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ABSTRACT

Background. Hypospadias, a congenital condition characterized by the urethral opening being on the underside
of the penis, has received limited attention in its association with the MTHFR C677T variant. Given the crucial
role of folate metabolism in embryonic development, and the involvement of the MTHFR C677T polymorphism
in folate metabolism, this study aims to investigate whether this variant contributes to the risk of hypospadias
in an Algerian population.

Methods. This case-control study included 105 patients with hypospadias and 125 controls. Genotyping of
the MTHFR gene C677T variant was performed using polymerase chain reaction-restriction fragment length
polymorphism.

Results. A statistically significant difference in the genotype distribution of the MTHFR C677T variant between
patients with hypospadias and controls was revealed. The significance was observed in the codominant genetic
model CT vs. CC (p=0.034, odds ratio [OR]: 1.89, 95% CI: 1.04-3.44) and TT vs. CC (p=0.042, OR: 2.15, 95% CI:
1.02-4.53), as well as in the dominant model CC vs. CT+TT (p=0.010, OR: 1.98, 95% CI: 1.17-3.35).

Maternal periconceptional folic acid supplement intake showed a significant association with the anatomical
types of hypospadias in relation to the MTHFR C677T genotypes when folic acid was taken (p=0.006).
Furthermore, a significant association was observed with the TT genotype in isolated hypospadias cases
(p=0.038, OR=3.47, 95% CI: 1.03-11.68), suggesting a potential role of folic acid in modifying hypospadias risk.

Multiple logistic regression analysis identified intrauterine growth restriction, gestational hypertension,
residency, and the MTHFR C677T variant as independent potential risk factors for hypospadias development
(p-values: 0.030, 0.016, 0.040, and 0.045, respectively).

Conclusions. This study reports, for the first time, an association between the MTHFR gene C677T variant
and hypospadias in the Algerian population. The findings suggest a strong association between the MTHFR
C677T variant and susceptibility to hypospadias. Identified risk factors such as intrauterine growth restriction,
gestational hypertension, rural residency, and the MTHFR C677T variant contribute valuable insights into the
multifaceted etiology of hypospadias in this population.
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Hypospadias, a congenital malformation
affecting the male genitourinary tract, results
from partial urethral fold fusion during early
fetal development.! It is among the most
prevalent congenital anomalies, affecting
approximately one in 200-300 newborn boys.?
The condition’s severity stratifies it into three
degrees: milder anterior forms present with the
urethral opening at the glandular or subcoronal
position of the penis, while more severe
middle hypospadias has the meatus opening
at the midshaft of the penis, and the most
severe posterior forms display penoscrotal,
scrotal, or perineal openings.®> Although most
cases of hypospadias occur independently,
associated abnormalities include unilateral
or bilateral cryptorchidism and micropenis.*
While the precise causes of hypospadias remain
incompletely understood, it is believed that a
confluence of environmental and genetic factors
contributes to its development.’

Folic acid plays an essential role in DNA
(deoxyribonucleic acid) methylation processes,
which are crucial for harmonious embryonic
development. Adequate maternal folic acid
supplementation, especially during the
periconceptional period, is paramount for
preventing  congenital anomalies.*”  This
supplementation is associated with a lower
risk of neural tube defects, as well as cardiac,
urinary tract, and limb defects.® Folic acid
supplementation increases the activity of
methylenetetrahydrofolate reductase (MTHFR),
an enzyme involved in folate metabolism,
which helps to reduce the risk of birth defects
by ensuring proper folate metabolism.’

The MTHFR C677T gene variant is a functional
variant in the MTHFR gene, leading to
reduced enzymatic activity and elevated blood
homocysteine levels.” Research investigating
the role of MTHFR C677T in DNA methylation
has yielded varying results, suggesting that
the MTHFR C677T variant may have diverse
effects on DNA methylation depending on
the cell type, folate availability, and other
factors.""'? Additionally, the MTHFR C677T
variant has been extensively studied in relation
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to various conditions, including cardiovascular
ischemic risk, neural tube defects, and cleft
lip and palate.®"> However, only one study
has investigated the relationship between
the MTHFR C677T variant and hypospadias,
indicating a significant gap in the literature on
this topic.

A case-control study involving 855 hypospadias
cases and 713 controls found that hypospadias
was not generally associated with folic acid
use, the MTHFR C677T polymorphism, or
their interaction. However, the study identified
an association between middle hypospadias
and the absence of folic acid supplement
use, especially in infants carrying the CT/TT
genotype.’® Understanding the broad impact
of this variant highlights the importance of
studying its potential contribution to non-
syndromic hypospadias."”

Given the limited research on the relationship
between the MTHFR C677T variant and
hypospadias, with only one study currently
available, this study aims to explore the
association between the MTHFR C677T
polymorphism and hypospadias, taking into
account maternal periconceptional use of folic
acid supplements. We hypothesize that the
C677T variant is associated with an increased
risk of hypospadias and that folic acid
supplementation may modulate this effect. To
investigate this hypothesis, our study intended
to evaluate the connection between the MTHFR
C677T variant and hypospadias in Algerian
children.

Materials and Methods

Study population

The study comprised 230 participants,
categorized into two groups: 105 patients with
a diagnosis of hypospadias and 125 control
subjects. Patient recruitment occurred across
two locations: the endocrinology-diabetology
service of the University Hospital Center
in Constantine and the pediatric surgery
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department specialized in mother and child
care at El Eulma-Setif.

For the case group, inclusion criteria were:
male patients diagnosed with hypospadias,
aged under 15 years, with available biological
samples and complete clinical data. All patients
included had a confirmed 46,XY karyotype.

Exclusion criteria were the presence
of syndromic features, = chromosomal
abnormalities, ambiguous genitalia, or
incomplete medical and/or genetic data.

Ambiguous genitalia were defined as the
presence of external genitalia thatdonotallow an
assignment as male or female at birth. Although
endocrine testing was not systematically
performed, all patients underwent a detailed
clinical examination by experienced pediatric
urologists, and none showed signs of genital
ambiguity or endocrine disorders.The case
group included both isolated hypospadias and
hypospadias associated with non-syndromic
anomalies such as intrauterine growth
restriction (IUGR), micropenis, cryptorchidism,
and penile curvature.

For the control group, inclusion criteria
were: male children without any congenital
malformations, especially no history of
hypospadias or other urogenital anomalies,
matched in age range with the case group, and
with available biological samples and clinical
information. Exclusion criteria included a family
history of hypospadias or congenital anomalies,
known or suspected genetic disorders, or
incomplete medical records.

Detailed medical records were thoroughly
examined for all cases to identify familial
history, evaluate the severity of hypospadias,
assess clinical characteristics, and precisely
locate the urethral opening. These aspects were
determined by experienced pediatric urologists
during a pre-surgery physical examination,
along with a questionnaire filled out by us in
collaboration with the child’s parents.

The control group was recruited from the same
healthcare institutions where the hypospadias
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cases were collected. These were male children
who were visiting for conditions unrelated to
hypospadias or any genital system anomalies.
A pediatric specialist conducted a thorough
clinical examination to confirm that they had no
personal or familial history of hypospadias and
were free from other external genital deformities,
including cryptorchidism, micropenis, penile
curvature, or inguinal hernia.

Informed consent was obtained from the parents
or legal guardians of all participants. The case-
control study received approval from the Ethical
Scientific Committee of the Faculty of Natural
and Life Sciences, University of Constantine 1.
All procedures were carried out in compliance
with the World Medical Association’s 1989
Declaration of Helsinki, which served as the
protocol’s guide.

Genetic analysis

Blood sampling and DNA extraction:

Ten mL of venous blood were collected in
tubes containing ethylenediaminotetracetic
acid (EDTA). Genomic DNA from peripheral
leukocytes was isolated using the sodium
chloride (NaCl) technique.”® The purity of the
DNA was verified using a nanodrop (NanoDrop
2000, Thermo, Massachusetts, U.S.A.). The
isolated DNA was diluted to 20ng/uL and
preserved at -20 °C.

MTHFR C677T genotyping: The MTHFR C677T
variant was genotyped using the polymerase
chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method. The
primer sequences used were: forward:
5-TGAAGGAGAAGGTGTCTGCGGGA-3"and
reverse: 5'-AGGACGGTGCGGTGAGAGTG-3'.
The PCR reaction mixture (20 pL) comprised
template DNA, MgCyp, (50mM), deoxynucleotide
triphosphate (dANTPs) mix (final concentration
0.2 mmol/L), oligonucleotide primers (100
ng/ul), and Taq DNA polymerase (5 U/uL).
An Eppendorf Mastercycler was used for
the amplification process, following these
conditions: initial denaturation at 94 °C for 5
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minutes, then 35 cycles of denaturation at 94
°C for 30 seconds, hybridization at 65 °C for 30
seconds, elongation at 72 °C for 30 seconds, and
a final extension at 72 °C for 10 minutes.

The resulting PCR product (10 uL) was digested
using the Hinfl restriction enzyme (New
England Biolabs). The fragmented products
were separated on a 3% agarose gel and
observed under ultraviolet light.

To ensure the accuracy of genotyping, all
samples were analyzed in duplicate, and both
positive and negative control samples with
known genotypes were included in each PCR-
RFLP run.

Statistics

Statistical analysis of the data was performed
using SPSS software (version 26; SPSS Inc.,
Chicago, IL, U.S.A.)). Continuous variables
are presented as mean + standard deviation
(SD), while categorical variables are shown
as frequencies and percentages. Baseline
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characteristics, genotype, and allele distribution
were compared between case children and
controls using chi-square or t-tests.

The chi-square test for goodness of fit was
employed to assess if the genotype distributions
within the two groups conformed to the
expectations of Hardy-Weinberg equilibrium
(HWE). Risk-factor analysis was conducted
using logistic regression analysis. Results
were expressed as odds ratios (ORs) with
95% confidence intervals (95% Cls). Statistical
significance was determined at p<0.05.

Results

Characteristics of the study population

The characteristics of 105 patients with
hypospadias and 125 controls are summarized in
Table I. The mean age in the hypospadias group
and the control group was 4.58 + 2.52 and 4.39
+ 2.45 years, respectively. Isolated hypospadias
was observed in 55.24% of patients.

Table I. Comparison of the case and the control group’s baseline characteristics.

Cases (N=105) Controls (N=125)

Characteristics X2/t OR (95% CI) P- value
n (%)* n (%)*
Age (years) 4.58+2.52 4.39+2.45 0.35 - 0.729
Intrauterinegrowth restrection 17 (16.19) 1(0.8) 8.12 11.21 (1.45-16.50) 0.004**
Low birth weight (<2500 g) 23 (21.9) 8 (6.4) 1.84 1.82 (0.76-4.38) 0.175
Preterm birth (<37 weeks) 13 (12.38) 2(1.6) 3.78 4.10 (0.89-18.82) 0.052
Advanced maternal age 71 (67.62) 47 (37.6) 2.15 0.58 (0.28-1.21) 0.142
(>35 years at pregnancy)
Gestational hypertension 26 (24.76) 4(3.2) 8.40 4.61 (1.52-13.94) 0.004**
Gestational diabetes 15 (14.29) 7 (5.6) 0.23 1.26 (0.48-3.29) 0.634
Birth order (1st) 54 (51.43) 30 (24) 0.03 1.06 (0.56-2) 0.860
Consanguinity 26 (24.76) 8 (6.4) 3.05 2.14 (0.90-5.09) 0.081
Residence (rural) 56 (53.33) 22 (17.6) 426 1.97 (1.03-3.78) 0.039**
Type of hypospadias - - - -
Anterior 59 (56.2)
Middle 14 (5.2)
Posterior 32 (30.5)

*Age given as mean + standard deviation; others as n (%). **p < 0.05; CI, confidence interval; OR, odds ratio; t, Student’s t;
X2, chi-square.
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Significant differences were observed between
the hypospadias and control groups regarding
IUGR (p=0.004, OR=11.21, 95% CI: 1.45-16.50),
gestational hypertension (p = 0.004, OR = 4.61,
95% CI: 1.52-13.94), and rural residence (p =
0.039, OR =1.97, 95% CI: 1.03-3.78).

Additionally, the distribution of hypospadias
types among patients indicated that anterior
hypospadias was the most frequent (59 cases,
56.2%), followed by posterior hypospadias
(32 cases, 30.5%) and middle hypospadias (14
cases, 5.2%).

MTHEFR C677T variant genotype and allele
frequencies

Genotyping results for the C677T locus within
the MTHFR gene, determined by electrophoresis,
are illustrated in Supplementary Figure SI.
Three different genotypes were observed:
one band (198 bp), two bands (198 and 175
bp), and one band (175 bp) in the wild-type
homozygote (CC), heterozygote (CT), and
mutant homozygote (TT). The presence of allele
T corresponds to the presence of a cutting site
for Hinfl.

The MTHEFR gene variant’s distribution did not
follow the HWE in cases and control groups
(p<0.05). The distribution of genotype and allele
frequency of the MTHFR C677T variant in
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patients with hypospadias and healthy controls
ispresented in Table II. The genotype frequencies
of the MTHFR C677T variant among patients
were 44.76% for CC, 35.24% for CT, and 20%
for TT. In the control group, the corresponding
frequencies were 61.6% (CC), 25.6% (CT),
and 12.8% (TT). Despite these variations, the
MTHFR C677T variant’s genotype distribution
was statistically significant between the group
of patients with hypospadias and the control
group under codominant genetic model CT
vs. CC and TT vs CC (p=0.034, OR: 1.89, 95%
CL: 1.04-3.44 and p=0.042, OR: 2.15, 95% CL
1.02-4.53, respectively). Also, significance was
noted when the controls and patients were
compared using the dominant model CC vs.
CT+TT (p=0.010, OR: 1.98, 95% CI: 1.17-3.35).
Concerning allele distribution, patients” T allele
frequency was higher than controls (37.62%
and 25.6%, respectively). The MTHFR C677T
variant’s allele frequency differed significantly
(p=0.005, OR: 1.75, 95% CI: 1.18-2.61).

Patient’s characteristics by methylene
tetrahydrofolate reductase C677T gene variant
in children with hypospadias

Table III summarizes data on various patients’
characteristics according to different MTHFR
C677T genotypes (CC, CT, TT, and CT or TT).
No significant variations were detected in age,

Table II. Distribution of the MTHFR C677T genotype in cases and controls, n (%).

Genetic model Cases (N=105) Controls (N=125) OR (95% CI) P-value
Codominance

CC 47 (44.76) 77 (61.6) Ref

CT 37 (35.24) 32 (25.6) 1.89 (1.04-3.44) 0.034*

1T 21 (20) 16 (12.8) 2.15 (1.02-4.53) 0.042%
Dominance

CCvs CT+IT 58 (55.24) 48 (38.4) 1.98 (1.17-3.35) 0.010%
Recessive

CC+CTvs TT 84 (80) 109 (87.2) 1.70 (0.84-3.46) 0.138
Alleles

C 131 (62.38) 186 (74.4) Ref

T 79 (37.62) 64 (25.6) 1.75 (1.18-2.61) 0.005*

*p <0.05; CI, confidence interval; OR, odds ratio; Ref, reference.
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Table III. Patient characteristics of children with hypospadias according to the MTHFR C677T gene variation.

MTHEFR C677T genotypes
CCN (%) CT N (%) TITN (%) CTorTTN (%) P1 p2

Age <Syr 34 (71.74) 26 (70.27) 13 (61.90) 39 (67.24) 0.684 0.572
>5yr 13 (28.26) 11 (29.73) 8 (38.10) 19 (32.76)

Intrauterine growth Yes 8 (17.02) 2 (5.41) 7 (33.33) 9 (15.52) 0.021* 0.835

restriction No 39(82.98)  35(94.59) 14 (66.67) 49 (84.48)

Preterm birth Yes 6 (12.77) 3 (8.11) 4 (19.05) 7 (12.07) 0.475 0.914
No 41 (87.23) 34 (91.89) 17 (80.95) 51 (87.93)

Birth weight <2500g 14 (29.79) 8 (21.62) 1(4.76) 9 (15.52) 0.070 0.079
>2500g 33 (70.21) 29 (78.38) 20 (95.24) 49 (84.48)

Maternal age <35yr 33 (70.21) 27 (72.97) 11(52.38) 38 (65.52) 0.240  0.609
>35 yr 14 (29.79) 10 (27.03) 10 (47.62) 20 (34.48)

Gestational Yes 9 (19.15) 8 (21.62) 9 (42.86) 17 (29.31) 0.096 0.230

hypertension No 38 (80.85) 29 (78.38) 12 (57.14) 41 (70.69)

Gestational diabetes Yes 5 (10.64) 5(13.51) 5 (23.81) 10 (17.24) 0.353 0.336
No 42 (89.36) 32 (86.49) 16 (76.19) 48 (82.76)

Birth order 1 22 (46.81) 22 (59.46) 10 (47.62) 32 (55.17) 0.477 0.394
>1 25 (53.19) 15 (40.54) 11 (52.38) 26 (44.83)

Consanguinity Yes 13 (27.66) 7 (18.92) 6 (28.57) 13 (22.41) 0.591 0.536
No 34 (72.34) 30 (81.08) 15 (71.43) 45 (77.59)

Residence Rural 27 (57.45) 16 (43.24) 13 (61.90) 29 (50) 0.293 0.447
Urban 20 (42.55) 21 (56.76) 8 (38.10) 29 (50)

Isolated hypospadias ~ Yes 26 (55.32) 23(62.16) 9 (42.86) 32 (44.83) 0.364 0.988
No 21 (44.68) 14 (37.84) 12 (57.14) 26 (55.17)

*p <0.05; CI, confidence interval; OR, odds ratio; P1, comparison between three genotypes; P2, comparison between CT+TT

vs CC.

residence, birth weight, hypertensive gestation,
gestational diabetes, and birth order (all p> 0.05)
among these genotypes. However, substantial
distinctions were evident in IUGR, which
demonstrated a significant association with the
genotypes (p = 0.021).

Association between maternal
periconceptional folic acid supplement intake,
anatomical types of hypospadias and MTHFR
C677T genotypes

Supplementary Table S1 examines the
relationship between maternal periconceptional
folic acid supplement intake, anatomical
types of hypospadias, and the MTHFR
C677T genotypes (CC, CT, TT). A statistically
significant association was found between the
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MTHFR C677T genotypes and the anatomical
types of hypospadias when folic acid was taken
(p=0.006).

Association between maternal
periconceptional folic acid supplement intake,
isolated/non-isolated hypospadias and
MTHEFR C677T genotypes

An association between maternal
periconceptional folic acid supplement intake,
isolated/non-isolated hypospadias, and MTHFR
C677T genotypes was analyzed. A significant
association was observed with the TT genotype
in isolated cases (p = 0.038, OR = 3.47 with a
95% CI of 1.03-11.68), suggesting a potential
role of folic acid in modifying hypospadias risk.
However, other genotypes and non-isolated
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cases did not show consistent significant
associations (Supplementary Table S2).

Multivariate logistic regression

The results of multiple logistic regression
analyses (Table IV) were used to identify the
best independent predictors. In this analysis,
IUGR (p =0.030, OR =10.07, 95% CI: 1.26-80.49),
gestational hypertension (p = 0.016, OR = 4.27,
95% CI: 1.31-13.89), rural residency (p = 0.040,
OR = 197, 95% CI: 1.03-13.89) and MTHFR
C677T variant (p=0.045, OR =2.15, 95% CI: 1.01-
4.53) were found to be independent potential
risk factors for hypospadias development.

Discussion

Hypospadias, a common congenital anomaly
affecting the male external genitalia, is believed
to arise from a complex interplay of genetic and
environmental factors, presenting a diverse
range of treatment approaches.” This study
aimed to explore the potential association
between the C677T variant of the MTHFR
gene, maternal intake of folic acid supplements
during the periconceptional period, and
susceptibility to hypospadias in Algerian
children. Our findings suggest a significant
association between this genetic variant and the
risk of developing hypospadias, which could

Turk ] Pediatr 2025; 67(3): 398-409

have important implications for the etiological
understanding and clinical management of this
congenital anomaly.

Investigations into MTHFR gene variants
and their association with congenital genital
anomalies, such as hypospadias, are currently
limited. The MTHFR gene is crucial in folate
metabolism, essential for DNA synthesis
and methylation, and influencing cellular
division and development.” The C677T variant
alters the enzyme’s structure, reducing its
activity, leading to hyperhomocysteinemia,
and reducing the availability of active folate
necessary for converting homocysteine to
methionine. Methionine serves as a precursor
for S-adenosylmethionine (SAM), a universal
methyl donor in various methylation reactions,
including DNA methylation.” Disruptions in
DNA methylation, an epigenetic mechanism,
are associated with various developmental
disorders, including congenital anomalies.??
Our study’s findings suggest that the C677T
variant of the MTHFR gene, through its
effects on enzymatic activity and increased
homocysteine levels, may disrupt critical DNA
methylation processes essential for normal
embryonic development. This disruption
could potentially affect signaling pathways
and crucial genes involved in the formation of
male genital organs, thereby contributing to the
development of hypospadias.

Table IV. Logistic regression analysis of linked risk factors for patients with hypospadias.

Risk factor OR (95% CI) P value
Preterm birth 3.72 (0.80-17.29) 0.094
Birth weight (<2500 g) 1.62 (0.66-3.96) 0.290
Intrauterine growth restriction 10.07 (1.26-23.49) 0.030*
Maternal age (> 35 years) 0.57 (0.25-1.26) 0.164
Gestational diabetes 0.59 (0.18-1.97) 0.387
Gestational hypertension 4.27 (1.31-13.89) 0.016*
Consanguinity 2.02 (0.84-4.90) 0.115
Maternal periconceptional folic acid supplement intake 0.98 (0.46-2.07) 0.957
Residence (rural) 1.97 (1.03-3.78) 0.040*
MTHEFR C677T variant 2.15(1.01-4.53) 0.045*

*p <0.05; CI, confidence interval; OR, odds ratio.
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In our study, the violation of HWE in both
cases and controls could be attributed to
several factors. First, the Algerian population
may present genetic heterogeneity due to
substructure, which could lead to slight
deviations from HWE.»*  Additionally,
given the relatively small sample size, minor
violations are not uncommon due to sampling
variability.”* Notably, the violation of HWE
in cases may reflect a genetic predisposition to
certain genetic diseases, as affected individuals
are often more likely to carry specific genotypes
that deviate from equilibrium. These deviations
can indicate natural selection or disease-
related factors, where certain alleles confer an
increased risk or resistance, altering genotype
frequencies compared to what is expected in
an equilibrium population.”” Furthermore,
we ensured the accuracy of our genotyping
by including duplicates and control samples,
which suggests that this deviation is more likely
due to population or disease-specific factors
rather than technical errors.

Our findings revealed a prevalence of 44.76%
CC genotype among patients, dominating the
genetic profiles, whereas controls showed a
dominant 61.6% CC genotype, with 35.24%
CT and 20% TT among patients and 25.6% CT
and 12.8% TT among controls. Importantly,
the presence of the 677T allele was notably
higher in patients with hypospadias (37.62%)
compared to controls (25.6%). Our study
highlighted notable variations between
patients and controls’ genotype distribution
and allele frequency (p=0.034, p=0.042, p=0.005,
respectively; Table II).

These results contrast with Dokter et al.’s'
large-scale study in the Netherlands, which
included over 800 cases and found no significant
association between the MTHFR C677T variant
and hypospadias. This discrepancy may be
attributed to differences in study populations,
as genetic and environmental factors vary
between regions. The Algerian population
may have distinct genetic predispositions or
environmental exposures influencing the role
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of the MTHFR C677T variant in hypospadias
risk. Additionally, while Dokter et al.' analyzed
a much larger cohort, our study provides an
initial exploration within a North African
population, emphasizing the need for further
regional studies to confirm these findings.

A statistically significant correlation emerged
in comparing patients and controls based on
CC genotype versus CT+TT genotype (p=0.010).
Our study represents the first exploration of
the potential correlation between the MTHFR
C667T variant and hypospadias risk in Algerian
children, marking a significant discovery of an
association between the MTHFR C677T variant
and hypospadias.

However, the impact of the MTHFR C677T
gene variant extends beyond hypospadias to
various health conditions, including impaired
renal function and urinary tract anomalies. This
variant, associated with elevated homocysteine
levels, may contribute to renal impairment
in young people with high blood pressure
and expectant mothers with preeclampsia.?®
Additionally, it may affect renal function
in pregnant women with preeclampsia,
potentially leading to increased urinary
protein levels.” Studies have also highlighted
a significant link between MTHFR C677T and
urinary tract anomalies in girls, indicating a
potential association between this gene variant
and diverse urogenital development across
genders.*

Inour cases, we observed asignificant correlation
between IUGR and the MTHFR C677T variant
(p=0.021; Table III). These findings align with
multiple studies; for instance, Alset et al.*'
identified a connection between MTHFR C677T
and higher risks of fetal growth impairment
and susceptibility to IUGR. Global populations
exhibit a connection between the MTHFR C677T
change and a higher risk of IUGR, as reported
in a systematic review and meta-analysis.*
Furthermore, studies® have demonstrated the
significance of the C677T (Ala222Val) variant of
the MTHFR gene in the development of [UGR.
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Additionally, ITUGR remained significantly
associated with hypospadias in logistic
regression (p=0.030, OR: 10.07, 95% CI: 1.26-
23.49). Multiple studies have investigated
the potential link between IUGR and
hypospadias.*** The findings suggest a
higher incidence of hypospadias among male
infants when birth weight is below the 10th
percentile and growth restriction is present,
compared to those with normal birth weights.
Moreover, IUGR has been linked to placental
abnormalities, such as maternal wvascular
malperfusion, potentially contributing to
hypospadias development.

Gestational hypertension and rural residence
remained  significantly  associated  with
hypospadias in logistic regression (p=0.016, OR:
4.27, 95% CI: 1.31-13.89 and p=0.040, OR: 1.97,
95% CI: 1.03-3.78; respectively). Our findings
align with Greenhill et al and Sherriff et al,
indicating that maternal hypertensive disorders
have been connected to an elevated risk of
hypopadias in offspring.**¥ Additionally,
regarding rural residence as a potential risk
factor for hypospadias, our findings were
consistent with Moustafa et al.®¥, who found
that rural residence was one of the most
independent predictors for hypospadias.

The significant association between gestational
hypertension and hypospadias suggests that
hypertensive  complications could create
an unfavorable intrauterine environment,
influencing genital development. Additionally,
rural residence, which is associated with
potentially increased exposure to environmental
factors or limited prenatal care, could also play
a role in the increased risk.

Our study identifies, for the first time, that
the MTHFR C677T presents a risk factor for
hypospadias (p=0.045, OR: 2.15, 95% CI: 1.01-
4.53). This underscores a significant correlation
between a higher chance of developing
hypospadias and the MTHFR gene’s C677T
variation. These findings suggest a strong
link between this variant and the studied risk.
However, further investigations are required
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to validate this association and to elucidate
the underlying mechanisms influenced by the
MTHEFR gene’s C677T variation.

Our study examined the association between
maternal intake of folic acid supplements
during the periconceptional period, anatomical
types of hypospadias, and MTHFR C677T
genotypes, as presented in Supplementary
Table S1. The results indicate a statistically
significant  association between =~ MTHFR
C677T genotypes and anatomical types of
hypospadias when folic acid is taken (p = 0.006).
These findings suggest that the interaction
between MTHFR C677T genotype and folic acid
intake may play a role in determining specific
anatomical types of hypospadias observed.
Specifically, children with certain genotypes
(e.g., CT and TT) may have a differential risk of
developing more severe forms of hypospadias
depending on whether their mothers took folic
acid supplements during the periconceptional
period. According to a study by Dokter et al,
infants from mothers who did not use folic acid
supplements appeared to have an increased
risk of midshaft hypospadias (OR 1.6; 95% CI:
1.1-2.4).1

Folic acid is essential for DNA methylation
and other critical biological processes during
embryonic development.® The presence of the
MTHFR C677T variant, which alters folate
metabolism, could influence these processes
in a way that modifies the risk of developing
different forms of hypospadias. These results
underscore the potential importance of folic
acid as a modulating factor in the etiology of
hypospadias and suggest that future studies
should further explore this interaction to better
understand the underlying mechanisms and
develop more targeted prevention strategies.

Furthermore, the results in Supplementary
Table S2 suggest a significant association
between maternal periconceptional folic acid
supplement intake, MTHFR C677T genotypes,
and isolated types of hypospadias. Specifically,
the TT genotype appears to be statistically
significantly associated with isolated cases of
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hypospadias (p = 0.038, OR = 3.47 with a 95%
confidence interval of 1.03-11.68), indicating
a potential role of folic acid in modifying
hypospadias risk. However, other genotypes
and non-isolated cases do not show consistent
significant associations.

These findings collectively suggest that folic
acid may play a differential role depending
on specific types of hypospadias, whether
anatomical or isolated. This highlights
the importance of future studies to better
understand this interaction and its clinical
implications. Understanding therole of folicacid
in relation to the MTHFR C677T genotype could
lead to improved strategies for the prevention
and management of hypospadias, particularly
in populations with a higher prevalence of this
genetic variant.

This study has some limitations that should be
considered. The small sample size may affect
the generalizability of our findings and could
also contribute to the deviation from HWE
observed in the case and control groups. This
deviation may reflect undetected population
substructure or selection bias strict inclusion
criteria. Although all included patients had a
confirmed 46,XY karyotype and syndromic
features or ambiguous genitalia were excluded,
no systematic hormonal or molecular genetic
testing was conducted to identify other potential
endocrine or monogenic causes of hypospadias.
The absence of such investigations is mainly
due to the retrospective design of the study and
limited available resources. Consequently, the
differentiation between isolated nonsyndromic
hypospadias and cases potentially associated
with subtle endocrine or genetic abnormalities
may be incomplete. In addition, maternal
DNA was not available for analysis, and thus
maternal MTHFR genotype information was
not assessed, despite evidence suggesting
that maternal gene variants and folic acid
deficiency may be associated with miscarriages
and congenital anomalies. Additionally, the
definition of rural and urban residency was
based only on maternal residence during
pregnancy, without considering environmental
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exposures. Despite these limitations, our study
provides preliminary insights into the genetic
and environmental factors of hypospadias in
Algeria. Larger, prospective, and multicenter
studies with more comprehensive endocrine
and genetic assessments are needed to confirm
these findings and better elucidate gene-
environment interactions.

In conclusion, our study is the first to
demonstrate an association between the C677T
variant of the MTHFR gene and hypospadias
in the Algerian population. These findings
underscore the importance of genetics in the
etiology of hypospadias and suggest that
genetic screening could become a valuable
tool for identifying at-risk children. However,
further studies with larger sample sizes and
functional analyses are necessary to validate
these results and elucidate the underlying
biological mechanisms influenced by the
MTHEFR C677T variant.
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