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Abstract

Children with chronic kidney disease (CKD) are at risk for vitamin deficiency or excess. Vitamin status can be affected by
diet, supplements, kidney function, medications, and dialysis. Little is known about vitamin requirements in CKD, leading
to practice variation.

The Pediatric Renal Nutrition Taskforce (PRNT), an international team of pediatric kidney dietitians and pediatric neph-
rologists, was established to develop evidence-based clinical practice points (CPPs) to address challenges and to serve as
a resource for nutritional care. Questions were formulated using PICO (Patient, Intervention, Comparator, Outcomes), and
literature searches undertaken to explore clinical practice from assessment to management of vitamin status in children with
CKD stages 2-5, on dialysis and post-transplantation (CKD2-5D&T). The CPPs were developed and finalized using a Delphi
consensus approach. We present six CPPs for vitamin management for children with CKD2-5D&T. We address assessment,
intervention, and monitoring. We recommend avoiding supplementation of vitamin A and suggest water-soluble vitamin
supplementation for those on dialysis. In the absence of evidence, a consistent structured approach to vitamin management
that considers assessment and monitoring from dietary, physical, and biochemical viewpoints is needed. Careful considera-
tion of the impact of accumulation, losses, comorbidities, and medications needs to be explored for the individual child
and vitamin before supplementation can be considered. When supplementing, care needs to be taken not to over-prescribe.
Research recommendations are suggested.

Keywords Vitamins - Chronic kidney disease - Pediatric Renal Nutrition Taskforce - Clinical practice points - Children

Introduction

Vitamins have essential roles in bodily processes [1, 2].
Deficiencies and excesses may cause adverse clinical con-
sequences, and chronic kidney disease (CKD) increases their
risk. Vitamin status can be affected by diet, supplements,
kidney function, and dialysis, among other factors.

The most recent pediatric guidelines [3, 4] for vitamin
management in CKD were published over 15 years ago and
are based on limited evidence. These guidelines made four
key points. First, dietary intake should provide 100% of
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requirements for healthy children. Second, supplementation
should be considered when there is inadequate intake or clin-
ical deficiency is evident. Third, low blood concentrations
may be used to confirm deficiency. Fourth, children on dialy-
sis should receive water-soluble vitamin supplementation,
if not on enteral or sip feeds (oral nutritional supplements).

Building on prior Kidney Disease Outcomes Quality Ini-
tiative recommendations [4], along with information derived
from recent literature, we present a comprehensive position
paper with six clinical practice points (CPPs) to address vita-
min assessment, intervention, and monitoring for children
with CKD stages 2-5, those on dialysis and post- kidney
transplantation, all henceforth referred to as CKD. These
CPPs are based on available evidence, expert opinion, and,
where appropriate, extrapolation from adult studies. We
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address fat-soluble vitamins (A (retinol), E (tocopherol),
and K (phylloquinone, menaquinone)) and water-soluble
vitamins (B1 (thiamin), B2 (riboflavin), B3 (niacin), B5
(pantothenic acid), B6 (pyridoxine), B7 (biotin), B9 (folate),
B12 (cobalamin), and C (ascorbic acid)). Vitamin D has
been extensively addressed elsewhere and is not included
in this review [5].

Methods

The full development process, the purpose, and plans for
audit and revision of the recommendations are described
in a previous Pediatric Renal Nutrition Taskforce (PRNT)
publication [6]. The search criteria are described below
(Table S1). The PRNT working group, which included
pediatric nephrologists, dietitians, and biochemists, defined
the scope, formulated the questions, performed the literature
review, developed the CPPs, and conducted the Delphi pro-
cess. The Delphi group included nephrologists and dietitians
from global children’s kidney centers.

Development process

PICO (Patient, Intervention, Comparator, and Outcome)
questions guided the development of actionable CPPs

A—PICO questions

Population/Patient: children from birth up to 18 years
of age with CKD.

Intervention: assessment of vitamin requirements,
intake, and clinical evidence of deficiency or excess;
use of supplementation and monitoring.
Comparison: vitamin requirements for healthy chil-
dren and adults with CKD, and biochemical markers,
where available (or no comparator)

Outcomes: adequate vitamin intake; avoidance of vita-
min deficiencies and excesses.

B—Proposed clinical questions for clinical practice
points for children with CKD

What are the vitamin requirements?

Which foods are the main dietary sources?

How do dietary modifications affect intake?

What are the non-dietary factors which influence vita-

min status?

5. How should we approach clinical assessment and moni-
toring?

6. When is dietary modification or vitamin supplementa-

tion indicated?

=

@ Springer

Literature search

Details of the literature search are described in Table S1.
Literature up to and including a publication date of Janu-
ary 2023 was reviewed using PICO and related clinical
questions.

Clinical practice points
1. What are the vitamin requirements?

1.1 The vitamin requirements for children with early
CKD (stages 2—3a) should approximate those of
healthy children of the same chronological age

1.1.1 For children with advanced CKD (stage
3b—-5D&T), vitamin requirements may be
less or greater than those for healthy children.
We suggest that the intake of vitamin A
in CKD, where accumulation may occur,
should not exceed the requirements of
healthy children.

Evidence and rationale

In order to understand requirements for children with
CKD, we first describe the requirements for healthy chil-
dren as a comparator. A summary of internationally pub-
lished recommended dietary intakes of vitamins is pro-
vided in Table S2 [7-12]. Definitions of requirements can
be found in Table S3.

The requirements of vitamins for children and adolescents
with CKD have not been determined. Therefore, require-
ments for healthy children should be used as an initial guide
for the assessment of adequate intake. This statement agrees
with previous published guidelines. However, additional
consideration has been given to advanced CKD, as discussed
below, suggesting that requirements may be greater for some
vitamins due to the presence of increased oxidative stress
and dialysate- and medication-induced losses. Conversely,
there is evidence that excess intake of some vitamins causes
harm [13-15]. Children with CKD may develop clinical
hypervitaminosis A due to decreased urinary excretion and
absence of dialytic removal. Hence, high intake of vitamin
A in CKD should be avoided [16-26]. These statements,
including the restriction of vitamin A intake, are consistent
with prior guidelines for children with CKD.

In children with pre-dialysis CKD, we suggest increas-
ing intake, either via diet or supplements, if B vitamins or
vitamin C intakes are lower than recommended for healthy
children.
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Children receiving dialysis may benefit from a higher
vitamin C intake. Supplementation may be beneficial for
anemia and lipid management in children on dialysis [27,
28]. However, the safe amount to ingest, to avoid the risk of
systemic oxalosis, is not known [29, 30]. KDOQI [4] recom-
mends supplementation for dialysis patients, but does not
provide a specific supplementation recommendation, though
does state that the safe upper limit of total intake of vitamin
C is 400-1800 mg per day, depending on age. In one study,
supplementation of 250 mg/day of vitamin C did not lead
to hyperoxaluria [28]. The UK Scientific Advisory Com-
mittee on Nutrition and European Food Safety Authority
[7, 15] have not set an upper limit for healthy children. In
the absence of dietary or laboratory assessment for B vita-
mins, it is likely optimal to use a water-soluble multivitamin
supplement in children receiving dialysis given the risk of
deficiencies and low risk of excess. There are no reports of
toxicity using such an approach.

2. Which foods are the main dietary source of vitamins?

2.1 Children with CKD may obtain sufficient vitamin
intake through intake of a varied diet and/or a nutri-
tionally complete enteral formula.

Evidence and rationale

The main dietary sources for each vitamin are shown in
Table 1; some of these foods may need to be restricted to man-
age uremia, hyperkalemia, hyperphosphatemia, and hyperlipi-
demia. A varied diet can help optimize vitamin intake.

3. Dietary modifications and food preparation methods
may impact vitamin intake.

3.1 How do dietary modifications affect intake?

Evidence and rationale

Dietary intake of vitamins in children with CKD has been
reported to range from below to above estimated require-
ments for healthy children (Tables S4, S6, S10, S12, S14,
S15, S16, S18, S20, S22). Diet modifications for CKD may
limit vitamin-rich dietary sources (Table 1) and children
with CKD are at increased risk of malnutrition, including a
non-optimal vitamin status [31-33]. The risk of malnutrition
may be particularly pertinent in children who have advanced
CKD, including those on dialysis.

Vitamin intake can also be altered by country-specific
food fortification programs and may change with cooking
methods designed to reduce potassium intake. For exam-
ple, boiling in water reduces vitamin content, especially of

water-soluble and heat-labile vitamins [34, 35]. In addition,
interactions with other nutrients may affect absorption and
metabolism. The vitamin content of enteral formulas is spe-
cific at the time of manufacture, but content could change
according to storage conditions [36-39].

4. What are the non-dietary factors which influence vita-
min intake and status?

4.1 Non-dietary factors, such as CKD stage, dialysis,
comorbidities, and medications, should be consid-
ered when assessing and monitoring vitamin status
and when planning nutritional interventions.

Evidence and rationale

Each vitamin is considered individually below. All chil-
dren, including patients with CKD, could develop vitamin
deficiency due to malabsorption [40, 41]. Table 2 shows
the impact of medications and how they can alter vitamin
absorption, distribution, metabolism, and excretion. The
most commonly prescribed medications for consideration
are proton pump inhibitors (B12), furosemide (B6, C), and
warfarin (B3, K, E) [42, 43].

Vitamin A is partially excreted by the kidneys and is not
removed by dialysis. The kidney tubules have a role in vita-
min A catabolism, and thus vitamin A can accumulate in
patients with CKD, especially those receiving dialysis [4,
16-26, 44] (Table S27). Transplant patients are considered
to have CKD, and elevated levels of vitamin A may be of
concern in transplant recipients, especially as kidney func-
tion declines [45, 46].

There is limited evidence that blood vitamin E concentra-
tions are elevated in adults and children with CKD [24, 25].
There is conflicting information as to whether vitamin E is
lost in hemodialysis (HD) [47-50].

Little is known about vitamin K in children with CKD.
There is no evidence for an increased risk of vitamin K defi-
ciency in CKD, though malabsorption due to gastrointesti-
nal disease and poor intake combined with broad-spectrum
antibiotics that eliminate gut bacteria producing vitamin K
may cause vitamin K deficiency [51-54]. There is no evi-
dence of vitamin K losses in dialysis; however, low serum
vitamin K levels are present in patients treated with vitamin
K antagonists, a therapy mainly studied in adults with CKD
who exhibit side effects such as bleeding and calciphylaxis.

Many water-soluble vitamins are lost in dialysate due to
their small molecular size. Only adult data is available for B
complex vitamins. There is evidence for varying degrees of
losses in HD for vitamins B1 (Table 3; Table S28) [55-60].
B2 [57, 60], B6 [57, 60—62], biotin [63], and folate [57,
60, 62, 64, 65]. There is evidence for varying degrees of

@ Springer
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Table 2 Vitamin interactions with medications [135]

Vitamin

Interactions

Vitamin A/retinol/retinoic acid

Vitamin B1/thiamin

Vitamin B2/riboflavin

Vitamin B3/niacin, nicotinamide

Vitamin B5/pantothenic acid

Vitamin B6/pyridoxin, pyridoxal, pyridoxamine

Vitamin B7/biotin

Vitamin B9/folate, folic acid

Vitamin B12/cobalamins, cyanocobalamin
methylcobalamin

Vitamin C/ascorbic acid, ascorbate

Moderate interaction:

Etretinate, Tretinoin, Isotretinoin, Bexarotene — risk for retinoid toxicity
Tetracycline antibiotics (e.g., doxycycline, minocycline) — increased risk of pseudotumor cerebri
Anticoagulants (e.g., heparin, warfarin, dicumarol, bivalrudin, antithrombin III, argatroban, clopidogrel) — increased
risk of bleeding
Tocofersolan — increased absorption of vitamin A
Cholestyramine — decreased absorption
Rifampicin — decreased absorption
Orlistat — decreased absorption
Moderate interaction:
Fluorouracil — reduced thiamine exposure

No moderate or major interactions
No contraindications
Major interaction:
Simvastatin, lovastatin, rosuvastatin, cerivastatin, atorvastatin, pitavastatin—increased niacin and statin exposure
with risk for myopathy or rhabdomyolysis
Methotrexate — increased risk of methotrexate-related severe adverse reactions; reduced active metabolite forma-
tion; possibly reduced methotrexate efficacy

Moderate interaction:

Warfarin — increased risk of bleeding
Insulin — decreased blood glucose lowering effect of insulin
Fluvastatin, pravastatin — increased risk of myopathy or rhabdomyolysis
Moderate interaction:
Azithromycin, clarithromycin, erythromycin, roxithromycin — decreases level/effect of BS supplementation
Major interaction:
Altretamine — reduced response to altretamine
Moderate interaction:
Levodopa — decreased levodopa effectiveness
Furosemide — significantly increases urinary excretion
No moderate or major interactions
No contraindications
Long-term use of antiseizure medications may reduce biotin levels
Major interaction:
Capecitabine — concomitant use with folic acid may result in increased fluorouracil exposure and increased risk
of fluorouracil-related toxicity
Pafolacianine — concurrent use may result in reduced detection of malignant lesions
Methotrexate — concurrent use may result in reduced folic acid serum levels and reduced methotrexate efficacy
Moderate interaction:

Phenytoin — concurrent use may result in decreased folic acid serum levels; decreased phenytoin effectiveness
Pyrimethamine — loss of pyrimethamine efficacy
Primidone—decreased folic acid serum levels; decreased primidone effectiveness

Moderate interaction:

Chloramphenicol — concurrent use may result in decreased efficacy of vitamin B12 when used to treat anemia
Mycophenolate mofetil — increased risk of B12 deficiency due to diarrhea
Proton pump inhibitors, H2 blockers, and metformin — increased risk of B12 deficiency

Major interaction:

Amygdalin — concomitant use with vitamin C may result in increased metabolism of amygdalin leading to
increased cyanide levels

Deferoxamine — impairment of cardiac function

Erythromycin, lincomycin, streptomycin, kanamycin, doxycycline — decreased antibiotic activity

Bleomycin — decreased bloemycin efficacy

Moderate interaction:

Indinavir (protease inhibitor/antiretroiral) — decreased indinavir plasma concentration

Amphetamines (dextroamphetamine, lisdexamfetamine, benzphetamine, methamphetamine) — decreased blood
levels and effectiveness of amphetamines

Furosemide — significantly increases urinary excretion

@ Springer
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Table 2 (continued)

Vitamin Interactions

Vitamin E/tocopherol, tocotrienol Major interaction:

Dicumarol — increased risk of bleeding

Moderate interaction:

Warfarin — increased risk of bleeding
Tocofersolan — increased absorption of vitamin E
Cholestyramine — decreased absorption
Rifampicin — decreased absorption

Orlistat — decreased absorption

Vitamin K/phylloquinone, menaquinone Moderate interaction:

Warfarin — decreased effectiveness of warfarin; reduction in INR

Pau D’arco (herbal/medicinal tree bark)—reduced vitamin K effectiveness
Tocofersolan — increased absorption of vitamin K

Cholestyramine — decreased absorption

Rifampicin — decreased absorption

Orlistat — decreased absorption

Major — the interaction may be life-threatening and/or require medical intervention to minimize or prevent adverse effects

Moderate — the interaction may result in exacerbation of the patient’s condition and/or require an alteration of therapy

losses in peritoneal dialysis (PD) for vitamins B2 (Table 3;
Table S28) [66], B6 [57, 60, 62, 66, 67], and folate [66,
68]; losses of B1 are low [66]. There is no information on
losses or levels of vitamins B3 or B5 in adults or children
receiving dialysis. Losses of folate seem to be higher with
high flux HD and lower with PD [64-66, 68—73]. Studies in
adults have not demonstrated vitamin B12 losses in dialysis
patients [57, 65, 66, 70, 71]. Table 3 summarizes the losses
of B vitamins in adults receiving dialysis.

Studies have demonstrated vitamin C losses in dialysate in
children on PD [18, 74] and HD [75]. In adults, there is evi-
dence of losses in dialysate in HD [60, 76, 77] and PD [61,
66, 69, 78, 79] as well as reduction in serum vitamin C levels
in adults post-HD [60, 76, 77, 80-82] and PD [66, 68, 79, 83]
(Table 3). Higher losses have been reported with higher sup-
plementation [76]. In one study, children on HD were more
likely to have low blood concentrations compared to children on
PD or with CKD2-5 [84]. In adults, there are multiple studies
demonstrating low blood concentrations in dialysis patients,
with lower levels associated with increasing efficacy and dura-
tion of dialysis [60, 68, 69, 73, 76, 77, 79-82, 85] (Table 3). In
addition, furosemide increases urinary losses of vitamin C [42].

In the transplant population, there are very limited data,
with one small study suggesting no evidence of low status,
and perhaps altered B vitamin metabolism with elevated B6
concentrations despite a lack of supplementation [86].

5. How should we approach clinical assessment and moni-
toring?

5.1 Dietary

5.1.1 We suggest that the vitamin intake of chil-

dren with CKD should be assessed by diet

history/diet records, including food and
drink, formulas and nutritional supple-
ments, and a review of medications.

We suggest that the frequency of assess-
ment of vitamin intake should be influ-
enced by dietary modifications, child’s
age, CKD stage, dialysis modality, and
intake of medications that interfere with
vitamin metabolism.

Assessment may need to be more frequent
if there are signs or symptoms of deficiency
Or eXcess.

5.2.1

Evidence and rationale

Dietary assessment is clinically important given evidence
of insufficient dietary intake of vitamins (Tables S4, S6,
S10, S12, S14, S15, S16, S18, S20, S22) [18, 25, 28, 31,
31, 87-94]. A complete dietary assessment should include
intake from food, formulas, nutritional supplements, and
intake from medications [94] with consideration of the
effect of food preparation on vitamin content and bioavail-
ability. Assessment of dietary intake has been described in
detail in a previous PRNT publication [94], which recom-
mended three 24-h dietary recalls or a 3—4-day diet diary/
food record. However, due to potential significant variation
in daily intake [95], it is necessary to review adequacy over
longer periods of time before taking action [83].

Vitamin intake should be reviewed whenever there is
a major change in diet (e.g., conversion from formula to
table food, adoption of a vegan diet), when a patient initiates
dialysis, when there is a clinical issue that may affect vita-
min balance (e.g., malabsorption, initiation of a medication
that may affect vitamin levels), or when there are signs and

@ Springer
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Table 3 Losses of water-soluble vitamins in dialysis

Vitamin Molecular  Protein binding Estimated loss in PD Estimated loss in HD
weight
Vitamin B1 (thiamin) 337 Albumin Dialysate: 46 ug +3 mcg per Serum reduction:
session [66] 6%—I[57] 20% [60] 75-82%
(supplemented), 130% (unsup-
plemented) [56], 43.9% [59]

Dialysate: 1.12+0.88 mg per
session [60]

Vitamin B2 (riboflavin) 376 Weak albumin Dialysate: 832+ 145 mcg Serum reduction: 7% [57], 13%
per session [2] [60]
Dialysate: 0.28 +0.30 mg per
session [60]
Vitamin B3 (niacin) 132 Weak binding in plasma
Vitamin B5 (pantothenic acid) 219 Not available
Vitamin B6 (pyridoxin) 169 Albumin Pyridoxal 5'-phosphate Dialysate: 767 +111mcg per Serum reduction: 28% + 14%
session [66] [621, 35% [571, 25.4% [60]

Dialysate: 0.33 +0.09 mg per
session [60]

Vitamin B7 (biotin) 244 Weak Serum reduction: 30-33% [63]

Vitamin B9 (folate) 441 No Dialysate: 107 +5 mcg [66]  Serum reduction: 26% + 16%
[621,37% [571, 19% [64],
32.6% [60]

Dialysate: 0.3 +0.18 mg [60],
37.3ug (3.6-91.5 pg) [64] per
session

Vitamin B12 (cobalamin) 1355 Transcobalamin II None reported None reported
Vitamin C 176 No Dialysate: 32 mg/d Dialysate: 0.415+0.113 umol/L

[77],4.476 +0.543—
4.659 +0.445 pmol/L
[74]; pediatric

Dialysate 4.8+ 1.2 mg/L
(unsupple-
mented),10.5+ 1.8 mg/L
(supplemented) [69],
50 mg/d (unsup-
plemented), 90 mg/d
(supplemented) [79],
56 mg+ 8 mg per session
[66], 40 mg per session
[78], 149 pmol per 6 h per
session [61]

[75]; pediatric
Reduction in serum 52% [76],
50% [77], 51% [81], 33% [80],
60% [82], 66.6% [60]
Dialysate: 66 mg [76],
93-334 mg [77],
147.5+145.5 mg [60] per
session

symptoms of deficiency or excess. Dietetic assessment is
best carried out by a specialized pediatric kidney dietitian
or a suitably trained healthcare professional with the neces-
sary skills and competencies. Vitamin intake based on food
records or diet diaries should ideally be calculated using
software with a reliable database of foods and nutrients,
bearing in mind the differences in vitamin bioavailability
and content due to seasonal variation.

5.2 Physical

5.2.1 We suggest individualized evaluation for
physical signs and clinical symptoms of

vitamin deficiency or excess.

@ Springer

Evidence and rationale

Table 4 outlines the clinical manifestations of deficiency
and excess, roles of vitamins in the body, and bioavailabil-
ity of vitamins. The impact of accumulation and losses are
described where relevant for each vitamin below (state-
ment 5.3). A clinical examination for signs and symptoms
of vitamin deficiency or excess (Table 4) is suggested as
part of routine care for children with a variety of chronic
conditions [96]. In the absence of evidence, expert opinion
suggests the same assessment should be undertaken for
children with CKD. The frequency of assessment should
be determined by clinical judgment and the outcome
of relevant dietary and biochemical assessments. One
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challenge is that some of these signs and symptoms over-
lap with clinical manifestations of CKD (e.g., impaired
growth, poor appetite, emesis, diarrhea, and increased
fractures). Hence, the clinician must actively consider if
vitamin deficiency or excess is a possible explanation for
the clinical findings.

5.3 Biochemical

5.3.1 Routine biochemical assessment of vitamin status
is not indicated.

5.3.2 We suggest biochemical assessment when there
are signs or symptoms of deficiency or excess, and
in children with:

— unexplained hypercalcemia or elevated intracra-
nial pressure—assess vitamin A.

— unexplained macrocytic anemia—assess vitamins
folate and B12.

5.3.3 Consider biochemical assessment if there are risk
factors for deficiencies or excess in children:

— receiving peritoneal dialysis—assess vitamins C,
B2, B6, and folate.

— receiving hemodialysis—assess vitamins C, B1,
B35, B6, biotin, and folate.

— taking medication that may interfere with vitamin
metabolism and/or absorption - assess applicable
vitamins

5.3.4 Biochemical assessment should ideally be under-
taken when fasted, when not acutely ill, and pre-
hemodialysis session.

— measure C-reactive protein (CRP) when assessing
vitamin C and B6 levels.

Evidence and rationale

Routine biochemical assessment of vitamin status is
not indicated unless there is evidence of malabsorption.
Previous guidelines recommended routine biochemical
assessment, but there is no evidence in the existing lit-
erature that routine monitoring is necessary. This state-
ment differs from previously published guidelines based
on current evidence. Vitamin biochemical assessment, as
described in Table 4, is, however, appropriate in patients
with signs and symptoms compatible with vitamin defi-
ciency or excess. The frequency of monitoring vitamin
biochemical status should be determined using clinical
judgment. Individual vitamin considerations are dis-
cussed below.

Vitamin A

Hypercalcemia secondary to hypervitaminosis A has been
reported in pediatric and adult dialysis patients [23, 44,
97-100]. Retinol is a form of vitamin A; elevated retinol
levels increase osteoclastic breakdown of bone and decrease
osteoblastic bone formation [26]. Vitamin A toxicity may also
cause increased intracranial pressure [101]. Hence, biochemi-
cal assessment for vitamin A excess, along with evaluation of
vitamin intake, should be considered in a patient with advanced
CKD and unexplained hypercalcemia or raised intracranial
pressure.

Vitamin E

There is no evidence that deficiency or excess from elevated
vitamin E levels occurs in CKD. Thus, we do not recom-
mend vitamin E levels be measured.

Vitamin K

Vitamin K-dependent proteins play an important role in
coagulation and deficiency can lead to increased bleeding
[9, 11, 12]. Hence, assessment for vitamin K deficiency by
measuring prothrombin time (PT) (Table 4) is appropriate
when there is unexplained bleeding or bruising, especially
in a patient with risk factors for deficiency (statement 4.0).

Vitamin B complex

Routine measurement of B complex vitamins is not indicated
in children with CKD; suboptimal as well as good biochemi-
cal status has been described in the literature [18, 24, 25,
86-89, 92, 102-112], as shown in Tables S5, S7, S11, S13,
S17, S19, S21, and S23. The reference normal values for
the B complex vitamins are often based on limited data in
children and thus must be interpreted with caution.

Measurement of B12 and folate levels in patients with
CKD is most recommended as part of the evaluation of
unexplained macrocytic anemia. For patients with a bor-
derline B12 level, an elevated methylmalonic acid (MMA)
level supports a diagnosis of B12 deficiency; MMA is usu-
ally elevated in CKD patients, but high or disproportionally
elevated levels of MMA for CKD stage may suggest B12
deficiency [113-115]. Treatment of folic acid deficiency
may mask the macrocytic anemia and worsen the neuro-
logical manifestations of B12 deficiency, and thus B12 lev-
els should be monitored in patients treated for folic acid
deficiency [83].

Noteworthy is recognition that acute inflammation,
assessed by the measurement of CRP, lowers the level of
vitamin B6 [116]. Hence, CRP should be determined when

@ Springer
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measuring B6 and the level of B6 should be repeated if it is
initially low in the setting of an elevated CRP level.

Vitamin C

Routine measurement of vitamin C is not indicated in chil-
dren with CKD [25, 28, 74, 75, 84, 89]. Plasma vitamin C
can be measured if there is clinical suspicion of deficiency
or excess (Table 4). Since oxalate is a byproduct of vita-
min C metabolism (statement 6.2), plasma or urine oxalate
can also be measured if vitamin C excess is suspected [29,
117]. Plasma vitamin C should be measured in a fasting
state, and before dialysis in HD patients. Moreover, acute
inflammation lowers the level of vitamin C [116]. Thus, CRP
should be measured when measuring vitamin C. If the CRP
is elevated, the vitamin C concentration should be repeated
once the CRP level has normalized.

6. When is dietary modification or supplementation indi-
cated?

6.1 Intervention is indicated:

— if dietary assessment suggests a risk of deficiency
Or excess.
— if clinical and/or biochemical evidence suggests
arisk of deficiency or excess.
6.2 Fat-soluble vitamins
6.2.1 Dietary sources rich in vitamin A should
be limited in children with CKD.
If nutritional supplements and formulas
are indicated, consider one with a lower
vitamin A content.
If a multivitamin supplement is indicated,
consider one with a low or zero vitamin A
content.
Avoid routine vitamin E and K supplemen-
tation unless a comorbidity predisposing
to deficiency is present.

6.2.2

6.2.3

6.2.4

6.3 Water-soluble vitamins
6.3.1 In the case of low water-soluble vitamin
intake, consider dietary modification and/
or vitamin supplementation.
Water-soluble vitamin supplementation
(particularly vitamins C, B6, and folate)
may be needed in children on dialysis
because of dialysate losses.
Water-soluble vitamin supplementation
may be needed in children while taking

6.3.2

6.3.3

medications that interfere with vitamin
metabolism.

6.3.4  We suggest folate and vitamin B12 sup-
plementation may be required in children
with macrocytic anemia and biochemical
evidence of deficiency.

6.3.5 Consider the benefits versus risks of vita-

min C supplementation due to its metabo-
lism to oxalate.

Evidence and rationale

There are limited studies describing the dietary intake and
serum concentrations of vitamins in children with CKD, and
results vary with CKD stage. Reported intakes range from
lower to higher than the estimated requirements for healthy
children, with higher intakes in children receiving vitamin
supplements [18, 18, 23, 25, 28, 31, 31, 87-89, §9-93].
Similarly, serum concentrations range from below normal to
above normal [16, 18, 18, 20-26, 74, 75, 84, 87, 89, 92, 102,
104, 105, 107, 109, 111, 118, 119]. Risk of excess intake for
those vitamins that accumulate with declining kidney func-
tion is greatest when patients receive vitamin supplements
(Tables S4, S6, S10, S12, S14, S15, S16, S18, S20, S22).
These practice points are consistent with previous guidelines
but include additional guidance on when and how to adjust
dietary intake and prescribe vitamin supplements.

Fat-soluble vitamins

Supplementation of fat-soluble vitamins is not
recommended.

Vitamin A

There is a high risk of vitamin A toxicity, due to decreased
excretion. A diet with high amounts of vitamin A-rich foods
can far exceed the recommended intake for healthy children.
Hence, the nutritional evaluation in children with CKD should
include assessment for high intake of vitamin A from dietary
sources (e.g., consumption of liver). Formulas, nutritional
supplements, and vitamin supplements may also lead to exces-
sive intake of vitamin A [18, 22, 23, 89]. Consequently, it has
been proposed that children with CKD be prescribed no or
the lowest vitamin A content possible when using nutritional
or vitamin supplements, with the goal to limit intake to the
recommended intake for healthy children, or lower [3].

Vitamin E
There are no studies of vitamin E supplementation in chil-

dren with CKD. Supplementation studies in adult patients
are limited with inconclusive results. Supplementation is
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not recommended, and excess intake should be avoided
[83]. A meta-analysis of supplementation trials suggested
a dose-dependent relationship of increased all-cause mor-
tality (0.4%) with high-dose vitamin E supplementation
[120].

Vitamin K

There is no evidence to support the routine supplementation
of vitamin K in patients with CKD [121]. It is important to
avoid vitamin K supplementation in patients receiving war-
farin for anticoagulation [83]. Children receiving frequent
antibiotic therapy should be carefully monitored for risk of
deficiency.

Water-soluble vitamins

Water-soluble vitamins are commonly lost in dialysate. Suffi-
cient dietary intake may not occur due to overall poor intake,
selective eating, and dietary modifications due to CKD. Eat-
ing a varied diet rich in water-soluble vitamins, with due
regard for necessary dietary modifications, is encouraged.
Given the cost and limits of biochemical assessment, use
of a balanced water-soluble multivitamin supplement is
a practical option in children with poor dietary intake for
sustained periods of time, increased losses due to dialysis,
or chronic furosemide therapy (Table 2). Since commercial
vitamin supplements may provide a far higher intake than
requirements, it is recommended that children with CKD are
monitored for clinical evidence of vitamin excess. Children
receiving enteral or oral formulas will likely not need a mul-
tivitamin supplement.

Vitamin B complex

There are no trials looking at the effects of vitamin B com-
plex intake on serum levels in children with CKD. Study
results in adults vary, with patients receiving dialysis hav-
ing low or adequate blood concentrations with and without
supplementation (Table S28) [56, 61, 66, 68, 69, 73, 79,
122-125]. Hyperhomocysteinemia, which may be second-
ary to folate or B12 deficiency, is common in children with
CKD, including post-transplant [107, 108]. Although there
are reports of improved hematologic parameters [126],
homocysteine levels [127], and oxidative stress indices [128]
with folate supplementation in children with CKD, there is
no evidence for empirical supplementation with pharmaco-
logical doses of folate in the absence of biochemical-proven
deficiency.

When folate supplementation is initiated, consider vita-
min B12 supplementation if biochemical measurements of
B12 are not available [83].
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Vitamin C

There are no body stores of vitamin C and thus blood con-
centrations decrease quickly after stopping supplementation
[66]. Supplementation may increase levels, although the evi-
dence of clinical benefit is limited [83]. Supplementation of
children may not be sufficient to normalize blood vitamin
C concentration in those who receive dialysis [25, 28, 75].
In adults, there are multiple studies demonstrating improve-
ment in vitamin C blood concentrations with supplementa-
tion [68, 69, 77, 79-82].

In one pediatric study, intravenous supplementation with
250 mg vitamin C post-HD decreased total and LDL cho-
lesterol [27]. In adult kidney transplant recipients, lower
vitamin C concentrations were associated with a higher risk
of graft failure [129].

Functional iron deficiency is an important cause of ane-
mia in CKD patients, and vitamin C may increase iron bio-
availability [130]. Studies have demonstrated a benefit of
oral vitamin C supplementation on anemia indices in chil-
dren with CKD 4-5D [28] and adults on PD [78]; anemia
indices have also improved with intravenous vitamin C sup-
plementation in adult HD patients [131, 132]. Excess sup-
plementation and intake of vitamin C may, however, lead
to elevated blood oxalate concentrations. Due to decreased
oxalate excretion in the urine, plasma oxalate levels increase
in children and adults receiving dialysis, but the effect on
tissue levels of oxalate is uncertain. There are case reports
of systemic oxalosis in children and adults [29, 30]. Most
studies did not see an elevation in serum oxalate levels with
a maximum vitamin C supplementation of 250 mg per day
[28, 131, 133, 134], while some did with supplementation
of 500 mg per day [82]. Thus, supplementation should be
provided with caution and total intake of vitamin C from diet
and formulas should not exceed 250 mg per day [28, 30].

Results of the Delphi survey

Thirty-one responses were received via an electronic Delphi
survey, comprising 18 dietitians and 13 pediatric nephrolo-
gists across 16 countries. Delphi respondents are listed under
Acknowledgements as “Participants in Delphi survey.”

Of the six clinical practice recommendation statements,
overall, a 91.1% consensus was achieved with a “strongly
agree” or “agree” response, 6.6% had a “neutral” response,
1.7% “disagree,” and 0.5% “strongly disagree” response. All
but one statement met the stipulated 70% or higher level
of consensus. The one statement received a response rate
of 65% agreement (statement 5.3.1). The respondents que-
ried the need for vitamin D biochemical assessment and
suggested routine biochemical assessment in chronic dis-
ease. Vitamin D has been extensively reviewed in previous
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Table 5 Summary of clinical practice point statements

Statements

1.0 What are the vitamin requirements?

2.0 What are the main dietary sources?

3.0 How do dietary modifications affect intake?

4.0 What are the non-dietary factors which influence
vitamin intake and status?

5.0 How should we approach clinical assessment and
monitoring?

6.0 When is dietary modification or supplementation
indicated?

1.1 The vitamin requirements for children with early CKD (stages 2-3a) should approximate
those of healthy children of the same chronological age

1.1.1 For children with advanced CKD (stage 3b—5D&T), vitamin requirements may be less or
greater than those for healthy children

1.1.2 We suggest that the intake of vitamin A in CKD, where accumulation may occur, should
not exceed the requirements of healthy children

2.1 Children with CKD may obtain sufficient vitamin intake through intake of a varied diet
and/or a nutritionally complete enteral formula

3.0 Dietary modifications and food preparation methods may impact vitamin intake

4.1 Non-dietary factors, such as CKD stage, dialysis, comorbidities, and medications should
be considered when assessing and monitoring vitamin status and when planning nutritional
interventions

5.1—Dietary

5.1.1 We suggest that the vitamin intake of children with CKD should be assessed by diet
history/diet records, including food and drink, formulas and nutritional supplements, and a
review of medications

5.2.1 We suggest that the frequency of assessment of vitamin intake should be influenced by
dietary modifications, child’s age, CKD stage, dialysis modality, and intake of medications
that interfere with vitamin metabolism

5.1.3 Assessment may need to be more frequent if there are signs or symptoms of deficiency or
excess

5.2—Physical

5.2.1 We suggest individualized evaluation for physical signs and clinical symptoms of vitamin
deficiency or excess

5.3—Biochemical

5.3.1 Routine biochemical assessment of vitamin status is not indicated

5.3.2 We suggest biochemical assessment when there are signs or symptoms of deficiency or
excess, and in children with:

- unexplained hypercalcemia or elevated intracranial pressure—assess vitamin A

- unexplained macrocytic anemia—assess folic acid and vitamin and B12

5.3.3 Consider biochemical assessment if there are risk factors for deficiencies or excess in
children:

- receiving peritoneal dialysis—assess vitamins C, B2, B6, and folic acid

- receiving hemodialysis—assess vitamins C, B1, BS, B6, biotin, and folic acid

- taking medication that may interfere with vitamin metabolism and/or absorption—assess
applicable vitamins

5.3.4 Biochemical assessment should ideally be undertaken when fasted, when not acutely ill,
and pre-hemodialysis session

- measure C-reactive protein (CRP) when assessing vitamin C and B6 levels

6.1 Intervention is indicated:

- if dietary assessment suggests a risk of deficiency or excess

- if clinical and/or biochemical evidence suggests a risk of deficiency or excess

6.2 Fat-soluble vitamins

6.2.1 Dietary sources rich in vitamin A should be limited in children with CKD

6.2.2 If nutritional supplements and formulas are indicated, consider one with a lower vitamin
A content

6.2.3 If a multivitamin supplement is indicated, consider one with a low or zero vitamin A content

6.2.4 Avoid routine vitamin E and K supplementation unless a comorbidity predisposing to
deficiency is present

6.3 Water-soluble vitamins

6.3.1 In the case of low water-soluble vitamin intake consider dietary modification and/or
vitamin supplementation

6.3.2 Water-soluble vitamin supplementation (particularly vitamins C, B6, and folic acid) may
be needed in children on dialysis as a result of dialysate losses

6.3.3 Water-soluble vitamin supplementation may be needed in children while taking medica-
tions that interfere with vitamin metabolism

6.3.4 We suggest folic acid and vitamin B12 supplementation may be required in children with
macrocytic anemia and biochemical evidence of deficiency

6.3.5 Consider the benefits versus risks of vitamin C supplementation due to its metabolism to
oxalate
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publications and was not in scope for this review. The most
recent vitamin D review reference is noted in the paper. Evi-
dence covered in the rationale does not currently support
routine biochemical vitamin assessment and a research rec-
ommendation has been made to explore criteria for biochem-
ical assessment. The taskforce team carefully reviewed all
of the statements in light of these responses; none required
significant change.

Summary of statements

A summary of statements is provided in Table 5.

Research recommendations

There is a need for well-designed longitudinal observational
studies of the dietary intake of vitamins and the serum sta-
tus of vitamins over time, accompanied by randomized
controlled studies designed to help determine the vitamin
requirements for children with CKD. The most pressing top-
ics to explore are:

Intake/requirements

e Determination of the requirements for optimal health,
specifically:

- vitamin K—the potential for improved vascular and
bone health.

- vitamin A—benefits and risks of limiting intake below
reference requirements.

- vitamin C—safe upper level regarding oxalate accumu-
lation, kidney stone formation, and nausea

- vitamin C and B complex—TIosses on dialysis, effects of
diuretics, and urine losses.

- impact of transplantation on vitamin status.

- development of dietary intake assessment methods that
reflect true intake and/or dietary risk.

- exploration of the relationship between outcome meas-
ures such as improved cognition, growth, and quality of
life, with improved vitamin status.

Biochemical status

o Assessment methods for vitamin biochemical status.
e Determination of the safe serum concentrations of:

- vitamin A
- vitamin C with respect to oxalate

e Assessment of status in children not receiving vitamin
supplements.
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Supplementation

e Development of optimal age-based multivitamin supple-
ment.

e Determination of the amount of supplementation needed
to achieve normal serum concentrations, body stores, and
functions.

e Exploration of the benefit and long-term safety of:

- vitamin E supplementation and other antioxidant vita-
mins in improving clinical outcomes such as cardiovas-
cular risk, disease progression, and mortality.

- vitamin K supplementation with long-term use of anti-
biotics and for bone health.

- vitamin C supplementation on oxalosis, cardiovascular
risk and/or erythrocyte lifespan, lipid levels, and anemia
management.

- vitamin B3 supplementation on lipid levels and phos-
phate management.

- folate supplementation on anemia management.

Conclusions

Vitamins have essential roles in body processes. CKD can alter
vitamin intake and biochemical status and thus requirements
may differ in children with CKD compared with their healthy
peers. We present clinical practice points designed to address
clinical issues pertaining to vitamin status in children with
CKD as a key aspect of their nutritional management. Ensur-
ing sufficient vitamin intake and status is essential not only to
prevent deficiencies and excess, but also to help ensure long-
term health. Consuming rich dietary sources of most vitamins
should be promoted. Dietary modifications necessary for urea,
phosphate, potassium, and lipid management may reduce vita-
min intake, but should not compromise vitamin status.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-024-06303-x.
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