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Abstract

Introduction. Multiple sclerosis (MS) is a  chronic autoimmune disease of the central nervous system 
characterized by demyelination and neurodegeneration. Emerging evidence suggests a  potential role 
of folate metabolism, vitamin  D status, and MTHFR gene polymorphisms in MS pathogenesis and 
progression. In populations without food fortification, such as Ukraine, these factors may be particularly 
relevant, highlighting the need to study their interrelationships with clinical disease features.
Aim. To investigate the relationship between folate metabolism markers (homocysteine, folic acid, and 
vitamin B12), vitamin D levels, MTHFR gene variants, and the clinical characteristics of disease progression 
in patients with MS.
Materials and methods. This study assessed biochemical markers of folate metabolism (homocysteine, 
folic acid, vitamin  B₁₂), vitamin  D levels, and the MTHFR rs1801133 genotype in 113 MS patients, with 
in-depth biochemical analysis conducted in a  randomly selected subgroup of 36 patients. Clinical and 
demographic data were collected, and statistical analyses were performed to evaluate correlations 
between biochemical, genetic, and clinical parameters.
Results. Patients demonstrated elevated median homocysteine levels and suboptimal concentrations of 
folic acid, vitamin B₁₂, and vitamin D. Significant inverse correlations were observed between homocysteine 
and folic acid levels, as well as between vitamin D levels and EDSS scores. Smokers had significantly lower 
vitamin  B₁₂ levels. Although the difference was not statistically significant, patients with the TT genotype 
of MTHFR rs1801133 showed a  trend toward lower folic acid levels. Homocysteine levels were highest in 
patients with secondary progressive MS, indicating a possible link to disease progression.
Conclusions. Findings highlight the potential contribution of disrupted folate metabolism and vitamin D 
deficiency to MS pathogenesis, particularly in populations lacking food fortification. These results 
underscore the need for further research into vitamin-based interventions as possible strategies for 
modifying disease course.
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INTRODUCTION

Multiple sclerosis (MS) is a  chronic autoimmune 
neurodegenerative disorder of the central nervous 
system that, in most cases, follows a  progressive course 
and ultimately results in permanent disability among 
individuals in their prime working years. The principal 
pathological hallmarks of MS include demyelination, 
axonal injury, and widespread neurodegeneration  [1]. 
The global prevalence of MS has been steadily 

increasing, as evidenced by the latest data from the Atlas 
of MS, a  comprehensive resource developed by the 
Multiple Sclerosis International Federation. As of 2023, 
approximately 2.9  million people worldwide were living 
with MS  [2]. In Ukraine, around 21,000 individuals had 
been diagnosed with MS by 2020, with an estimated 1,000 
to 1,200 new cases reported annually [3]. MS is especially 
prevalent among white populations residing in high-
income countries with temperate climates. The age of 
onset ranges from childhood to late adulthood; however, 
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peak incidence is observed between the ages of 20 and 40 
years, with a mean age of onset of 33 years [2].

The precise etiology that initiates the pathological 
autoimmune response in MS remains unclear. MS is 
widely regarded as a  multifactorial disorder, resulting 
from a  complex interplay between genetic susceptibility 
and environmental factors. Elucidating the underlying 
biological mechanisms is therefore essential for advancing 
our understanding of MS pathogenesis and for informing 
the development of novel preventive and therapeutic 
approaches. One proposed mechanism contributing to MS 
pathophysiology is disruption of the folate cycle – a network 
of biochemical reactions critical for nucleic acid synthesis, 
DNA methylation, regulation of immune function, 
maintenance of redox balance, and the biosynthesis of 
guanosine triphosphate, a molecule involved in intracellular 
signaling and the modulation of neurotransmission.

Vitamin D has also emerged as a pathogenic risk factor 
in the development of MS, given its critical role in modulating 
immune responses through the regulation of immune cell 
activity and the production of pro-inflammatory cytokines. 
Growing evidence points to a  functional link between 
vitamin D and the folate cycle. Notably, animal studies have 
demonstrated that dietary vitamin  D intake is associated 
with upregulated expression of methylenetetrahydrofolate 
reductase (MTHFR), a  key enzyme in folate metabolism. 
Conversely, dietary folic acid deficiency has been shown 
to reduce the expression of vitamin  D receptors, which are 
essential for mediating the biological effects of the vitamin. 
These findings highlight a bidirectional relationship between 
vitamin  D status and folate metabolism. Furthermore, 
contemporary clinical studies emphasize the importance of 
maintaining adequate vitamin  D levels to support overall 
metabolic health, including the regulation of homocysteine, 
folic acid, and other B vitamins [4].

Supporting the pathogenic relevance of the 
aforementioned factors in MS, several studies have 
demonstrated that concentrations of homocysteine, 
folic acid, vitamin  B12, and vitamin  D in biological 
fluids may possess clinical utility and could potentially 
serve as prognostic biomarkers. Elevated homocysteine 
levels, along with decreased concentrations of folic 
acid, vitamin  B12, and vitamin  D, have been consistently 
observed in individuals with MS compared to healthy 
controls  [5‑7]. However, these findings have not 
been consistently replicated across all studies. Some 
investigations have failed to detect significant differences 
in these biomarkers between MS patients and control 
groups  [8], although they have identified associations 
between these biochemical markers and disease 
progression  [9]. Such discrepancies may be attributed to 
variability in ethnic, genetic, geographic, and nutritional 
backgrounds, all of which can influence both the levels and 
clinical interpretation of folate cycle-related metabolites. 
While vitamin  D status has been examined in Ukrainian 

MS cohorts [10], parameters of folate metabolism and their 
association with genetic polymorphisms – particularly in 
the MTHFR gene – remain unexplored.

Ukraine currently lacks a national food fortification 
program – specifically, the enrichment of food products 
with folic acid – which may contribute to an increased 
risk of folate-dependent disorders and to more severe 
disease trajectories. The risk of developing folate-related 
conditions is known to be largely genetically determined, 
with significant influence from variants of the MTHFR 
gene. In the absence of mandatory folic acid fortification, 
some researchers have highlighted the importance of 
population-level screening for MTHFR variants to support 
the implementation of personalized nutritional strategies 
aimed at preventing folic acid deficiency [11].

AIM

To investigate the relationship between folate 
metabolism markers (homocysteine, folic acid, and 
vitamin  B12), vitamin  D levels, MTHFR gene variants, 
and the clinical characteristics of disease progression in 
patients with MS.

MATERIALS AND METHODS

Study cohort

Study design: cross-sectional analytical observational 
study. The study cohort comprised 113 patients diagnosed 
with MS who were undergoing treatment and follow-up 
at the Lviv Regional Multiple Sclerosis Center, located 
within the Lviv Regional Clinical Hospital. The diagnosis 
of MS was established according to the 2017 revision of the 
McDonald criteria [12].

Inclusion criteria were as follows: age between 
18 and 60 years; a  confirmed diagnosis of MS; disease 
duration of at least six months; and provision of written 
informed consent. Exclusion criteria included age under 
18 or over 60 years, presence of comorbid or acute 
chronic illnesses, and pregnancy.

For the purpose of in-depth biochemical analysis, 
a subgroup of 36 patients was randomly selected from the 
overall study cohort to undergo laboratory testing.

All participants provided written informed consent 
prior to enrollment. The study protocol was approved by 
the Research Ethics Committee of Danylo Halytsky Lviv 
National Medical University (Protocol No.  12, dated 
November 20, 2023). All study procedures adhered to the 
ethical principles outlined in the Declaration of Helsinki 
(1964) and its subsequent revisions, as well as national 
and institutional ethical guidelines.

Biochemical Parameter Assessment

For the analysis of biochemical parameters, 
a  random sample of 36 patients with MS was selected 
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from the overall cohort. In these patients, blood levels of 
homocysteine, folic acid, vitamin B12, and vitamin D were 
assessed.

Serum levels of 25‑hydroxyvitamin  D  [25(OH)D], 
the primary circulating form of vitamin D, were measured 
using a  chemiluminescent immunoassay with certified 
commercial test kits, according the manufacturer’s 
instructions.

Serum levels of folic acid and vitamin B₁₂, as well 
as plasma levels of homocysteine, were measured using 
enzyme-linked immunosorbent assay, a  quantitative 

method performed in accordance with standardized 
protocols.

Genotyping of the MTHFR rs1801133 variant

Genotypes for the rs1801133 variant of the MTHFR 
gene were previously determined in the selected patient 
cohort as part of a  separate study, using polymerase 
chain reaction followed by restriction fragment length 
polymorphism analysis (Figure  1)   [13]. In the present 
study, these genotyping data were employed to investigate 
the associations between MTHFR genotypes and 
biochemical markers in patients with MS.

Figure 1. Electropherogram of restriction fragments for the MTHFR rs1801133 variant.
Note: L – DNA ladder; samples 1‑3, 5, 9, 11 – CT genotype; samples 4, 7, 8, 10 – CC genotype; sample 6 – TT genotype.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS 
Statistics, version 27. The Shapiro-Wilk test was applied to 
assess the normality of distribution for continuous variables. 
Categorical variables were summarized as absolute counts 
(n) and corresponding percentages (%). Due to non-normal 
distributions, continuous variables were reported as medians 
with interquartile ranges [Q1; Q3]. Correlations between 
variables were evaluated using Spearman’s rank correlation 
coefficient. For correlation analysis, MTHFR rs1801133 
genotypes were numerically encoded as follows: CC=1, 
CT=2, and TT=3. Group comparisons for continuous 

variables were performed using the Mann-Whitney U test or 
the Kruskal-Wallis test, as appropriate. Comparison of folate 
metabolism markers and vitamin D levels between patients 
with MS and individuals from the control group was 
performed using a one-way t-test, due to the unavailability 
of individual-level data for the latter. A p-value of <0.05 was 
considered indicative of statistical significance.

RESULTS

The overall clinical characteristics of the patients 
with MS included in the study are presented in Table 1.

Table 1
General Clinical Characteristics of the MS Patients Enrolled in the Study

Parameter MS patients
(n=36)

Age, years 34.5 [30.0; 41.3]
BMI, kg/m2 21.3 [20.3; 25.7]

Sex Female 26 (72.2%)
Male 10 (27.8%)

Age at disease onset, years 27.0 [22.0; 31.8]
Disease duration, years 5.0 [2.0; 13.0]

Family history of MS Yes 27 (75.0%)
No 9 (25.0%)

MS clinical course
Relapsing-remitting 30 (83.3%)
Secondary progressive 4 (11.1%)
Primary progressive 2 (5.6%)

EDSS score 2.0 [1.5; 3.5]

Smoking status Yes 24 (72.7%)
No 9 (27.3%)

MTHFR rs1801133
CC 15 (41.7%)
CT 19 (52.8%)
TT 2 (5.6%)

BMI – body mass index
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As shown in Table 1, the majority of MS patients 
were female. Most participants exhibited a  relapsing-
remitting disease course and a moderate level of disability, 
as measured by the EDSS. The median age was 34.5 years 
[30.0;   41.3], and the median disease duration was 
5.0 years [2.0;  13.0]. A family history of MS was reported 
by 75.0% of the patients. The median body mass index 
was 21.3  kg/m2, which falls within the normal range 
according to the World Health Organization classification. 
Notably, 72.7% of patients identified as active smokers.

Key parameters in the randomly selected subgroup 
(n=36) were generally consistent with those observed 
in the full cohort of 113 MS patients, suggesting that the 
identified patterns may reflect the overall characteristics of 
the study population.

Biochemical analyses of folate metabolism markers 
and vitamin  D levels were performed in this subgroup of 
MS patients. For comparative purposes, reference values 
established in a previously published study involving healthy 
Ukrainian volunteers [24]. The results are presented in Table 2.

The median homocysteine concentration in the studied 
cohort was 11.6 µmol/L, indicating a trend toward elevation 
and potentially reflecting a  folate deficiency accompanied 

by impaired homocysteine remethylation. This notion of 
insufficient folate status is supported by the observed low 
median serum folic acid level of 4.8 ng/mL in the examined 
patients. Although vitamin  B12 levels remained within the 
reference range for most patients, the lower quartile value 
(288.0 pg/mL) suggests suboptimal vitamin  B12 status in 
a  subset of participants. Furthermore, a majority of the MS 
patients exhibited vitamin  D insufficiency or deficiency, 
as evidenced by a median level of 23.3 ng/mL, which falls 
below the lower limit of the reference range. To confirm 
the clinical significance of these alterations, our data were 
compared with previously published values for healthy adult 
Ukrainians [14]. Due to the unavailability of individual-level 
data, comparisons were performed using a  one-way t-test 
(Table  2). Statistically significant decreases in folic acid 
(p<0.001) and vitamin D levels (p<0.001) were observed in 
MS patients. Homocysteine levels were also significantly 
elevated (p=0.043), consistent with signs of functional folate 
deficiency. In contrast, vitamin  B12 levels did not differ 
significantly from those of controls (p=0.69).

Correlation analysis between the examined 
biochemical parameters and clinical characteristics of 
MS patients revealed several statistically significant 
associations (Table 3).

Table 2
Analysis of Folate Metabolism and Vitamin D in MS Patients and Сomparative Group

Parameter Patients with MS
(n=36)

Comparative group*
(n=28) [14] p

Homocysteine, µmol/L 11.6 [8.5; 15.1] 9.7 0.043
Vitamin B12, pg/mL 422.0 [288.0; 601.0] 524.1 0.69
Folic acid, ng/mL 4.8 [3.1; 8.4] 14.5 <0.001
Vitamin D, ng/mL 23.3 [17.0; 35.6] 47.2 <0.001

Table 3
Significant Correlations between Biochemical Parameters and Clinical Characteristics in MS Patients

Correlated Parameters Spearman’s correlation coefficient (rs) p
Homocysteine – Folic acid -0.40 0.047
Homocysteine – EDSS score 0.41 0.037
Vitamin B12 – Smoking status -0.42 0.038
Folic acid – MTHFR rs1801133 genotype -0.40 0.034
Vitamin D – EDSS score -0.44 0.008

A  statistically significant inverse correlation 
was identified between homocysteine and folic 
acid levels, indicating that higher concentrations 
of folic acid are associated with lower levels of 
homocysteine. Additionally, a  positive association 
between homocysteine levels and EDSS scores suggests 
that elevated homocysteine may be linked to greater 
neurological disability in individuals with MS. Notable 
inverse correlations were also observed between 
vitamin  B12 levels and smoking status  – patients who 
smoked exhibited lower serum B12 concentrations – 
and between folic acid levels and MTHFR rs1801133 
genotypes, with higher folic acid concentrations 
observed in individuals carrying the CC genotype. 

Furthermore, serum vitamin  D levels were negatively 
correlated with EDSS scores, implying that higher 
vitamin  D status may be associated with reduced 
disability severity. It is worth emphasizing that these 
statistically significant negative correlations involving 
folic acid and vitamin  D levels were identified within 
a  randomly selected subgroup of relatively young MS 
patients, characterized by shorter disease duration and 
lower disability scores (Table  2). Nevertheless, these 
findings are of clinical importance, as they point to the 
potential utility of targeted therapeutic strategies aimed 
at correcting underlying metabolic disturbances – 
particularly folate and vitamin  D deficiencies – in this 
patient population.
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Subsequently, we analyzed potential associations 
between biochemical marker levels and categorical clinical 
and anamnestic variables in patients with MS. Below, 
we report only those parameters for which statistically 
significant differences or trends toward significance were 
observed, as these may indicate a potential role in disease 
pathogenesis and progression, and could have implications 
for a personalized therapeutic approach.

Notably, vitamin B12 levels were significantly lower 
in MS patients who reported smoking compared to those 
who did not (p=0.043)  (Figure 2).

In contrast, although a  statistically significant 
correlation was observed between folic acid levels and 
the MTHFR rs1801133 variant (Table 3), further analysis 
did not reveal a  significant difference in folic acid 
concentrations across genotypes (p=0.057)  (Figure 3).

Figure 2.Vitamin B12 levels in MS patients according to smoking status.

Figure 3. Folic acid levels in MS patients according to MTHFR rs1801133 genotype.

It is worth noting that although the difference did 
not reach statistical significance, MS patients with the 
TT genotype of the MTHFR rs1801133 variant exhibited 
a trend toward lower folic acid levels.

We also found that patients with the secondary 
progressive form of MS had higher homocysteine levels 
compared to other clinical subgroups, with borderline 
significance when compared to the primary progressive 
group (p=0.055) and a  statistically significant difference 

when compared to the relapsing-remitting group 
(p=0.017) (Figure 4).

Thus, in the randomly selected patient subgroup, 
we identified significant differences and correlations 
concerning blood levels of homocysteine, folic acid, 
and vitamin  D. These findings indirectly underscore 
the critical role of folate metabolism disturbances in the 
pathogenesis and progression of MS.
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Figure 4. Homocysteine levels in MS patients according to disease course subtype.
Note: SP – secondary progressive; PP – primary progressive; RP – relapsing-remitting.

DISCUSSION

Current evidence increasingly indicates that 
hyperhomocysteinemia and reduced levels of nutrients 
involved in one-carbon metabolism – particularly folic 
acid and vitamin  B12 – may be characteristic of patients 
with MS. The role of vitamin D is also gaining attention. 
While not traditionally classified within the one-carbon 
metabolic pathway, vitamin  D is involved in complex 
interactions with folate metabolism and plays a  critical 
role in modulating immune responses. Through these 
mechanisms, it may influence the clinical expression and 
progression of MS – an area that continues to be explored 
at the molecular level [15].

Most studies conducted in patients with MS that 
examined the biochemical markers assessed in our research 
have employed a  case-control design, focusing primarily 
on between-group comparisons. In contrast, our study 
emphasizes within-group variability, analyzing associations 
between biochemical parameters, clinical characteristics, 
and the MTHFR genetic variant. We believe this approach 
is particularly valuable in settings where access to 
representative control samples is limited, as it allows 
for the identification of potential relationships between 
metabolic markers and disease-specific clinical features. 
This is especially relevant in our context, where correlation 
analysis was conducted within a  cohort drawn from 
a population lacking mandatory food fortification programs. 
Our findings support existing evidence on the role of 
folate-dependent and genetically mediated pathogenic 
mechanisms in the development and progression of MS.

Our study results demonstrated a significant increase 
in homocysteine levels alongside a decrease in folic acid 

and vitamin D levels in the MS patients examined. Similar 
findings have been reported in several studies involving 
patients with MS  [5‑7,   16]. However, other studies 
have not identified statistically significant differences 
between MS patients and control groups  [8,   18,   19]. 
These discrepancies may be attributed to variations 
in study design, sample size, or population-specific 
factors, including geographic location, dietary habits, 
and the presence or absence of national food fortification 
programs.

In our study, MS patients who reported smoking 
exhibited lower serum levels of vitamin  B12. This 
finding aligns with several previous studies that have 
also identified an association between smoking and 
reduced vitamin  B12 levels, as well as disruptions 
in its metabolism  [19,   20]. Given the essential 
physiological functions of vitamin  B12  – and particularly 
its role as a  cofactor in myelin synthesis, as well as its 
immunomodulatory and neurotrophic properties – these 
results indirectly support the hypothesis that smoking may 
negatively influence both the risk and progression of MS.

Homocysteine is a  key intermediate metabolite 
in the folate cycle and related metabolic pathways, and 
elevated homocysteine levels have been associated with 
an increased risk of a wide range of conditions classified 
as folate-dependent disorders. In our study, patients 
with the secondary progressive form of MS exhibited 
significantly higher homocysteine levels compared 
to those in other clinical subgroups. Given that the 
secondary progressive disease course is characterized 
by gradual accumulation of disability and more 
pronounced neurodegenerative changes, it is plausible to 
hypothesize that elevated homocysteine – and its toxic 
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metabolites – may contribute to disease progression. 
The observed increase in homocysteine levels in this 
subgroup may reflect, at least in part, enhanced oxidative 
stress, which is known to play a  role in the pathogenesis 
and advancement of MS. However, it is important to note 
that similar differences in homocysteine levels across MS 
subtypes have not been consistently reported in previous 
studies [8,  16], suggesting the need for further research in 
more diverse and stratified patient populations.

The EDSS is a  widely accepted tool for assessing 
the degree of neurological impairment and disability 
in patients with MS. In our study, we identified 
a  significant association between EDSS scores and 
two biochemical markers: homocysteine (positive 
correlation) and vitamin  D (negative correlation). These 
findings support the potential pathogenic relevance 
of these markers and suggest their utility as possible 
predictors of disease severity in MS. Similar associations 
between homocysteine levels, vitamin  D status, and 
disability progression have been reported in several other 
studies, further reinforcing our hypothesis regarding 
their involvement in the mechanisms underlying MS 
progression [16,  21,  22].

In our study, we identified significant negative 
correlations between homocysteine and folic acid 
levels, as well as between folic acid levels and MTHFR 
rs1801133 genotypes in patients with MS. The genetically 
mediated metabolic mechanisms underlying these 
associations have been previously described  [23]. Our 
findings therefore support the involvement of the folate 
cycle – and its genetic regulation – in the pathogenesis 
of MS. Specifically, reduced folic acid levels, which 
may result from genetic variability in MTHFR gene, 
are associated with elevated homocysteine – a  toxic 
metabolite with well-documented neurotoxic and pro-
oxidative properties. These results suggest that genetically 
determined dysfunction of the folate cycle may contribute 
to homocysteine accumulation, thereby potentially 
exacerbating neurodegenerative processes in MS.

In our study, the secondary progressive form of MS 
was associated with higher homocysteine levels compared 
to other disease subtypes. Given the observed correlation 
between homocysteine and folic acid levels, it is plausible 
that dietary optimization of folate intake could contribute 
to reducing homocysteine concentrations and may serve 
as a foundation for preventive strategies in this subgroup.

Taken together, elevated homocysteine, low folate 
status, and vitamin  D deficiency emerge as important 
factors in the molecular pathogenesis of MS, particularly 
in populations without mandatory food fortification. 
These biochemical markers were found to correlate with 
the degree of neurological impairment, further supporting 
their potential role as targets for therapeutic and 
preventive interventions in MS management.

CONCLUSIONS

A  comprehensive assessment was conducted 
to evaluate the impact of folate metabolism markers, 
vitamin  D status, and the rs1801133 variant of the 
MTHFR gene on clinical and laboratory parameters 
and disease course characteristics in MS patients. The 
examined MS patients exhibited significantly elevated 
homocysteine levels alongside markedly decreased 
folic acid and vitamin  D concentrations. Correlation 
analysis revealed a  significant inverse relationship 
between homocysteine and folic acid levels. Patients 
with secondary progressive MS demonstrated higher 
homocysteine levels compared to other clinical subgroups. 
Additionally, an inverse correlation was observed between 
vitamin D levels and the severity of neurological deficit.

Perspectives for further research. These findings 
emphasize the importance of folate cycle disturbances and 
vitamin deficiencies in the pathogenesis of MS, opening 
perspectives for the development of new approaches and 
prevention of this disease. In particular, further research 
should focus on identifying significant biochemical 
and genetic markers. Another important direction is the 
conduct of clinical studies evaluating the effectiveness of 
vitamin status correction and its impact on the course and 
prognosis of MS.
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Резюме

АНАЛІЗ ВЗАЄМОЗВ’ЯЗКУ ПОКАЗНИКІВ ФОЛАТНОГО ОБМІНУ, СТАТУСУ ВІТАМІНУ D, ВАРІАНТІВ ГЕНА MTHFR 
З КЛІНІЧНИМИ ОСОБЛИВОСТЯМИ ПЕРЕБІГУ РОЗСІЯНОГО СКЛЕРОЗУ
Тетяна І. Негрич1, Майя Я. Лафаренко1, Назар О. Негрич1, Зоя І. Россоха2, Лілія Є. Фіщук2, Наталія Г. Горовенко2

1Львівський національний медичний університет імені Данила Галицького, м. Львів, Україна
2Національний університет охорони здоров’я України імені П. Л. Шупика, м. Київ, Україна

Вступ. Розсіяний склероз (РС) – це хронічне аутоімунне захворювання центральної нервової системи, що 
характеризується демієлінізацією та нейродегенерацією. Нові дані свідчать про потенційну роль порушень 
фолатного обміну, статусу вітаміну D та варіантів гена MTHFR у патогенезі та прогресуванні РС. У популяціях 
без фортифікації продуктів харчування, таких як Україна, ці фактори можуть бути особливо актуальними, що 
підкреслює необхідність вивчення їх взаємозв’язку з клінічними проявами захворювання.
Мета. Дослідити зв’язок між маркерами фолатного циклу (гомоцистеїн, фолієва кислота та вітамін  B12), 
рівнями вітаміну  D, варіантами гена MTHFR та клінічними характеристиками прогресування захворювання 
у пацієнтів з РС.
Матеріали та методи. У  цьому дослідженні оцінювалися біохімічні маркери метаболізму фолієвої кислоти 
(гомоцистеїн, фолієва кислота, вітамін B12), рівні вітаміну D та генотипи за варіантом rs1801133 гена MTHFR 
у  113 пацієнтів з  РС, з  подальшим поглибленим біохімічним аналізом, проведеним у  випадково вибраній 
підгрупі з 36 пацієнтів. Було зібрано клінічні та демографічні дані, проведено статистичний аналіз для оцінки 
кореляцій між біохімічними, генетичними та клінічними параметрами.
Результати. У  пацієнтів спостерігався підвищений середній рівень гомоцистеїну та субоптимальні 
концентрації фолієвої кислоти, вітаміну  B12  та вітаміну  D. Виявлено значущі негативні кореляції між 
рівнями гомоцистеїну та фолієвої кислоти, а  також між рівнем вітаміну  D та балами за шкалою EDSS. 
У пацієнтів, що палять, відмічено нижчі рівні вітаміну B12. Пацієнти з генотипом TT за варіантом rs1801133 
гена MTHFR демонстрували тенденцію до нижчого рівня фолієвої кислоти. Найвищий рівень гомоцистеїну 
відмічено у  пацієнтів з  вторинно-прогресуючим РС, що вказує на його можливий зв’язок з  прогресуванням 
захворювання.
Висновки. Результати дослідження підкреслюють потенційну роль порушень фолатного циклу та дефіциту 
вітаміну  D у  патогенезі РС, особливо в  популяціях без фортифікації продуктів харчування. Отримані дані 
підкреслюють необхідність подальших досліджень щодо можливості застосування вітамінних втручань як 
можливих стратегій модифікації перебігу хвороби.

Ключові слова: фолатний обмін, гомоцистеїн, метилентетрагідрофолатредуктаза, розсіяний склероз, 
нейродегенерація, вітамін B12, вітамін D
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