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Abstract: Migraine is a complex neurological disorder, including hormonal and biochemical imbalances. The
physiological changes include neural variations due to genetic, environmental, and lifestyle factors. Therefore, the
research aims to investigate total testosterone levels, Acetylcholine (Ach), prolactin, and clinical markers (calcium,
magnesium, glucose, and lipid profile) across migraine patients. The research employed a case-control
observational design conducted at Al-Ahliyya Amman University, Jordan. The research participants included
randomly recruited 70 males, each divided into two groups: Migraine Patients (MPs) and healthy controls. The
participants were screened for medical records and blood samples using ELISA (hormonal markers), photometric
colorimetric methods (clinical markers), and Visual Analog Scale and Migraine Disability Assessment (migraine
severity). The analysis showed elevated levels of total testosterone, prolactin, and calcium (10.91+£3.76;
53.11+£28.17; 12.39+0.77), respectively. Moreover, higher glucose (106.29+37.28), high-density lipoproteins
(127.12+27.71), triglycerides (140.54+86.42), and total cholesterol (TC) (196.77+54.75) levels were found among
migraine patients, as control to healthy individuals. In contrast, acetylcholine (86.69+37.6) and magnesium
(3.61£1.67) levels were significantly lower among migraine patients. Negative correlations with migraine severity
were found for acetylcholine (r = -0.606, p<0.001) and magnesium (r = -0.801, p<0.001), while positive correlations
were observed for total testosterone (r = 0.621, p<0.001), prolactin (r = 0.446, p = 0.007), and calcium (r = 0.495,
p = 0.002). Elevated levels of testosterone, prolactin, calcium, and lipid profile were strongly associated with
migraine severity, while acetylcholine and magnesium showed negative association with migraine severity. These
findings suggest that hormonal and neurochemical markers, particularly testosterone and acetylcholine, may play
an important role in migraine pathophysiology and could serve as potential biomarkers for migraine severity in male
patients.
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Introduction

Migraine is a complex neurological disorder characterized by recurrent headaches, often accompanied by nausea,
photophobia, and phonophobia. Common subtypes include migraine with aura and migraine without aura, which differ in
associated neurological symptoms [1]. The Global Burden of Diseases reported that migraines are the second most
incapacitating and third most dominant disorder, potentially causing 16% prevalence among individuals. Moreover, migraine
prevalence may depend on hormonal fluctuations among men and women [2]. Furthermore, several types of migraines are
distinguished by their clinical characteristics and symptoms. These included neck pain, phono-phobia, nausea, photophobia,
and vomiting [3].

The most prevalent varieties are migraine without aura (common migraine) and migraine with aura (classic migraine) [4].
In addition, neurological symptoms are related to headache termed as migraine with aura. These symptoms involve vision
disturbances, sensory alterations, and speech disorders [5]. Contrarily, migraine without aura is frequently accompanied by
light and sound sensitivity, nausea, and vomiting due to a lack of vitamin B12 [6]. However, hemiplegic migraine is a chronic
condition that results in one-site paralysis of the body. The pathology of hemiplegic migraine, each month, which includes
headaches for more than 15 days [7].

Furthermore, the International Headache Society (IHS) and several studies elaborated that numerous factors induce
migraine, including age, genetic factors, eating habits, and physical and mental stress [8]. Likewise, [9] demonstrated that
women frequently experience migraines due to high serum levels, particularly lipid profiles. Additionally, the biochemical
parameters, including magnesium and vitamin B12, induce frequent headaches due to improper dietary lifestyles. However,
vestibular migraines are associated with hormonal variations, leading to intermittent vertigo and headache [10] elaborated
that hormonal imbalance causes lower levels of testosterone among men diagnosed with chronic migraine. In addition,
hormone levels behave as core physiological aspects that provide numerous biological markers such as testosterone,
acetylcholine, calcium, magnesium, and lipid profile [9, 12, 13].

The etiology of migraines has been linked to testosterone, a major androgen hormone, because of its impact on
neurovascular function and pain perception [14]. The research of [15] highlighted that sex hormones significantly identify the
risk of migraine levels. Besides, testosterone reduces the sensitivity of the trigeminovascular system, which induces migraine.
Meanwhile, it modulates pain-processing pathways in the central nervous system to produce analgesia. The sex hormones,
including testosterone, stimulate trigeminal neurons, resulting in the progression of migraine. In such cases, migraine severity
significantly depends on lower testosterone levels [16].

Meanwhile, [17] emphasized that acetylcholine production stimulates the trigeminal nerve terminal and releases mast
cells. Acetylcholine functions as a wave of neuronal inhibition and depolarization, which primarily induces headache and
migraine aura. Furthermore, dysregulation of acetylcholine signaling may exacerbate pain pathway sensitivity, increasing the
likelihood of migraines. Additionally, Acetylcholine influences cerebral blood flow and vascular tone, which are crucial in the
neurovascular system of migraines [18]. Besides, [19] discussed that male migraineurs possess elevated levels of prolactin,
indicating a linkage between hyperprolactinemia and migraine incidence.

Fewer studies focus on the relationship between migraines and lipid profiles. Research studies extensively highlight that
high Cholesterol (Chol), Triglyceride (TG), Low-Density Lipoprotein (LDL), and High-Density Lipoprotein (HDL) are found
among migraine patients [20]. Moreover, [21] elaborated that neurovascular variations are associated with migraines due to
high levels of LDL and triglycerides. These lipid profiles induce migraine by regulating endothelial dysfunction and oxidative
stress. Contrarily, [22] demonstrated that low HDL levels influence migraine by impairing the anti-inflammatory systems.
However, [23] discussed that antimigraine drugs contain low efficacy due to cytochrome (CYP450) stimulation, hence,
emphasizing on the need for effective treatment methods for migraine despite medications.

However, chemical biomarkers can potentially diagnose numerous diseases due to their biomechanical processes.
Therefore, it is essential to explore novel biomarkers for their potential in diagnosing and treating migraines. Therefore, the
research contributes to addressing existing knowledge gaps by systematically examining hormonal and biochemical
parameters among male migraine patients, which is crucial to improving the efficacy of migraine treatments while reducing
the impact of neurological conditions among men. The research objective is to investigate the levels of total testosterone,
Acetylcholine (Ach), prolactin, and clinical markers (calcium, magnesium, glucose, and lipid profile) among male patients with
migraine.
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Materials and Methods

Study Design and Setting

This research adopted a case-control observational design to investigate factors, potentially associated with migraine
among adult males. This design assists in comparing the health factors of migraine diagnosed patients and healthy individuals
to identify potential risk factors or biomarkers.

Participants

The study included seventy (n = 70) male participants divided into two groups; thirty-five (n = 35) samples from adult
males diagnosed with migraine (patient group), and thirty-five (n = 35) age-matched non-migraine control male adults (control
group). The age of the participants was from 20 to 60 years old. Written informed consent was obtained from all participants
before sample collection Participants were eligible for inclusion if they were adult males aged between 20 and 60 years who
were willing to participate in the study and provide informed consent. Individuals in the patient group had a confirmed clinical
diagnosis of migraine based on the International Headache Society criteria, whereas the control group consisted of age-
matched healthy males with no history of migraine or chronic headache disorders.

Participants were excluded if they had medical conditions that could influence hormonal or biochemical parameters,
including endocrine disorders such as pituitary disorders or hypogonadism, chronic systemic diseases such as diabetes
mellitus, cardiovascular diseases, renal disorders, or neurological diseases other than migraine. Individuals currently receiving
hormonal therapy, corticosteroids, or medications known to affect hormone or lipid metabolism were also excluded. In addition,
participants with alcohol or substance abuse and those with incomplete clinical or laboratory data were not included in the
analysis. All participants were subjected to detailed demographic and history-taking data including (age, educational level,
marital status, smoking habits, diet habits, sleep habits, weight (in kg), height (in cm), BMI, and severity of migraines for the
patients’ group).The Statistical software application Epi-Info version 7 was used to determine the proportion of the sample.
The number of participants was determined using the following formula:

1-P)

—_ 72
S=7°*Px* M2

The calculated sample size was approximately 66.7, which was rounded up to 70 adult.
Migraine Severity Classification

Migraine severity among patients was typically assessed using Visual Analog Scale (VAS) and the Migraine Disability
Assessment (MIDAS), self-reported. The severity of migraines was categorized into three distinct levels: mild, moderate, and
severe [24].

Laboratory Measurements

Total testosterone was determined using the AccuBind® ELISA microwell system. Ache was determined using the
Human ACH (Ache) ELISA Kit. Prolactin was measured according to a procedure described previously [25]. Acetylcholine
was measured using the Human ACH ELISA kit employing the competitive inhibition enzyme immunoassay [26].

Calcium levels were determined using the Biosystem CALCIUM-ARSENAZD method. Calcium kit (purchased from
Human, Germany) based on a procedure previously described [27]. Magnesium levels were determined using a photometric
colorimetric test incorporating a Lipid-Clearing Factor (LCF) [28]. Fasting blood glucose levels were determined using the
Glucose Liquicolor GOD-PAP method, an enzymatic colorimetric test [29]. HDL, cholesterol, LDL, and Triglycerides (TG) were
measured using the Human Star 300SR and 600 analyzers. Serum HDL levels were measured using the Human Star 300SR
and 600 analyzers following the manufacturer’s protocol. The observed HDL values in our cohort were higher than typical
physiological ranges, which likely reflects differences in assay calibration, kit sensitivity, or population-specific variations. All
measurements were verified by repeated testing to ensure accuracy. Each biomarker measurement was performed once per
participant according to manufacturer protocols to avoid redundancy. BMI was calculated as weight (kg) divided by height
(m?) and classified as normal (18.5-24.9), overweight (25-29.9), and obese (=30). Control participants were age-matched (+3
years) to migraine patients.
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Ethical Considerations

Informed consents were obtained from participants that explained research procedure. Furthermore, the research
followed the Faculty of Allied Medical Sciences guidelines at Al-Ahliyya Amman University (IRB: AAU/8/11/2023-2024).
Moreover, the patient’s medical records and personal information were ethically secured to maintain confidentiality.

Statistical Analysis

The data was analyzed using Statistical Package for the Social Sciences version 26.0 software (SPSS Inc., 233 South
Wacker Drive, 11t Floor Chicago, IL, USA). The numerical data was assessed through mean and standard deviation (mean
+ SD), with p-values, notifying significance/non-significance; p > 0.05 (non-significant) and p < 0.05 (significant). Potential
confounding variables including age, BMI, smoking status, dietary habits, and sleep patterns were documented and evaluated
descriptively to assess their potential influence on migraine occurrence.

Results

Sociodemographic Characteristics

The average age of MPs was slightly lower than that of control participants (33.51+8.87 years vs. 36.6+11.16 years).
However, this difference was not statistically significant (p = 0.67). The majority of MPs were middle aged (25-45, 65.7%).
The proportion of single and married individuals was comparable between the two groups, with no significant difference noted
(p = 0.63) (Table 1).

MPs had significantly higher weight (p = 0.025), height (p = 0.037), and BMI (p = 0.004) compared to control participants.
The BMI distribution indicated a higher prevalence of overweight and obese individuals in the migraine group. A significantly
larger proportion of MPs were smokers compared to the control group (68.6% vs. 37.1%, p = 0.008). Non-vegetarian dietary
habits were significantly more common among MPs, with a p-value of 0.031. MPs reported significantly shorter sleep durations
(<6 hours/day) compared to control participants (p<0.001) (Table 1).

Severity of Migraine Among Control and Patients

Migraine severity varied, with the majority of patients experiencing severe migraines (85.7%). No control participants
reported migraine symptoms, and the difference in severity was highly significant (p<0.001) (Table 2).

Table 1: Socio-demographic characteristics among control and migraine patients

Variable Parameter Control MPs Test p-value
Mean + SD 36.6 £11.16 33.51 £8.87
<25 5 (14.3%) 6 (17.1%)
Age (years) x?=0.78 0.67
25-45 21 (60%) 23 (65.7%)
>45 9 (25.7%) 6 (17.1%)
_ Single 19 (54.3%) 17 (48.6%)
Marital status i x2=0.229 0.63
Married 16 (45.7%) 18 (51.4%)
Weight (kg) Mean + SD 73.46 £9.73 80.04 £ 13.85 F=5.27 0.025*
Height (m) Mean + SD 1.69 £ 0.07 1.73+0.07 F=453 0.037*
Mean + SD 2547 £2.33 26.59 £ 3.69
5 Normal weight 21 (60%) 8 (22.9%) 2 .
BMI (kg/m?) Overweight 13 (37.1%) 22 (62.9%) x'=108 0.004
Obese 1(2.9%) 5 (14.3%)
. Non-smoker 22 (62.9%) 11 (31.4%) . -
Smoking Smoker 13 (37.1%) 24 (68.6%) X°=6.93 0.008
. . Vegetarians 10 (28.6%) 3 (8.6%) o .
Dietary habits Non-vegetarians 25 (71.4%) 32 (91.4%) X°=4.62 0.031
6-8 hours daily 31 (88.6%) 9 (25.7%)
Sleep habits >8 hours daily 3 (8.6%) 2 (5.7%) X2 = 33.46 <0.001**
<6 hours daily 1(2.9%) 24 (68.6%)

Data is presented as means, standard deviations, numbers (frequency). Number (n) for control (n = 35) and for MPs (n = 35). x2: chi-square test. F: The
value of ANOVA one-way test. P-value: value of significance. *: p significant if p<0.05, **: p is highly significant if p<0.01
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Table 2: Severity of migraines among control and migraines patients

Variable Parameter Control MPs X2 Test p-value
No severity 35 (100%) 0 (0%)
; Mild 0 (0% 4 (11.4%
Severity of (0%) ( °) 70 <0.001**
migraines Moderate 0 (0%) 1(2.9%)
Severe 0 (0%) 30 (85.7%)

Data is presented as numbers (frequency). Number (n) for control (n=35) and for MPs (n=35. x?: chi square test. **: p is highly significant if p<0.01

The mean total testosterone level was significantly higher in MPs (10.91+3.76 ng/mL) compared to control participants
(5.1613.04 ng/mL, p<0.001). Furthermore, the proportion of patients with higher-than-normal total testosterone levels was
markedly elevated in the migraine group (37.1%) compared to the control group (2.9%). MPs had lower mean Ache levels
(86.69137.6 pg/mL) than control participants (116.40+£72.15 pg/mL, p = 0.034). The mean prolactin level was markedly higher
in MPs (53.11+£28.17 ng/mL) compared to the control group (25.08+10.03 ng/mL, p<0.001). MPs exhibited higher calcium
levels (12.39+0.77 mg/dL) than control participants (11.02 + 1.41 mg/dL, p<0.001).

The mean magnesium level was significantly lower in MPs (3.6+1.67 mg/dL) compared to control participants (4.51+0.26
mg/dL, p = 0.002). MPs had higher glucose levels (106.29+37.28 mg/dL) compared to the control group (91+£8.51 mg/dL, p =
0.021). HDL levels were elevated in MPs (127.12+27.71 mg/dL) compared to control participants (114.4+ .61 mg/dL, p =
0.012). The mean TG level was higher in MPs (140.54+86.42 mg/dL) compared to control participants (107.09+47.22 mg/dL,
p = 0.048). CHO levels were significantly higher in MPs (196.77+54.75 mg/dL) compared to the control group (157.91+27.03
mg/dL, p<0.001) (Table 3).

Table 3: Laboratory profile among control and migraine patients

Variable Parameter ?no:t;g; (nM=P§5) F:I\-/easlltxe p-value
Mean + SD 5.16 + 3.04 10.91 £3.76
Total Testosterone Normal 31 (88.6%) 21 (60%) 49,40 <0001
(ng/ml) Higher 1(2.9%) 13 (37.1%)
Lower 3 (8.6%) 1 (2.9%)
Acetylcholine Mean + SD 116.40 + 72.15 86.69 + 37.6 4.66 0.034*
(pg/mL)
Prolactin (ng/mL) Mean + SD 25.08 +10.03 53.11 +28.17 30.74 <0.001**
Calcium (mg/dl) Mean + SD 11.02 £ 1.41 12.39 £0.77 25.51 <0.001**
Magnesium (mg/dL) Mean + SD 4.51+0.26 3.6 +1.67 10.21 0.002**
Glucose (mg/dL) Mean + SD 91+ 851 106.29 + 37.28 3.56 0.021*
HDL (mg/dL) Mean + SD 114.4 £ 8.61 127.12 £ 27.71 6.72 0.012*
TG (mg/dL) Mean + SD 107.09 + 47.22 140.54 + 86.42 1.61 0.048*
TC (mg/dL) Mean + SD 157.91 + 27.03 196.77 + 54.75 14.17 <0.001**

Data is presented as means, and standard deviations. Min: minimum, max: maximum. F: the value of ANOVA one-way test. P-value: value of significance. *:
p significant if p<0.05, **: p is highly significant if p<0.01. HDL: high-density lipoprotein, TG: triglyceride, CHO: total cholesterol, TC

Correlation Between Laboratory tests and Severity of Migraine Among Migraine Patients

A positive significant correlation was observed between total testosterone levels and migraine severity (r = 0.621,
p<0.001), suggesting that increased testosterone levels may be associated with increased migraine severity. A significant
negative correlation was found between acetylcholine levels and migraine severity (r = -0.606, p<0.001), indicating that
acetylcholine may play a role in modulating migraine intensity.

Prolactin levels showed a significant positive correlation with migraine severity (r = 0.446, p = 0.007), suggesting a
potential link between elevated prolactin levels and migraine severity. A significant positive correlation was identified between
calcium levels and migraine severity (r = 0.495, p = 0.002), indicating that higher calcium levels may contribute to more severe
migraines. A very strong negative and highly significant correlation was observed between magnesium levels and migraine
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severity (r = -0.801, p<0.001), highlighting the critical role of magnesium in migraine pathology. No significant correlation was
found between glucose levels and migraine severity (r = 0.263, p = 0.126). No significant correlations were observed between
HDL (r = 0.309, p=0.071), TG (r = 0.331, p = 0.052), or TC (r = 0.297, p = 0.083) levels and migraine severity (Table 4).

Discussion

The current research evaluates biochemical components among migraine patients to determine the essential biomarkers.
The study assessed BMI, total testosterone, acetylcholine, prolactin, calcium, magnesium, glucose, HDL, TG, and TC levels.
The findings reveal a significant positive association between BMI and migraine among middle-aged patients. The current
outcomes align with previous studies [11] within similar age distribution. This indicates the predominant effect of migraines on
individuals in their certain middle ages due to neurological, hormonal, and lifestyle factors. Meanwhile, the BMI results suggest
the high possibility of obesity among migraine patients, which is consistent with the research of [30]. Likewise, smoking is
positively correlated with migraine severity. These results support the study of [31], hence revealing migraine prevalence
among smokers.

Table 4: Correlation between laboratory tests and severity of migraine among MPs

Variable Parameter Severity of migraines
r-value 0.621
Total Testost
otal Testosterone p-value <0.001*
r-value "0.606
Acetylcholi

cetylcholine p-value <0.001**
Prolactin r-value 0.446
p-value 0.007**

Calcium r-value 0.495
p-value 0.002**

Maanesium r-value *0.801
9 p-value <0.001**
Glucose r-value 0.263
p-value 0.126

r-value 0.309

HDL p-value 0.071
r-value 0.331

TG p-value 0.052
r-value 0.297

e p-value 0.083

* p<0.05, **: p<0.01. HDL: high-density lipoprotein, TG: triglyceride, CHO: total cholesterol, TC. R-value: the value of the correlation

The findings also demonstrate that migraine patients are more likely to follow non-vegetarian dietary patterns. However,
no significant correlation was found between dietary habits and migraine severity, suggesting minimal influence among
patients. Similarly, [32] reported that adherence to a healthy eating pattern decreases headache symptoms. Moreover,
findings revealed that migraine severity is highly dependent on poor sleep patterns. These implications coincide with the
research findings of [33]. Subsequently, [34] elaborated that sleep disturbances may predict migraine attacks through similar
patterns. However, majority of migraine patients showcased higher-than-normal total testosterone levels, in comparison to
healthy individuals. Contrarily, the research of [11] demonstrated that individuals experience cluster headaches due to
testosterone deficiency and hypothalamic-pituitary axis suppression. This suppression may inhibit Gonadotropin-Releasing
Hormone (GnRH) production, resulting in secondary hypogonadism [11]. Interestingly, the present study observed higher
testosterone levels among migraine patients compared with controls. This finding differs from some previous studies reporting
reduced testosterone levels in patients with chronic headache disorders. These discrepancies may be related to differences
in study populations, migraine subtypes, hormonal regulation mechanisms, or methodological variations. Therefore, the role
of testosterone in migraine pathophysiology remains complex and warrants further investigation.

Furthermore, the research findings report that migraine patients exhibited lower acetylcholine levels than control
participants. The negative correlation of Acetylcholine
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levels with the severity of migraine indicates its essential influence in the modulating intense headaches. These results
reflect direct measures in reducing the vasodilatory response among migraine patients. These outcomes align with [35],
highlighting the role of acetylcholine levels in migraine pathophysiology. Besides, elevated levels of prolactin indicate higher
intensity of migraine among migraine patients, as compared to healthy individuals. The results coincide with [36] in
accentuating prolactin's influence on migraine progression. Furthermore, the research emphasizes that higher levels of
prolactin are observed among patients experiencing ictal Episodic Migraine (EM) and chronic migraine, than interictal EM and
headache-free controls.

Likewise, [19] mentioned that prolactinomas increase migraine attacks and headaches. These findings emphasized that
hyperprolactinemia may influence central headache by controlling hypothalamus. Contrarily, [37] mentioned that prolactin
levels are not correlated with acute migraine attacks among migraine patients and healthy individuals. Furthermore, this
study’s finding indicated that migraine patients possess elevated levels of calcium in comparison to normal participants. This
implies the positive association of migraine severity with varied calcium levels, as demonstrated by previous studies [38]. In
contrast, [39] emphasized that reduced calcium levels stimulate migraine attacks and are linked to high migraine severity
among patients. Stress-related changes in lipid profiles, including elevated cholesterol and triglycerides, may contribute to
migraine susceptibility by promoting oxidative stress and endothelial dysfunction [40].

Subsequently, the findings of the current research reveal reduced levels of magnesium, thus negatively associating with
migraine severity among patients. Magnesium deficiency may contribute to migraine pathophysiology and could represent a
potential biomarker associated with migraine severity. Moreover, it may be the potential therapeutic marker of magnesium
supplementation for migraine management. Our findings show significantly lower magnesium levels among migraine patients,
linking magnesium deficiency to neuronal hyperexcitability and vascular dysfunction. These results suggest that magnesium
supplementation may serve as a potential therapeutic strategy to reduce migraine frequency and severity However, migraine
intensity indicates no significant relationship with glucose, HDL, and cholesterol levels. These findings align with the findings
of previous research studies, emphasizing on low magnesium levels and high lipid profiles among migraine patients [39, 41,
42]. In contrast, previous research studies highlight that migraine patients possess higher LDL-C, Cholesterol, and TG levels,
in comparison to healthy individuals [21]. vitamin B12 deficiency can elevate cholesterol and triglycerides, [43] contributing to
vascular dysfunction and migraine susceptibility. Measuring B12 may help identify metabolic imbalances relevant to migraine
management.” Although migraine patients demonstrated higher lipid parameters in the present study, no significant correlation
was observed between lipid levels and migraine severity. This suggests that lipid metabolism may influence migraine
susceptibility rather than the intensity of attacks. Larger studies are required to clarify this relationship.

This suggests that, although the current study does not extensively identify an association with severity, however, there
may be a relationship between lipid levels and the frequency of migraine episodes. The current research findings provide
significant implications regarding the influence of biochemical parameters on migraine severity. Moreover, the results of the
current research contribute to addressing the role of the essential parameters in diagnosing migraine severity among patients.
In addition, the research outcomes direct future research to assessing biochemical parameters as biomarkers within clinical
procedures.

Although demographic and lifestyle variables such as BMI, smoking status, dietary habits, and sleep patterns were
collected, the case-control design limits the ability to fully control for all potential confounding factors. Future studies using
larger cohorts and multivariate regression models are recommended to better adjust for these variables.

This study has several limitations that should be acknowledged. First, the relatively small sample size may limit the
generalizability of the findings. Second, the case-control design allows identification of associations but does not establish
causal relationships. Third, hormonal and biochemical measurements were obtained at a single time point, which may not
reflect temporal variations. Finally, although several demographic and lifestyle variables were recorded, residual confounding
cannot be entirely excluded. Future large-scale longitudinal studies are required to confirm these findings and further
investigate the potential role of biochemical biomarkers in migraine pathophysiology.

Conclusion
Our data sheds important light on the hormonal and metabolic changes that occur in male migraineurs. Comparing the

results to non-migraine controls, several biomarkers show notable variations. Prolactin and testosterone, two hormone
indicators, displayed clear trends, with testosterone levels positively correlated with migraine intensity, potentially suggesting
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its preventive function. Acetylcholine showed a noteworthy association, indicating its relevance in pain modulation and
parasympathetic activity in migraines. Conversely, there was a complex association between high prolactin and migraine
neuroendocrine alterations and stress. Lower magnesium levels were seen in migraineurs, suggesting its participation in
migraine pathophysiology since magnesium deficiency has been linked to neuronal hyperexcitability. Increased calcium levels
in MPs may suggest that calcium influences neurotransmitter release and vascular tone, which may be factors in migraine
onset. Elevated levels of glucose, CHO, TGs, and HDL in migraineurs are indicative of possible metabolic problems
associated with migraine frequency. These changes may exacerbate migraines by promoting oxidative stress and
inflammatory pathways. These findings suggest that testosterone, acetylcholine, prolactin, and magnesium may serve as
important biomarkers for migraine severity in male patients, offering potential targets for personalized diagnosis and
management.
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