemia may be warranted [108]. A persistently
high PTH in the presence of high serum Ca suggests hy-
perparathyroidism, and a calcimimetic, such as cinacalcet,
may be indicated [109–111]. Rarely, high calcium levels
in the presence of normal PTH may be seen, such as in
immobilized children; in this situation, short-term bis-
phosphonate therapy may be considered to transiently
lower serum Ca. Hypervitaminosis A is also known to
cause hypercalcemia, particularly in children on dialysis
[112], and must be considered in children with refractory
hypercalcaemia. Frequent monitoring of serum Ca, ion-
ized Ca, PTH, and 25-vitamin D levels, and following
the trends in levels rather than a single value, is important.

If hypercalcemia persists after reviewing and adjusting
medications and dialysate Ca (if appropriate), there is also a
need for reduction of dietary sources of Ca and vitamin D,
without compromising nutrition. A detailed dietary assess-
ment to determine the key sources of Ca is required (see
Table 2). As dairy products usually provide the largest source
of Ca in a child’s diet, controlling portion sizes, or finding
suitable replacements for cow’s milk, yogurt, and cheese is a
primary goal for reducing dietary Ca intake. For infants and
young children, a complete low Ca specialized formula (or a
formula blend) may be necessary if hypercalcemia is severe
and persists. These formulas can be used as a supplementary
drink for older children. Plant-derived “milk” products made
from oats, soya, almond, coconut, hemp, or similar products
that have not been Ca-fortified can be useful for older chil-
dren, but are often lower in energy and protein. It is advisable
not to give rice milk to infants and young children due to its
high arsenic content. Limiting intake of other Ca-rich foods
may be necessary, including some fish, green-leafy vegeta-
bles, beans, nuts, and Ca-fortified foods and drinks. The re-
placement of tap water with deionized or distilled water also
reduces Ca intake. Advice should be individualized, and seeks
to minimize compromising the intake of other macro- and
micronutrients.

Of note, fortification of foods with vitamin D, in particular
dairy products, margarine, and some breakfast cereals, is in-
creasingly common in several countries, and may inadvertent-
ly lead to a large cumulative intake of vitamin D, with ensuing
hypercalcemia [10]. A careful assessment of food labels to
determine if foods are vitamin D fortified is important and
parents can be instructed to perform this. The Ca intake
from all other sources, including all medications and di-
alysate, must be carefully recorded and adjusted if appro-
priate; the reader is referred to other international guide-
lines for further details [6, 8, 61].

Results of the Delphi survey

The Delphi survey was sent to 48 pediatric nephrologists and
28 dietitians from 26 countries. Of these, 33 pediatric nephrol-
ogists and 15 dietitians returned a completed survey, a 63%
overall response rate. The names of all respondents are listed
under “Acknowledgments” below.

Of the 13 clinical practice recommendation statements,
overall, a 92% consensus was achieved with a “strongly agree
or agree” response and a 7.8% “neutral” response. Only 3
statements received a “disagree” response, with the highest
“disagree” rate being 5% in response to statement 2. On
careful review by the Taskforce team, none of the state-
ments required significant change, but further clarification
to the text and tables has been provided as suggested by
the respondents.

Summary of recommendations

A summary of recommendations is provided in Table 9.

Research recommendations

We recommend the following areas of study to provide future
evidence-based recommendations for Ca and P requirements
in children with CKD2-5D:

1. Ca balance studies in children 1–18 years with CKD2-5D
to determine the dietary Ca requirements for normal bone
mineralization.

2. Ca balance studies to determine the absorption of Ca from
Ca carbonate and Ca acetate in children with CKD2-5D
who are vitamin D replete.

3. The effectiveness of the 24-h dietary recall as a tool to
assess the Ca and phosphate intake in children compared
with a 3-day diet diary (semi-quantitative or weighed) or a
food frequency questionnaire.
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Table 9 Summary of recommendations

Category Recommendation Grade

1 Dietary sources
1.1 Dietary sources of Ca The main dietary sources of Ca for children are milk, milk products, breast milk

and manufactured infant formulas. Statutory or voluntary fortification of foods
with Ca can increase the contribution from other foods.

Ungraded

1.1 Dietary sources of P The main dietary sources of P for children are milk (including milk products,
breast milk and manufactured infant formulas), cereals (grains) and cereal
products, and meat and meat products. Inorganic P added to some processed
foods is readily absorbed and can significantly increase P intake.

Ungraded

2 Assessment of Ca and P intake
in healthy children and
children with CKD2-5D

We suggest that in healthy children and those with CKD2-5D a diet history of a
typical 24-hour period be used to rapidly identify the main sources of Ca and P,
including P additives in processed foods. A 3-day prospective diet diary/food intake
record may be used when detailed information is required An estimate
of the total Ca and P intake should consider contributions from diet, nutritional
supplements, dialysate and medications including P binders.

C (weak
recommendation)

3 Requirements of Ca and P
3.1 Requirements in healthy

children
We describe the Ca and P requirements for healthy children as background and

justification for estimating the requirements for children with CKD2-5D; specific
recommendations for healthy children are outside the scope of this document.

Ungraded

3.2 Requirements in children
with CKD2-5D

3.2.1 We suggest that the diet of children with CKD2-5D should be regularly
assessed for total Ca and P content. The contribution of P additives to total P
intake cannot be quantified, but dietary sources of P additives should be
identified where possible. Frequency of assessment is based on the child’s
age, CKD stage and trends in serum Ca, P and PTH.

Ungraded

3.2.2 We suggest that the total Ca intake from diet and medications, including
P binders, should be within the SDI, and be no more than twice the SDI,
unless in exceptional circumstances.

C (weak)

3.2.3 In special circumstances, such as for infants with CKD or those with mineral
depleted bone, a higher Ca intake may be considered with careful monitoring.

C (weak)

3.2.4 We suggest that the dietary P intake of children with CKD should be within the
SDI for age, without compromising adequate nutrition

C (weak)

4 Managing the Ca and P
requirements in children
with CKD2-5D

4.1 We suggest that intake of Ca and P is adjusted to maintain serum Ca and
P levels within the age-appropriate normal range, without compromising
nutrition. Changes in management should be based on trends of serial results rather
than a single result, with integration of serum Ca, P, PTH, alkaline phosphatase
and 25-vitamin D levels.

C (weak)

4.2 We suggest that children with CKD who have hyperphosphatemia or
hyperparathyroidism will require further dietary restriction of P, potentially to
the lower limit of the SDI, without compromising adequate nutrition. Advice to
limit the P contribution from phosphate additives should be given. Use of P
binders for further control of serum P and PTH levels is often required, in
addition to dietary restriction.

C (weak)

4.3 We suggest that children with persistent hypocalcaemia or a high PTH may
require a Ca intake above 200% of the SDI for calcium for short periods and
under close medical supervision. Calcium can be provided through Ca
supplementation, together with vitamin D (usually both native and active forms),
as well as other sources of Ca such as a high Ca dialysate.

C (weak)

4.4 We suggest that children with persistent hypophosphatemia should have their
dietary P intake increased. P supplements may be necessary in some patients,
particularly those on intensified dialysis or with renal wasting of P.

C (weak)

5 Management of
hypercalcemia

5.1 Acute, severe hypercalcemia can be life-threatening and requires rapid
medical intervention.

X (strong)

5.2 In a child with persistent mild to moderate hypercalcemia, we suggest a
stepwise approach with reducing or stopping Ca supplements, Ca-based
P-binders, and native and active vitamin D and using lower calcium dialysate.
Transient reduction of dietary Ca, without compromising adequate nutrition,
may be necessary. Regular reassessment is required, especially when
Ca intake is reduced below the SDI.

C (weak)

Pediatr Nephrol (2020) 35:501–518514



Hahn D, Sydney, Australia; Hari P, Delhi, India; Hamasaki Y, Tokyo,
Japan; Hashimoto J, Tokyo, Japan; Iyengar A, Bangalore, India;
Jankauskiene A, Vilinus, Lithuania; Kaddourah A, Doha, Qatar; Laliji
R, Brisbane, Australia; Levtchenko E, Leuven, Belgium; Ma A, Hong
Kong, China; Mariles C, Nijmegen, Netherlands; Morgan H, Liverpool,
UK; Nourse P, Cape Town, South Africa; Oh J, Hamburg, Germany; Platt
C, Bristol, UK; Prestidge C, Auckland, New Zealand; Prikhodina L,
Moscow, Russia; Saha A, New Delhi, India; Sharma J, Pune, India;
Singhal J, Pune, India; Stabouli S, Thessaloniki, Greece; Topaloglu R,
Ankara, Turkey; Vasudevan A, Bangalore, India; Zagazdzan I, Gdansk,
Poland; Zaloszyc A, Strasbourg, France.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Rees L, Schaefer F, Schmitt CP, Shroff R, Warady BA (2017)
Chronic dialysis in children and adolescents: challenges and out-
comes. Lancet Child Adolesc Health 1:68–77

2. Bacchetta J, Harambat J, Cochat P, Salusky IB,Wesseling-Perry K
(2012) The consequences of chronic kidney disease on bone me-
tabolism and growth in children. Nephrol Dial Transplant 27:
3063–3071

3. Wesseling-Perry K (2013) Bone disease in pediatric chronic kid-
ney disease. Pediatr Nephrol 28:569–576

4. Shroff R, Long DA, Shanahan C (2013) Mechanistic insights into
vascular calcification in CKD. J Am Soc Nephrol 24:179–189

5. Guyatt GH, Oxman AD, Kunz R, Atkins D, Brozek J, Vist G,
Alderson P, Glasziou P, Falck-Ytter Y, Schunemann HJ (2011)
GRADE guidelines: 2. Framing the question and deciding on
important outcomes. J Clin Epidemiol 64:395–400

6. Ketteler M, Block GA, Evenepoel P, Fukagawa M, Herzog CA,
McCann L, Moe SM, Shroff R, Tonelli MA, Toussaint ND,
Vervloet MG, Leonard MB (2018) Diagnosis, evaluation, preven-
tion, and treatment of chronic kidney disease-mineral and bone
disorder: synopsis of the kidney disease: improving global out-
comes 2017 clinical practice guideline update. Ann Intern Med
168:422–430

7. NICE clinical guideline 157 (2013) www nice org uk/guidance/
CG157

8. Dasgupta I, Shroff R, Bennett-Jones D, McVeigh G (2013)
Management of hyperphosphataemia in chronic kidney disease:
summary of National Institute for Health and Clinical Excellence
(NICE) guideline. Nephron Clin Pract 124:1–9

9. Shroff R, Knott C, Rees L (2010) The virtues of vitamin D–but
how much is too much? Pediatr Nephrol 25:1607–1620

10. Shroff R, Wan M, Nagler EV, Bakkaloglu S, Fischer DC, Bishop
N, Cozzolino M, Bacchetta J, Edefonti A, Stefanidis CJ, Vande
WJ, Haffner D, Klaus G, Schmitt CP (2017) Clinical practice
recommendations for native vitamin D therapy in children with
chronic kidney disease Stages 2-5 and on dialysis. Nephrol Dial
Transplant 32:1098–1113

11. Classifying recommendations for clinical practice guidelines
(2004) Pediatrics 114:874–877

12. National Diet and Nutrition Survey: young people aged 4 to 18
years. (2000) Report of the diet and nutrition survey. The

Stationary Office, London.; http://doc.ukdataservice.ac.uk/doc/
4243/mrdoc/pdf/a4243uab.pdf. Accessed 15 March 2019

13. National Diet and Nutrition Survey: children ages 1½ to 4½ years.
(1995) Report of the diet and nutrition survey. Volume 1 ed. The
Stationary Office, London.; https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/
216484/dh_128550.pdf. Accessed 15 March 2019

14. Ocké MC, van Rossum MTC, Fransen HP, Buurma FJM (2008)
Dutch National Food Consumption Survey – Young Children
2005/2006.

15. Étude Individuelle Nationaledes Consommations Alimentaires 2
(INCA 2) 2006-2007 (2009); https://www.anses.fr/fr/system/files/
PASER-Ra-INCA2.pdf. Accessed 23.01.2019

16. Hoy MK, Goldman JD (2014) Calcium intake of the U.S.
polulation: What We Eat in America, NHANES 2009-2010.;
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/
13_calcium_intake_0910.pdf. Accessed 03.01.2019

17. Scientific Committee on Food (Directive 91/321/EEC).14
May 1991 and amended 16 February 1996 (2019) Dir. 96/4/EC.

18. Code of Federal Regulations Title 21. (2019) https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm.;
Accessed 6.5.2019

19. Vitoria I, Maraver F, Ferreira-Pego C, Armijo F, Moreno AL,
Salas-Salvado J (2014) The calcium concentration of public drink-
ing waters and bottled mineral waters in Spain and its contribution
to satisfying nutritional needs. Nutr Hosp 30:188–199

20. Morr S, Cuartas E, Alwattar B, Lane JM (2006) How much cal-
cium is in your drinking water? A survey of calcium concentra-
tions in bottled and tap water and their significance for medical
treatment and drug administration. HSS J 2:130–135

21. Couzy F, Kastenmayer P, Vigo M, Clough J, Munoz-Box R,
Barclay DV (1995) Calcium bioavailability from a calcium- and
sulfate-rich mineral water, compared with milk, in young adult
women. Am J Clin Nutr 62:1239–1244

22. Moynihan P, Adamson A, Rugg-Gunn A, Appleton D, Butler T
(1996) Dietary sources of calcium and the contribution of flour
fortification to total calcium intake in the diets of Northumbrian
adolescents. Br J Nutr 75:495–505

23. National Diet and Nutrition Survey: time trend and income anal-
yses for Years 1 to 9 (2019); https://www.gov.uk/government/
statistics/ndns-time-trend-and-income-analyses-for-years-1-to-9.
Accessed 23.1.19

24. The Bread and Flour Regulations (1988); www.legislation.gov.uk/
uksi/1998-141-Accessed 4.11.18

25. European Food Standards Agency: Scientific Opinion on re-
evaluation of calcium carbonate (E 170) as a food additive.
(2011) 9 ed.; https://doi.org/10.2903/j.efsa.2011.2318.Accessed
23.01.2019

26. Oenning LL, Vogel J, Calvo MS (1988) Accuracy of methods
estimating calcium and phosphorus intake in daily diets. J Am
Diet Assoc 88:1076–1080

27. Kalantar-Zadeh K, Gutekunst L, Mehrotra R, Kovesdy CP, Bross
R, Shinaberger CS, Noori N, Hirschberg R, Benner D, Nissenson
AR, Kopple JD (2010) Understanding sources of dietary phospho-
rus in the treatment of patients with chronic kidney disease. Clin J
Am Soc Nephrol 5:519–530

28. McClure ST, Chang AR, Selvin E, Rebholz CM, Appel LJ (2017)
Dietary sources of phosphorus among adults in the United States:
results from NHANES 2001-2014. Nutrients 9:

29. Cupisti A, Benini O, Ferretti V, Gianfaldoni D, Kalantar-Zadeh K
(2012) Novel differential measurement of natural and added phos-
phorus in cooked ham with or without preservatives. J Ren Nutr
22:533–540

30. Borgi L (2019) Inclusion of phosphorus in the nutrition facts label.
Clin J Am Soc Nephrol 14:139–140

Pediatr Nephrol (2020) 35:501–518 515

http://doc.ukdataservice.ac.uk/doc/4243/mrdoc/pdf/a4243uab.pdf
http://doc.ukdataservice.ac.uk/doc/4243/mrdoc/pdf/a4243uab.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/216484/dh_128550.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/216484/dh_128550.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/216484/dh_128550.pdf
https://www.anses.fr/fr/system/files/PASER-Ra-INCA2.pdf
https://www.anses.fr/fr/system/files/PASER-Ra-INCA2.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/13_calcium_intake_0910.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/13_calcium_intake_0910.pdf
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm
https://www.gov.uk/government/statistics/ndns-time-trend-and-income-analyses-for-years-1-to-9
https://www.gov.uk/government/statistics/ndns-time-trend-and-income-analyses-for-years-1-to-9
https://doi.org/10.2903/j.efsa.2011.2318


31. Ritz E, Hahn K, Ketteler M, Kuhlmann MK, Mann J (2012)
Phosphate additives in food–a health risk. Dtsch Arztebl Int 109:
49–55

32. Fairweather-Tait SJ, Teucher B (2002) Iron and calcium bioavail-
ability of fortified foods and dietary supplements. Nutr Rev 60:
360–367

33. Sherman RA, Ravella S, Kapoian T (2015) The phosphate content
of prescriptionmedication: a new consideration. Ther InnovRegul
Sci 49:886–889

34. Nelson SM, Sarabia SR, Christilaw E, Ward EC, Lynch SK,
Adams MA, Holden RM (2017) Phosphate-containing prescrip-
tion medications contribute to the daily phosphate intake in a third
of hemodialysis patients. J Ren Nutr 27:91–96

35. Calvo MS, Uribarri J (2013) Public health impact of dietary phos-
phorus excess on bone and cardiovascular health in the general
population. Am J Clin Nutr 98:6–15

36. Weaver CM, Proulx WR, Heaney R (1999) Choices for achieving
adequate dietary calcium with a vegetarian diet. Am J Clin Nutr
70:543S–548S

37. Abrams SA (2010) Calcium absorption in infants and small chil-
dren: methods of determination and recent findings. Nutrients 2:
474–480

38. Abrams SA, Griffin IJ, Davila PM (2002) Calcium and zinc ab-
sorption from lactose-containing and lactose-free infant formulas.
Am J Clin Nutr 76:442–446

39. Garrow JS, James WPT, Ralph A (2000) Human Nutrition and
dietetics. 10th Edition ed. Churchill Livingstone; 145-152

40. Holick MF (2007) Vitamin D deficiency. N Engl J Med 357:266–
281

41. Rees L, Shroff R (2014) The demise of calcium-based phosphate
binders-is this appropriate for children? Pediatr Nephrol

42. Houston J, Isakova T, Olf M (2013) Phosphate metabolism and
fibroblast growth factor 23 in chronic kidney disease. In: Kopple J,
Massry S, Kalantar-Zadeh K (eds) Nutritional management of
renal disease. London Academic Press, pp 285–308

43. Calvo MS, Moshfegh AJ, Tucker KL (2014) Assessing the health
impact of phosphorus in the food supply: issues and consider-
ations. Adv Nutr 5:104–113

44. D'Alessandro C, Piccoli GB, Cupisti A (2015) The “phosphorus
pyramid”: a visual tool for dietary phosphate management in di-
alysis and CKD patients. BMC Nephrol 16:9

45. Cupisti A, Kalantar-Zadeh K (2013) Management of natural and
added dietary phosphorus burden in kidney disease. Semin
Nephrol 33:180–190

46. Eckberg K, Kramer H, Wolf M, Durazo-Arvizu R, Tayo B, Luke
A, Cooper R (2015) Impact of westernization on fibroblast growth
factor 23 levels among individuals of African ancestry. Nephrol
Dial Transplant 30:630–635

47. Sullivan CM, Leon JB, Sehgal AR (2007) Phosphorus-containing
food additives and the accuracy of nutrient databases: implications
for renal patients. J Ren Nutr 17:350–354

48. Food Standards Agency (2018) EU Approved Additives and E
numbers. Accessed 15.03.2019 ed.

49. https://www.fda.gov/Food/IngredientsPackagingLabeling/
FoodAdditivesIngredients/ucm091048.htm#ftnP (2019)
Accessed 01.05.2018.

50. Nordblad M, Graham F, Mughal MZ, Padidela R (2016) Rapid
assessment of dietary calcium intake. Arch Dis Child 101:634–
636

51. Magarey A, Yaxley A, Markow K, Baulderstone L, Miller M
(2014) Evaluation of tools used to measure calcium and/or dairy
consumption in children and adolescents. Public Health Nutr 17:
1745–1756

52. Ortiz-Andrellucchi A, Henriquez-Sanchez P, Sanchez-Villegas A,
Pena-Quintana L, Mendez M, Serra-Majem L (2009) Dietary as-
sessment methods for micronutrient intake in infants, children and

adolescents: a systematic review. Br J Nutr 102(Suppl 1):S87–
S117

53. Saloheimo T, Gonzalez SA, Erkkola M, Milauskas DM, Meisel
JD, Champagne CM, Tudor-Locke C, Sarmiento O, Katzmarzyk
PT, Fogelholm M (2015) The reliability and validity of a short
food frequency questionnaire among 9-11-year olds: a multina-
tional study on three middle-income and high-income countries.
Int J Obes Suppl 5:S22–S28

54. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB,
Willett WC (1992) Reproducibility and validity of an expanded
self-administered semiquantitative food frequency questionnaire
among male health professionals. Am J Epidemiol 135:1114–
1126

55. Pampaloni B, Bartolini E, Barbieri M, Piscitelli P, Di Tanna GL,
Giolli L, Brandi ML (2013) Validation of a food-frequency ques-
tionnaire for the assessment of calcium intake in schoolchildren
aged 9-10 years. Calcif Tissue Int 93:23–38

56. MAFF Handbook of Food Portion Sizes (2005) Foods Standards
Agency. Editors: Sejal Patel and Alison Mills

57. Rees L, Shroff RC (2010) Phosphate binders in CKD: chalking
out the differences. Pediatr Nephrol 25:385–394

58. Schiller LR, Santa Ana CA, Sheikh MS, Emmett M, Fordtran JS
(1989) Effect of the time of administration of calcium acetate on
phosphorus binding. N Engl J Med 320:1110–1113

59. Stagi S, Cavalli L, Iurato C, Seminara S, Brandi ML, de MM
(2013) Bone metabolism in children and adolescents: main char-
acteristics of the determinants of peak bone mass. Clin Cases
Miner Bone Metab 10:172-179

60. Baxter-Jones AD, Faulkner RA, Forwood MR, Mirwald RL,
Bailey DA (2011) Bone mineral accrual from 8 to 30 years of
age: an estimation of peak bone mass. J Bone Miner Res 26:
1729–1739

61. K/DOQI clinical practice guidelines for Nutrition in Children with
CKD (2003) Am J Kidney Dis 42:S1–S201

62. KDIGO clinical practice guideline for the diagnosis, evaluation,
prevention, and treatment of Chronic Kidney Disease-Mineral and
Bone Disorder (CKD-MBD) (2009) Kidney Int Suppl S1-130

63. Abrams SA, Esteban NV, Vieira NE, Yergey AL (1991) Dual
tracer stable isotopic assessment of calcium absorption and endog-
enous fecal excretion in low birth weight infants. Pediatr Res 29:
615–618

64. Abrams SA (1998) Insights into bone metabolism from calcium
kinetic studies in children. Adv Exp Med Biol 445:283–291

65. Matkovic V, Heaney RP (1992) Calcium balance during human
growth: evidence for threshold behavior. Am J Clin Nutr 55:992–
996

66. Bonjour JP, Carrie AL, Ferrari S, Clavien H, Slosman D, Theintz
G, Rizzoli R (1997) Calcium-enriched foods and bone mass
growth in prepubertal girls: a randomized, double-blind,
placebo-controlled trial. J Clin Invest 99:1287–1294

67. Cadogan J, Eastell R, Jones N, Barker ME (1997) Milk intake and
bone mineral acquisition in adolescent girls: randomised, con-
trolled intervention trial. BMJ 315:1255–1260

68. Matkovic V, Goel PK, Badenhop-Stevens NE, Landoll JD, Li B,
Ilich JZ, Skugor M, Nagode LA, Mobley SL, Ha EJ, Hangartner
TN, Clairmont A (2005) Calcium supplementation and bone min-
eral density in females from childhood to young adulthood: a
randomized controlled trial. Am J Clin Nutr 81:175–188

69. European Food Safety Authority (2015) Scientific opinion on di-
etary reference values for calcium. 13 ed.; 4101-4183

70. European Food Safety Authority (2015) Scientific opinion on di-
etary reference values for phosphorus. 13 ed.; 4185-4239

71. http://www.sge-ssn.ch/grundlagen/lebensmittel-und-naehrstoffe/
naehrstoffempfehlungen/dachreferenzwerte/ DACH reference
values for nutrient intake.; Accessed 01.05.2018.

Pediatr Nephrol (2020) 35:501–518516

https://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm091048.htm#ftnP
https://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm091048.htm#ftnP
http://www.sge-ssn.ch/grundlagen/lebensmittel-und-naehrstoffe/naehrstoffempfehlungen/dachreferenzwerte/
http://www.sge-ssn.ch/grundlagen/lebensmittel-und-naehrstoffe/naehrstoffempfehlungen/dachreferenzwerte/


72. Institute ofMedicine (1997) Dietary reference intakes for calcium,
phosphorus, magnesium, vitamin D and fluoride.; https://www.
ncbi.nlm.nih.gov/books/NBK109813/#ch5.s13. Accessed 01.05.
2018

73. Institute of Medicine (2011) Dietary reference intakes for calcium
and vitamin D.

74. Nordic Council of Medicine (2012) Nordic Nutrition
Recommendations 2012; https://www.norden.org/en/theme/
former-themes/themes-2016/nordic-nutrition-recommendation/
nordic-nutrition-recommendations-2012; Accessed 01.05.2018

75. Borzych D, Rees L, Ha IS, Chua A, Valles PG, Lipka M,
Zambrano P, Ahlenstiel T, Bakkaloglu SA, Spizzirri AP, Lopez
L, Ozaltin F, Printza N, Hari P, Klaus G, Bak M, Vogel A, Ariceta
G, Yap HK,Warady BA, Schaefer F (2010) The bone and mineral
disorder of children undergoing chronic peritoneal dialysis.
Kidney Int 78:1295–1304

76. Groothoff JW, Offringa M, Van Eck-Smit BL, Gruppen MP, Van
De Kar NJ, Wolff ED, Lilien MR, Davin JC, Heymans HS,
Dekker FW (2003) Severe bone disease and low bone mineral
density after juvenile renal failure. Kidney Int 63:266–275

77. Wesseling-Perry K (2015) Defective skeletal mineralization in pe-
diatric CKD. Curr Osteoporos Rep 13:98–105

78. Denburg MR, Kumar J, Jemielita T, Brooks ER, Skversky A,
Portale AA, Salusky IB, Warady BA, Furth SL, Leonard MB
(2015) Fracture burden and risk factors in childhood CKD: results
from the CKiD cohort study. J Am Soc Nephrol

79. Wesseling-Perry K, Pereira RC, Tseng CH, Elashoff R, Zaritsky
JJ, Yadin O, Sahney S, Gales B, Juppner H, Salusky IB (2012)
Early skeletal and biochemical alterations in pediatric chronic kid-
ney disease. Clin J Am Soc Nephrol 7:146–152

80. Bakkaloglu SA, Wesseling-Perry K, Pereira RC, Gales B, Wang
HJ, Elashoff RM, Salusky IB (2010) Value of the new bone clas-
sification system in pediatric renal osteodystrophy. Clin J Am Soc
Nephrol 5:1860–1866

81. Denburg MR, Tsampalieros AK, de Boer IH, Shults J, Kalkwarf
HJ, Zemel BS, Foerster D, Stokes D, LeonardMB (2013) Mineral
metabolism and cortical volumetric bone mineral density in child-
hood chronic kidney disease. J Clin Endocrinol Metab 98:1930–
1938

82. Denburg MR, Kumar J, Jemielita T, Brooks ER, Skversky A,
Portale AA, Salusky IB, Warady BA, Furth SL, Leonard MB
(2016) Fracture burden and risk factors in childhood CKD: results
from the CKiD cohort study. J Am Soc Nephrol 27:543–550

83. Goodman WG, Ramirez JA, Belin TR, Chon Y, Gales B, Segre
GV, Salusky IB (1994) Development of adynamic bone in patients
with secondary hyperparathyroidism after intermittent calcitriol
therapy. Kidney Int 46:1160–1166

84. Oh J, Wunsch R, Turzer M, Bahner M, Raggi P, Querfeld U,
Mehls O, Schaefer F (2002) Advanced coronary and carotid
arteriopathy in young adults with childhood-onset chronic renal
failure. Circulation 106:100–105

85. Shroff RC, Donald AE, Hiorns MP, Watson A, Feather S, Milford
D, Ellins EA, Storry C, Ridout D, Deanfield J, Rees L (2007)
Mineral metabolism and vascular damage in children on dialysis.
J Am Soc Nephrol 18:2996–3003

86. Schaefer F, Doyon A, Azukaitis K, Bayazit A, Canpolat N,
Duzova A, Niemirska A, Sozeri B, Thurn D, Anarat A, Ranchin
B, Litwin M, Caliskan S, Candan C, Baskin E, Yilmaz E, Mir S,
Kirchner M, Sander A, Haffner D, Melk A, Wuhl E, Shroff R,
Querfeld U (2017) Cardiovascular phenotypes in children with
CKD: the 4C study. Clin J Am Soc Nephrol 12:19–28

87. Mitsnefes MM, Daniels SR, Schwartz SM, Meyer RA, Khoury P,
Strife CF (2000) Severe left ventricular hypertrophy in pediatric
dialysis: prevalence and predictors. Pediatr Nephrol 14:898–902

88. Shroff RC,McNair R, Figg N, Skepper JN, Schurgers L, Gupta A,
Hiorns M, Donald AE, Deanfield J, Rees L, Shanahan CM (2008)

Dialysis accelerates medial vascular calcification in part by trig-
gering smooth muscle cell apoptosis. Circulation 118:1748–1757

89. Shroff R, Wan M, Nagler EV, Bakkaloglu S, Cozzolino M,
Bacchetta J, Edefonti A, Stefanidis CJ, Vande WJ, Ariceta G,
Klaus G, Haffner D, Schmitt CP (2017) Clinical practice recom-
mendations for treatment with active vitamin D analogues in chil-
dren with chronic kidney disease Stages 2-5 and on dialysis.
Nephrol Dial Transplant 32:1114–1127

90. Civilibal M, Caliskan S, Kurugoglu S, Candan C, Canpolat N,
Sever L, Kasapcopur O, Arisoy N (2009) Progression of coronary
calcification in pediatric chronic kidney disease stage 5. Pediatr
Nephrol 24:555–563

91. Wesseling-Perry K, Salusky IB (2013) Phosphate binders, vitamin
D and calcimimetics in the management of chronic kidney
disease-mineral bone disorders (CKD-MBD) in children. Pediatr
Nephrol 28:617–625

92. Block GA, Spiegel DM, Ehrlich J, Mehta R, Lindbergh J,
Dreisbach A, Raggi P (2005) Effects of sevelamer and calcium
on coronary artery calcification in patients new to hemodialysis.
Kidney Int 68:1815–1824

93. Shroff R (2013) Phosphate is a vascular toxin. Pediatr Nephrol 28:
583–593

94. Portale AA, Wolf M, Juppner H, Messinger S, Kumar J,
Wesseling-Perry K, Schwartz GJ, Furth SL, Warady BA,
Salusky IB (2014) Disordered FGF23 and mineral metabolism
in children with CKD. Clin J Am Soc Nephrol 9:344–353

95. Wan M, Smith C, Shah V, Gullet A, Wells D, Rees L, Shroff R
(2013) Fibroblast growth factor 23 and soluble klotho in children
with chronic kidney disease. Nephrol Dial Transplant 28:153–161

96. Ardeshirpour L, Cole DE, Carpenter TO (2007) Evaluation of
bone and mineral disorders. Pediatr Endocrinol Rev 5(Suppl 1):
584–598

97. Sakaguchi Y, Hamano T, Kubota K, Oka T, Yamaguchi S,
Matsumoto A, Hashimoto N, Mori D, Obi Y, Matsui I, Isaka Y
(2018) Anion gap as a determinant of ionized fraction of divalent
cations in hemodialysis patients. Clin J Am Soc Nephrol 13:274–
281

98. Bleyer AJ, Burkart J, PiazzaM, Russell G, RohrM, Carr JJ (2005)
Changes in cardiovascular calcification after parathyroidectomy in
patients with ESRD. Am J Kidney Dis 46:464–469

99. Evenepoel P, Shroff R (2018) Facing cinacalcet-induced hypocal-
cemia: sit back and relax? Kidney Int 93:1275–1277

100. Benini O, D'Alessandro C, Gianfaldoni D, Cupisti A (2011) Extra-
phosphate load from food additives in commonly eaten foods: a
real and insidious danger for renal patients. J Ren Nutr 21:303–
308

101. Calvo MS, Uribarri J (2013) Contributions to total phosphorus
intake: all sources considered. Semin Dial 26:54–61

102. Ahlenstiel T, Pape L, Ehrich JH, Kuhlmann MK (2010) Self-
adjustment of phosphate binder dose to meal phosphorus content
improves management of hyperphosphataemia in children with
chronic kidney disease. Nephrol Dial Transplant 25:3241–3249

103. Murali KM, Mullan J, Roodenrys S, Hassan HC, Lambert K,
Lonergan M (2019) Strategies to improve dietary, fluid, dialysis
or medication adherence in patients with end stage kidney disease
on dialysis: a systematic review and meta-analysis of randomized
intervention trials. PLoS One 14:e0211479

104. Abercrombie EL, Greenbaum LA, Baxter DH, Hopkins B (2010)
Effect of intensified diet education on serum phosphorus and
knowledge of pediatric peritoneal dialysis patients. J Ren Nutr
20:193–198

105. Lambert K, Mansfield K, Mullan J (2018) Qualitative exploration
of the experiences of renal dietitians and how they help patients
with end stage kidney disease to understand the renal diet. Nutr
Diet 76(2):126–134

Pediatr Nephrol (2020) 35:501–518 517

https://www.ncbi.nlm.nih.gov/books/NBK109813/#ch5.s13
https://www.ncbi.nlm.nih.gov/books/NBK109813/#ch5.s13
https://www.norden.org/en/theme/former-themes/themes-2016/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://www.norden.org/en/theme/former-themes/themes-2016/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://www.norden.org/en/theme/former-themes/themes-2016/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012


106. Lambert K, Mansfield K, Mullan J (2018) How do patients and
carers make sense of renal dietary advice? A qualitative explora-
tion. J Ren Care 44:238–250

107. Hothi DK, Harvey E, Piva E, Keating L, Secker D, Geary DF
(2006) Calcium and phosphate balance in adolescents on home
nocturnal haemodialysis. Pediatr Nephrol 21:835–841

108. Davies JH, Shaw NJ (2012) Investigation and management of
hypercalcaemia in children. Arch Dis Child 97:533–538

109. Bacchetta J, Schmitt CP, Ariceta G, Bakkaloglu AS, Vervolet M.,
Shroff R, Haffner D (2019) Clinical practice recommendations on
cinacalcet use in pediatric dialysis.

110. Sohn WY, Portale AA, Salusky IB, Zhang H, Yan LL, Ertik B,
Shahinfar S, Lee E, Dehmel B, Warady BA (2019) An open-label,
single-dose study to evaluate the safety, tolerability, pharmacoki-
netics, and pharmacodynamics of cinacalcet in pediatric subjects
aged 28 days to < 6 years with chronic kidney disease receiving
dialysis. Pediatr Nephrol 34:145–154

111. Warady BA, Iles JN, Ariceta G, Dehmel B, Hidalgo G, Jiang X,
Laskin B, Shahinfar S, Vande WJ, Schaefer F (2019) A random-
ized, double-blind, placebo-controlled study to assess the efficacy
and safety of cinacalcet in pediatric patients with chronic kidney
disease and secondary hyperparathyroidism receiving dialysis.
Pediatr Nephrol 34:475–486

112. Manickavasagar B, McArdle AJ, Yadav P, Shaw V, Dixon M,
Blomhoff R, Connor GO, Rees L, Ledermann S, Van't Hoff W,
Shroff R (2015) Hypervitaminosis A is prevalent in children with
CKD and contributes to hypercalcemia. Pediatr Nephrol 30:317–
325

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Louise McAlister1 & Pearl Pugh2
& Laurence Greenbaum3

& Dieter Haffner4 & Lesley Rees1 & Caroline Anderson5
&

An Desloovere6
& Christina Nelms7 &Michiel Oosterveld8

& Fabio Paglialonga9 & Nonnie Polderman10
&

Leila Qizalbash11
& José Renken-Terhaerdt12 & Jetta Tuokkola13 & Bradley Warady14 & Johan Vande Walle6

&

Vanessa Shaw1,15
& Rukshana Shroff1

1 Great Ormond Street Hospital for Children NHS Foundation Trust,

and University College London, Institute of Child Health, WC1N

3JH, London, UK

2 Nottingham Children’s Hospital, Nottingham University Hospitals

NHS Trust, Nottingham, UK

3 Emory University and Children’s Healthcare of Atlanta,

Atlanta, USA

4 Children’s Hospital, HannoverMedical School, Hannover, Germany

5 Southampton Children’s Hospital, University Hospital Southampton

NHS Foundation Trust, Southampton, UK

6 University Hospital Ghent, Ghent, Belgium

7 PedsFeeds LLC, University of Nebraska, Nebraska, USA

8 Emma Children’s Hospital, Amsterdam University Medical Center,

Amsterdam, The Netherlands

9 Fondazione IRCCS Ca’Granda Ospedale Maggiore Policlinico,

Milan, Italy

10 British Columbia Children’s Hospital, Vancover, Canada

11 Great Northern Children’s Hospital, Newcastle upon Tyne, UK

12 Wilhelmina Children’s Hospital, University Medical Center

Utrecht, Utrecht, The Netherlands

13 Children’s Hospital and Clinical Nutrition Unit, University of

Helsinki and Helsinki University Hospital, Helsinki, Finland

14 Children’s Mercy Kansas City, Kansas City, USA

15 University of Plymouth and University College London Institute of

Child Health, London, UK

Pediatr Nephrol (2020) 35:501–518518

http://orcid.org/0000-0001-8501-1072

	The...
	Abstract
	Introduction
	Methods
	Developing the PICO questions
	Literature search
	Framing advice

	Clinical Practice Recommendations
	Evidence and rationale
	Dietary sources of calcium
	Dietary sources of phosphate
	Bioavailability of dietary Ca and P

	Evidence and rationale
	Evidence and rationale
	Evidence and rationale
	Evidence and rationale
	Evidence and rationale

	Results of the Delphi survey
	Summary of recommendations
	Research recommendations

	��References


