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Abstract

Chronic Kidney Disease (CKD) is an injury that causes progressive impairment of exocrine and endocrine renal
functions. A very common complication is anemia, caused by reduced erythropoietin production, iron deficiency and
inflammation. Evidence demonstrates that vitamin D has effects on anemia of inflammation, through the increase in
erythrocytes and decrease in pro-inflammatory cytokines. This study aims to review the effects of vitamin D
supplementation on 25(0OH)D; concentrations, on anemia markers and on PTH levels. This is an integrative review
carried out through the search and selection of original publications, in english and portuguese, indexed in PubMed,
Web of Science and Science Direct databases belonging to the 2010-2020 range. The results pointed to 25(OH)D.
concentrations compatible with normality after vitamin D supplementation. In five studies, there was no change in
hemoglobin and PTH levels, and in four studies there was a reduction in the dose of EPO or erythroid stimulating
agent, attributing such effect on the role of calcitriol as a substrate for bone marrow erythropoietic cells. The study
concluded that vitamin D supplementation had beneficial effects for correction of 25(OH)D, deficiency, however, it
reinforces the controversy about the behavior of vitamin D on the improvement of anemia markers and PTH levels in
patients with DRC. Therefore, it is suggested that the beneficial effect of vitamin D on anemia in renal patients may
be independent of PTH suppression.

Keywords: Vitamin D supplementation; Cholecalciferol; Erythropoietin; Hemoglobin; Anemia; Chronic kidney
disease.

Resumo

A Doenca Renal Cronica (DRC) é uma lesdo que ocasiona comprometimento progressivo das funcdes renais
exocrinas e enddcrinas. Uma complicacdo muito comum é a anemia, causada pela redugdo na producdo de
eritropoetina, deficiéncia de ferro e inflamacdo. Evidéncias demonstram que a vitamina D apresenta efeitos sobre a
anemia da inflamacdo, por meio do aumento de eritrdcitos e diminuicdo de citocinas pro-inflamatérias. Esse estudo
objetiva revisar os efeitos da suplementacéo de vitamina D sobre as concentracfes de 25(OH)D,, nos marcadores de
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anemia e nos niveis de PTH. Trata-se de uma revisao integrativa realizada por meio da busca e selecdo de publicacdes
originais, nos idiomas inglés e portugués, indexados nas bases de dados PubMed, Web of Science e Science Direct
pertencentes ao intervalo de 2010-2020. Os resultados apontaram para concentracdes de 25(0OH)D, compativeis com
normalidade ap6s suplementacdo de vitamina D. Em cinco estudos prevaleceu sem modificacdo nos niveis de
hemoglobina e PTH, e em quatro estudos houve reducdo da dose de EPO ou agente estimulador eritrdide, atribuindo
tal efeito ao papel do calcitriol como substrato para as células eritropoiéticas da medula 6ssea. O estudo concluiu que
a suplementacédo de vitamina D apresentou efeitos benéficos para correcdo da deficiéncia de 25(OH)D3, no entanto,
reforcam a controvérsia acerca do comportamento da vitamina D sobre a melhora dos marcadores de anemia e nos
niveis de PTH em pacientes com DRC. Sendo assim, sugere-se que o0 efeito benéfico da vitamina D na anemia em
pacientes renais possa ser independente da supresséo do PTH.

Palavras-chave: Suplementagdo de vitamina D; Colecalciferol; Eritropoietina; Hemoglobina; Anemia; Doenca renal
cronica.

Resumen

La enfermedad renal crénica (ERC) es una lesion que causa deterioro progresivo de las funciones renales exocrinas y
endocrinas. Una complicacion muy comuan es la anemia, causada por la reduccién de la produccion de eritropoyetina,
la deficiencia de hierro y la inflamacion. La evidencia demuestra que la vitamina D tiene efectos sobre la anemia de la
inflamacién, a través del aumento de eritrocitos y disminucién de citocinas proinflamatorias. Este estudio tiene como
objetivo revisar los efectos de la suplementacion con vitamina D en las concentraciones de 25(OH)Dy, en los
marcadores de anemia y en los niveles de PTH. Se trata de una revisién integradora realizada a traves de la basqueda
y seleccion de publicaciones originales, en inglés y portugués, indexadas en las bases de datos PubMed, Web of
Science y Science Direct pertenecientes a la gama 2010-2020. Los resultados sefialaron concentraciones de 25(0OH)D;
compatibles con la normalidad después de la suplementacion con vitamina D. En cinco estudios, no hubo cambios en
los niveles de hemoglobina y PTH, y en cuatro estudios hubo una reduccion en la dosis de EPO o agente estimulante
eritroide, atribuyendo dicho efecto al papel del calcitriol como sustrato de las células eritropoyéticas de la médula
6sea. El estudio concluyd que la suplementacion con vitamina D tuvo efectos beneficiosos para la correccién de la
deficiencia de 25(OH)D., sin embargo, refuerza la controversia sobre el comportamiento de la vitamina D en la
mejora de los marcadores de anemia y los niveles de PTH en pacientes con DRC. Por lo tanto, se sugiere que el efecto
beneficioso de la vitamina D sobre la anemia en pacientes renales puede ser independiente de la supresion de PTH.
Palabras clave: Suplementacion con vitamina D; Colecalciferol; Eritropoyetina; Hemoglobina; Anemia; Enfermedad
renal cronica.

1. Introduction

Chronic Kidney Disease (CKD) is a global health problem (Daimon et al., 2020). In recent years, with increasing
longevity, there has been a trend towards an increase in the number of patients on dialysis, as attested by the Brazilian Chronic
Dialysis Survey conducted in 2019, where 139.691 patients were on dialysis in the country (Neves et al., 2021).

Anemia secondary to CKD is a complication that is often not treated, which occurs early in the course of the disease
and can become intractable with the decline in kidney function resulting in high morbidity, increased hospitalizations, impaired
cognition and mortality (Begum & Latunde-Dada, 2019).

The main causes of anemia are: reduced production of erythropoietin (EPO), which stimulates the production of
erythrocytes (Bueno & Frizzo, 2014; Naini et al., 2015; Oliveira et al., 2019; Agarwal, 2021), deficiency of iron, inflammation,
and vitamin D axis deficiencies (Zughaier et al., 2014; Bacchetta et al., 2014; Lima, 2017; Al-shaer et al., 2020).

Attempts to improve the prevention and treatment of anemia or the use of potential therapies can help to reduce the
burden of the disease (Arabi et al., 2020). Vitamin D can have a favorable impact on anemia control, particularly anemia of
inflammation, by increasing erythroid progenitor proliferation and decreasing hepcidin-stimulating pro-inflammatory
cytokines, thus reducing their concentrations, as well as acting directly on the hepcidin, down-regulating the transcription of
messenger RNA (mRNA) of the antimicrobial peptide hepcidin (Sim et al., 2010; Smith & Tangpricha, 2015; Naini et al.,
2015; Masoud et al., 2018).

In some CKD patients with suboptimal response to EPO, vitamin D therapy leads to improvement of anemia and
reduced need for the EPO dose in patients without depletion in parathyroid hormone (PTH) levels. In this theme, it was

observed that 1,25-di-hidroxivitamina D (1,25(0OH)2Ds), also called calcitriol directly increased the proliferation of erythroid
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precursors, by activating la-hydroxylase (Madu & Ughasoro, 2017), in addition, 1,25(0OH)2Ds has been shown to increase
EPO receptor expression and synergistically stimulate proliferation along with EPO (Patel et al., 2010; Riccio et al., 2015;
Sonkar et al., 2018).

Considering that vitamin D supplementation can have a favorable impact on the control of anemia, particularly in
anemia of inflammation and/or reduction in EPO requirements, this study aimed to review the effects of vitamin D
supplementation on concentrations of 25(0OH)D,, anemia markers (EPO, hemoglobin, ferritin and transferrin saturation) and

PTH levels, considering possible ways of interaction, based on the literature.

2. Methodology

This is an integrative, qualitative literature review. The construction of this study followed the following steps:
Elaboration of the theme, definition of eligibility criteria, characterization of the studies, analysis of results, compiled in the
final table and discussion of the review's findings (Mowbray et al., 2014).

The main author (LTMV) was responsible for carrying out the search, through which original publications, in English
and Portuguese, from 2010 to 2020, conducted in humans and indexed in the databases Pubmed, Web of Science and Science
Direct.

In this study, the PICO (Patient, Intervention, Comparison and Outcomes) strategy was applied to define the
following guiding question: “What is the effect of vitamin D supplementation on serum concentrations of 25(OH)D. and
profile of anemia markers in chronic renal patients?”. Patients with anemia and chronic kidney disease were defined as P
(Population and Problem); | (Intervention) oral vitamin D supplementation; C (Comparison) placebo or control groups
(negative or positive); the (Outcome) effects of supplementation on the cholecalciferol profile (and isoforms) and anemia
markers. For the bibliographic survey, the following keywords and their respective terms in english were considered:
Suplementagdo de Vitamina D (Vitamin D supplementation); Colecalciferol (Cholecalciferol); Eritropoetina (Erythropoietin);
Hemoglobina (Hemoglobin); Anemia (Anemia); and Doenga Renal Crénica (Chronic Kidney Disease). It is noteworthy that the
searches were performed using the free terms and equated with the use of boolean operators.

Eligibility criteria were defined as: original case-control, cross-sectional, cohort, longitudinal, observational studies,
clinical trials, conducted in humans and with no age restrictions for the investigated population. In turn, case reports, review
articles, without full access, research in experimental design in vitro, as well as studies that related to the proposed theme
(Vitamin D (ergocalciferol/D2 or cholecalciferol/D3), Chronic Kidney Disease, Anemia Markers), were removed due to
ineligibility.

The main information of the studies was gathered, which included: name of the authors, year of publication, country
of research, type of study, sample size, age, dose and time of vitamin D supplementation (and isoforms), and the outcome
observed. All of these data were exposed in table 1 of the Results.

Figure 1 illustrates the total number of articles obtained in the respective databases, based on the combination of the

descriptors defined for search. It was observed that 8 articles were included for the final analysis corpus of this review.
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Figure 1. Diagram of the steps for selecting the reviewed articles.

PubMed: 722
Web of Science: 64
Science Direct: 87

-

[ Total articles: 873 ] |$ [ Duplicate articles: 7 ]

Selected articles after removing |$ Articles excluded for not

duplicates: 866 considering the theme: 845

>

( )
Articles analyzed in full: 21 Articles excluded due to
ineligibility: 13
. J
( \
Articles included in the review:
8
. J

Source: Authors (2020).

3. Results

A total of 873 articles were found, of which 722 were obtained from the Pubmed database, 64 from the Web of
Science and 87 from Science Direct. After the process of choosing and analyzing articles, considering the inclusion and
removal criteria for duplicate articles, 8 articles were selected to compose this integrative review.
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Table 1. Summary of characteristics and results observed in the intervention studies in this review.

Author/Year/Country Design Sample (n) Age (years) Dose and Time of Outcomes
Supplementation
(1) <15ng/mL- 50.000 86% of patients achieved [25(OH)D,] > 30 ng/mL.
1U/week; Darbepoetin use also decreased, with no change in Hb
Matias et al., 2010. Prospective n=158 62,8* (2) 16-30 ng/mL —10.000 values. There was no change in ferritin levels. PTH levels
Portugal cohort Adults 1U/week; showed a significant decrease.
(3) > 30 ng/mL - 2700 1U three
times a week.
Duration: 6 months
(1) <10ng/mL- 50.000 U [25(0OH)D] improved, but only 44% reached the target of
weekly for 1 month, followed 30 ng/mL. The dose of EPO was reduced in 57% of
Kumar et al., 2011. Prospective n=81 62* by 50.000 IU monthly for 3 participants. There was no change in Hb levels.
EUA cohort Adults months; Transferrin  saturation was higher in patients with
(2) 10 - 30 ng/mL —50.000 IU  [25(OH)D2] > 30ng/mL and ferritin levels were higher in
monthly. participants with [25(OH)D;] < 30ng/mL. There was no
Duration: 4 months. difference in PTH levels.
1) <5ng/mL —50.000 IU /12  After 6 months of treatment, the case group showed an
Porter et al., 2013. Retrospective n=96 52,5 e 59,7* weeks, then 3 doses monthly;  increase in [25(OH)D;]. At 11 months [25(0H)D;]
EUA cohort Adults (by group) (2) 5-15ng / mL — 50.000 1U/4  reduced. There was no change in Hb and PTH levels.
weeks, then 5 doses monthly;
(3) 16-30 ng / mL —50.000
1U/6 months.
Duration: 11 months.
50.0001U/week for 12 weeks.  Mean [vitD] increased by 58,04 ng/mL in the treatment
Naini et al., 2015. Clinical trial n=64 60 e 62* Every three weeks until each  group. This showed a significant decrease in the required
Ird double-blind Adults (by group) patient has taken 650.0001U of  dose of EPO. There was no significant difference in Hg
vitD. levels.
Duration: 4 months.
(1) <15 ng/mL - 50.000 At 6 months of treatment, there was an increase in
Miskulin et al., 2016. Clinical trial n=252 61* 1U/week for 6 months; [25(OH)D;]. The weekly dose of epoetin did not change
EUA Adults (2) 16-30 ng/ml — 50.000 significantly in any group. There was no difference in

IU/week for 3 months, then 1

PTH levels.
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dose per month for 3 months.
Duration: 6 months

(1) <5 ng/mL —50.000 1U/12

50% of the sample reached vitD sufficiency at 12 months.

Agarwal et al., 2016. Case-control n=186 57,6 weeks, then monthly; There was no treatment effect on EPO dose reduction.
EUA Adults (2) 5-15ng/mL —50.000 1U/4  Ferritin and transferrin saturation levels decreased in the
weeks, then monthly; case group during 12 months. There was no difference in
(3): 16-30ng/mL —50.000 PTH levels.
IU/month.
Duration: 12 months.
(1) <30 ng/mL —60.000 At the end of four months of supplementation, there was a
Nand & Mittal, 2017. Case-control n =50 ** 1U/week; significant increase in Hb and a significant decrease in
India Adults (2) >30 ng/mL - control group.  EPO, ferritin and PTH.
Duration: 4 months
(1) Cholecalciferol — 3.000 IU  Administration three times a week and once a month
3x/week; increased [25(0OH)D;] and [1,25(0OH)2Ds]. There was no
Obi et al., 2020. Clinical trial n=288 67* (2) Cholecalciferol — 9.000 change in the weekly dose of darbepoetin in the
Japéo Adults 1U/month. cholecalciferol-treated groups at 6 months of treatment.

Duration: 6 months

There were no differences between groups for Hb, ferritin,
transferrin saturation and PTH.

Legend: * Average age values; ** uninformed; [ ] concentrations; USA = United States of America; vitD = vitamin D; 25(OH)D2 = 25-hydroxyvitamin D; 1,25(0OH)2Ds = 1,25-dihydroxyvitamin
D; Ul = international unit; EPO = erythropoietin; PTH = parathyroid hormone; Hg = hemoglobin.

Source: Authors (2020).
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The table above compiles the main information obtained from the selected articles and comprised in the range from
2010 to 2020. Based on the above, it was observed that the selected studies were carried out in different countries (Portugal,
United States, Iran, India and Japan), and presented a sample size that varied from 64 to 256 participants. As for the research
design, we obtained: prospective and retrospective cohort, case-control and clinical trials. Although the study designs are
different, they were all based on interventions with vitamin D supplementation.

Matias et al. (2010), Kumar et al. (2011), Naini et al. (2015), Agarwal et al. (2016) and Obi et al. (2020) observed an
increase in the concentration of 25(OH)D, with vitamin D supplementation. Porter et al. (2013) found an oscillation in the
concentration of 25(OH)D»; at 6 months of treatment there was a significant increase, and 11 months after the 25(OH)D>
concentration decreased, with only 37% of the case group maintaining an adequate level. In turn, in the study by Miskulin et al.
(2016), the concentration of 25(OH)D; also increased steadily over 6 months in patients with baseline concentration <15 ng/ml
of 25(0OH)D; who received 50.000 U of ergocalciferol weekly, but in the subgroup with baseline concentration of 25(OH)D
between 16-30 ng/ml, levels increased up to 3 months and then decreased between 3 and 6 months, coinciding with the
reduction from weekly to monthly dose.

In the studies by Matias et al. (2010), Kumar et al. (2011) and Naini et al. (2015), the dosage of EPO or darbepoetin,
the erythroid stimulating agent, was reduced, without modification in hemoglobin levels, with ergocalciferol supplementation.
In turn, Nand and Mittal (2017) found a reduction in the dose of EPO and an increase in hemoglobin levels with
cholecalciferol supplementation. Agarwal et al. (2016), Miskulin et al. (2016) and Obi et al. (2020) found no significant
difference between the groups regarding the dose of EPO, epoetin and darbepoetin, respectively.

According to a study by Matias et al. (2010) and Obi et al. (2020) there was no change in ferritin values, as in the
findings of Kumar et al. (2011), participants with a concentration of 25(OH)D2 < 30 ng/m had higher levels of ferritin during
the treatment and follow-up periods of supplementation and transferrin saturation levels were higher in participants with a
concentration > 30 ng/mL. In turn, Agarwal et al. (2015) found decreased levels of ferritin and transferrin saturation. Likew ise,
Nand and Mittal (2017) also found a reduction in ferritin levels.

Vitamin D supplementation culminated in a significant decrease in PTH levels, as reported in Nand and Mittal (2017)
and Matias et al. (2010), in Kumar et al. (2011), Porter et al. (2013), Miskulin et al. (2016), Agarwal et al. (2016) and Obi et al.

(2020) no significant difference was found in PTH levels.

4. Discussion

This review was carried out with a view to investigating the effect of vitamin D supplementation on serum vitamin D
concentrations, on anemia markers and on PTH levels in patients with CKD. Regarding the effect of the intervention, most of
the studies included in this review found an improvement in the concentration of 25(0OH)D; 1,25(0H)2Ds3, five studies showed
no change in hemoglobin and PTH levels, and four studies showed a reduction in the dose of EPO or erythroid stimulating

agent.

25(0OH)D2 Concentrations

In Kumar et al. (2011) few patients reached the goal of 30 ng/mL, attributing this finding to a subgroup of patients
who used a central venous catheter, which can confer a greater burden of inflammation, infection or even vascular disease. In
the studies by Miskulin et al. (2016) and Porter et al. (2013) there was an oscillation in the concentration of 25(OH)D,. To
explain this finding, the authors emphasize the high prevalence of 25(0OH)D; deficiency and insufficiency in their population.
Serum 25(0OH)D, concentrations are influenced by many factors, such as: race, skin pigmentation, age, season, latitude,

weather conditions, dietary habits and exposure to sunlight. These studies showed a large number of african-american
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participants, decreased consumption of vitamin D foods and decreased exposure to the sun, which justified the need for a
second round of ergocalciferol supplementation to normalize 25(OH)D, concentrations.

The normalization of 25(OH)D, concentrations can provide a suitable substrate for the local tissue production of
1,25(0OH)2D3 in hematopoietic tissues via extra-renal activity of the 1-oa-hydroxylase enzyme. Hematons (the buffy layer of
bone marrow containing erythroid precursors, fibroblasts, endothelial cells, lipid loaded cells, and macrophages) have been
shown to contain significantly higher concentrations of 25(OH)D; and 1,25(0OH)2D3 than do bone marrow plasma. High local
concentrations of 1,25(0OH)2Ds in hematopoietic tissues can then directly activate erythroid precursor cells and thus prevent
the development of anemia (Sim et al., 2010; Naini et al., 2015).

Similar to the results of this review, a study by Cuspiti et al. (2015) found an increase in the concentration of
25(0H)D; with a reduction in deficiency from 76% to 33% of patients. Already in Bucharles et al. (2012) found an increase in
25(OH)D2 concentrations after three months of supplementation, with a concomitant reduction in C-reactive protein and IL-6,

suggesting that the correction of hypovitaminosis D has an anti-inflammatory effect.

EPO Dose, Hemoglobin Levels, Ferritin and Transferrin Saturation

In four studies a significant reduction in the required dose of EPO was found with vitamin D supplementation,
attributing this effect to the role of calcitriol as a substrate for bone marrow erythropoietic cells. Studies of bone marrow
erythrocyte precursor cells demonstrate that calcitriol increases EPO receptor expression (Patel et al., 2010; Sonkar et al.,
2018). Supporting these results, Goicoechea et al. (1998) demonstrated in 28 hemodialysis patients with severe
hyperparathyroidism that intravenous calcitriol reduced the need for EPO therapy.

Not all studies found a reduction in the dose of EPO with vitamin D supplementation, this may be related to secondary
hyperparathyroidism, infection, production of pro-inflammatory cytokines that stimulate hepcidin synthesis and inhibit the
production of EPO in the renal parenchyma. Hepcidin, a small polypeptide that affects iron homeostasis as it reduces the iron
available to erythroid precursors and therefore contributes to the development of anemia (Lépez-Ramiro et al., 2017).

The effects of vitamin D supplementation on hemoglobin levels did not show promise in five studies, perhaps because
in patients with iron deficiency anemia, vitamin D is unlikely to provide improvements in hemoglobin after correction of iron
deficiency. It is worth noting that iron levels were not assessed, which would be important to assess its availability for
erythropoiesis and ensure a better understanding of the metabolic behavior of vitamin D in the pathogenesis of anemia.

Adequate management of anemia for patients with CKD undergoing hemodialysis is a challenge. The ideal
hemoglobin targets for balancing EPO-stimulating agents and intravenous iron remain unclear. Giving iron to CKD patients on
hemodialysis complements EPO therapy, helps maintain target hemoglobin levels, and reduces EPO dosing requirements.
However, the use of iron requires a careful balance between the intended clinical effect and the uncertain risks of toxicity (Kuo
et al., 2012; Bailie et al., 2015).

Ferritin is a good indicator of iron stores, but it is an acute phase protein, and its high levels may be related to the
underlying disease and its inherent inflammatory process. Transferrin saturation, on the other hand, makes it possible to assess
the functionally available iron for erythropoiesis. Of the five studies that evaluated ferritin, three found a reduction in its levels
after vitamin D supplementation.

In the study by Kumar et al. (2011), patients with 25(OH)D2 concentrations < 30 ng/mL had higher levels of ferritin,
probably because they are more debilitated patients due to the hemodialysis process that culminates in a large load of

inflammation, which contributes to the development of anemia.
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PTH Levels

It is noteworthy that the inclusion of PTH levels in this study could better clarify the participation of vitamin D in the
control of anemia in patients with CKD, given that increased PTH levels can compromise the hematopoietic function and
erythropoiesis, suppressing the endogenous synthesis of EPO and, therefore, contribute to the onset of anemia.

Matias et al. (2010) found a significant reduction in PTH levels with supplementation, attributing this effect to the fact
that 25(OH)D; directly activates the vitamin D receptor in the parathyroid gland independent of 1,25(OH)2D3 contributing to
the control of hyperparathyroidism secondary. Obi et al. (2020) observed that cholecalciferol suppressed PTH only among
patients with very low concentrations of 25(OH)D..

It is important to consider the role of PTH hypersecretion in renal anemia, which would have direct effects on
endogenous EPO synthesis, bone marrow progenitors, and red cell survival. Hyperparathyroidism aggravates hematopoietic
function, reduces erythropoiesis, accelerating the rate of erythrocyte sedimentation, and increasing erythrocyte osmotic
fragility through Ca-ATPase stimulation (Duque et al., 2020). Vitamin D, due to its beneficial effects in controlling PTH
hypersecretion, could improve the anemic condition in renal patients (L6pez-Ramiro et al., 2017).

However, in the present study, such a relationship was not observed, since in five studies no effect of supplementation
on PTH levels was reported. Complementarily, Bhan et al. (2015) and Bashardoust et al. (2018) also found that there was no
significant difference between PTH levels after vitamin D supplementation. Therefore, it is suggested that the restoration of
25(OH)D; concentrations and the beneficial effect of vitamin D on anemia in renal patients may be independent of PTH
suppression.

The supplementation time of the studies seems to have been significant for the improvement of the concentration of
25(OH)D; in most of the studies included in this review. However, in studies with supplementation time greater than 6 months,
there was a reduction in the concentration of 25(0OH)D; at the end of the study, coinciding with a reduction in the dose of
vitamin D supplementation from weekly to monthly.

It is also worth considering the age of the participants in the studies compiled in this review. In the study by Matias et
al. (2011), elderly participants had lower concentrations of 25(OH)D, and it is already consolidated in the literature that age is
related to the concentration of 25(0OH)D- (Sah & Adhikary, 2019), since this group reduces exposure to the sun as a result of
health problems and immobility, also reduces intake of natural sources of vitamin D, and reduces dermal synthesis of vitamin
D.

It is noteworthy that this study has some limitations that deserve to be listed. Obtaining a small number of studies that
deal with the proposed theme, and which, therefore, made it impossible to deepen the discussion.

In addition, the heterogeneity of the designs included, in terms of the population studied, sample size and duration of
the intervention, may have contributed to the collection of controversial data. At this point, in particular, it is emphasized that
the ideal would be to elect only randomized clinical trials, as they have high power of evidence, configuring a more reliable

method and with less risk of outlier.

5. Conclusion
The results showed that the vitamin D supplementation regimen is a well-tolerated and effective strategy to replenish
25(0OH)D; concentrations in the normal range for most hemodialysis patients, however, they reinforce the controversy about
the vitamin's behavior. D on the improvement of anemia markers and PTH levels in CKD patients.
In addition, methodological factors such as supplementation dose, season and duration may have contributed to the

divergences between the findings. Therefore, the importance of conducting further research with a larger number of articles to
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address issues of dosage and strict controls in the designs for a better understanding of the metabolic behavior of vitamin D in
the pathogenesis of anemia of inflammation is highlighted.
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