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Abstract: Although the role of vitamins in the human body is proven, guidelines for patients with
chronic kidney disease (CKD) remain unclear. This narrative review summarizes the findings of
98 studies of CKD and the effects of vitamin D, B, C, A, E, and K supplementation on patients on
dialysis for CKD, with the aim of summarizing the existing guidelines. The findings are promising,
showing the potential effectiveness of vitamin supplementation with, for example, vitamins B, D,
or C. However, recommendations are still ambiguous, especially in the case of vitamins A and K,
due to the potential toxicity associated with higher doses for patients. Continued research is needed
to rigorously evaluate the effectiveness and carefully consider the potential risks of some vitamin
supplementation for patients with CKD.
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1. Introduction

Due to increasing life expectancy and the significant development of society, there has
been a notable rise in the prevalence of civilization diseases worldwide. Chronic kidney
disease (CKD) is considered one of them. It is usually associated with obesity, hypertension,
and diabetes [1,2]. Body fat, muscle mass, and overall body mass index (BMI) have been
proven to be independent and directly associated with survival in patients with CKD [2,3].
The scientific community currently focuses on preventive action to stop the development of
the disease and reduce its impact on overall health, or at least inhibit its development [4,5].
The treatment of CKD is based on inhibiting kidney damage, preventing malnutrition, and
reducing the severity of metabolic disorders [6]. Various studies suggest that a reduced
nutritional status may be both a predictor and a cause of death in people with CKD [2,7–9].
Many studies have focused on the contribution of proteins, fats, and macrominerals to the
diet of people with chronic kidney disease [10]. Over the past few years, several studies
have been published on the vitamin requirements of patients with CKD [7,11,12]. It is
believed that some drugs may interfere with the metabolism or action of certain vitamins,
including vitamin B6, folic acid, and riboflavin [7,12]. Comorbidities can contribute to low
intake, digestive disorders, absorption, or the effects of certain vitamins, and they may
also require drugs that interfere with the effects of vitamins [7,11,13]. Because the role of
vitamins in the human body is considerable, research has been focused on the role of diet
and supplementation in chronic kidney disease [5,7,13,14].

This article aims to present a narrative review of the effect of vitamin supplemen-
tation with vitamins such as D, B, C, A, E, and K on patients on dialysis due to chronic
kidney disease.

2. Chronic Kidney Disease

Chronic kidney disease (CKD) is a significant public health problem worldwide [15,16].
Out of the world population, the prevalence of CKD, with the majority being stage 3, is
between 11 and 13% [17]. Although most patients with CKD can generally be classified as
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having mild disease, which is represented by stages 1 and 2, a significant number present
moderate to severe disease, classified as stages 3 and 4. The total number of patients with
stage 5 CKD (also referred to as end-stage renal disease (ESRD)) is steadily increasing [1,10].
The progressive deterioration of kidney function increases the production of oxidative
stress mediators [4,15]. The slow, irreversible, and progressive deterioration of kidney
function, characterized by a decrease in the glomerular filtration rate, carries a number of
serious health consequences, including an increased risk of cardiovascular disease [6,18]
anorexia, hyperparathyroidism, cancer, autoimmune diseases, and hyperhomocysteinemia
(HHcy) [19].

Studies show that HHcy is a significant risk factor for the development of atheroscle-
rotic processes that lead to cardiovascular disease (CVD) [6] and stroke [20]. Homocysteine
(Hcy) levels higher than 20.0 µmol/L have been reported to increase the risk of death
by 4.5 [19]. It is more likely that stage 3 patients will die from CVD than progress to ESRD.
In addition, the mortality rate of patients with both CVD and CKD is higher than that of
patients suffering from CVD alone [20].

The persistent elevation of parathyroid hormone (PTH) causes the development of
osteitis fibrosa cystica and osteoarthritis [21]. In addition to the morbidity associated
with bone disease, hyperparathyroidism is associated with systemic toxicity and increased
serum calcium and phosphorus levels. Elevated concentrations of both of these elements
are responsible for the development of vascular calcification, which is one of the mecha-
nisms of increased morbidity and associated cardiovascular mortality observed in patients
with CKD [22].

Kidneys are an important source of antioxidant enzymes, e.g., glutathione peroxidase,
which is why pro-oxidant levels in CKD are elevated [23]. For this reason, dialysis or
kidney transplantation can improve both the outcome and prognosis of ESRD [24].

Patients with CKD on hemodialysis (HD) are characterized by an excessive increase
in oxidative stress, which is associated with progressive deterioration in kidney function
and, consequently, higher mortality rates [25]. In addition, HD patients are at risk of
malnutrition, cardiovascular complications, and all-cause mortality from oxidative stress
and inflammation [1].

Some disorders, such as nutritional deficiencies, recurrent vomiting, appetite disorders
and progressive anorexia, muscle cramps, bone diseases, and insomnia, can be minimized
with appropriate diet and supplementation [4,26]. CKD clearly predisposes patients to
disorders of vitamins and trace elements [1,7,8].

The guidelines of the European Society for Clinical Nutrition and Metabolism (ESPEN)
recommend exact doses of vitamin supplements, which mostly correspond to the recom-
mended daily dose for healthy adults. However, these guidelines on supplementation
do not always coincide with the loss of vitamins during dialysis. Therefore, they will not
always be appropriate for CKD patients. Due to the risk of toxicity with some vitamin levels
being too high, care should be taken when supplementing [8,27] (Table 1). Nevertheless,
there has been great variation in the prescription of supplements across countries, and
practices regarding micronutrient supplementation are far from recommended [12].

Table 1. The information on selected vitamins’ daily supplementation in patients with CKD on HD [8].

Vitamins HD Losses European Guidelines for HD Patients Risk of Toxicity

D No No Yes

B1 13–40 mL/min 1.1–1.2 mg No

B2 27–52 mL/min 1.1–1.3 mg No

B3 Very low 14–16 mg No data

B6 54–173 mL/min 10 mg Yes

B9 135 mL/min 1 mg Yes



Nutrients 2023, 15, 2847 3 of 18

Table 1. Cont.

Vitamins HD Losses European Guidelines for HD Patients Risk of Toxicity

B12 Controversial 2.4 lg No data

C 80–280 mg/session 75–90 mg Yes

A No No Yes

E No 400–800 IU Possible

K No data No No

3. The Effects of Vitamin D on Chronic Kidney Disease

Vitamin D is found in the body as 25-hydroxycholecalciferol or 1,25-dihydroxycholecal-
ciferol (calcitriol) [28–30], as shown in Figure 1.
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It is important in bone formation, immunity, vascular and nervous systems, and
reproduction [30]. Vitamin D deficiency appears early in CKD and tends to worsen with
progressive loss of kidney function [9,31,32]. This is because, from the early stages of
CKD, there is an increase in serum levels of FGF-23 and PTH [33]. PTH increases calcium
reabsorption in the kidneys and the excretion of phosphorus in the tubules, while also
stimulating calcitriol synthesis [1,34]. FGF-23, on the other hand, inhibits the reabsorption
of renal phosphorus and reduces the concentration of calcitriol in serum by inhibiting
the renal enzyme 1-α-hydroxylase and stimulating the enzyme 24-hydroxylase, which
is responsible for vitamin D catabolism [21,28]. For this reason, vitamin D deficiency
(<20 ng/mL) and insufficiency (20–29 ng/mL) are common in patients with chronic kidney
disease [9]. Filipov et al. showed that vitamin D deficiency in patients with CKD occurs in
more than 80% of patients [35].

Vitamin D deficiency is associated with an increased risk of mortality and secondary
hyperparathyroidism (SHPT) [30]. Since the glomerular filtration rate (GFR) decreases
with impaired renal function, the ability to hydroxylate calcidiol to calcitriol decreases [8].
A deficiency in calcitriol, the active form of vitamin D, limits the intestinal absorption of
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calcium, which, combined with ongoing phosphate retention, contributes to the develop-
ment of secondary hyperparathyroidism [26,36]. In addition, it is associated with reduced
bone mineral density (BMD), muscle weakness, and an increased risk of falling, as well
as an increased risk of cardiovascular disease, high blood pressure, diabetes, cancer, and
autoimmune diseases [31,33].

In a meta-analysis of 10 prospective studies, Pilz et al. confirmed that the risk of death
from any cause in patients with CKD increases by 14% for every 10 ng/mL reduction in
vitamin D levels [37]. Therefore, the Kidney Disease Outcomes Quality Initiative (KDOQI)
and Kidney Disease Improving Global Outcomes (KDIGO) group concluded that vitamin
D deficiency should be avoided in patients with CKD on dialysis by using supplementation
to prevent SHPT and other complications [9,29,38]. Many daily, weekly, or monthly vitamin
D supplementation regimens with ergocalciferol (D2) or cholecalciferol (D3) have been
recommended [21,36].

Vitamin D Supplementation

The KDIGO group recommends vitamin D supplementation but does not specify
which measures to take or the optimal strategy for restoring vitamin D levels [29,38].
Some studies suggest that serum 25(OH)D levels should be maintained at >75 nmol/L
(30 ng/mL) in healthy individuals to prevent an increase in PTH levels [31]. Native vitamin
D supplementation (ergocalciferol, cholecalciferol, and calcifediol) has been described
in the literature as an alternative to calcitriol, but the effect of this supplementation on
clinically relevant outcomes remains unexplained [21,31,36,39].

Many scientists have studied the effectiveness of cholecalciferol. Based on their re-
sults, it can be concluded that vitamin D supplementation in this form is effective and
safe [8,30,34,40]. This was confirmed by Chandra et al., among others [41]. They exam-
ined the effectiveness of the weekly supplementation of cholecalciferol (vitamin D3) at
increasing serum 25-hydroxyvitamin D levels and lowering PTH levels in patients with
CKD. In this double-blind, randomized trial, people with CKD were randomly assigned to
receive either 50,000 IU of cholecalciferol or a placebo once a week. At week 6, a significant
difference was found between the treatment group and the placebo group (p = 0.001), and
this difference persisted until the end of the study (12 weeks) [41]. Similar conclusions
were reached by Tokmak et al. [42] and Okša et al. [33]. They showed that cholecalciferol
supplementation is safe, well tolerated, and justified in replenishing vitamin D stores, with
a higher dose being more effective and equally safe. Wissing et al. found that cholecalciferol
supplementation does not prevent bone loss after kidney transplantation but contributes to
the normalization of PTH levels [32]. However, in their study involving kidney transplant
patients, Courbebaisse et al. showed that vitamin D deficiency persists 1 year after trans-
plantation in the absence of treatment. They also showed that an increase in serum vitamin
D 25-OH levels above 30 ng/mL requires a high dose of cholecalciferol, which improves
secondary hyperparathyroidism after kidney transplantation. Importantly, it has been
shown that this goal can be achieved without negative side effects [43]. Matias also showed
that oral cholecalciferol supplementation reduces vitamin D deficiency, better controls
mineral metabolism with less use of active vitamin D, weakens inflammation, reduces the
dosage of erythropoiesis stimulants, and possibly improves cardiac dysfunction [44].

Ziyad Al-Aly’s study on the effects of ergocalciferol on serum concentrations of
25-hydroxyvitamin D and intact plasma parathyroid hormone shows that an increase
in 25-hydroxyvitamin D levels greater than 5 ng/mL (12 nmol/L) is associated with a
significant probability of a more than 30% decrease in intact plasma PTH levels. This means
that the administration of ergocalciferol has a beneficial effect on PTH levels [9]. Blair et al.
showed that ergocalciferol supplementation (50,000 IU/week × 24) was associated with
a significant improvement from baseline in serum 25(OH)D concentrations. In addition,
under the influence of supplementation, the level of glycosylated hemoglobin decreased
while the hemoglobin level improved. The results suggest that supplementing your diet
with ergocalciferol may help improve glycemic control in the treatment of diabetes [36].
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They seem to agree that ergocalciferol supplementation appears to be a safe and effective
treatment for the CKD population. It may raise serum 25(OH)D levels and reduce PTH
levels [22,29,34,45], and it may have an epoetin-sparing effect [46].

Armas et al. compared the effectiveness of vitamin D2 with vitamin D3. They showed
that vitamin D2 is one-third less effective than vitamin D3. Therefore, doctors should
consider abandoning vitamin D2 supplementation in favor of the stronger vitamin D3 [31].
In contrast, Moe showed no significant difference in PTH reduction between patients
treated with doxercalciferol and cholecalciferol [47].

There is growing evidence of the usefulness of vitamin D supplementation in dialysis
patients, who are the most likely to be deficient in vitamin D. However, there is still no data
indicating which dose would be most effective [21,26,36,40,48].

The effects depend on the dose of vitamin D, the type of vitamin D compounds, the
duration of the study, and the population studied [21,34] (Figure 2).

Nutrients 2023, 15, x FOR PEER REVIEW 6 of 19 
 

 

Ziyad Al-Aly’s study on the effects of ergocalciferol on serum concentrations of 25-
hydroxyvitamin D and intact plasma parathyroid hormone shows that an increase in 25-
hydroxyvitamin D levels greater than 5 ng/mL (12 nmol/L) is associated with a significant 
probability of a more than 30% decrease in intact plasma PTH levels. This means that the 
administration of ergocalciferol has a beneficial effect on PTH levels [9]. Blair et al. showed 
that ergocalciferol supplementation (50,000 IU/week × 24) was associated with a 
significant improvement from baseline in serum 25(OH)D concentrations. In addition, 
under the influence of supplementation, the level of glycosylated hemoglobin decreased 
while the hemoglobin level improved. The results suggest that supplementing your diet 
with ergocalciferol may help improve glycemic control in the treatment of diabetes [36]. 
They seem to agree that ergocalciferol supplementation appears to be a safe and effective 
treatment for the CKD population. It may raise serum 25(OH)D levels and reduce PTH 
levels [22,29,34,45], and it may have an epoetin-sparing effect [46]. 

Armas et al. compared the effectiveness of vitamin D2 with vitamin D3. They showed 
that vitamin D2 is one-third less effective than vitamin D3. Therefore, doctors should 
consider abandoning vitamin D2 supplementation in favor of the stronger vitamin D3 
[31]. In contrast, Moe showed no significant difference in PTH reduction between patients 
treated with doxercalciferol and cholecalciferol [47]. 

There is growing evidence of the usefulness of vitamin D supplementation in dialysis 
patients, who are the most likely to be deficient in vitamin D. However, there is still no 
data indicating which dose would be most effective [21,26,36,40,48]. 

The effects depend on the dose of vitamin D, the type of vitamin D compounds, the 
duration of the study, and the population studied [21,34] (Figure 2). 

 
Figure 2. Main effects of vitamin D supplementation. 

Dogan et al. investigated the effect of monthly oral supplementation of 300,000 IU of 
vitamin D3 (cholecalciferol) on markers of uremic bone disease (UBD), such as PTH and 
alkalinophosphatase. In conclusion, the authors suggest that treatment with oral 
cholecalciferol results in a statistically significant reduction in serum PTH levels, but does 
not result in a statistically significant change in Ca or P [49]. Similar conclusions were 
reached by Pierre Delanaye et al. In his study on the effect of cholecalciferol (25,000 IU), 

Figure 2. Main effects of vitamin D supplementation.

Dogan et al. investigated the effect of monthly oral supplementation of 300,000 IU
of vitamin D3 (cholecalciferol) on markers of uremic bone disease (UBD), such as PTH
and alkalinophosphatase. In conclusion, the authors suggest that treatment with oral
cholecalciferol results in a statistically significant reduction in serum PTH levels, but does
not result in a statistically significant change in Ca or P [49]. Similar conclusions were
reached by Pierre Delanaye et al. In his study on the effect of cholecalciferol (25,000 IU),
administered every 2 weeks, he stated that cholecalciferol is effective and safe and does not
adversely affect the levels of calcium, phosphorus, PTH, and vascular calcification [28].

Guillaume Jean sought to evaluate the efficacy and safety of a monthly dose of cholecal-
ciferol (100,000 IU) in patients with a vitamin D (HD) deficiency undergoing hemodialysis.
At the end of the study, of the 107 patients, 91% had serum 25(OH)D levels higher than the
target level (>75 nmol/L). Serum calcitriol (1,25(OH)2D) levels also increased. However,
no significant changes were observed regarding calcemia, phosphatemia, blood pressure,
serum albumin, hemoglobin, and C-reactive protein. Based on this and other studies, it
can be concluded that the long-term monthly administration of cholecalciferol orally is a
safe and effective method for correcting vitamin D deficiency [30,48,50]. The most visible
consequences of supplementation are a slight decrease in PTH and bone markers and an
increase in 1,25(OH)2D in serum [8,26].
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4. Effect and Supplementation of B Vitamins

B vitamins are very important for the proper functioning of the body. They are
involved in metabolism and immune function and contribute to overall growth and devel-
opment [7,13]. Currently, there are no clear indications regarding the supplementation of
vitamins from this group, as studies of B vitamins in dialysis patients have yielded different
results [38]. However, existing studies of poor intake and levels of B vitamins in adult
patients have led to routine vitamin B supplementation in many countries [51].

The suspicion of the inadequate intake of B vitamins in patients with CKD, especially
those on dialysis, is due to the fact that they have a lower appetite and a low protein supply
in their diet [52]. At the same time, patients on dialysis because of uremia, due to some
medications they take, have an increased need for certain B vitamins. Studies show that
deficiencies in these vitamins occur directly as a result of dialysis [14].

It has been shown that the expression of thiamine and folic acid carriers is significantly
reduced in an animal model of CKD [53]. Therefore, it can be concluded that the intestinal
absorption of riboflavin, pyridoxine, and biotin in humans with CKD is also reduced [52].

4.1. Thiamine—B1

Thiamine is a hydrophilic B vitamin involved in many metabolic functions [54] that
serves as a cofactor for oxidative decarboxylation reactions. The classic symptoms of
thiamine deficiency are cardiomyopathy or Wernicke’s encephalopathy. Typically, these
conditions are associated with alcohol abuse. However, in a few cases, this complication
occurs in people on dialysis. Encephalopathy in these patients usually manifests itself
only as impaired consciousness [55]. However, thiamine blood levels in patients with
CKD are considered to be within the reference range of healthy subjects, or may even be
increased. Thus, there are few studies on vitamin B1 supplementation [38]. Frank et al.
evaluated patients with stage 4 and 5 CKD for thiamine intake. They showed that the
average plasma thiamine concentration in this group of patients was 64.2 nmol/L, and
a significant proportion of patients were deficient in vitamin B1. They pointed out that
thiamine consumption in dialysis patients is lower than in healthy people. Due to the lack
of some data, such as median values, it is difficult to compare the results of this study
with others [54]. Some studies indicate that the bioactive vitamin B1 compound TDP is
lost during dialysis. The amount of loss is related to the patient’s body weight but is not
affected by vitamin B1 intake or the standard dose of supplementation [38].

In their cross-sectional study of 288 dialysis patients, Saka et al. assessed the relation-
ship between thiamine levels in the blood and other clinical parameters. In total, 30 patients
(12.4%) had lower blood thiamine levels than the lower normal limit. Thiamine blood levels
correlated with age, body mass index, and Barthel score (BI). The proportion of patients
with end-stage CKD with low thiamine blood levels is high. Low physical performance—a
low BI score—is an independent risk factor for thiamine deficiency. The authors point
out that physicians should be aware of the possible occurrence of thiamine deficiency in
patients with end-stage CKD, especially those with low physical function [56].

Although the data do not indicate that all patients are thiamine deficient, there are
indications that there is a risk of insufficient concentrations in patients with CKD [55]. It is
also not known whether the daily intake level is sufficient in patients with CKD. Therefore,
the daily supplementation of vitamin B1 seems reasonable to prevent possible deficiencies
and their unpleasant consequences [38,56].

4.2. Riboflavin—B2

Riboflavin is a hydrophilic vitamin of group B. It is necessary for oxidation-reduction
reactions [57]. After phosphorylation by adenosine triphosphate, riboflavin is converted
to flavin mononucleotides (FMNs). Most FMNs are converted to flavin adenine dinu-
cleotides (FADs) by FAD synthetase. Therefore, FADs are the dominant flavoenzymes in
the body. The enzymes with which FMNs and FADs are associated with include oxygenases,
monooxygenases, dehydrogenases, oxidoreductases, and electron transferases [58].
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Porrini et al. studied patients with advanced CKD who were not on dialysis using the
α-erythrocyte glutathione reductase (a-EGR) stimulation index to assess riboflavin counts.
In this study, 8% of patients had elevated levels of a-EGR, indicating riboflavin deficiency.
When the protein intake prescribed to these patients was intentionally reduced compared to
their usual intake, the incidence of elevated a-EGR increased from 8% to 25% and 41% [59].
Therefore, several studies have recommended riboflavin supplements for patients with
CKD, especially when they are on low-protein diets [13,38].

4.3. Niacin—B3

Niacin is a hydrophilic B vitamin that is consumed as a nicotinic acid amide from
animal sources or in the form of nicotinic acid from plant sources. Niacin becomes active
in humans when it is converted to nicotinamide adenine dinucleotides or nicotinamide
adenine dinucleotide phosphate [60]. Niacin deficiency causes pellagra, a condition charac-
terized by skin lesions, diarrhea, dementia, depression, and nausea; sometimes, the disease
ends in death. Pellagra has been linked to chronic low-protein diets, alcoholism, anorexia,
and intestinal malabsorption [61]. Therefore, it is believed that patients with CKD who are
prescribed low-protein diets with phosphorus restriction may be at risk of niacin deficiency
due to the low niacin content in plant foods [62].

Kang et al. found that because a low dose of niacin improves dyslipidemia, lowers
serum phosphorus levels, and increases the GFR with rare adverse effects, low-dose supple-
mentation may be considered in patients with CKD [63]. However, there are currently no
high-quality clinical trials that have evaluated niacin supplementation in patients with CKD.
Nicotinamide may be associated with side effects such as hot flashes, thrombocytopenia,
hepatoxicity, gastrointestinal symptoms, and increased serum uric acid [61,63]. Recently,
some studies have indicated that niacin supplementation with 400-1000 mg is necessary to
appropriately lower phosphate levels [5]. Therefore, there is no hard evidence at this time
to justify vitamin B3 supplementation. Patients with CKD with very low protein intake
may consider supplementation at the recommended daily intake to prevent deficiencies
while not exposing themselves to side effects [63].

4.4. Pyridoxine—B6

Vitamin B6 occurs in vivo as six compounds: pyridoxal, pyridoxine, and pyridoxam-
ine, and as the 5′-phosphates of these three compounds. Pyridoxal-5-phosphate (PLP) is a
cofactor for many enzymes, especially those involved in amino acid metabolism. PLP is
necessary for (d)-aminolevulinate synthase to initiate heme synthesis [8,14].

Vitamin B6 losses during dialysis are still a matter of controversy [38]. A 35% decrease
in pyridoxine levels was reported after a single dialysis session. On the other hand, since
the vitamin is closely related to protein, its losses are considered somewhat moderate [52].
Vitamin deficiency was not observed in patients receiving 50 mg of pyridoxine after each
dialysis session. Conversely, in those CKD patients who did not receive B6 supplementation,
B6 deficiency was found in 78% of cases [14].

Kopple et al. and Podda et al. showed that many patients with CKD have suboptimal
serum vitamin B6 levels [64,65]. Kopple et al. conducted both dietary and biochemical
assessments of the pyridoxine status in patients at different stages of CKD. In a cross-
sectional analysis, the amount of vitamin B6 consumed in food decreased with a decrease
in the GFR. The average intake of vitamin B6 in patients with severe CKD was significantly
lower than the dietary recommendations for their age group. This decreasing intake was
reflected in the erythrocyte pyruvic aminotransferase (EGPT) stimulation rate. EGPT is an
indicator of vitamin B6 deficiency. The study showed that the average EGPT stimulation
rate increased inversely to the CKD stage. Patients with stage 3 and 4 CKD had higher
GFRs than patients with stage 4 and 5 CKD. All of them were significantly higher than
normal control values [64].

Many drugs and other compounds (including isoniazid, thyroxine, iproniazid, theo-
phylline, hydralazine, caffeine, penicillamine, ethanol, and oral contraceptives) can interfere
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with the work or metabolism of pyridoxine and thus increase the likelihood of vitamin
B6 deficiency. This is particularly likely in patients with CKD because they may often
be prescribed these medications, and they show lower vitamin B6 intake with increased
demand. These data suggest that patients with stage 3 or higher CKD are at an increased
risk of vitamin B6 deficiency and should therefore take the appropriate supplementation to
reduce CV risk [5,38]. Both the European Society for Parenteral and Enteral Nutrition and
Australian Care guidelines for renal failure recommend that vitamin B6 be supplemented
daily at a dose of 5 mg [59,64,65].

4.5. Cobalamin—B12

Cobalamin is a nutrient that plays a key role in human health. It is essential as a
cofactor for enzyme methionine synthase and other biochemical reactions such as the
beta-oxidation of fatty acids, DNA synthesis, and red blood cell production. Cobalamin is
one of the most complex coenzymes in nature [19].

In healthy adults, vitamin B12 deficiency is extremely rare. Even if a healthy person
consumed insufficient amounts of vitamin B12 for a period of 3 years, he would not have
inadequate levels of this vitamin. However, these data do not necessarily apply to patients
with CKD because there are no data on the amount of vitamin B12 stored in the body in
patients with this disease [38]. Therefore, one can only rely on the suggestion that patients
with CKD undergoing hemodialysis respond positively after supplementation with vitamin
B12, even if plasma values are optimal [66]. This may be related to the fact that the amount
of B12 in plasma is not a sensitive indicator of overall B12 levels [67]. For this vitamin,
methylmalonic acid and homocysteine are more sensitive indicators. B12, like other B
vitamins, is found in high-protein foods. Thus, patients who consume small amounts or
stay on low-protein diets for long periods without supplementation may have insufficient
vitamin B12 levels. Some authors believe that the available data do not indicate that all
patients with CKD are deficient in this vitamin. However, it is prudent for patients on a low
(0.6 g/day) or very low (0.3 g/day) protein diet to receive a vitamin B12 supplement [68].

In contrast, some authors state that vitamin B12 deficiency is a common feature of
patients with CKD due to elevated concentrations of holotranscobalamin (TC2). The kidney
plays an important role in the metabolism of TC2 because it is filtered into the glomeruli,
and from there, it is reabsorbed into the proximal tubule. Defects in protein resorption in
the proximal tubule can therefore lead to the biologically active loss of TC2 in the urine.
Functional vitamin B12 deficiency has been observed despite normal total B12 levels, which
may explain the increased leakage of TC2 in the urine, lower absorption of TC2 in the
proximal tubule, and the lower cellular absorption of TC2 [69].

When deciding on supplementation, it is important to consider the fact that high levels
of vitamin B12 can be harmful to people with CKD. This is related to the metabolism of
cyanide, which is impaired in these individuals due to a reduced glomerular filtration rate.
Cyanocobalamin, the most common form of vitamin B12 replacement, is metabolized to
active methylcobalamin by releasing small amounts of cyanide. Under normal conditions,
methylcobalamin binds to cyanide, converting it to harmless cyanocobalamin. However, in
patients with CKD, this process is disturbed. In addition, excessive amounts of cyanocobal-
amin supplementation may release cyanide ions that are not excreted and contribute to
complications such as uremic neuropathy [66,67].

4.6. Folic Acid—B9

Folic acid (FA) is pteroylmonoglutamic acid. FA deficiency causes megaloblastic ane-
mia. Since the human body is unable to synthesize folic acid, it must be supplied through
the diet [19]. Folic acid is derived from polyglutamates, which are converted to monogluta-
mates in the intestine and are then transported through the mucous epithelium [66].

The poor binding of FA to plasma proteins results in significant losses during each
dialysis session. After a single procedure, a 37% decrease in plasma FA concentration
was described. According to the available evidence, folate supplementation at a dose of
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1 mg/day should prevent deficiencies in hemodialysis patients. Interestingly, increasing
the dose to 2 mg/day results in a five-fold increase in plasma FA concentrations. High
doses of folic acid have been used to reduce cardiovascular complications in patients with
end-stage renal disease (ESRD) due to its effect on homocysteine methylation. However,
the benefits of this practice have never been confirmed [20].

It has been shown that patients with CKD demonstrate anionic inhibition of the
membrane transport of 5-MTHF with a simultaneous decrease in the intracellular rate
of folate incorporation. Therefore, it is suggested that the level of folate measured in
the blood of people with uremia does not reflect its intracellular use since its uptake is
altered due to anionic inhibition [16]. In a randomized prospective study conducted on
341 dialysis patients, Cianciolo et al. found that 5-MTHF supplementation compared with
FA treatment improved the survival rate of patients treated with 5-MTHF, although there
was no difference in Hcy levels between the two treatment groups [19,20].

The benefits of folate supplementation in people with impaired renal function do not
appear to correlate fully with a decrease in serum homocysteine (Hcy) levels [8]. The main
cause of the onset of atherosclerosis, which increases the risk of cardiovascular diseases, is
endothelial dysfunction [20]. Some studies indicate that high doses of FA (5 mg per day),
alone or in combination with other B vitamins, appear to improve endothelial function. FA
improves endothelial function by reducing endovascular oxidative stress. It also affects the
intracellular production of superoxides by increasing the half-life of NO. Folate therapy
reduces but does not normalize Hcy levels, which are often elevated in patients with CKD.
The mechanisms of this resistance to folic acid have not yet been fully elucidated [16].

The minimum dose of folic acid to achieve Hcy reduction has been debated. ESRD
patients without diabetes may respond to a daily dose of 5 mg FA, but diabetic patients
with ESRD may need up to 15 mg to lower Hcy levels by more than 20% and to see benefits
related to CVD risk, regardless of FA enhancement [20].

The DIVINE study examined the effects of high-dose therapy with FA (40 mg/day), vi-
tamin B12 (1000 mg/day), and vitamin B6 (2 mg/day) in patients with diabetic nephropathy.
It showed that this treatment regimen does not increase survival or slow the progression of
ESRD. Instead, it leads to a higher incidence of cardiovascular events and a greater decrease
in the eGFR. However, such results may be influenced by its suboptimal study design, such
as the lack of division of patients with CKD and ESRD [52].

Another study looked at the effects of B12 and FA supplementation on CVD after
24 months of treatment. The results indicated that FA reduced the risk of CVD by 15%.
Greater benefits were seen in those studies where treatment was longer than 24 months [16].

The role of folic acid and vitamin B12 supplementation in reducing mortality and
preventing progression to ESRD has not yet been determined [8,19]. According to a meta-
analysis by Heinz et al., Hcy emerged as a risk factor for cardiovascular disease and
mortality in ESRD, particularly in those who do not receive supplemental FA. Prospec-
tive studies have shown that in patients with ESRD, an increase in Hcy concentration of
5 µmol/L is associated with a 7% increase in the risk of all-cause mortality and a 9% increase
in the risk of cardiovascular disease. Hcy levels in these patients appear to have increased
from 13 to 31 µmol/L due to supplementation with B vitamins in intervention studies. This
was associated with a 27% reduction in the risk of cardiovascular disease, although mortal-
ity did not decrease [70]. At the same time, Heinz’s randomized, double-blind, multicenter
study showed that the increased intake of folic acid, vitamin B12, and vitamin B6 did not
reduce overall mortality and had no significant effect on the risk of cardiovascular events in
patients with end-stage renal disease. The China Stroke Primary Prevention Trial (CSPPT)
noted that age, baseline Hcy levels, FA enhancement of grains, B12 status, kidney function,
comorbidities, and medications may modify the effects of folic acid and vitamin B12 on
cardiovascular risk [71].
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5. Vitamin C

Vitamin C, or ascorbic acid (AA), is capable of inhibiting the oxidation of other com-
pounds by donating a maximum of two electrons. After donating one electron, ascorbic
acid becomes a free radical known as semidehydroascorbic acid. After receiving the second
electron, semidehydroascorbic acid is converted into dehydroascorbic acid [72]. Through
this process, free radicals are scavenged in the body, after which they are oxidized, re-
ducing the risk of cell damage. Because vitamin C has a protective effect on oxidative
stress [73], Martins evaluated the effect of whey protein and vitamin C supplementation on
biomarkers of oxidative stress in patients with chronic hemodialysis. The results suggest a
pro-oxidative effect of vitamin C alone [74].

According to some studies, including Morena et al., AA loss during a single dialysis
session was about 28%, with some results reaching as high as 60%. Based on these studies,
it can be concluded that the loss of vitamin C during each dialysis session is significant [75].
Some authors explain the frequent occurrence of AA deficiency and reduced vitamin C
intake as being due to a potassium-restricted diet and dialysis losses [73,76]. Bohm et al.
measured the amount of vitamin C in hemodialysis and found that it ranged from 92 to
334 mg per treatment. This was associated with a 50% reduction in plasma ascorbic acid
concentrations [77]. Zhang et al. showed that in 64% of 284 patients with HD and PD,
plasma vitamin C levels were insufficient [78].

Over the years, indications for ascorbate supplementation have been formulated
very carefully. This is due to oxalate, which is a metabolite of AA. A large amount in
the body can cause hyperoxalemia, which can be considered a uremic toxin. Oxalate
levels in HD patients are twice as high as in non-dialysis patients, and can be up to seven
times higher when supplemented with vitamin C. Therefore, high doses of vitamin C
are not recommended in patients with advanced CKD [73,76]. Canavese et al. found that
administering 500 mg of vitamin C 1 time per week can increase serum oxalates levels to the
threshold of supersaturation. They suggest that during vitamin C supplementation, plasma
oxalate levels should be monitored, especially if supplementation is long-term [76]. Despite
this, due to the reported deficiency of vitamin C in HD patients, some authors believe that
vitamin C supplementation can improve health [79]. Thanks to its properties, it protects
the structure of lipid membranes, proteins, and DNA from damage. In Sarandol’s study,
vitamin D supplementation was shown to be a long-term parenteral supplementation. It
was found that 500 mg of vitamin C improves lipoprotein oxidation in HD patients [80]. In
a cross-sectional study, Zhang et al. found that vitamin C deficiency may play an important
role in increased inflammation in dialysis patients [78].

One randomized, prospective trial looked at the effects of rutin and vitamin C com-
pared to vitamin C alone on oxidative stress and inflammation in HD patients. It studied
105 HD patients that were divided into three groups. Group 1 received the rutin/vitamin
C combination, group 2 received AA (1 g), and group 3 was the control group. At the
beginning and end of the study, serum malondialdehyde (MDA), glutathione peroxidase
(GPx), high-sensitivity C-reactive protein (hs-CRP), tumor necrosis factor α (TNF-α), lipid
profile levels, and the erythrocyte sedimentation rate were evaluated. The authors showed
that vitamin C significantly increased serum GPx in group 2 (p = 0.001) compared with a
negligible score in the other groups. In addition, they reported that both vitamin C alone
and the rutin/vitamin C combination showed a protective role against lipid peroxidation,
as evidenced by reduced levels of MDA. Finally, rutin had a beneficial synergistic effect
with vitamin C in reducing TG and TNF-α levels and increasing HDL-C levels [81].

In a prospective, randomized trial, Fumeron et al. evaluated the effects of oral vitamin
C supplementation on oxidative and inflammatory markers in patients undergoing chronic
hemodialysis. Based on the results, they concluded that vitamin C did not modify the
assessed markers of oxidative stress or inflammation in HD patients [82].
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6. Vitamin A

Vitamin A is a set of fat-soluble compounds classified as retinoids. People consume
retinyl esters or carotenoids, which are considered precursors to vitamin A [8,83]. Retinyl
esters can undergo conversions to form retinol, which can then be converted to retinal
and then retinoic acid. Carotenoids include b-carotene, a-carotene, and b-cryptoxanthin,
with b-carotene being the most common form. In plasma, retinol is largely bound to
the aporetinol-binding protein (RBP 4) [84]. This equimolar complex binds to itself as a
component of another molecule, prealbumin (also called transthyretin). It then binds to
RBP cell surface receptors. Retinol is introduced into the cell, while the apo-RBP protein is
released and catabolized by the kidneys. The physiological action of vitamin A is mediated
by the nuclear retinoic acid receptor (RAR) and the retinoid X receptor (RXR), which belong
to the same nuclear receptor superfamily as the vitamin D receptor [83,85].

Vitamin A is essential for normal night vision. It also plays a role in the immune
response, the differentiation of epithelial cells, and the morphogenesis of organs, including
the kidneys, and it has antioxidant properties. Large-scale clinical trials in the general
population have not shown the benefit of consuming high doses of retinol and carotenoids
in preventing cancer or cardiovascular disease [83]. Many authors have confirmed that dial-
ysis patients have elevated plasma concentrations of total vitamin A, RBP, RBP-associated
vitamin A, and free vitamin A. These changes are thought to be associated with altered
RBP metabolism. With renal failure, the degradation of this protein is impaired [84].

Serum vitamin A concentrations are often increased in patients with advanced CKD.
Potential mechanisms include reduced RBP catabolism. Frey et al. showed that RBP
4 isoforms (a major transporter of retinol in the blood) are increased in CKD, which may
partly explain the elevated plasma concentrations in patients with CKD. National Health
and Examination Survey III data showed a link between elevated serum creatinine and
elevated vitamin A levels. This finding confirms previous studies that described elevated
vitamin A levels in non-dialysis patients with CKD, ESRD patients, and kidney transplant
recipients. Since serum vitamin A levels begin to increase with increasing creatinine, there
appears to be no need to provide additional vitamin A to patients with CKD, except in
some specific cases [85].

Espe et al. found a strong association between low levels of retinol and the risk of
sudden cardiac death and fatal infection. One possible interpretation is that lower levels of
retinol are a marker of inflammation [86].

In dialysis patients, plasma vitamin A levels are elevated, and vitamin A deficiency
is rarely observed. In fact, even a small level of vitamin A supplementation can cause
vitamin A toxicity. Therefore, the guidelines for vitamin A supplementation recommend
not exceeding the daily dose in healthy people (i.e., 700–900 lg DRE) [83,86].

7. Vitamin E

Vitamin E is a lipophilic molecule that is typically found in cell membranes. It comes
in four forms: a-tocopherol, b-tocopherol, g-tocopherol, and d-tocopherol [8,87].

The role of oxidative stress as a pathological factor in several disease states is becom-
ing increasingly apparent, and vitamin E supplementation is also being considered as a
potential treatment for this condition [88–90] due to its antioxidant properties. Plasma
vitamin E levels in patients with CKD do not appear to differ from healthy controls, even
when vitamin E intake is reduced [83]. The metabolite of vitamin E, carboxyethyl hydroxy-
chroman (CEHC), increases significantly in serum with deteriorating renal function [87].
Galli et al. suggest that CEHC accumulation may interfere with vitamin E in patients with
uremic CKD. The results of clinical trials evaluating the effectiveness of vitamin E in the
prevention of cardiovascular disease in people with CKD were mixed [89]. Mann et al.
examined the outcomes in patients with mild to moderate renal failure and an increased
risk of cardiovascular events who were given 400 IU/day of vitamin E as part of the
Heart Outcomes Prevention Evaluation (HOPE) study [91]. According to studies involving
patients who did not have CKD, there was no cardiovascular benefit from vitamin E sup-
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plementation. Additionally, the long-term use of vitamin E at a dose of 400 IU per day may
cause an increased incidence of heart failure and hospitalizations associated with heart
failure [88]. Only a randomized, prospectively controlled SPACE trial in 196 HD patients
showed that oral vitamin E at 800 IU per day significantly reduced the risk of myocardial
infarction, ischemic stroke, peripheral vascular disease, and unstable angina in patients
with pre-existing cardiovascular disease. The results of the SPACE study have never been
confirmed in any other study [89,91]. A study by Lonn et al., called HOPE-TOO, found that
vitamin E supplements were associated with an increased incidence of heart failure. Thus,
these studies suggest that among people at a high risk for cardiovascular events, vitamin E
supplementation may not be advisable [88,92].

According to some studies, in non-diabetic patients with mild to moderate CKD, a
treatment strategy with pravastatin, vitamin E, and Hcy reduction therapy (vitamin B12
and folic acid) leads to a significant reduction in the progression of carotid stenosis and a
significant improvement in endothelial function and urinary albumin excretion. However,
no significant effect on the eGFR was observed [90].

In HD patients and peritoneal dialysis (PD), serum a-tocopherol levels can range from
low or normal to increased [87].

Numerous studies have shown that vitamin E supplements reduce oxidative stress [4,83,91].

8. Vitamin K

Vitamin K participates in the post-translational carboxylation of specific glutamic acid
(Gla) residues in proteins (such as blood coagulation proteins and osteocalcin), allowing
it to bind to calcium and interact with other compounds. This is necessary for blood
coagulation and bone mineralization [93]. Vitamin K is available in two forms, vitamin K1
(phylloquinone) and vitamin K2 (menaquinone) [8,11]. The dietary form of vitamin K is
phylloquinone, which is absorbed in the jejunum and ileum, and is stored mainly in the
liver [11]. Bacteria in the gut produce vitamin K in the form of menaquinones, which are
absorbed from the distal intestine and are also stored in the liver. If vitamin K deficiency
occurs, proteins in the body may be insufficiently carboxylated [93,94].

Since vitamin K binds to lipoproteins, no loss is expected during the dialysis proce-
dure [95]. Initial reports of serum vitamin K levels in dialysis patients were contradic-
tory. However, recent discoveries of an increased non-carboxylated fraction of vitamin
K-dependent proteins such as prothrombin (also referred to as vitamin K-induced protein
or antagonism factor II, PIVKA-II) and osteocalcin have confirmed functional vitamin
K deficiency in many dialysis patients [11,96]. Antibiotics that inhibit the gut flora and
thus the bacterial production of vitamin K may increase the risk of vitamin K deficiency
and impaired blood clotting. This is especially likely if the patient does not eat or take
vitamin supplements, and therefore has a low intake of vitamin K [11]. In one study of
hospitalized patients with a prolonged prothrombin time, one-third had CKD and were not
on dialysis. A recent study of 172 patients with stage 3–5 CKD found that, depending on
the vitamin K index used, between 6% and 97% of patients were deficient in this vitamin.
When phylloquinone serum was used as the measure, there was a 6% deficiency in this
population. When measuring vitamin K-II induced proteins (PIVKA-II), a less commonly
used but potentially very accurate marker, 97% of patients were deficient [94,97]. In a study
conducted by Elliott on 44 hemodialysis patients, the levels of vitamin K were measured
in fasting blood samples. The study found that 13.6% of the subjects met the criteria for
subclinical vitamin K deficiency (phylloquinone < 0.4 nmol/L), 51% for uncarboxylated
osteocalcin (%ucOC > 20%), and 90.9% for PIVKA-II (>2.0 nmol/L). These results suggest
that men and women with CKD should consume at least 90 mg per day of vitamin K [94].

Until recently, routine vitamin K supplementation was not recommended in dialy-
sis patients. However, it is now possible to identify functional vitamin K deficiency by
measuring non-carboxylated fractions of vitamin K-dependent proteins [11]. More re-
cently, Westenfeld et al. were able to reduce dephosphorylated, non-carboxylated MGP
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with vitamin K2 supplements. This raises the possibility of a new therapy to prevent
vascular calcification [98].

Some studies suggest that a high menaquinone intake in the general population has
a beneficial effect on CVD and bone density, leading to a lower risk of bone fracture.
However, the results are not conclusive [95]. A study of 4800 patients in Rotterdam found
that a reduced amount of vitamin K2 in the diet was associated with a higher risk of
aortic calcification, CV incidence, and mortality in the general population. Slowing the
progression of calcification is a potential beneficial effect of vitamin K2 supplementation. On
the other hand, Fulton et al. did not show a significant effect of vitamin K2 supplementation
on vascular health in older adults with vascular disease. However, this study had several
limitations, one of which was that patients received only 100 µg of vitamin K2. There
are also reports that vitamin K2 supplementation may affect metabolic processes since it
increases the insulin sensitivity index and lowers fasting glucose and 2 h glucose after
OGTT [96]. On the other hand, there are also reports that show no effect on insulin
resistance. Many well-designed, randomized trials are needed to determine with certainty
appropriate recommendations for vitamin K supplementation [11,98].

9. Conclusions

Knowledge about the need for vitamin supplementation among patients with CKD
remains incomplete [7,27]. The studies discussed in this paper suggest that it is very
likely that patients with CKD are exposed to a vitamin deficiency, and supplementation
should be considered as part of the treatment process [6,12]. Most authors agree that
there is sufficient evidence that vitamin deficiencies in CKD include vitamins B1, B2,
B6, C, K, and D [7,9,38,57,59,94]. However, some studies are of low quality. Hence, the
recommendations of the KDOQI from 2020 point to the fact that there is a lack of high-
quality studies with unanimous results. There is a risk of vitamin excess and toxicity which
has to be taken into account when supplementation is planned. According to the authors
of the KDOQI, there is no consensus and no clear answer regarding dosage, duration of
supplementation or the type of vitamin D used, and the optimal dosage of vitamins C and
E, and there is no clear explanation as to why vitamin K deficiency is more common in
patients on dialysis [38].

The topic of vitamin A, E, and K supplementation remains controversial. Some
papers suggest that supplementation should be undertaken and is beneficial. On the
other hand, because of possible toxicity, some suggest the opposite. This leads to cautious
recommendations for supplementation with these vitamins [8,11,38,83].

Based on current evidence, the individualized approach towards vitamin supplemen-
tation is recommended. Folic acid should be supplemented cautiously because a high
intake may mask signs of anemia and progressive neurological disorders. Further research
is needed to precisely define the demand for these essential nutrients in patients with
CKD [9,27,95].

Author Contributions: Conceptualization, A.B.J. and T.K.; methodology, M.K.; software, M.K.; vali-
dation, A.B.J., M.K. and T.K.; formal analysis, T.K.; investigation, M.K.; resources, M.K.; data curation,
A.B.J.; writing—original draft preparation, A.B.J.; writing—review and editing, T.K.; visualization,
A.B.J.; supervision, T.K.; project administration, T.K.; funding acquisition, T.K. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data were derived from public domain resources.

Conflicts of Interest: The authors declare no conflict of interest.



Nutrients 2023, 15, 2847 14 of 18

References
1. Kestenbaum, B.; Belozeroff, V. Mineral Metabolism Disturbances in Patients with Chronic Kidney Disease. Eur. J. Clin. Investig.

2007, 37, 607–622. [CrossRef]
2. Kovesdy, C.P.; Anderson, J.E.; Kalantar-Zadeh, K. Paradoxical Association between Body Mass Index and Mortality in Men with

CKD Not Yet on Dialysis. Am. J. Kidney Dis. 2007, 49, 581–591. [CrossRef]
3. Kalantar-Zadeh, K.; Kopple, J.D.; Kilpatrick, R.D.; McAllister, C.J.; Shinaberger, C.S.; Gjertson, D.W.; Greenland, S. Association of

Morbid Obesity and Weight Change over Time with Cardiovascular Survival in Hemodialysis Population. Am. J. Kidney Dis.
2005, 46, 489–500. [CrossRef]

4. Karamouzis, I.; Sarafidis, P.A.; Karamouzis, M.; Iliadis, S.; Haidich, A.B.; Sioulis, A.; Triantos, A.; Vavatsi-Christaki, N.;
Grekas, D.M. Increase in Oxidative Stress but Not in Antioxidant Capacity with Advancing Stages of Chronic Kidney Disease.
Am. J. Nephrol. 2008, 28, 397–404. [CrossRef] [PubMed]
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