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Purpose: Adenomyosis is a complex uterine condition, with emerging evidence indicating epigenetic

alterations play a role in its pathogenesis. The methylenetetrahydrofolate reductase (MTHFR) gene polymorphism C677T may reduce
enzyme activity, affecting DNA methylation and increasing adenomyosis risk. This study compares the MTHFR C677T polymorph-
ism, 5-methyltetrahydrofolate (S-MTHF) levels, and homocysteine levels in patients with adenomyosis.

Patients and Methods: This cross-sectional study involved 61 subjects: 31 patients with adenomyosis and 30 patients as controls.
The MTHFR C677T polymorphism was analyzed using PCR-RFLP, serum 5-MTHF and homocysteine levels were measured using
ELISA. Statistical analyses were performed to compare genotype distributions and metabolite levels between groups and within the
adenomyosis group based on genotype.

Results: The study found a significant difference in the distribution of the MTHFR C677T genotype between adenomyosis and
control groups (p=0.018), with a higher prevalence of the CT genotype in the adenomyosis group (35.5% vs 10.0%). The frequency of
the T allele was also elevated in the adenomyosis group (17.7% vs 5.0%; p=0.027). Serum 5-MTHF levels were notably lower in the
adenomyosis group (23.92 + 4.599 nmol/l) compared to controls (32.45 + 3.019 nmol/l; p<0.0001), while homocysteine levels were
significantly higher in the adenomyosis group (12.87 + 8.916 umol/L vs 8.61 + 1.352 umol/L; p=0.019). Further analysis of MTHFR
genotypes indicated lower 5-MTHF levels in both CC and CT genotypes among the adenomyosis group compared to controls
(p<0.0001). Homocysteine levels showed no significant difference across genotypes (p=0.074), though there was a trend towards
higher levels in the adenomyosis group.

Conclusion: This study demonstrates a significant difference in the distribution of the MTHFR C677T polymorphism, lower 5-
MTHEF levels, and higher homocysteine levels in patients with adenomyosis compared to controls. Lower 5-MTHF levels were also
shown to be strongly linked with the heterozygous C677T polymorphism in the adenomyosis group.

Keywords: DNA methylation, epigenetic, heterozygous, progesterone resistance

Introduction
Adenomyosis is a chronic, estrogen-dependent inflammatory condition characterised by the ectopic infiltration of
endometrial tissue into the myometrium.! The prevalence of adenomyosis exhibits substantial diversity across diverse
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populations, with notable discrepancies even within a single population. For example, among patients presenting clinical
symptoms, the prevalence of adenomyosis ranges from 12% to 55%. The frequency of adenomyosis in infertile women
varies from 4% to 89%.> Although there were no definitive data on adenomyosis in Indonesia, a study conducted at
Dr. Hasan Sadikin General Hospital in 2018 showed that the majority of adenomyosis patients (70.7%) were over 35
years of age and suffered from secondary infertility.®

The pathogenesis and pathophysiology of adenomyosis are not yet fully understood, and further research is therefore
required to elucidate this condition. One of the mechanisms underlying the pathogenesis of adenomyosis involves
epigenetic processes. Adenomyosis stromal cells exhibit a large number of epigenetic abnormalities.* Recent research
has increasingly focused on the role of epigenetic modifications in the pathogenesis of adenomyosis. Studies by Ebisch
et al and Natadisastra showed that patients with endometriosis have higher homocysteine levels compared to the general
population. The hyperhomocysteinemia found in endometriosis is associated with inflammatory processes, and there is an
increase in homocysteine levels in follicular fluid.” Furthermore, several studies have identified MTHFR polymorphisms
as risk factors for the development of endometriosis. In 2022, Clement et al found that the prevalence of the homozygous
C677T isoform was twice as high in the endometriosis group.®

Methylenetetrahydrofolate reductase (MTHFR) is an enzyme encoded by the MTHFR gene, which consists of 12
exons and is situated on chromosome 1p36.22. MTHEFR is an enzyme dependent on flavin adenine dinucleotide (FAD)
that is crucial for the metabolism of folate and homocysteine, both of which are derived from folic acid and other
B vitamins. This enzyme facilitates the NADPH-dependent reduction of 5,10-methylenetetrahydrofolate to 5-
methyltetrahydrofolate (5-MTHF). 5-MTHEF, or levomefolic acid, is the principal physiologically active metabolite of
consumed folic acid. This form is present in plasma at the highest concentration, constituting about 90% of the total
folate content.” It facilitates the conversion of homocysteine to methionine.® Homocysteine is a non-protein amino acid
found in the blood, containing sulphur in the form of a free thiol group (sulphhydryl -SH), and formed from methionine
via S-adenosylmethionine (SAM).’

The C677T polymorphism (rs1801133) is the most extensively studied variant of the MTHFR gene. A point mutation
at position 677 in the MTHFR gene, characterized by the substitution of cytosine (C) with thymine (T). The mutation in
the MTHFR gene responsible for the C677T polymorphism is situated in exon 4. This mutation causes the replacement of
alanine with valine at codon 222. It is expressed as the genotype (CC/CT/TT). An MTHFR polymorphism causes enzyme
malfunction, possibly resulting in elevated homocysteine levels (as shown in Figure 1).'®!" Elevated levels of
homocysteine have significant ramifications for human health and disease. Clinical studies demonstrate that hyperho-
mocysteinemia is an independent risk factor for cardiovascular diseases (CVDs) and can exacerbate glucose intolerance,
insulin resistance, and hepatic steatosis, while being closely associated with an increased susceptibility to CVD, ischemic
and pediatric hemorrhagic stroke, as well as recently identified links to adult-onset Alzheimer’s and other neurological
disorders."'?

The similarities observed in the epigenetic profiles of adenomyosis and endometriosis suggest that these two
conditions may share the same underlying mechanisms.* A number of previous studies have indeed explored the role
of epigenetic modifications, particularly DNA methylation, in the pathogenesis of adenomyosis and endometriosis;
similarly, several studies have linked the MTHFR C677T polymorphism with endometriosis. However, no study has
comprehensively integrated these three aspects (MTHFR C677T polymorphism, 5-MTHF levels, and homocysteine)
simultaneously in the context of adenomyosis, particularly with a direct comparison between adenomyosis patients and
a control group. Therefore, this study aims to examine the comparison of the MTHFR C677T polymorphism, 5-MTHF
levels and homocysteine levels in adenomyosis patients and controls.

Materials and Methods
Study Design and Settings

This was a cross-sectional analytic design conducted at Dr. Hasan Sadikin General Hospital and Bandung Kiwari
Hospital (both from Bandung, West Java, Indonesia) from February to April 2025.
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Figure | lllustration of the mechanism of action of the MTHFR C677T polymorphism. When the MTHFR C677T polymorphism occurs, it leads to a decrease in 5-MTHF
production, which in turn causes a decrease in methionine synthase activity. Methionine synthase, which converts homocysteine into methionine, becomes less effective,
resulting in reduced homocysteine conversion (and consequently increased homocysteine levels) and a decrease in methionine levels. The reduced levels of methionine lead
to a decrease in SAM levels, followed by a corresponding decrease in SAH levels. Elevated homocysteine levels, which contribute to low SAM levels, result in DNA
hypomethylation. DNA hypomethylation leads to reduced production of the B-progesterone receptor; consequently, the function of the B-progesterone receptor as an
estrogen regulator is disrupted, resulting in hyperestrogenism. High estrogen levels in the body can trigger the development of adenomyosis via the TIAR mechanism, leading

to endometrial invagination.
Notes: The variables marked with a red dotted line were the variables tested in this study.

Abbreviations: 5, 10-MTHF, 5,10-methylenetetrahydrofolate; MTHFR, methylenetetrahydrofolate reductase; THF, tetrahydrofolate; SAH, S-Adenosyl-L-homocysteine;
SAM, S-adenosylmethionine; DNA, deoxyribonucleic acid; CYP450, Cytochrome P450; 17-BHSD2, 17B-hydroxysteroid dehydrogenase type 2; StAR, steroidogenic acute
regulatory protein; PGE, prostaglandin E; ERa, estrogen receptors alpha; ERp, estrogen receptors beta; TIAR, tissue injury and repair; COX-2, cyclooxygenase-2; IL-1,

interleukin-1.
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Study Population

The study population consisted of All female patients diagnosed with adenomyosis based on transvaginal ultrasound
examinations and confirmed by post-operative histopathological findings who attended Dr Hasan Sadikin General
Hospital and Bandung Kiwari Regional General Hospital between February and April 2025.

Inclusion and Exclusion Criteria

The inclusion criteria for the group of women with adenomyosis were: women aged 20-45 years, diagnosed with
adenomyosis via transvaginal ultrasound using MUSA criteria and confirmed by post-operative anatomical pathology
results at Dr. Hasan Sadikin General Hospital and Bandung Kiwari Regional General Hospital, and willing to participate
in the study. On the other hand, the inclusion criteria for the control group are women aged 2045 years, with good
reproductive health, willing to participate in the study, and diagnosed as having a uterus without adenomyosis or
malignancy via transvaginal ultrasound examination, confirmed by post-operative anatomical pathology results at
Dr. Hasan Sadikin General Hospital and Bandung Kiwari Regional General Hospital.

Exclusion criteria for both groups were patients receiving 5S-MTHF treatment, patients who had consumed excessive
amounts of protein in the previous 8 hours (up to 15 grams), smokers, patients consuming alcohol, patients with the
genetic disorder homocystinuria, pregnant patients, patients with cardiovascular, cerebrovascular and thromboembolic
diseases, patients with malignancies, patients with severe infections/sepsis, patients with renal and liver disorders,
patients with thyroid disorders, and patients undergoing methotrexate therapy.

Sample Size Estimation
In this study, the sample size was calculated using the Sample Size 2.0 programme by Hosmer and Lemeshow."* Based on these
calculations, the minimum sample size for each group was found to be 30, resulting in a minimum total sample size of 60.

Data Collection and Measurements

Baseline Characteristics

Participants completed questionnaires on sociodemographic factors, such as age (years), body weight (kg), body height
(cm), body mass index (kg/m?), history of primary infertility, history of secondary infertility, history of excessive
menstrual bleeding, the severity of menstrual pain (using the VAS), the coexistence of adenomyosis and endometriosis,
and the phenotype of adenomyosis. BMI is a commonly used measure for assessing a person’s nutritional status; it is
calculated as body weight in kilograms divided by the square of height in metres. BMI is categorised as follows: less than
18.5 kg/m* (underweight), 18.5-24.9 kg/m? (normal weight), 25.0-29.9 kg/m* (overweight), and 30.0 kg/m* or more
(obese).'* The Visual Analogue Scale (VAS) is a commonly used tool for subjectively assessing pain intensity. The VAS
scale typically ranges from 0 (no pain) to 10 (the worst pain imaginable).'

MUSA Criteria

Patients diagnosed with adenomyosis via transvaginal ultrasound using MUSA criteria: these include a globular uterine
enlargement, asymmetric myometrial thickening, myometrial cysts, echogenic subendometrial lines and nodules, hyper-
echoic islands, fan-shaped shadows, irregular or interrupted transition zones, and translesional vascularisation on colour
Doppler ultrasound, as well as direct and indirect features.'®'®

The MTHFR C677T Polymorphism

Testing for the MTHFR C677T polymorphism begins with DNA isolation, which separates the DNA from other cellular
components. Next, a polynucleotide electrophoresis procedure was carried out on an agarose gel. Subsequently, a PCR
test for the MTHFR gene was carried out. This method was used to amplify the MTHFR gene. The PCR kit used was
Kapa 2 G Fast. The denaturation, extension, final extension and hot start temperatures follow those specified in the Kapa
2 G Fast kit. In the final stage, a procedure was carried out for the restriction fragment length polymorphism (RFLP)
digestion of the MTHFR gene with the aim of cutting the MTHFR gene at RS1801133 using the restriction enzyme
Hinf L.

4 https: International Journal of Women’s Health 2026:18



Hermawan et al

5-MTHF in Blood Plasma

The test was performed using a venous blood sample taken without fasting. The sample was collected into a tube
containing EDTA as an anticoagulant. Once prepared, the sample was analysed using reagents in a stepwise dilution. The
final result was then determined using the ELISA method.

Homocysteine in Blood Plasma

Homocysteine levels were obtained from plasma using EDTA or heparin as anticoagulants. The samples were centrifuged
for 15 minutes at 1000 x g (or 3000 rpm) at a temperature of 2—-8°C within 30 minutes of collection. The test was then
performed immediately, and the samples were stored at —20°C or —80°C. The ELISA method was used to determine
homocysteine levels.

Statistical Analysis

Statistical calculations were performed analytically using SPSS Software 26th Edition (IBM Corp. Released 2019. IBM
SPSS Statistics for Window, Version 26.0. Armonk, NY: IBM Corp). The data obtained will be tested for normality using
the Shapiro—Wilk test if the sample size was less than 50; alternatively, the Kolmogorov—Smirnov test will be used if the
sample size was greater than 50. These tests were used to determine whether the data were normally distributed or not.
Furthermore, the variables in this study used univariate analysis with 7-test and Mann—Whitney test if the data were not
normally distributed. The Chi-square test was then utilized in bivariate analysis. The significance of the test results was
determined based on the p value <0.05.

Results

During the study period, a total of 61 subjects sought treatment at Dr. Hasan Sadikin General Hospital in Bandung and
Bandung Kiwari Regional General Hospital between February and April 2025; they were divided into two groups: the
adenomyosis group and the non-adenomyosis group, which served as the control group. The baseline characteristics of
the subjects participating in this study were shown in Table 1. There were several characteristics that showed significant
differences between the two groups, including a history of primary infertility (35.5% vs 3.3% in the adenomyosis group
vs the control group, respectively; p=0.002), a history of secondary infertility (41.9% vs 10% in the adenomyosis group
vs the control group, respectively; p=0.005), a history of excessive menstrual bleeding (58.1% vs 30% in the adeno-
myosis group vs the control group, respectively; p=0.027), and perceived severity of menstrual pain (7.06£1.914 vs 2.13
+1.332 in the adenomyosis group vs the control group, respectively; p=0.0001). Table 2 presents the distribution of
genotypes and alleles for the C677T polymorphism in the MTHFR gene within the study population (N=61). The results
indicate that the CC genotype was the most common, found in 47 subjects (77.1%). The CT heterozygous genotype was

Table | Baseline Characteristics of Study Subject

Characteristics Group p-value
Adenomyosis Control
n=31 n=30
Age (years) 0.376
Mean (SD) 36.32 (3.525) 37.37 (2.895)
Median 38.00 38.00
Range (min-max) 29.00-42.00 28.0043.00
Body Weight (kg) 0.097
Mean (SD) 62.87 (11.334) | 59.17 (6.721)
Median 64.00 58.00
Range (min-max) 43.00-100.00 50.00-76.00
(Continued)
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Table | (Continued).

Characteristics Group p-value
Adenomyosis Control
n=31 n=30
Body Height (cm) 0.665
Mean (SD) 156.29 (5.895) | 155.70 (4.587)
Median 156.00 155.50
Range (min-max) 141.00-170.00 | 148.00-167.00
BMI (kg/m?) 0.134
Mean (SD) 25.74 (4.324) 24.39 (2.359)
Median 25.70 24.15
Range (min-max) 17.40-35.40 18.8-29.3
Primary Infertility 0.002*
Yes 11(35.5%) 1(3.3%)
No 20(64.5%) 29(96.7%)
Secondary Infertility 0.005*
Yes 13(41.9%) 3(10.0%)
No 18(58.1%) 27(90.0%)
Excessive Menstrual Bleeding 0.027*
Yes 18(58.1%) 9(30.0%)
No 13(41.9%) 21(70.0%)
Perceived Severity of Menstrual Pain (VAS) 0.0001*
Mean (SD) 7.06 (1.914) 2.13 (1.332)
Median 7.00 2.00
Range (min-max) 1.00-10.00 0.00-5.00
Coexistence
Pure adenomyosis 14 (45,2%)
Adenomyosis + Endometriosis 17 (54,8%)
Adenomyosis Phenotype
Focal 10 (32,3%)
Diffuse 12 (38,7%)
Adenomyoma 9 (29,0%)

Notes: *statistically significant.

Abbreviations: SD, Standard Deviation; BMI, Body Mass Index; VAS, Visual Analogue Scale.

Table 2

Distribution  of

Genotypes and Alleles of the
MTHFR C677T Polymorphism

in Study Subjects

Variable Study Subjects
Genotype n=61|
CcC 47(77,1%)
CcT 14(22.9%)
TT 0(0.0%)
Allele n=122
C 108(88.5%)
T 14(11.5%)
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found in 14 subjects (22.9%), whilst the TT homozygous genotype was not found at all in this study population (0.0%).
Allele analysis showed that the C allele was the dominant allele with a frequency of 88.5% (108 out of 122 alleles),
whilst the frequency of the T allele was 11.5% (14 out of 122 alleles).Table 3 presents the differences in the distribution
of the MTHFR C677T genotype and the C and T alleles between the adenomyosis group and the control group. In the
adenomyosis group, 20 cases (64.5%) were of the CC genotype, 11 cases (35.5%) were of the CT genotype, and no cases
(0%) were of the TT genotype; whereas, based on allele distribution, 51 cases (82.3%) had the C allele and 11 cases
(17.7%) had the T allele. In the control group, 27 cases (90%) were of the CC genotype, 3 cases (10%) were of the CT
genotype, and no cases (0%) were of the TT genotype. Based on allele distribution, 57 cases (95%) were of the C allele
and 3 cases (5%) were of the T allele. According to statistical tests, significant differences were found between the two
groups in terms of genotype and allele distribution (p=0.018 and p=0.027, respectively).Table 4 presents a comparison of
5-MTHF levels between the adenomyosis group and the control group. In the adenomyosis group, the mean 5-MTHF
level was 23.92+4.599 nmol/l, whereas in the control group, the mean 5-MTHF level was 32.45+3.019 nmol/l.
Statistically, a significant difference was found between the two groups (p=0.0001).Table 5 presents a comparison of
homocysteine levels between the adenomyosis group (n=31) and the control group (n=30). The mean homocysteine level
in the adenomyosis group (12.87 + 8.916 umol/L) was significantly higher than that in the control group (8.61 =+
1.352 umol/L) (p=0.019).Table 6 aims to compare homocysteine and 5-MTHF levels between patients with adenomyosis
and the control group, with consideration of MTHFR genotype variations (CC and CT). Statistical analysis revealed
significantly different results for 5-MTHF levels, but not for homocysteine levels, amongst the four groups studied.
Table 7 presents a comparison of 5-MTHEF levels in the adenomyosis group based on the MTHFR C677T genotypes CC
and CT. 5-MTHEF levels were grouped into two categories using the median value of 23.66 nmol/L from the total

Table 3 Comparison of the C677T MTHFR
Genotype Polymorphism in the Adenomyosis and
the Control Group

Variable Group p-value
Adenomyosis | Control

Genotype n=31 n=30 0.018*
CcC 20(64.5%) 27(90.0%)
CcT 11(35.5%) 3(10.0%)
TT 0(0.0%) 0(0.0%)

Allele n=62 n=62 0.027%*
C 51(82.3%) 57(95.0%)
T 11(17.7%) 3(5.0%)

Notes: *statistically significant.

Table 4 Comparison of 5-MTHF Levels Between the Adenomyosis
and the Control Group

Variable Group p-value
Adenomyosis Control
n=31 n=30
5-MTHF level (nmol/l) 0.0001*
Mean (SD) 23.92 (4.599) | 32.45 (3.019)
Median 23.66 31.96
Range (min-max) 16.10-32.81 28.70-39.79

Notes: *statistically significant.

Abbreviations: SD, Standard Deviation; 5-MTHF, 5-methylene tetrahydrofolate.
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Table 5 Comparison of Homocysteine Levels Between the
Adenomyosis and the Control Group
Variable Group p-value
Adenomyosis Control
n=31 n=30
Homocysteine level (pmol/l) 0.019*
Mean (SD) 12.87 (8.916) | 8.61 (1.352)
Median 9.6l 8.44
Range (min-max) 6.95-37.36 5.31-10.83

Notes: *statistically significant.
Abbreviation: SD, Standard Deviation.

Table 6 Comparison of MTHFR C677T Polymorphism, 5-MTHF Levels and Homocysteine Levels in the
Adenomyosis and the Control Group

Variable Adenomyosis Control p-value
cc CT cC CT
n=20 n=11 n=27 n=3
5-MTHF level (nmolll) 0.0001*
Mean (SD) 24.82 (4.733) | 22.28 (4.039) | 32.60 (3.055) | 31.12 (2.801)
Median 24.63 22.10 32.15 30.01
Range (min-max) 16.10-32.81 17.58-29.40 28.70-39.79 29.05-34.31
Homocysteine level (nmol/l) 0.074
Mean (SD) 12.69 (9.001) | 13.18 (9.186) | 8.68 (1.399) 7.91 (0.485)
Median 9.08 10.28 8.6l 7.83
Range (min-max) 7.34-36.82 6.95-37.36 5.31-10.83 7.47-8.43

Notes: *statistically significant.
Abbreviations: SD, Standard Deviation; 5-MTHF, 5-methylene tetrahydrofolate.

Table 7 Correlation Between the MTHFR C677T Polymorphism Genotypes CC and CT and 5-MTHF Levels in
a Group with Adenomyosis

Variable 5-MTHF level (nmol/l) OR CI1 95% | p-value
< 23.66 > 23.66
The MTHFR C677T genotype in the adenomyosis group 0.044*
CC (n=20) 7(35.0%) 13(65%) 4.952
CT (n=11) 8(72.7%) 3 (27.3%) | (0.986-24.875)

Notes: *statistically significant.
Abbreviations: SD, Standard Deviation; MTHFR, methylenetetrahydrofolate reductase; 5-MTHF, 5-methylene tetrahydrofolate; OR, odds ratio;

Cl, confidence interval.

measured data: those with levels above the median and those below it. This approach was used to ensure that the
population was divided fairly based on the midpoint of the 5S-MTHF level distribution. In the CC genotype group (N=20),
the majority of subjects had 5S-MTHF levels >23.66 nmol/L (65.0%), whilst the remainder (35.0%) had levels <23.66
nmol/L. In the CT genotype group (N=I1), the proportion of patients with 5-MTHF levels >23.66 nmol/L was
significantly lower (27.3%) compared to the group with levels <23.66 nmol/L (72.7%). Statistical analysis revealed an
odds ratio (OR) of 4.952 with a 95% confidence interval (CI) ranging from 0.986 to 24.875, and a p-value of 0.044. A p-

value <0.05 indicates that the observed difference was statistically significant.
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Discussion

In this study, there were no differences in the characteristics of the research subjects in both groups in terms of age and
body mass index. The average age of the research participants in the adenomyosis group was 36.32 + 3.525 years. This
finding diverges slightly from other epidemiological research, which indicate that adenomyosis typically manifests in
women of reproductive age, especially during their fourth and fifth decades.'®*° The disparity can be attributed to the
increased utilization of non-invasive imaging techniques, such as transvaginal ultrasound and MRI, in diagnosing
adenomyosis, facilitating the identification of additional cases among younger patients, especially those aged 30 to
40.%' These findings are further supported by a study conducted at Dr Hasan Sadikin General Hospital in 2018, which
also showed that the majority of patients with adenomyosis (70.7%) were over 35 years of age.’

The mean BMI of 25.74 + 4.324 kg/m? in the adenomyosis group indicates that, on average, the subjects in this group
fall into the overweight category. Whilst this study did not directly explore a causal relationship between BMI and
adenomyosis, these findings are consistent with the literature review stating that adenomyosis is a condition influenced by
hormones, particularly estrogen. Adipose tissue is known to be a site of extra-ovarian estrogen production, and excess
adipose tissue, as seen in individuals who are overweight or obese, can lead to increased circulating estrogen levels. This
increase in estrogen levels is thought to play a role in the development or worsening of adenomyosis.?>>*

The adenomyosis group showed a proportion of subjects with primary infertility of 35.5% and secondary infertility of
41.9%. Several pathophysiological mechanisms have been proposed to explain the association between adenomyosis and
primary infertility. Anatomical distortion of the uterus caused by endometrial invasion into the myometrium, leading to
enlargement and changes in the shape of the uterine cavity, as well as uterotubal dysfunction that impairs the transport of
sperm and ova. Furthermore, changes in the junctional zone caused by adenomyosis may affect uterine peristalsis,
endometrial receptivity, and embryo implantation. Furthermore, adenomyotic tissue can produce inflammatory mediators,
such as cytokines, which create an unfavourable uterine environment for embryo implantation and development. Finally,
adenomyosis is associated with steroid hormone imbalances, progesterone resistance, and changes in the expression of
molecular genes involved in the embryo implantation process.”>*> >’ A higher proportion of secondary infertility
(41.9%) is also a significant finding. Multiparity, a history of caesarean section, or previous abortion curettage are
potential risk factors for the development of adenomyosis. This condition may be caused by physical and physiological
trauma at the endometrial-myometrial interface, which contributes to the pathogenesis of adenomyosis.*®

The high prevalence of excessive menstrual bleeding (58.1%) in the adenomyosis group in this study indicates that
excessive menstrual bleeding is a clinically relevant issue in women with adenomyosis. This finding is consistent with
the literature, which states that adenomyosis is a structural cause of abnormal uterine bleeding and excessive menstrual
bleeding. The mechanisms underlying adenomyosis-induced excessive menstrual bleeding can be explained by several
mechanisms, including an increase in endometrial surface area, impaired uterine contractility, dysregulation of prosta-
glandin production and signalling, disruption of hypoxia signalling or PGE2 signalling that inhibits endometrial repair,
fibrosis and stiffness of adenomyosis lesions, and increased and dysregulated levels of inflammatory mediators and
angiogenic factors.”®*’

The results of the study showed that the adenomyosis group had an average score for the perceived severity of
menstrual pain of 7.06 + 1.914. The average VAS score of 7.06 indicates that the subjects in the adenomyosis group
experienced significant menstrual pain. Dysmenorrhoea can be explained by the mechanism of myometrial hypercon-
tractility, as evidenced by higher expression of oxytocin receptors and increased amplitude of uterine smooth muscle cell
contractions in the adenomyosis uterus. Changes in the expression or activity of potassium channels in uterine smooth
muscle cells may lead to inadequate membrane depolarisation, resulting in abnormal uterine activity.?**°

The results of this study showed that the proportion of isolated adenomyosis (45.2%) was slightly lower than that of
cases involving the coexistence of adenomyosis and endometriosis (54.8%). These findings suggest that adenomyosis is
often not isolated, but rather tends to occur alongside endometriosis. This is consistent with the 2019 study by Khan et al,
which reported coexistence between external adenomyosis and endometriomas (40%), peritoneal endometriosis (60%),
whilst the proportion of pure internal adenomyosis was 47.8% and only 10% for pure external adenomyosis.”® The
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findings from these studies consistently highlight the high incidence of adenomyosis accompanied by endometriosis,
further reinforcing the potential for interrelated pathophysiological mechanisms between the two conditions.

The results of this study demonstrate a diverse distribution of adenomyosis phenotypes within the study population.
The diffuse phenotype was the most commonly found (38.7%), followed by the focal phenotype (32.3%), whilst
adenomyoma was the least frequently observed phenotype (29%). These findings suggest that adenomyosis exhibits
a broad spectrum of anatomical manifestations within the myometrium. The predominance of the diffuse phenotype in
this study suggests that a more widespread and uniform distribution of adenomyosis within the uterine wall may be the
more common presentation in the studied population. Focal adenomyosis, by contrast, represents a localised adenomyotic
lesion with more distinct borders and was less frequently observed in this study population. This is consistent with
a study conducted by Byun et al in 1999, which found an incidence of 66.7% for diffuse adenomyosis and 33.3% for
focal adenomyosis based on MRI findings.'

The distribution of MTHFR genotypes presented in Table 2 shows that the majority of study subjects have the
normal/wild-type MTHFR genotype (CC), which is associated with normal or near-normal MTHFR enzyme activity. The
presence of the CT genotype indicates a genetic variation that has the potential to reduce MTHFR enzyme activity
compared to the CC genotype, although the impact is generally not as severe as in individuals with the TT genotype
(which was not detected in this study). The observed frequency of the CT genotype (22.9%) and the T allele (11.5%) in
this study population is consistent with findings in the Indonesian population, as reported in Soewarlan’s (2019) study,
which showed frequencies of the CT genotype and T allele of 29% and 15%, respectively, in postmenopausal Indonesian
women with osteoporosis. These results also show similarities with the T allele frequencies found in Indian (16.7%) and
Chinese (19.7%) populations.

The results in Table 3 show a significant difference in genotype distribution between the two groups. The significant
difference in implies a potential association between this genetic variation and the development of adenomyosis. The
dominance of the CC genotype in both groups suggests that the C allele may be the more common allele in the studied
population. However, the lower percentage of the CC genotype in the adenomyosis group compared to the control group
suggests that the T allele or genotypes containing the T allele (CT) may play a role in susceptibility to adenomyosis.
Although the TT genotype was not detected in this study, the presence of the T allele in the CT genotype in both the
adenomyosis group (35.5%) and the control group (10%) indicates that this allele is present in the population. The higher
frequency of the T allele in the adenomyosis group (17.7%) compared to the control group (5%) may indicate that the
T allele is a genetic risk factor for adenomyosis. The absence of the TT genotype in this study population can be
explained by the variability in the prevalence of the MTHFR C677T polymorphism, which is known to depend on
ethnicity and geographical location, as demonstrated by previous studies. In Indonesia, a study conducted by Soewarlan
et al in 2019 reported a frequency of the heterozygous (CT) genotype of 29%, the homozygous (TT) genotype of 1%, and
the normal homozygous (CC) genotype of 70%, with an allele distribution of 84.5% for the C allele and 15.5% for the
T allele.*” The frequency of the TT homozygous genotype was recorded as highest in Mexico (32%), southern Italy
(26%), and northern China (20%).>*

The results of this study, shown in Table 4, reveal a statistically significant difference in 5-MTHF levels between the
adenomyosis group and the control group. These findings suggest that 5-MTHF levels may play a role in the pathogen-
esis of adenomyosis. Low 5S-MTHF levels in the adenomyosis group may contribute to the development and progression
of the disease through several potential mechanisms, particularly disturbances in DNA methylation. 5-MTHF plays
a crucial role in methylation as it functions as a methyl donor to convert homocysteine into methionine, and serves as
a precursor to SAM, with methionine synthase acting as the enzyme catalysing this conversion.”''** Disruptions in DNA
methylation can lead to epigenetic changes that modulate gene expression. Genomic integrity is maintained by DNMTs,
which utilise SAM as a cofactor or methyl group donor.**

The results of the statistical analysis in Table 5 show that the mean homocysteine level in the adenomyosis group
(12.87 = 8.916 umol/L) was significantly higher than that in the control group (8.61 £ 1.352 umol/L). These findings
indicate the presence of hyperhomocysteinemia in the group of women with adenomyosis. These results are consistent
with the 2016 study by Natadisastra et al, which found higher homocysteine levels in women with endometriosis
compared to the control group (8.34 £ 2.68 umol/L vs 6.71 £ 1.56 pmol/L, p=0.007; 95% CI: 0.02417-0.14657).
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Hyperhomocysteinemia has been associated with various health conditions, including cardiovascular disease and
reproductive disorders such as adenomyosis and endometriosis.>> Homocysteine promotes endothelial damage, inflam-
mation, and oxidative stress in various in vitro and in vivo models. In vitro studies have shown that homocysteine
damages endothelial cells by increasing H>O, production, affecting the antioxidant defence system, and promoting lipid
peroxidation, as well as triggering apoptosis via the production of mitochondrial oxidants.*® Methylation abnormalities
resulting from homocysteine cycle dysfunction can lead to epigenetic changes affecting abnormal mRNA and protein
expression in genes such as aromatase, and oestrogen and progesterone receptors in stromal cells, all of which are
relevant to the pathogenesis of adenomyosis. 3242628

One important finding in Table 6 is the statistically significant difference (p=0.0001) in mean 5-MTHF levels among
the groups. The diminished 5-MTHF levels in these adenomyosis patients signify a disturbance in folate metabolism
attributable to MTHFR polymorphisms. In the adenomyosis group, those with the CT genotype demonstrated the lowest
average 5-MTHF levels (22.28+4.039 nmol/l) in contrast to those with the CC genotype (24.82+4.733 nmol/l). This
pattern aligns with the research indicating that the CT genotype of the MTHFR C677T polymorphism is frequently
linked to diminished MTHFR enzyme activity. The decrease in enzyme activity leads to a diminished conversion of 5,10-
methylenetetrahydrofolate to 5-MTHF, resulting in reduced circulating levels of 5-MTHF. A same trend was noted in the
control group, albeit with a lesser disparity, where the CT genotype (31.12+2.801 nmol/l) exhibited a little lower mean 5-
MTHEF level than the CC genotype (32.60+3.055 nmol/1).**”

In contrast to 5-MTHF levels, the statistical analysis did not found a statistically significant difference in mean
homocysteine levels between the four groups (p=0.074). Further examination of the mean values revealed a trend
towards higher homocysteine levels in the adenomyosis group (CC: 12.69+£9.001 umol/L; CT: 13.18+9.186 umol/L)
compared with the control groups (CC: 8.68+1.399 umol/L; CT: 7.914£0.485 umol/L). The relatively large standard
deviation in homocysteine levels, particularly in the adenomyosis group, indicates high inter-individual variability within
that group. This variability may mask any actual differences or suggest that factors other than the MTHFR genotype
under investigation also exert a strong influence on homocysteine levels in patients with adenomyosis. The insignificance
of the difference in homocysteine levels, despite a significant reduction in 5-MTHF in the adenomyosis group, may be
attributed to several factors. The reduction in 5-MTHF may not have been drastic enough to cause a statistically
significant accumulation of homocysteine in this sample size. Furthermore, the homocysteine metabolic pathway is
also influenced by other factors such as vitamin B6 and B12 intake, which were not evaluated in this study. Another
factor that may be quite influential is the absence of the homozygous MTHFR C677T polymorphism in this study
population; it is known that the presence of this polymorphism can reduce enzyme activity by up to 60-70%.®

The comparison of 5-MTHF levels between the MTHFR C677T CC and CT genotypes in the adenomyosis group is
presented in Table 7. An odds ratio (OR) of 4.952 indicates that adenomyosis patients with the CT genotype are nearly
five times more likely to have 5-MTHF levels < 23.66 nmol/L compared with adenomyosis patients with the CC
genotype. The 95% confidence interval (0.986-24.875) supports this finding, although the lower limit of the interval is
close to 1, suggesting that the effect may vary, yet still tends to support an increased odds ratio in the CT group.
Statistical significance (p=0.044) indicates that the difference in the proportion of 5S-MTHF levels between the CC and
CT genotype groups is not a coincidence.

This study has several limitations. Firstly, the absence of the homozygous (TT genotype) MTHFR C667T poly-
morphism in the study population was a major limitation preventing a more in-depth analysis of the effect of this
genotype on 5-MTHF and homocysteine levels in women with adenomyosis. Furthermore, the use of a cross-sectional
design, chosen due to funding constraints, did not allow for the determination of the direction of the causal relationship or
the assessment of the strength of the correlation between variables. Finally, the heterogeneity of the adenomyosis group
constituted another significant limitation. Ideally, this group should have comprised only subjects with pure adenomyosis;
however, the limited number of cases of pure adenomyosis meant that some subjects also had endometriosis. This
heterogeneity has the potential to influence the interpretation of the results, as endometriosis may have its own effects on
the variables under investigation.

In terms of the limitations of this study, further research should involve populations from various ethnic groups and
geographical regions known to have a significant frequency of the homozygous MTHFR C677T polymorphism, with the
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aim of further investigating the relationship between this polymorphism and 5-MTHEF levels in cases of adenomyosis.
Furthermore, future studies could employ a comparative design to compare groups with pure adenomyosis against those
with coexisting adenomyosis and endometriosis (would yield more homogeneous subgroups); a longitudinal design, such
as a prospective cohort study, to address the limitations of cross-sectional designs (prospective cohort designs allow for
the assessment of temporal sequences and the identification of risk factors associated with the MTHFR C677T
polymorphism and 5-MTHF levels in relation to factors involved in the pathogenesis of adenomyosis and the progression
of adenomyosis symptoms, whilst measuring the strength of the correlation between these variables), or; preclinical
studies may be employed to assess the modulatory effects of 5S-MTHF levels on the progression of adenomyosis in
animal models.

Conclusion

This study demonstrates a significant difference in the distribution of the MTHFR C677T polymorphism, lower 5-MTHF
levels, and higher homocysteine levels in patients with adenomyosis compared to controls. Lower 5-MTHF levels were
also significantly associated with the heterozygous C677T polymorphism in the adenomyosis group.
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