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ABSTRACT
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Aims: This study aimed to investigate serum vitamin B12 levels in adolescent female patients diagnosed with fibroadenoma
and to evaluate whether a significant difference exists between fibroadenoma patients and healthy controls.

Methods: This retrospective case-control study was conducted between 2018 and 2023. A total of 46 adolescent female
patients diagnosed with fibroadenoma based on ultrasonographic (USG) evaluation in accordance with ACR guidelines, with
histopathological confirmation in eight cases (17%), and 46 age- and gender-matched controls were included. Hematological
parameters were analyzed alongside serum vitamin B12 levels. Univariate and multivariate logistic regression analyses were
performed to identify independent predictors of fibroadenoma. A decision tree model was additionally constructed to define
clinically meaningful threshold values.

Results: The mean serum vitamin B12 level was significantly lower in the fibroadenoma group compared to controls
(304.54+79 pg/ml vs. 407+137 pg/ml; p<0.001). Among fibroadenoma patients, 88.9% had vitamin B12 levels below 300 pg/ml.
The proportion of patients with vitamin B12 levels exceeding 340 pg/ml was 18.9% in the fibroadenoma group versus 81.1% in
controls, a statistically significant difference (p=0.019). Multivariate logistic regression identified low serum vitamin B12 level
as an independent predictor of fibroadenoma. Decision tree analysis confirmed vitamin B12 as the primary discriminating
variable, with red cell distribution width (RDW) emerging as a secondary node.

Conclusion: To our knowledge, this is the first study to investigate serum vitamin B12 levels in adolescent patients with
fibroadenoma. The significantly lower vitamin B12 levels observed in fibroadenoma patients compared to controls suggest a
potential role of vitamin B12 in the pathogenesis of this benign breast lesion. The identified 300 pg/ml threshold suggests
that serum vitamin B12 may serve as a simple and accessible biomarker for fibroadenoma risk stratification in adolescents.
Prospective multicenter studies incorporating functional B12 markers such as homocysteine and methylmalonic acid are
needed to validate these findings
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“This study was presented as an oral presentation at the 45" Pediatrics Days, 24" Pediatric Nursing Days, and 1* Pediatric Dietetics Days, Istanbul, April 25-28, 2023.

INTRODUCTION

Fibroadenoma is the most common benign breast neoplasm
in adolescents and young adult females. These lesions account
for approximately 68% of all breast masses and 44-94% of
biopsy-evaluated breast lesions in this age group.' The etiology
of this lesion, characterized by simultaneous proliferation
of stromal and epithelial components, is thought to involve
increased estrogen sensitivity, local growth factors, and
hormonal variables. Although fibroadenomas are classified
as benign lesions, the potential for malignant transformation
in cases containing proliferative epithelial changes should
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not be overlooked. Dupont et al.? reported that the risk of
invasive breast cancer was 2.17-fold higher in females with
fibroadenoma compared to controls, rising to 3.10 in complex
fibroadenoma. In the systematic review by El-Wakeel and
Umpleby,® fibroadenoma with atypical changes was reported
to carry a 0.12-0.3% risk of malignant transformation.

Vitamin B12 is an essential vitamin that plays a critical
role in one-carbon metabolism, DNA synthesis, and
methylation pathways.* As a cofactor of methionine synthase,
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it supports the biosynthesis of S-adenosylmethionine
(SAM), the principal methyl group donor for DNA, RNA,
and histone methylation. It has been proposed that B12
deficiency may predispose rapidly dividing tissues such as
the breast to proliferative changes through homocysteine
accumulation, DNA strand breaks, aberrant methylation of
tumor suppressor genes, and genomic instability.*® During
adolescence, the rapid rise in estrogen levels increases
the proliferative capacity of the breast gland; vitamin B12
deficiency at this stage may, through its role as a critical
cofactor in DNA methylation and synthesis, create the
epigenetic milieu that supports cellular proliferation.

Existing studies have examined the relationship between
vitamin B12 and breast gland pathology predominantly in the
context of invasive breast cancer.*'® Although inconsistent
findings have been reported in prospective studies and meta-
analyses, the relationship between serum B12 levels and the
presence of benign breast lesions such as fibroadenoma has
not yet been investigated. To our knowledge, no study has
directly examined the association between serum vitamin
B12 level and fibroadenoma. This gap in the literature is
clinically significant, particularly given the adolescent
population. Considering that vitamin B12 deficiency is
highly prevalent in adolescents and that the breast gland in
this age group is especially sensitive to hormonal stimuli,
investigation of this relationship carries considerable clinical
and biological importance.

In this context, exploring the potential role of vitamin B12
in fibroadenoma pathogenesis during adolescence is of
value both for elucidating biological mechanisms and for
identifying clinical risk markers. Accordingly, this study
aimed to investigate the association between serum vitamin
B12 levels and fibroadenoma in adolescent female patients,
and to evaluate the independent predictive role of serum
vitamin BI2 in fibroadenoma risk through logistic regression
and decision tree analyses.

METHODS

This study was approved by the Scientific Researches
Evaluation and Ethics Committee of Ankara Etlik
City Hospital (Date: 27.11.2024, Decision No: AESH-
BADEK-2024-1132). All procedures were carried out in
accordance with the ethical rules and the principles of the
Declaration of Helsinki.

This retrospective case-control study was conducted at a
tertiary referral center. The fibroadenoma group was drawn
from the department of pediatric surgery, and the control
group was selected from the pediatric oncology outpatient
clinic.

Medical records of adolescent female patients aged 10-
19 years who presented to our clinic between 2018 and
2023 and were diagnosed with fibroadenoma based on
ultrasonographic (USG) evaluation of a palpable breast
mass were retrospectively reviewed. According to American
College of Radiology (ACR) guidelines, USG is recommended
as the primary imaging modality for the evaluation
of palpable breast masses in females under 30 years of
age, owing to its low radiation risk and high diagnostic
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accuracy."" Accordingly, diagnoses in our study were based
on USG evaluation performed by experienced radiologists
in accordance with the BI-RADS classification system. Cases
with non-fibroadenoma diagnoses such as cyst, lipoma, or
axillary lymphadenopathy were excluded. In eight patients
(17%), additional histopathological confirmation was
obtained, and pathology results were fully concordant with
the USG diagnosis.

A total of 92 patients were included: 46 patients diagnosed
with fibroadenoma (fibroadenoma group) and 46 age-
matched controls with no breast pathology (control group).
The control group comprised adolescent girls who presented
to the outpatient clinic with lymphadenopathy during the
same period, had no detectable breast pathology, and were
not receiving vitamin B12 supplementation.

This approach was adopted to ensure retrospective access to
documented serum vitamin B12 measurements, as vitamin
B12 is systematically included in the standard haematological
and biochemical panel for patients presenting to the
Pediatric Oncology outpatient clinic at our institution. The
following methodological advantages support the validity
of this control group: (i) both groups were followed at the
same tertiary referral center during the same study period
under comparable socioeconomic conditions, minimising
institutional confounding; (ii) the control group was
rigorously selected by applying the same exclusion criteria
used for the patient group, including known haematological
disease, chronic inflammatory conditions, metabolic
disorders, malignancy, and vitamin B12 supplementation; and
(iii) the mean serum B12 level in the control group (408+138
pg/ml) was within the normal reference range, confirming
that these individuals were metabolically representative of a
healthy adolescent population.

The following exclusion criteria were applied: (i) history of
haematological disease; (ii) chronic inflammatory disease;
(iii) metabolic disorder (including thyroid dysfunction
and diabetes mellitus); (iv) known malignancy; (v) regular
vitamin B12 supplementation at the time of blood sampling;
(vi) incomplete laboratory records at the time of diagnosis.

Serum vitamin B12 (pg/ml), haemoglobin (Hb, g/dl), mean
corpuscular volume (MCV, fL), and red cell distribution
width (RDW) values at the time of diagnosis were retrieved
from the hospital information management system. All
blood samples were collected by standard venous access and
analysed at the same institution’s biochemistry laboratory.
Age at the time of laboratory testing was also recorded.

Statistical Analysis

The data analyses were performed using IBM SPSS Statistics
(version 25.0; IBM Corp., Armonk, NY, USA). Normality of
continuous variables was assessed using the Kolmogorov-
Smirnov test. As variables did not follow a normal
distribution, non-parametric tests were used for group
comparisons. Comparisons between the fibroadenoma and
control groups were performed using the Mann-Whitney
U test for continuous variables and the Chi-square test for
categorical variables. Data are presented as meantstandard
deviation (SD) and median (interquartile range, IQR).
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Univariate and multivariate logistic regression analyses
were performed to identify independent predictors of
fibroadenoma. To eliminate scale effects arising from different
units of measurement and to improve comparability of effect
sizes, z-score standardisation was applied to all continuous
variables prior to logistic regression. Results are reported as
odds ratios (OR) with 95% confidence intervals (95% CI).

A decision tree analysis (CHAID method) was performed
to identify clinically meaningful threshold values for serum
vitamin BI2 levels. This method identifies statistically
significant split points based on the Chi-square statistic
without requiring parametric distributional assumptions. A
p value of <0.05 was considered statistically significant for all
analyses.

RESULTS

A total of 92 adolescent female patients were included,
comprising 46 with fibroadenoma and 46 age-matched
controls. Demographic characteristics and laboratory values
for both groups are presented in Table 1.

Table 1. Comparison of demographic and laboratory variables between

the fibroadenoma and control groups (Mann-Whitney U test).

Control group Fibroadenoma
Variable (n=46) group (n=46) p value
81%2 :St)examination 0.700
Mean+SD 14.15%3.29 14.78+1.86
Median (IQR) 15.23(11.01-16.81) 15.00 (13.67-16.00)
Range 5.75-19.20 10.00-18.00
Vitamin B12 (pg/ml) <0.001
Mean+SD 408+138 305+79
Median (IQR) 369 (324-430) 298 (254-326)
Range 254-879 204-590
Haemoglobin (g/dl) 0.400
Mean+SD 12.91£1.27 12.98+1.36
Median (IQR) 13.20 (12.25-13.50)  13.40 (12.53-13.70)
Range 9.00-15.10 9.20-14.80
MCV (fL) 0.110
Mean+SD 8216 8317
Median (IQR) 83 (79-86) 85 (81-88)
Range 58-90 66-95
RDW (%) 0.200
Mean+SD 14.06£1.70 13.86%1.77
Median (IQR) 13.65 (13.00-14.58) 13.25 (12.73-14.48)
Range 11.20-18.90 11.90-19.70

n: Number, SD: Standard deviation, IQR: Interquartile range, MCV: Mean corpuscular volume,

RDW: Red cell distribution width. p<0.05 was considered statistically significant.

No statistically significant difference was found between the
groups with respect to age at examination. Mean age was
14.78+1.86 years in the fibroadenoma group (median: 15.00,
IQR: 13.67-16.00, range: 10.00-18.00) and 14.15+3.29 years
in the control group (median: 15.23, IQR: 11.01-16.81, range:
5.75-19.20) (p=0.700). This finding confirms successful age-
matching between the two groups.

Serum vitamin BI2 levels were significantly lower in the
fibroadenoma group compared to controls (p<0.001). Mean
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vitamin B12 was 305+79 pg/ml (median: 298, IQR: 254-326)
in the fibroadenoma group versus 408+138 pg/ml (median:
369, IQR: 324-430) in controls. The median difference of
71 pg/ml between groups is both clinically and statistically
meaningful.

No statistically significant differences were found between
the groups with respect to haemoglobin, MCV, or RDW
(p=0.400, p=0.110, and p=0.200, respectively). All intergroup
comparisons are summarised in Table 1.

In univariate logistic regression analysis after z-score
standardisation, vitamin BI2 demonstrated a statistically
significant and strong inverse association with fibroadenoma
(OR=0.22, 95% CI: 0.08-0.46, p<0.001). This finding indicates
that each one SD increase in vitamin B12 level reduces the
odds of fibroadenoma by approximately 78%.

In the multivariate logistic regression model including all
variables, vitamin B12 remained a significant independent
predictor of fibroadenoma (OR=0.17, 95% CI: 0.06-0.39,
p<0.001). Age, haemoglobin, MCV, and RDW were not
statistically significant in either model (all p>0.05). Results of
both analyses are presented together in Table 2.

Table 2. Univariate and multivariate logistic regression analysis results

for fibroadenoma (after z-score standardisation)

Variable Univariate Multivariate

OR  95%CI P OR  95%CI P
ggrr?itnation 127 0.84-1.96 0262 092 0.53-1.54 0.700
Vitamin B12 0.22 0.08-0.46 <0.001 0.17 0.06-0.39 <0.001
Haemoglobin 1.05 0.70-1.60 0.804 0.73 0.34-1.49 0.400
MCV 124 0.82-1.93 0.321 147 0.66-3.45 0.400
RDW 0.89 0.58-1.34 0574 098 0.53-1.79 >0.900

OR: Odds ratio, CI: Confidence interval, MCV: Mean corpuscular volume, RDW: Red cell

distribution width. Each OR reflects the effect of a one standard deviation increase in the
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corresponding variable on the probability of fibroadenoma. Bold: statistically significant variable.

Decision tree analysis (CHAID method) identified serum
vitamin B12 as the primary and strongest discriminating
variable based on Chi-square split points. This finding is
concordant with the logistic regression results.

At the root node, the vitamin B12 threshold was determined
to be 300 pg/ml. Of the 27 patients with vitamin B12 levels
below 300 pg/ml, 24 (88.8%) had fibroadenoma. In the 28
patients with vitamin B12 between 300 and 340 pg/ml, this
rate decreased to 53.6% (15 patients), while it fell to 18.9% in
those with levels above 340 pg/ml (Figure). These findings
indicate a clear dose-response relationship between serum
vitamin B12 level and fibroadenoma risk.

At the second level of analysis, RDW emerged as a secondary
determinant within the subgroup with vitamin B12 <340 pg/ml.
Fibroadenoma was identified in 15 of 16 patients (93.75%) with
vitamin B12 <340 pg/ml and RDW <13.8%. Subgroup results
from the decision tree analysis are summarised in Table 3.

DISCUSSION

In this retrospective case-control study, serum vitamin
B12 level was found to be independently and significantly
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Figure. Decision tree model illustrating the discrimination of fibroadenoma
and control groups by serum vitamin B12 levels. The root node is split at
300 pg/ml and 340 pg/ml as primary threshold points. 0: control group; 1:
fibroadenoma group.

Table 3. Distribution of fibroadenoma by serum vitamin B12 threshold

values according to decision tree analysis (CHAID method)

Vitamin B12 No. of patients Fibroadenoma Fibroadenoma
subgroup (n) (n) rate (%)
B12<300 pg/ml 27 24 88.8%
300<BI2 < 340 pg/ml 28 15 53.6%
B122>340 pg/ml 37 7 18.9%
B12<340 pg/ml and 16 15 93.75%

RDW < 13.8%*

n: Number, RDW: Red cell distribution width. *Subgroup showing co-occurrence of B12 <340

pg/mland RDW <13.8%

associated with the presence of fibroadenoma in adolescent
female patients. Mean serum vitamin B12 was markedly lower
in the fibroadenoma group than in controls (305+79 pg/ml vs.
408+138 pg/ml; p<0.001), and this association persisted as
an independent predictor in both univariate (OR=0.22, 95%
CI: 0.08-0.46) and multivariate logistic regression analyses
(OR=0.17, 95% CI: 0.06-0.39). Decision tree analysis further
identified vitamin B12 as the primary discriminating variable,
revealing that values below 300 pg/ml were associated with
a marked increase in fibroadenoma risk. To our knowledge,
this is the first study to evaluate serum vitamin B12 level
specifically in the context of fibroadenoma in adolescent
female patients, and this constitutes the primary novelty of
our work.

Fibroadenoma is a benign breast tumour composed of
stromal and epithelial components and represents the
most common breast lesion in adolescents and young
adult females.! Its etiology is thought to involve hormonal,
nutritional, and metabolic variables. Although classified as a
benign lesion, fibroadenoma has been shown to be associated
with long-term breast cancer risk. Dupont et al? in a
retrospective cohort study of 1,835 fibroadenoma patients,
reported a 2.17-fold increase in invasive breast cancer risk
compared to controls, rising to 3.10 in complex fibroadenoma
and to 3.88 in the presence of proliferative disease in adjacent
parenchyma. El-Wakeel and Umpleby’s® systematic review
emphasized that fibroadenoma with atypical changes carries
a 0.12-0.3% potential for malignant transformation, with this
risk persisting for more than 20 years after diagnosis. These
findings underscore the clinical importance of investigating
underlying metabolic variables in fibroadenoma and support
the biological rationale of our study.
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The majority of existing studies have examined the relationship
between vitamin B12 and invasive breast cancer rather than
benign breast disease, with inconsistent results. Wu et al.%, in
a prospective nested case-control study using the Washington
County serum bank, reported an approximately fourfold
increase in breast cancer risk among postmenopausal females
in the lowest quintile of serum B12 (matched OR=4.00, 95% CI:
1.05-15.20). Lajous et al,® in a case-control study of 475 breast
cancer patients and 1,391 controls, found that the odds of breast
cancer were approximately 68% lower in the highest quintile of
vitamin B12 intake compared to the lowest (OR=0.32, 95% CI:
0.22-0.49). In contrast, Houghton et al.” found no significant
association between plasma B12 and breast cancer risk in their
prospective analysis within the Nurses’ Health Study. Zeng et
al.'? likewise found no significant effect of vitamin BI2 intake
on breast cancer risk in a meta-analysis of 27 studies (RR=0.99,
95% CI: 0.94-1.04). Essén et al."”” also reported no significant
association between serum B12 and breast cancer risk in the
prospective Swedish AMORIS cohort. By contrast, Haghighat
et al.” reported that serum BI2 levels were significantly
higher in breast and colon cancer patients than in controls
and correlated positively with tumour stage; this may reflect a
divergence in cobalamin metabolism in invasive malignancies,
biologically distinct from the low B12 profile seen in benign
lesions such as fibroadenoma.

The inconsistencies across studies may be attributable to
differences in study design, population characteristics (age,
menopausal status, ethnicity), the use of dietary intake
rather than serum B12 as the primary metric, and, most
importantly, the fundamental biological differences between
fibroadenoma and invasive breast cancer. The present study
contributes to filling this gap in the literature by being the
first to examine this association specifically in an adolescent
population with fibroadenoma.

When considering the plausible mechanisms underlying
the association between vitamin B12 and fibroadenoma,
the vitamin’s role in one-carbon metabolism is particularly
prominent. Vitamin B12, as a cofactor of methionine
synthase, catalyses the conversion of homocysteine to
methionine from 5-methyltetrahydrofolate; this reaction
maintains the methionine pool necessary for the biosynthesis
of SAM, the principal methyl group donor for DNA,
RNA, and histone methylation. Lyon et al.* emphasised
that vitamin B12 in its methylcobalamin form is a critical
component of the methionine cycle, and that disruption
of this pathway may adversely affect DNA methylation
regulation. Plazar and Jurdana® proposed that B12 deficiency
increases homocysteine accumulation, which may lead to
DNA damage and hypermethylation of tumour suppressor
genes. Choi7 suggested that B12 deficiency may impair
thymidine and purine synthesis, causing imbalances in the
deoxyribonucleotide pool and ultimately resulting in DNA
strand breaks. Taken together, these mechanisms suggest that
B12 deficiency may predispose rapidly dividing tissues such
as the breast to genomic instability; however, further studies
are needed to elucidate the specific role of these mechanisms
in fibroadenoma pathogenesis.

The absence of significant differences in haemoglobin, MCV,
and RDW between the two groups is a noteworthy finding.
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This suggests that patients in the fibroadenoma group did
not present with clinically overt B12 deficiency, yet relatively
lower serum B12 levels may be associated with breast gland
pathology. This finding implies that serum B12 may exert
biological effects at the tissue level without necessarily falling
to levels that produce haematological changes, highlighting
the need to assess functional B12 deficiency beyond standard
haematological parameters. Vashi et al,"* in a study of 316
cancer patients, emphasised that serum B12 alone may be
insufficient to reflect metabolic deficiency, and that functional
markers such as methylmalonic acid and homocysteine
provide more reliable assessment of true B12 status.

Limitations

Several methodological limitations of this study must be
acknowledged when interpreting its findings. The relatively
small sample size (n=46 per group) may have limited the
statistical power of the logistic regression model and the
generalisability of the decision tree analysis; validation in
larger samples is warranted. The fact that fibroadenoma
diagnoses were based predominantly (83%) on USG findings,
with histopathological confirmation in only eight patients
(17%), represents a methodological limitation, although
ACR guidelines recognise USG as the primary and sufficient
diagnostic method in the adolescent age group." Due to
the retrospective design, functional B12 markers such as
methylmalonic acid, homocysteine, folate, and vitamin B6
could not be measured, and Vashi et al."* have highlighted
that serum B12 alone may be insufficient to reflect functional
deficiency. The inability to control for potential confounders
such as body-mass index, dietary habits, socioeconomic
status, and menstrual irregularity due to the retrospective
design limits the interpretation of the observed association,
as does the single-centre nature of the study. However, the
fact that the control group comprised patients followed at
the same institution under comparable conditions partially
mitigates the risk of selection bias. Despite these limitations,
our study makes an original contribution to the literature as
the first study to systematically evaluate serum vitamin B12
levels in adolescent patients with fibroadenoma. The findings
suggest that serum vitamin B12 may be a candidate as a
simple, low-cost, and accessible biomarker for fibroadenoma
risk assessment. The 300 pg/ml threshold identified by decision
tree analysis may represent a clinically meaningful cut-off
value; nonetheless, prospective validation in larger cohorts is
required before any clinical recommendation can be made.

The selection of the control group from patients presenting
with lymphadenopathy to the pediatric oncology outpatient
clinic warrants consideration as a potential source of
selection bias. When lymphadenopathy is associated with
underlying inflammation or other systemic pathology, it may
theoretically influence B12 metabolism. However, individuals
with known haematological disease, chronic inflammatory
conditions, or malignancy were excluded through the
application of predefined exclusion criteria. Furthermore, the
mean serum BI2 level in the control group (408+138 pg/ml)
fell within the normal reference range, supporting the premise
that these individuals were metabolically representative
of a healthy adolescent population. Nevertheless, future
prospective studies employing more homogeneous control
groups recruited from general outpatient settings will be
important in addressing this limitation.
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CONCLUSION

As a result, this study is the first, to our knowledge, to
investigate the association between serum vitamin B12
levels and fibroadenoma in adolescent female patients.
The significantly lower vitamin BI12 levels and the 300 pg/
ml threshold identified by decision tree analysis suggest
that vitamin B12 may play a biologically meaningful role
in fibroadenoma pathogenesis and may serve as a simple,
accessible, and low-cost biomarker candidate for risk
stratification in adolescents. Prospective, multicentre studies
incorporating functional B12 markers such as homocysteine
and methylmalonic acid are needed to validate these findings
and establish evidence-based clinical recommendations.
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