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Abstract

Introduction: Patients undergoing maintenance hemodialysis are routinely supplemented with folic acid and vitamin
B12 to prevent deficiency related to dietary restrictions and dialytic losses. However, contemporary data on achieved
serum vitamin levels under routine supplementation practices are limited.

Methods: We conducted a single-center observational study including adult patients undergoing maintenance high-flux
hemodialysis or hemodiafiltration. All patients received standardized supplementation with folic acid and vitamin B
complex three times per week. Serum folic acid and vitamin B12 concentrations were measured in January 2024, and
associations with clinical, laboratory, and dialysis-related variables were explored.

Results: A total of 53 patients were included (mean age 72.7 + 11.5 years; 32.1% female). Serum folic acid levels were
markedly elevated, with 94.3% of patients presenting values above the upper reference limit. Elevated serum cobalamin
concentrations were observed in 28.3% of patients. A higher proportion of patients treated with high-flux hemodialysis
presented vitamin B12 levels above the reference range compared with those undergoing hemodiafiltration, although
no significant differences in mean serum vitamin levels were observed between dialysis modalities. Serum vitamin levels
were not associated with dialysis adequacy or other clinical and laboratory parameters.

Conclusion: Routine supplementation with folic acid and vitamin B12 in maintenance hemodialysis patients is associat-
ed with high achieved serum vitamin levels. The higher proportion of elevated vitamin B12 levels observed in high-flux
hemodialysis patients warrants further investigation and supports the need to re-evaluate and potentially individualize
supplementation strategies in contemporary hemodialysis care.
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INTRODUCTION (HD) patients given their central role in DNA synthesis,

Patients with end-stage renal disease (ESRD) undergo-
ing maintenance hemodialysis are at increased risk of
nutritional deficiencies as a result of dietary restrictions,
chronic inflammation, medication use and the dialysis
procedure itself. Water-soluble vitamins are particularly
vulnerable to depletion, as several of these compounds
may be removed during hemodialysis; folic acid, in par-
ticular, is susceptible to dialytic losses due to its low mo-
lecular weight.1?

Among water-soluble vitamins, folic acid and cobalamin
(vitamin B12) are of particular relevance in hemodialysis

cellular metabolism and homocysteine metabolism. De-
ficiencies in these vitamins may contribute to impaired
erythropoiesis, a suboptimal response to erythropoie-
sis-stimulating agents and elevated homocysteine levels,
potentially increasing cardiovascular risk. In addition, vita-
min B12 is required for the conversion of methylmalonic
acid, and its deficiency may lead to neurologic and cogni-
tive impairment, which can be particularly challenging to
recognize in dialysis populations.*®* Consequently, routine
supplementation with folic acid and vitamin B12 has been
widely adopted in hemodialysis practice.
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Despite the recognized risk of vitamin depletion, supple-
mentation with folic acid and vitamin B12 is largely empir-
ical and implemented as a routine, standardized practice
in many dialysis centers. Current clinical guidelines sug-
gest supplementation mainly to correct documented
deficiency; however, these recommendations are largely
opinion-based and do not define optimal dosing strate-
gies, serum targets or monitoring frequency. As a result,
supplementation protocols vary considerably between
centers with respect to dose, frequency and timing of
administration.®*

At the same time, persistently elevated serum levels of
folic acid and vitamin B12 may not be biologically neu-
tral. Excessive folic acid intake has been associated with
impaired zinc absorption, and high serum vitamin B12
concentrations have been linked to adverse outcomes in
observational studies of chronic kidney disease popula-
tions, raising concerns regarding routine, non-individual-
ized supplementation.*

This study aimed to characterize serum folic acid and
vitamin B12 concentrations in patients undergoing main-
tenance hemodialysis receiving routine supplementation.
Additionally, we sought to explore whether clinical, lab-
oratory, and dialysis-related factors were associated with
achieved serum vitamin levels.

METHODS

Study Design and Population

This was a single-center observational study including

adult patients undergoing maintenance HD at a hospi-

tal-based dialysis unit. The study population consisted of
patients receiving chronic HD with available serum folic
acid and cobalamin measurements performed in January

2024. According to the institutional protocol, all patients

received routine supplementation with folic acid (5 mg)

and a vitamin B complex three times per week, adminis-
tered at the end of each hemodialysis session. Each tablet
of the vitamin B complex contained thiamine (vitamin B1,

15 mg), riboflavin (vitamin B2, 15 mg), nicotinamide (50

mg), calcium pantothenate (25 mg), pyridoxine hydrochlo-

ride (vitamin B6, 10 mg), biotin (0.15 mg), and cyanoco-
balamin (vitamin B12, 0.01 mg).

Participants were eligible for inclusion if they met all of

the following criteria:

e Age>18years

e Treatment with high-flux HD or online post-dilution
hemodiafiltration (HDF). All patients undergoing HDF
achieved convective volumes 223 L per session.

e Enrollment in a regular hemodialysis program for at
least three months and were treated three times per
week with a standardized dialysis schedule of 4-hour
sessions.

e Treatment according to the institutional supplemen-
tation protocol.

The following conditions led to exclusion from the study:

e Active malignancy, defined as a current diagnosis of
solid or hematological cancer, regardless of disease
stage or ongoing oncologic treatment, or receipt
of systemic chemotherapy at the time of vitamin
assessment.

e Chronic liver disease, defined as a documented diag-
nosis of cirrhosis, chronic hepatitis or other clinically
significant liver disease, or biochemical evidence
suggestive of chronic hepatic dysfunction (persistent
elevation of aspartate aminotransferase (AST), and/
or alanine aminotransferase (ALT) 22 times the upper
limit of normal, a cholestatic pattern with elevated
alkaline phosphatase and/or gamma-glutamyl trans-
ferase, or total bilirubin >1.5 mg/dL in the absence
of an acute cause), as well as a history of clinically
relevant chronic alcohol consumption.

e Conditions known to interfere with folate or vitamin
B12 absorption or metabolism, including prior gastric
surgery, inflammatory bowel disease, pernicious ane-
mia, strict vegetarian diet, use of methotrexate.

e Hospitalization, major surgery, or blood transfu-
sion within the three months preceding vitamin
measurement.

Data Collection

Clinical, dialysis-related, and laboratory data were retro-
spectively collected from electronic medical records. De-
mographic variables included age and sex. Dialysis-related
parameters comprised dialysis modality (high-flux HD or
HDF), dialysis vintage, vascular access type, ultrafiltration
volume per session, blood flow rate (Qb), single-pool Kt/V,
and urea reduction ratio (URR).

Laboratory parameters were obtained from routine
monthly blood tests performed as part of standard clinical
care. These included hemoglobin, platelet count, total
serum protein, serum albumin, calcium, phosphorus, AST
and ALT.

Serum folic acid and cobalamin concentrations were
measured in January 2024 using standard automated
immunoassays in the hospital’s central laboratory, with
blood samples collected before the midweek dialysis
session in accordance with routine clinical practice. Ref-
erence ranges were defined according to the local labo-
ratory standards: 7 — 45.1 nmol/L for serum folic acid and
85—378 ng/L for serum cobalamin. Elevated folic acid and
cobalamin levels were defined as values above the upper
limit of the reference range.

Statistical Analysis

Continuous variables were assessed for normality using the
Shapiro—Wilk test and are presented as mean * standard
deviation or median [interquartile range], as appropriate.
Categorical variables are presented as counts and percent-
ages. Comparisons between dialysis modalities (online HDF
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vs high-flux HD) were performed using the independent
samples t-test for normally distributed variables and the
Mann—-Whitney U test for non-normally distributed varia-
bles. Associations between categorical variables were eval-
uated using the chi-square test or Fisher’s exact test when
expected cell counts were <5. Correlations were assessed
using Pearson’s or Spearman’s correlation coefficients, as
appropriate. All analyses were performed using IBM SPSS
Statistics version 29, and a two-sided p-value <0.05 was
considered statistically significant.

Ethical Considerations

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Given its retrospective
design and the use of fully anonymized data, formal ethi-
cal approval and informed consent were waived in accord-
ance with institutional policy.

Table 1. Baseline clinical and dialysis-related characteristics

RESULTS

Baseline Characteristics of the Study
Population

A total of 53 patients who met the inclusion and exclusion
criteria were included in the analysis. The median age of
the study population was 73 years, and 17 patients (32.1%)
were female. Most patients were treated with HDF (40
patients, 75.5%), while the remaining patients underwent
high-flux HD. Diabetic nephropathy was the most frequent
underlying etiology of chronic kidney disease (10 patients,
18.9%). The median dialysis vintage was 40 months. Base-
line clinical, dialysis-related, and laboratory characteristics
are summarized in Table 1.

HDF patients High-flux HD

(n=40) patients (n=13)
Age (years) 73.0[45.0; 92.0] 72.0 [45; 92] 78.0 [64; 88] 0.136
Female sex, n(%) 17 (32.1) 10.0 (25.0) 7.0 (53.8) 0.053
Arteriovenous access, n (%) 37 (69.8) 29.0(72.5) 8.0 (61.5) 0.455
Dialysis vintage (months) 40.0 [3; 160] 43.5[10;160] 35.0[3; 103] 0.243
Ultrafiltration per session (mL) 2316.5+722.0 2356.0+702.4 1852.0 £ 1063.0 0.006
Single-pool Kt/v 1.6 [1.0; 3.0] 1.6 [1;3] 1.6[1; 3] 0.311
URR (%) 77.1[61.5; 91.3] 75.2 [61.5; 89.4] 82.6[74.8; 91.3] 0.027
Blood flow rate (Qb, mL/min) 393.6 [267.0; 481.0] 395.2 [267; 481] 349.9 [321; 431] 0.119
Hemoglobin (g/dL) 11.4+1.3 11.5+1.2 11.1+15 0.327
Platelet count (x10%L) 190.9 £54.8 200.3 +£56.4 162.2 £38.8 0.028
Total serum protein (g/dL) 6.6 [5.4; 7.6] 6.5+0.5 6.5+0.6 0.921
Serum albumin (g/dL) 3.8[2.8;4.5] 3.9[2.8; 4.5] 3.6 [3.3; 4.4] 0.082
Serum calcium (mg/dL) 9.0+0.7 8.0+0.5 9.1+0.6 0.136
Serum phosphorus (mg/dL) 42+16 42+1.7 42+15 0.454
Aspartate aminotransferase (U/L) 19.0 [10.0: 50.0] 18.0 [10; 50] 24.0 [13; 40] 0.021
Alanine aminotransferase (U/L) 14.0 [3.0; 39.0] 13.0[3; 39] 19.0 [7; 30] 0.040
Body mass index (kg/m?) 25.5[15.4;51.2] 25.4[15.4;41.1] 25.6[18.6; 51.2] 0.975

Values are expressed as mean + SD or median [IQR], as appropriate. Between-group comparisons were performed using the independent samples t-test or Mann—Whit-
ney U test for continuous variables, and the chi-square test or Fisher’s exact test for categorical variables, as appropriate.

Patients undergoing high-flux HD had lower ultrafiltration
volumes per session and higher URR compared with those
treated with HDF. Differences were also observed in plate-
let count and liver enzyme levels. Other baseline clinical
and dialysis-related variables were broadly comparable
between groups.

Serum Folic Acid and Cobalamin Levels

Serum folic acid levels were markedly elevated in the study
population, with a median value of 106.9 nmol/L [29.6;
377.7]. Overall, 50 patients (94.3%) presented serum folic

acid levels above the upper reference limit, while only 3 pa-
tients (5.7%) had values within the normal range (Table 2).
Mean serum cobalamin levels were 316.0 + 118.1 ng/L.
Elevated cobalamin levels were observed in 15 patients
(28.3%), whereas the remaining patients presented values
within the reference range.
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Table 2. Serum folic acid and cobalamin levels in the
study population

Variable Value

Serum folic acid (nmol/L) 106.9 [29.6; 377.7]

Folic acid > 45.1 nmol/L, n (%) 50 (94.3)
Serum cobalamin (ng/L) 316.0+118.1
Serum cobalamin > 378 ng/L, n (%) 15 (28.3)

Reference ranges: serum folic acid 7 — 45.1 nmol/L; sérum cobalamin 85 — 378
ng/L

Comparison According to Dialysis Modality
Serum folic acid levels were similar between patients un-
dergoing HDF and those treated with high-flux HD, with
mean values of 120.2 + 70.0 nmol/L and 125.1 + 69.3
nmol/L, respectively (t (51) =-0.240, p = 0.812), as shown
in Table 3.

Table 3. Serum folic acid and cobalamin levels according
to dialysis modality

_ High-Flux
HDF (n=40) HD(n=13) p-value
Serum folic acid (nmol/L) 120.2+£70.0 125.1+69.3 0.812
Serum cobalamin (ng/L) 309.0+126.8 337.7+86.8 0.452

Mean cobalamin levels were 309.0 + 126.8 ng/L in pa-
tients undergoing HDF and 337.7 + 86.8 ng/L in those
treated with HD hemodialysis, with no statistically signifi-
cant difference between groups (t (51) =0.758, p =0.452).
The proportion of patients with cobalamin levels above
the upper reference limit was 22.5% in the hemodiafiltra-
tion group and 46.2% in the high-flux hemodialysis group
(Table 4). However, this difference was not statistically
significant (Fisher’s exact test, p = 0.155).

Table 4. Distribution of serum cobalamin levels according
to dialysis modality

Serum cobalamin Serum cobalamin

£378 ng/L, n (%) > 378 ng/L, n(%) il
HDF 31(77.5) 9(22.5) 40
High-Flux HD 7 (53.8) 6(46.2) 13

No clinical, laboratory, or dialysis-related variables, includ-
ing body mass index, dry weight, plasma albumin, urea,
and creatinine, were significantly associated with serum
folic acid or cobalamin levels.

DISCUSSION

In this contemporary single-center cohort, routine supple-
mentation with folic acid and vitamin B12 in maintenance
hemodialysis patients was associated with very high se-
rum folic acid concentrations and elevated vitamin B12
levels in a substantial proportion of patients. Previous
studies have reported high or supratherapeutic serum

vitamin levels in hemodialysis populations receiving sup-
plementation.®” Our findings are consistent with these
observations, as the vast majority of patients in our co-
hort exhibited folic acid levels above the upper reference
limit and a substantial proportion had elevated vitamin
B12 concentrations. The present study was designed to
characterize serum vitamin levels within a standardized
routine supplementation protocol in a contemporary he-
modialysis population.

Although no statistically significant differences were ob-
served between dialysis modalities, patients treated with
high-flux hemodialysis exhibited a numerically higher
proportion of elevated vitamin B12 levels compared with
those undergoing hemodiafiltration. This observation
may be explained by differences in the clearance of mid-
dle-molecular-weight compounds, as hemodiafiltration
provides enhanced convective removal compared with
high-flux hemodialysis. However, given the small sample
size and the limited number of patients in each subgroup,
the study may have been underpowered to detect signifi-
cant differences, and these findings should be interpreted
cautiously.! Although some baseline differences between
dialysis modalities were observed, these were not associ-
ated with serum folic acid or vitamin B12 concentrations,
supporting the comparability of the study groups.

In this cohort, serum folic acid and vitamin B12 concen-
trations were not significantly associated with clinical,
nutritional, or inflammatory variables that could poten-
tially influence circulating vitamin levels. Under these
conditions, measured serum concentrations may be in-
terpreted primarily as reflecting current supplementation
practices in this setting.

These results suggest that routine, non-individualized sup-
plementation practices may lead to serum vitamin con-
centrations that exceed physiological requirements. While
supplementation aims to prevent deficiency, persistently
elevated levels of folic acid and vitamin B12 may not be
biologically neutral, as suggested by guideline-based con-
cerns regarding excessive folic acid intake and by observa-
tional data linking high vitamin B12 concentrations with
adverse outcomes in chronic kidney disease populations.
Beyond the biological implications, routine and uniform sup-
plementation with folic acid and vitamin B12 in hemodialysis
patients may also have relevant economic consequences.
Although individually inexpensive, the chronic administra-
tion of these supplements to the entire dialysis population
represents a cumulative cost for dialysis units and healthcare
systems, particularly when administered in the absence of
documented deficiency and when resulting in supraphys-
iological serum levels. In an era increasingly focused on
value-based care, these findings highlight the importance of
reassessing long-standing supplementation practices to en-
sure that they are both clinically justified and cost-effective.
Importantly, our findings suggest that current vitamin
supplementation regimens may be amenable to safe dose
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reduction or individualization in a substantial proportion
of hemodialysis patients. Avoiding unnecessary pharma-
cological interventions may significantly reduce treatment
burden and improve medication adherence in this popu-
lation, which is characteristically exposed to high levels of
polypharmacy.

Several limitations of this study should be acknowledged.
The single-center design and relatively small sample size
may limit generalizability and reduce statistical power,
particularly for subgroup analyses according to dialysis
modality. The cross-sectional nature of the analysis pre-
cludes assessment of longitudinal changes and clinical
outcomes. In addition, functional markers of vitamin sta-
tus, such as homocysteine or methylmalonic acid, were
not available. Further studies are warranted to better de-
fine optimal supplementation strategies for folic acid and
cobalamin in contemporary hemodialysis practice. Larger,
multicenter cohorts are needed to confirm our findings, to
explore potential differences between dialysis modalities,
and to establish appropriate serum targets. Additionally,

Ethical Disclosures

prospective studies assessing different supplementation
doses, withdrawal strategies, and the use of functional
biomarkers of vitamin status may help to identify patients
who truly benefit from supplementation while avoiding
unnecessary exposure in others.

CONCLUSION

Routine supplementation with folic acid and vitamin B12
in maintenance hemodialysis patients was associated with
high achieved serum vitamin levels, particularly for folic
acid, and with elevated vitamin B12 concentrations in a
substantial proportion of patients. A numerically higher
prevalence of elevated vitamin B12 levels was observed
among patients treated with high-flux hemodialysis.
Although the clinical consequences of these findings re-
main uncertain, they raise important questions regarding
the need for uniform, non-individualized supplementation
strategies and suggest that a more tailored approach to
vitamin supplementation may be warranted in hemodial-
ysis care.
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