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Micronutrient homeostasis is vital for maintaining healthy metabolic function.' Impaired kidney function in chronic
kidney disease (CKD) impacts micronutrient intake, absorption and excretion.! Micronutrient deficiency is a common
but under-recognised issue in CKD, often developing insidiously,” with a declining micronutrient intake linked to
CKD progression.2 This article explores vitamin and trace element management in CKD and highlights practical

strategies for dietitians.

Challenges in kidney care

Many of the symptoms associated with CKD negatively impact
micronutrient intake. Anorexia, taste changes, nausea and early
satiety are common and contribute towards reduced food intake.
Dietary restrictions, for example in potassium and phosphate, may
further limit type and amount of food eaten.’ 35

Those undergoing kidney replacement therapy (KRT) may also
experience depletion of water-soluble vitamins (WSV) and trace
elements. Malabsorption, metabolic abnormalities and co-morbidities
may exacerbate these issues. Polypharmacy risks medication non-
adherence and alterations in micronutrient absorption and excretion.
Potential drug-nutrient interactions include reduced absorption of
micronutrients by phosphate binders.* 67

Conversely, reduced urinary excretion, abnormalities in transport
proteins and absorption from dialysis fluid may cause the accumulation
of vitamins and trace elements.' Therefore, caution is needed to avoid
excessive intakes and subsequent toxicity.

Interpreting biochemical data in CKD is challenging due to factors
such as altered nutrient distribution across body compartments,
changes in protein binding, and altered protein clearance by the
kidneys or KRT.! Biochemical data should be contextualised with a
dietary, medication and clinical assessment.* A multidisciplinary team
(MDT) approach is essential to consider anaemia management,
bone health, dialysis effects, medication interactions, tissue viability,
gastrointestinal function and co-morbidities such as diabetes.*
For those with sustained inadequate diets, micronutrient deficiency

should be considered, particularly with advanced CKD and KRT.4
Micronutrient deficits are also a concern in the growing numbers of
patients with CKD receiving surgical and medical obesity interventions.8 9

Vitamins in kidney care

Whilst research demonstrates a prevalence of vitamin deficiencies
amongst the CKD population, disordered protein metabolism and
reduced renal excretion may mitigate the risk of deficiency in some
patients.® Notably, a study of hospitalised patients with CKD found
that serum levels of nine vitamins were generally within normal ranges,
except for vitamin D, which was frequently low."" An individualised
approach is required as there is limited evidence for routine
supplementation and the clinical benefits for kidney, cardiovascular
and patient-reported outcomes are uncertain.® There is also a risk of
excessive intake.® 9 In the absence of specific indications, vitamin
requirements in CKD are aligned with those of the general population,
with individualised adjustments according to the clinical scenario.

Water-soluble vitamins

WSV deficiencies are common in CKD, particularly with losses related
to dialysis or haemofiltration, although urinary excretion may also
decrease. Anorexia, therapeutic dietary restrictions and other intake
barriers risk depleting WSV status.! ® A comprehensive, evidence-
based approach to potassium and other restrictions is essential to
maintain nutritional adequacy.*
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Many dialysis services routinely supplement WSV, due to an
association with significantly lower mortality risk.'2 13 Dialysis-specific
multivitamins contain WSVs, namely vitamin C and the eight B
vitamins (thiamine, riboflavin, niacin, pantothenic acid, pyridoxine,
biotin, folic acid, cobalamin), based on expert consensus.' Special
attention to vitamin C, folate and thiamine is recommended during
critical illness or continuous KRT.' However, concerns about excess
intake and polypharmacy highlight the importance of an individualised
assessment and supplement prescription.*

Vitamin C

A vitamin C intake of at least 90 mg/d for men and 75 mg/d for women
is recommended.* A correlation between elevated serum vitamin C
levels and decreased CKD risk has been reported, however this may
be related to other diet and lifestyle factors.® High doses of vitamin C
(above 500 mg per day) risk increasing serum oxalate levels, leading
to kidney stone formation and nephropathy.'®

Vitamin B12 and folate

The management of anaemia in CKD includes addressing any B12
or folate deficiencies through individual supplementation or with dialysis
multivitamins if applicable.’” Serum folate levels reflect recent intake
and can be used to indicate adherence, whilst red blood cell folate
levels are more reflective of longer-term folate status.'® Shorter red
blood cell lifespans and pharmaceutical therapies may deplete stores
more rapidly. Excessive folate intakes can reduce zinc absorption and
may also mask signs of pernicious anaemia, so closely monitoring
serum B12 levels is essential 4

FSV status in CKD is complex due to altered metabolism, changes
in protein binding and reduced excretion. While some FSV may
accumulate due to reduced clearance (e.g. vitamin A), others, such
as vitamin D, are frequently deficient. Careful assessment is essential,
as both deficiency and excess carry clinical risks.

Vitamin D

Vitamin D deficiency is common in patients with CKD, and impaired
activation of vitamin D contributes to the development of CKD-related
mineral and bone disorders. Supplementation with native vitamin
D —ergocalciferol (D2) or cholecalciferol (D3) should be used to correct
deficiency.' 20 General population strategies are appropriate for
many people with CKD, including loading doses where indicated.
With advancing CKD and impaired conversion to the active form,
higher maintenance doses of at least 1000 IU (25 mcg) daily may be
required to achieve the minimum recommended serum 25(0OH)D
levels of 75 nmol/L.4 20 Active vitamin analogues (e.g. calcitriol or
alfacalcidol) may be indicated for the management of progressive
secondary hyperparathyroidism, provided that vitamin D deficiency
and hyperphosphatemia have been addressed and patients are
monitored for hypercalcaemia and other side effects. 1920

Vitamin A

Kidney dysfunction is associated with increasing vitamin A levels
due to the accumulation of plasma retinol and its binding proteins.?!
Vitamin A should not be routinely supplemented, and people with
CKD should avoid doses above general population requirements,
unless there is evidence of malabsorption and deficiency.* ¢ High
dose retinol supplements (including fish liver oils) are contraindicated
in CKD due to toxicity risks including hypercalcaemia, bone catabolism
and hepatotoxicity.?? Beta-carotene, by contrast, is converted to retinol
in the intestinal mucosa as required by the body and is under tight
enzymatic regulation, reducing the risk of toxicity.®
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Vitamins E and K

In a recent US study, higher vitamin E intake was associated with
lower prevalence of CKD, possibly due to its protective role against
oxidative tissue damage.?* However, the prevalence of vitamin E
deficiency remains unclear. Routine supplementation is not generally
recommended, and high doses may inhibit vitamin K and increase
bleeding risk.?5 Subclinical vitamin K deficiency is common in CKD,
possibly due to dietary restrictions, and has been associated
with vascular stiffness, calcification and mortality.® Despite this,
supplementation does not appear to improve outcomes and
should be avoided with vitamin K inhibitors such as warfarin.

Trace elements

Dietary and biochemical assessment of trace element intake is
challenging and requirements are unclear.” Trace element accumulation
and losses may occur with KRT, however this varies by element,
modality and by blood and dialysate concentrations.” Serum levels
are affected by hypoalbuminaemia, other plasma protein abnormalities
and reduced renal excretion. For example, in a Canadian study of
patients on haemodialysis, few had low zinc, selenium and manganese
concentrations, whereas high plasma concentrations of manganese,
zinc, selenium and chromium were common.?® There is increased risk
of toxicity with supplementation and current guidelines recommend
an individualised approach.*

Zinc, selenium and copper

Zinc deficiency is common in CKD and has been linked to renal
anaemia, impaired wound healing, altered taste, reduced appetite,
oxidative stress, inflammation and cardiovascular disease.?” 28
However, interpreting the research is challenging, as circulating
zinc makes up only 0.1% of total body zinc?” and can be influenced
by CKD and albumin levels.?® Caution should be exercised with zinc
supplementation, as it can interfere with copper absorption in the
small intestine.?” A higher dietary intake of selenium has been
associated with a lower risk of CKD in adults,® however elevated
selenium levels have been correlated with an increased risk of
kidney damage, highlighting the complexity of selenium metabolism
and supplementation.3! Losses of copper and zinc have been reported
with intermittent and continuous KRT.3° Hospitalised patients require
monitoring of selenium, zinc and copper status due to increased
needs and/or losses during acute illness.?’

Iron
Iron is essential for erythropoiesis, with iron deficiency being common
in CKD. Causes include poor gastrointestinal absorption, blood losses,
chronic inflammation, use of erythropoietin-stimulating agents and poor
clearance of hepcidin — a hormonal regulator of iron homeostasis.®
Iron supplementation is considered when serum ferritin is below
500 mcg/L or transferrin saturation is below 30%.'7 Dietetic intervention
includes advice on dietary iron, supplementation, symptoms, malnutrition
and other consequences of anaemia.®® Intravenous iron is preferable
for those on dialysis and with advanced CKD, as oral iron may have
limited absorption and cause gastrointestinal side effects.®

1.Individualised nutritional assessment: Consider stage of CKD,
KRT modality, comorbidities, gastrointestinal function, acute illness,
malnutrition risk, medication profile and psychosocial barriers.
Assess intake from diet and non-prescribed supplements. Consider
micronutrient requirements with nutrition support.

2.Food first approach: Aim for a nutritionally adequate ‘whole food’
approach and regularly review any dietary restrictions (e.g.
potassium) that may reduce intakes of other micronutrients (e.g.
folic acid, vitamin C, etc.).
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3. Collaborative care: Work closely with Table 1: Micronutrient challenges and dietetic strategies
multidisciplinary teams to integrate
micronutrient management within the overall
treatment plan and to ensure consistent,
evidence-based and patient-centred
advice.

4. Patient education: Empower patients with
practical advice on food choices, cooking
methods, appropriate supplementation and
reliable sources of information.

5. Regular review: Revisit micronutrient needs
over time, particularly with changes in dialysis
modality, biochemistry or dietary intake.

6. Micronutrient supplementation:

Identify and, where appropriate, correct
micronutrient deficiencies such as vitamin
D, B vitamins and iron, according to
guidelines. Do not routinely supplement
with FSVs (A, E and K) and trace elements.
Recognise the limitations of assessment
methods, be aware of drug-nutrient
interactions and toxicity risks. Consider
polypharmacy. Recommend dialysis-
specific multivitamins or general
multivitamin/mineral supplements as
clinically indicated.

Micronutrient management in  CKD is
complex, requiring careful balance to
prevent both deficiency and toxicity.
An individualised approach to optimal
management of vitamins and trace elements
is essential (see Table 1). Dietitians are a
vital component of the MDT, responsible
for optimising patients’ nutritional status,
encouraging a nutritionally adequate diet, and
initiating supplementation where appropriate.
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