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Abstract

Background: vitamin D plays a crucial role in immune regulation, anti-inflammatory processes, and tumor suppression, but its relationship with
leukemia risk remains unclear. This study aims to evaluate the causal relationship between vitamin D levels and the risk of different types of
leukemia through a two-sample Mendelian randomization (MR) analysis.

Methods: data from large-scale genome-wide association studies (GWAS) were used, and genetic variants associated with vitamin D were
selected as instrumental variables. The relationship between vitamin D levels and the risk of acute myeloid leukemia (AML), acute lymphoblastic
leukemia (ALL), chronic lymphocytic leukemia (CLL), and chronic myeloid leukemia (CML) was examined. The inverse variance weighted (IVW)
method was applied as the primary analytical approach. Heterogeneity was assessed through Cochran’s Q test, pleiotropy was evaluated using
the MR-Egger intercept, and sensitivity analyses were performed to ensure the robustness of the results.

Keywords: Results: MR analysis showed a significant inverse association between serum 25-hydroxyvitamin D levels and the risk of CML (OR = 0.44, 95
o ) % Cl: 0.25-0.78, p = 0.005), suggesting a potential protective effect of vitamin D against CML. No significant causal relationships were found
Vitamin D. Leukemia. between vitamin D levels and the risks of AML, ALL, or CLL. Sensitivity analyses supported the robustness of these findings, with no evidence

Mendelian randomization. ; :
CML. Causal relationship. of heterogeneity or pleiotropy.

Genome-wide association Conclusion: the findings indicate that higher vitamin D levels may reduce the risk of CML, while the effects on other types of leukemia require
studies (GWAS). further investigation. The potential role of vitamin D in leukemia prevention warrants more mechanistic studies and clinical validation.
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Resumen

Antecedentes: la vitamina D juega un papel vital en la inmunomodulacidn, los procesos antiinflamatorios y la inhibicion tumoral, pero su relacion
con el riesgo de leucemia no esta clara. El objetivo de este estudio es evaluar la relacion causal entre los niveles de vitamina D y el riesgo de
diferentes tipos de leucemia mediante un analisis aleatorizado de Mendel (MR) de dos muestras.

Método: utilizando datos de estudios de asociaciones pangenomicas a gran escala (GWAS) se seleccionaron como variables instrumentales
las variaciones genéticas relacionadas con la vitamina D. Se estudi6 la relacion entre los niveles de vitamina D y el riesgo de leucemia mieloide
aguda (LMA), leucemia linfoblastica aguda (LLA), leucemia linfoblastica cronica (LLC) y leucemia mieloide cronica. EI método de ponderacion
de variacion inversa (VW) se utiliza como principal método de andlisis. La heterogeneidad se evalda a través de la prueba de la Q de Cochran;
la polivalencia se evaltia con la interceptacion MR-Egger y se realiza un andlisis de sensibilidad para garantizar la solidez de los resultados.

Resultados: el andlisis de MR mostré una correlacion negativa significativa entre los niveles séricos de 25-hidroxivitamina D'y el riesgo de CML
(OR = 0,44, 1C 95 %: 0,25-0,78, p = 0,005), lo que indica que la vitamina D tiene un potencial efecto protector sobre la LMC. No se encontrd
una relacion causal significativa entre los niveles de vitamina D y el riesgo de LMA, LLA o LLC. El andlisis de sensibilidad apoya la solidez de
estos hallazgos y no hay evidencia de heterogeneidad o polivalencia.

Conclusiones: los resultados del estudio sugieren que los niveles mas altos de vitamina D pueden reducir el riesgo de LMC mientras que los
efectos en otros tipos de leucemia requieren mas estudios. El papel potencial de la vitamina D en la prevencion de la leucemia merece méas

(GWAS). investigacion de mecanismos y verificacion clinica.

INTRODUCTION

Leukemia is a malignant tumor originating from the hemato-
poietic system, characterized by the abnormal proliferation of
white blood cells in the bone marrow and/or peripheral blood.
Based on the degree of cell maturity and the speed of prolif-
eration, leukemia can be classified into two major categories:
acute and chronic (1). Acute leukemia includes Acute Myeloid
Leukemia (AML) and Acute Lymphoblastic Leukemia (ALL), which
are primarily characterized by the rapid proliferation of imma-
ture cells. Chronic leukemia includes Chronic Myeloid Leukemia
(CML) and Chronic Lymphocytic Leukemia (CLL), which progress
more slowly and involve an increase in mature cells. Leukemia
poses a significant threat to global public health. According to
the World Health Organization (WHQO), hundreds of thousands of
new cases are diagnosed each year. Treatment for leukemia is
not only costly but also has a severe impact on patients’ quality
of life (2).

Vitamin D, an essential fat-soluble vitamin, plays a critical
role beyond maintaining bone health. It is involved in immune
regulation, anti-inflammatory processes, and antitumor activity
(3,4). Sunlight exposure is an effective way to increase vita-
min D levels in the body, and studies have shown that adequate
vitamin D status is associated with a reduced risk of cancer
(5). In recent years, increasing attention has been given to the
relationship between vitamin D and leukemia, with research
suggesting that vitamin D may positively influence survival
outcomes in children with leukemia (6-8) . However, findings
regarding the association between vitamin D levels and leuke-
mia risk have been inconsistent. Some epidemiological studies
have found that higher vitamin D levels appear to be associated
with a lower risk of leukemia (9), while clinical evidence has
also indicated no significant relationship between vitamin D
levels and the prognosis of leukemia patients (10). These con-
flicting results may be due to limitations in study design, such
as inadequate control of confounding factors, small sample siz-
es, or differences in measurement methods.

Mendelian randomization (MR) is a method that utilizes ge-
netic variants as instrumental variables to assess the causal

relationship between exposures and diseases. This approach
offers a strategy to reduce the influence of confounding factors
and reverse causality. By leveraging the fixed and randomly
assigned nature of genetic variants throughout an individual’s
lifetime, MR provides more reliable causal inferences (11). In
this study, we applied Mendelian randomization to investigate
the causal relationship between vitamin D levels and the risk
of various types of leukemia. Using data from large-scale ge-
nome-wide association studies (GWAS), this research aims to
resolve the conflicting findings in the existing literature regard-
ing the link between vitamin D and leukemia and to provide ev-
idence-based guidance for leukemia prevention and treatment
strategies. The findings from this study may help public health
policymakers and clinicians better understand the potential role
of vitamin D in leukemia prevention, thereby improving patient
management and treatment strategies.

MATERIALS AND METHODS

STUDY DESIGN

As shown in figure 1, this study utilized a Mendelian random-
ization (MR) design to systematically investigate the association
between vitamin D levels and the risk of leukemia. Since this
study involved the reanalysis of publicly available genome-wide
association study (GWAS) data, no additional ethical approval
was required.

DATA SOURCES

In this study we conducted a comprehensive Mendelian
randomization (MR) analysis to explore the causal relation-
ship between vitamin D levels and the risk of leukemia. The
patients included in this study met the diagnostic criteria de-
fined by the International Classification of Diseases (ICD). The
exposure variables in this study were serum 25-hydroxyvita-
min D levels (ebi-a-GCST90000616) and overall vitamin D lev-

[Nutr Hosp 2025;42(2):333-340]



CAUSAL EFFECTS OF VITAMIN D ON LEUKEMIA RISK: INSIGHTS FROM TWO-SAMPLE MENDELIAN

RANDOMIZATION ANALYSIS

els (ebi-a-GCST90025967), both sourced from genome-wide
association studies (GWAS). Specifically, the dataset for ebi-
a-GCST90025967 included 418,691 samples, analyzing
4,225,238 single nucleotide polymorphisms (SNPs) (12), while
the dataset for ebi-a-GCST90000616 included 417,580 sam-
ples, analyzing 7,234,361 SNPs (13).

The outcome variables included the following four leukemia
phenotypes: acute myeloid leukemia (AML), acute lymphoblastic
leukemia (ALL), chronic lymphocytic leukemia (CLL), and chronic
myeloid leukemia (CML). AML is characterized by the abnormal
proliferation of immature cells in the bone marrow and impaired
maturation; ALL primarily affects lymphoid cells, particularly B
or T cells; CLL often originates from B lymphocytes and has a
slow disease course; and CML is typically associated with the
BCR-ABL fusion gene (Philadelphia chromosome), progressing
through chronic, accelerated, and blast phases.

335

The specific data sources for each leukemia subtype are as

follows:

— AML: data from a 2024 Finnish dataset (finngen_R11_C3_
AML_EXALLC), including 321 cases and 345,117 controls,
analyzing a total of 20,092,329 SNPs.

— ALL: data from a 2024 Finnish dataset (finngen_R11_C3_
ALL_EXALLC), including 214 cases and 345,117 controls,
analyzing a total of 20,092,328 SNPs.

— CLL: data from a 2024 Finnish dataset (finngen_R11_C3_
CLL_EXALLC), including 851 cases and 345,110 controls,
analyzing a total of 20,092,344 SNPs.

— CML: data from a 2024 Finnish dataset (finngen_R11_C3_
CML_EXALLC), including 134 cases and 345,117 controls,
analyzing a total of 20,092,320 SNPs.

The specific information on exposure and outcome is shown

in table .

Assumption 2
IVs are not associated with
confouders

________ »{ Confounders

- ___X ______________

Assumption 1

" IVs directly affect
Instrumental variables(IVs) N

Single-nucleotide
polymorphisms(SNPs) for Serum
vitamin D levels

the exposure

Exposure
Serum vitamin D levels
(Serum 25 hydroxyvitamin D levels (ebi-a-
GCST90000616) and vitamin D levels (ebi-a-
GCST90025967))

Outcome
Four types of
leukemia: ALL, AML,
CLL, CML

Associations

Assumption 3

pathways

IVs influence risk of the outcome directly
through theexposure,not through other

Statistical analysis methods
Main MR analysis:Inverse variation
hted. MR Egger, Weighted median,

and Weighted mode
Heterogeneity analysis:Cochran's Q
statistic
Sensitivity analysis: MR-Egger, MR-
PRESSO, leave-one-out

Figure 1.

Mendelian randomiza-
tion analysis process of

e —

e - - e D serum vitamin D levels
and leukemia.
Table I. Basic information on exposures and outcomes
Vat::;:Ie Leukemia type Dataset ID Sasrizzle cc::oa::t i(:r:jt;ctal SNP count

Exposure Vitamin D levels ebi-a-GCST90025967 418,691 4,225,238
Exposure Serum 25-hydroxyvitamin D levels ebi-a-GCST90000616 417,580 7,234,361

Qutcome Acute myeloid leukemia (AML) finngen_R11_C3_AML_EXALLC 345,438 321 345,117 20,092,329
Outcome Acute lymphoblastic leukemia (ALL) finngen_R11_C3_ALL_EXALLC 345,331 214 345,117 20,092,328
Outcome Chronic lymphocytic leukemia (CLL) |  finngen_R11_C3_CLL_EXALLC 345,961 851 345,110 20,092,344
Outcome Chronic myeloid leukemia (CML) finngen_R11_C3_CML_EXALLC 345,251 134 345,117 20,092,320

[Nutr Hosp 2025;42(2):333-340]



336

SELECTION OF INSTRUMENTAL VARIABLES

Mendelian randomization (MR) analysis is based on three fun-
damental assumptions: 1) the genetic variants must be strongly
associated with the exposure factor; 2) the genetic variants must
be independent of confounding factors; 3) the genetic variants
must not be influenced by the outcome factors (11,14). An initial
genome-wide significance threshold of 5 x 108 was set to identify
single nucleotide polymorphisms (SNPs) significantly associated
with lipid metabolism traits (15). To ensure the independence of
these SNPs, we applied a linkage disequilibrium (LD) threshold of
r> = 0.001 and required a physical distance of more than 10,000
kb to ensure that no LD occurred between the selected SNPs (16).

Additionally, we calculated the F-statistic for each instrumental
variable (IV) to assess the potential for weak instrument bias.
The F-statistic was calculated using the formula F = Beta?/SE?,
where Beta represents the effect size of the allele and SE is the
standard error of Beta. Only IVs with F-values greater than 10
were retained for further analysis to minimize the risk of bias due
to weak instruments (17).

Finally, to further ensure the robustness of our analysis, all
selected SNPs were cross-checked using the Phenoscanner
database (www.phenoscanner.medschl.cam.ac.uk) on June 10,
2024, to exclude any SNPs potentially associated with confound-
ing phenotypes (18). SNPs that were not associated with con-
founders were retained for the final analysis, ensuring the validity
and reliability of our MR study.

MENDELIAN RANDOMIZATION ANALYSIS

In this study, we employed the inverse variance weighted (VW)
method as the primary approach to estimate causal effects. IVW
is regarded as a robust tool for detecting causal relationships in
two-sample Mendelian randomization (MR) analysis. To ensure
the robustness of our findings, we performed supplementary
analyses using MR-Egger regression, weighted median, and
weighted mode methods (19).

Additionally, we conducted a series of sensitivity analyses to
further validate the results. First, Cochran’s Q test was applied
to assess heterogeneity, which could influence causal estimates.
If the p-value was greater than 0.05, heterogeneity was consid-
ered negligible, and a fixed-effect model was used. Conversely,
if the p-value was less than or equal to 0.05, a random-effects
model was adopted to account for heterogeneity (20).

To detect horizontal pleiotropy that might bias the MR results, we
performed an MR-Egger intercept test. Furthermore, the MR-PRES-
SO outlier detection method was used to identify and correct for
outliers among the SNPs, addressing any potential horizontal plei-
otropy (21). Residual sensitivity analyses were also conducted to
assess the robustness of the findings. Statistical analyses were
performed using R software (version 4.3.1), with the “TwoSample-
MR” and “MRPRESSO” packages facilitating the MR analysis, and
the “forest plot” package used for visualization. A p-value of less
than 0.05 was considered statistically significant.

S. Chen et al.

RESULTS

INSTRUMENTAL VARIABLES

In this study, we conducted a detailed Mendelian randomiza-
tion analysis to explore the causal relationship between serum
25-hydroxyvitamin D levels, overall vitamin D levels, and various
types of leukemia. SNPs relevant to different types of leukemia
were initially selected from large-scale genomic data. For acute
lymphoblastic leukemia (ALL), we excluded 5 SNPs from an initial
pool of 115, retaining 110 SNPs for the final analysis. The same
selection criteria were applied for the analyses of acute myeloid
leukemia (AML) and chronic myeloid leukemia (CML). For chronic
lymphocytic leukemia (CLL), we excluded 6 SNPs from 115, re-
taining 109 for further analysis.

In the analysis of overall vitamin D levels, we identified 88
SNPs for ALL, AML, and CML, and excluded 1 SNP in the CLL
analysis, retaining 87 SNPs. The selection and exclusion of SNPs
were based on the core assumptions of Mendelian randomization
to ensure the validity and robustness of the analysis. Detailed
information on the selected SNPs and further specifics can be
found in supplementary table | (https://www.nutricionhospita-
laria.org/files/8598/ADMA1-05541-01 xIsx). These meticulous
methodological steps ensured the rigor of our causal inference.

TWO-SAMPLE MENDELIAN RANDOMIZATION
ANALYSIS

We employed four methods—inverse variance weighted
(IVW), MR-Egger, weighted median, and weighted mode—to
assess the causal relationship between vitamin D levels and
leukemia. As shown in figure 2, serum 25-hydroxyvitamin D
levels did not demonstrate a significant causal relationship
with acute lymphoblastic leukemia (ALL) (OR = 0.86, 95 %
Cl: 0.42-1.74, p = 0.68), acute myeloid leukemia (AML)
(OR = 0.95, 95 % Cl: 0.54-1.68, p = 0.87), or chronic lym-
phocytic leukemia (CLL) (OR = 1.05, 95 % CI: 0.73-1.53,
p = 0.78). However, a protective relationship was observed
with chronic myeloid leukemia (CML) (OR = 0.46, 95 %
Cl: 0.26-0.81, p = 0.007).

Similarly, overall vitamin D levels showed no significant causal
relationship with ALL (OR = 0.89, 95 % Cl: 0.44-1.79, p=0.75),
AML (OR = 1.02, 95 % ClI: 0.55-1.88, p=0.93), or CLL (OR =
1.05, 95 % Cl: 0.72-1.53, p = 0.78). In contrast, a protective
relationship was observed with CML (OR = 0.44, 95 % Cl: 0.25-
0.78, p=10.005).

RELIABILITY EVALUATION

Pleiotropy test
As shown in table I, the MR-Egger intercept results for the

analysis of serum 25-hydroxyvitamin D levels and overall vi-
tamin D levels with CML indicated that the Egger intercept

[Nutr Hosp 2025;42(2):333-340]
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(p> 0.05) was not significantly different from zero. This suggests
that there was no evidence of horizontal pleiotropy in our Mende-
lian randomization analysis.

Heterogeneity analysis

Table Il also shows that the Cochran’s Q test for the analysis of
serum 25-hydroxyvitamin D levels and vitamin D levels with CML
revealed p-values greater than 0.05, indicating no heterogeneity
in the MR analysis. Furthermore, the MR funnel plots for each
group showed a symmetrical distribution of scatter points for the
causal association effects, suggesting no potential bias (Fig. 3).

Sensitivity analysis

The leave-one-out test results indicated that excluding in-
dividual SNPs one at a time yielded IVW analysis results con-

337

sistent with those that included all SNPs. In the analysis of se-
rum 25-hydroxyvitamin D levels with CML, SNPs rs1352846
and rs116970203 had a significant influence on the causal
association estimates. Similarly, in the analysis of vitamin D
levels with CML, SNPs rs4588 and rs117913124 had a sig-
nificant impact on the causal estimates. Repeating the MR
analysis after excluding these influential SNPs showed that
the causal effect of serum 25-hydroxyvitamin D levels on
CML was not significant (OR = 0.48, 95 % CI. 0.22-1.02,
p = 0.06). However, vitamin D levels remained a protective
factor for CML (OR = 0.44, 95 % Cl: 0.19-0.98, p = 0.04).
These results further confirm the stability of the findings (Fig.
3); “a” represents the funnel plot of causal effects between
serum 25-hydroxyvitamin D levels and CML, “b” represents
the funnel plot of causal effects between vitamin D levels and
CML, “c” represents the sensitivity analysis of the leave one
method between serum 25-hydroxyvitamin D levels and CML,
and “d” represents the sensitivity analysis of the leave one
method between vitamin D levels and CML.

Exposure Outcome Method

Serum 25-Hydroxyvitamin D levels ALL Inverse variance weighted
Serum 25-Hydroxyvitamin D levels ALL MR Egger

Serum 25-Hydroxyvitamin D levels ALL Weighted median

Serum 25-Hydroxyvitamin D levels ALL Weighted mode

Vitamin D levels ALL Inverse variance weighted
Vitamin D levels ALL MR Egger

Vitamin D levels ALL Weighted median
Vitamin D levels ALL Weighted mode

Serum 25-Hydroxyvitamin D levels AML Inverse variance weighted

Serum 25-Hydroxyvitamin D levels AML MR Egger

Serum 25-Hydroxyvitamin D levels AML Weighted median

Serum 25-Hydroxyvitamin D levels AML Weighted mode

Vitamin D levels AML Inverse variance weighted
Vitamin D levels AML MR Egger

Vitamin D levels AML Weighted median
Vitamin D levels AML Weighted mode

Serum 25-Hydroxyvitamin D levels CLL Inverse variance weighted

Serum 25-Hydroxyvitamin D levels CLL MR Egger

Serum 25-Hydroxyvitamin D levels CLL Weighted median

Serum 25-Hydroxyvitamin D levels CLL Weighted mode

Vitamin D levels CLL Inverse variance weighted
Vitamin D levels CLL MR Egger

Vitamin D levels CLL Weighted median
Vitamin D levels CLIS Weighted mode

Serum 25-Hydroxyvitamin D levels CML Inverse variance weighted

Serum 25-Hydroxyvitamin D levels CML MR Egger

Serum 25-Hydroxyvitamin D levels CML Weighted median

Serum 25-Hydroxyvitamin D levels CML Weighted mode

Vitamin D levels CML Inverse variance weighted
Vitamin D levels CML MR Egger

Vitamin D levels CML Weighted median
Vitamin D levels CML Weighted mode

No.SNP

110
110
110
110

88
88
88
88

110
110
110
110

88
88
88
88

109
109
109
109

87
87
87
87

110
110
110
110

88
88
88
88

OR(95%Cl) P

0.864 (0.428 to 1.743) 6.83e-01
0.483 (0.192to 1.220) 1.27e-01
0.491(0.171 10 1.408) 1.86e-01
0.577 (0.250 to 1.331) 2.00e-01

0.893 (0.444 t0 1.795) 7.50e-01
0.351(0.144 t0 0.860) 2.44e-02
0.500 (0.183 to 1.366) 1.76e-01
0.578 (0.250 to 1.339) 2.04e-01

0.956 (0.542 to 1.685) 8.75e-01
0.705 (0.332 to 1.499) 3.66e-01
0.572 (0.261 t0 1.256) 1.64e-01
0.656 (0.349 to 1.234) 1.94e-01

1.026 (0.557 to 1.889) 9.35e-01
0.689 (0.309 to 1.537) 3.65e-01
0.597 (0.2711t0 1.316) 2.01e-01
0.641(0.328 to 1.249) 1.95e-01

1.054 (0.729to 1.525) 7.78e-01
0.948 (0.580 to 1.550) 8.33e-01
1.060 (0.648 to 1.733) 8.16e-01
1.030 (0.689to 1.541) 8.85e-01

1.055 (0.724 to 1.537) 7.80e-01
0.945 (0.574 to 1.555) 8.23e-01
0.980 (0.603 to 1.594) 9.36e-01
1.078 (0.695 to 1.672) 7.38e-01

0.460 (0.26110 0.812) 7.44e-03
0.543 (0.255t0 1.158) 1.17e-01
0.452 (0.201t0 1.018) 5.54e-02
0.508 (0.251t0 1.028) 6.22e-02

0.440 (0.2451t0 0.788) 5.78e-03
0.418 (0.193 t0 0.906) 2.97e-02
0.425(0.186 0 0.971) 4.23e-02
; 0.473 (0.233 t0 0.960) 4.13e-02

Figure 2.
Forest diagram of causal relationship between vitamin D and leukemia.

[Nutr Hosp 2025;42(2):333-340]



338

Table Il. Reliability test of vitamin D and leukemia MR analysis

S. Chen et al.
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Figure 3.

Funnel plot and sensitivity analysis results of the causal effect of the causal association between vitamin D and leukemia using the leave one method.
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DISCUSSION

Vitamin D exerts its antitumor effects through multiple mech-
anisms, including inhibiting cell proliferation, inducing differ-
entiation and apoptosis, regulating immune responses, and
suppressing pro-inflammatory reactions within the tumor mi-
croenvironment (22). In this study, we employed various Men-
delian randomization (MR) methods to evaluate the relationship
between serum 25-hydroxyvitamin D levels and different types of
leukemia. The results indicated a significant protective associa-
tion between serum 25-hydroxyvitamin D levels and chronic my-
eloid leukemia (CML). Using the inverse variance weighted (IVW)
method, we found a significant inverse relationship between
serum 25-hydroxyvitamin D levels and the risk of CML (OR =
0.46, 95 % Cl: 0.26-0.81, p= 0.007). Similarly, overall vitamin D
levels also demonstrated a protective effect (OR = 0.44, 95 % Cl:
0.25-0.78, p=0.005).

However, for acute myeloid leukemia (AML), acute lympho-
blastic leukemia (ALL), and chronic lymphocytic leukemia (CLL),
our analysis did not reveal significant associations between vita-
min D levels and the risk of these leukemia types. This may sug-
gest that the protective effect of vitamin D varies among different
leukemia types or that the limited sample size led to insufficient
statistical power to detect smaller effects. For example, the study
by Sameer A. Parikh et al. (6) found that vitamin D deficiency may
be associated with poor prognosis in CLL patients. Similarly, Yas-
meen Jramne-Saleem et al. (7) showed that vitamin D derivatives
could enhance the differentiation of AML cells by modulating the
Nrf2/ARE pathway and its downstream targets, including gluta-
thione and the AP-1 transcription factor. Furthermore, Eliza Turlej
et al. (8) reported that vitamin D analogs (VDAS) could directly
inhibit the proliferation of ALL-derived B cells and normal B cells,
both of which express vitamin D receptors (VDR).

To validate the robustness of our results, we conducted exten-
sive sensitivity analyses. For instance, MR-Egger regression and
leave-one-out sensitivity analyses indicated that although indi-
vidual SNPs may significantly influence the estimates, the overall
results consistently supported the protective effect of vitamin D
levels on CML. Kazuki Kanno et al. (23) further emphasized the
importance of vitamin D supplementation in specific patient
groups through the AMATERASU randomized clinical trial. In this
trial, vitamin D supplementation significantly improved the 5-year
recurrence-free survival in patients within the p53 immune re-
sponse subgroup but had no significant impact on patients out-
side this subgroup, suggesting that p53 may be a key factor in
vitamin D’s anticancer effects.

Additionally, this study highlights the potential application of
serum 25-hydroxyvitamin D as a biomarker for leukemia pre-
vention. Given vitamin D’s role in cell proliferation, differentiation,
and immune regulation, its potential protective effect against
CML and other types of leukemia warrants further mechanistic
research and clinical validation. Arkapal Bandyopadhyay et al.
(24) conducted a randomized controlled clinical trial that found
no significant benefit of vitamin D3 supplementation in early
treatment responses in CML patients. However, long-term CML
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patients treated with imatinib mesylate exhibited significant vita-
min D deficiency (25), indicating that vitamin D levels and their
interaction with imatinib mesylate could play an important role in
CML treatment.

It should be noted that this study was based on publicly avail-
able genome-wide association study (GWAS) data, which may
be subject to potential selection bias or information bias. For
instance, GWAS data often derive from specific populations,
which may not fully represent leukemia patients from other
ethnic groups or regions. Therefore, the generalizability of our
findings may be limited, especially in populations with distinct
racial or environmental differences. Additionally, vitamin D levels
are influenced by various factors, including sun exposure, dietary
intake, and lifestyle habits. While the Mendelian Randomization
approach helps reduce confounding factors present in traditional
epidemiological studies, it cannot entirely eliminate the influence
of non-genetic factors on vitamin D levels. Moreover, this study
only explored the causal relationship between vitamin D and leu-
kemia without delving into the specific biological mechanisms
or the dynamic interactions between vitamin D and leukemia
development.

In summary, these findings support the notion that vitamin D
may reduce the risk of certain types of leukemia by modulating
tumor-related biological pathways. Our study provides a strong
biological basis for the development of future leukemia preven-
tion strategies and supports the potential benefits of vitamin D
supplementation in clinical settings. Future research should fur-
ther investigate the mechanisms by which vitamin D impacts dif-
ferent types of leukemia and evaluate its potential applications in
leukemia prevention and treatment. These results provide scien-
tific evidence for the development of vitamin D-based preventive
measures, which could positively influence public health policy
and clinical practice.
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