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Background: The study aims to investigate the role of serum albumin (ALB) and creatinine (CRE), bilirubin (BIL), and uric acid (UA) as major intravascular antioxidants in migraine.

Methods: We enrolled 148 patients with migraine and 150 age- and sex-matched healthy controls. The serum levels of ALB, TBIL, CRE, and UA were measured in patients with migraine of different subtypes. The risk of migraine was assessed by multiple stepwise logistic regression analysis.

Results: The serum levels of ALB, total BIL (TBIL), CRE, and UA were significantly lower in the migraine group than in the HC group (p < 0.05). The ALB and UA levels were lower during migraine attack periods (p < 0.05). There were no statistically significant differences observed in serum ALB, TBIL, CRE, and UA levels between aura/without aura and episodic/chronic migraine subtypes (p > 0.05). The multiple stepwise logistic regression revealed that ALB [odds ratio (OR) 0.79, 95% confidence interval (CI) 0.69–0.89, p < 0.001], TBIL (OR 0.61, 95% CI 0.5–0.75, p < 0.001), and UA (OR 0.97, 95% CI 0.96–0.99, p = 0.014) were independently associated with migraine. In addition, the serum levels of ALB, TBIL, and UA were significantly lower in the migraine group when compared by sex.

Conclusion: The serum levels of UA, TBIL, ALB, and CRE were lower in the patients with migraine, indicating a lower antioxidant status. In addition, ALB, TBIL, and UA were independently related to migraine. These results could provide insights into the possible role of oxidative stress in the pathogenesis of migraine.
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Introduction

Migraine is a common primary headache mainly characterized by unilateral or bilateral throbbing headache and special associated features including photophobia, phonophobia, nausea, and vomiting (1), and is estimated to affect 15% of the general population (2). About 30% of patients with migraine perceive aura symptoms, which are a transient symptom in visual disturbances preceding a migraine attack (3). It is widely believed that the trigeminovascular system plays a fundamental role in the pathophysiology of migraine (4). However, the pathophysiology of migraine is not yet fully understood (5). Previous studies have reported that decreased antioxidant levels increasing oxidative stress can lead to vascular inflammation in patients with migraine (6). There is growing evidence supporting an association between neurogenic inflammation and migraine (7). There are relatively few studies on blood markers of antioxidant status in migraine, although it is hypothesized that oxidative stress plays an important role in the pathogenesis of migraine.

More recent studies suggests that serum albumin (ALB), total bilirubin (TBIL), creatinine (CRE), and uric acid (UA) are major non-enzymatic antioxidants in human plasma and can play important antioxidant roles as endogenous reactive oxygen species (ROS) scavengers (8). If these markers can support the involvement of oxidative stress in the pathology of migraine remains unclear. Identification of possible effects of oxidative injury on patients with migraine in the early period may make it possible to contribute to decreasing the frequency of migraine headache attacks and to slowing progression.

On the basis of the above considerations, this study was conducted to investigate the serum levels of ALB, TBIL, CRE, and UA between patients with migraine and healthy controls (HCs). Serum ALB, TBIL, CRE, and UA levels were also investigated in the patients with migraine with different clinical features and subtypes, aiming to determine if any of these markers are protective factors in migraine and explain the role of oxidative stress in etiology.



Materials and methods


Study population

This case–control study included 148 patients with migraine who were recruited from the neurology department of the Henan Provincial People's and 150 age- and sex-matched outpatient health screeners derived from the physical examination center as healthy controls (HCs) between 2018 and 2021.

The diagnosis of migraine was determined by a neurologist using the International Classification of Headache Disorders-III (ICHD-III) diagnostic criteria (9). We divided the patients with migraine into subgroups for analysis according to ICHD-III clinical characteristics (episodic/chronic migraine;, attack/attack-free migraine, and migraine with aura/without aura) (10).

In terms of exclusion criteria, it was necessary to exclude patients with diseases associated with severe liver and kidney diseases, tumors, rheumatic immune diseases, acute or chronic infectious diseases, and endocrine system diseases that may affect antioxidant markers. Patients with history of neurological or psychiatric diseases, or combined with patent foramen ovale (PFO) are also excluded. Additionally, patients were excluded from the study if they have secondary headache.

The research protocol of this study was approved by the Research Ethics Committee of Henan Provincial People's Hospital, and all the participants signed written informed consent forms.



Data collection and laboratory measurements

Self-reported demographic information included gender, age, frequency of headache attacks/month, duration of symptom attacks, presence of aura, the presence of phono-/photophobia, presence of nausea/vomiting, presence of autonomic manifestations, and development of resistance to medications. Additionally, their body mass index (BMI), which is defined as weight in kilograms divided by the square of height in meter, was directly measured (8). Heart rate, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured with an electronic blood pressure monitor (OMRON, Japan).

All the research participants fasted overnight for 12 h, and venous blood samples were collected in a serum separation tube and centrifuged immediately according to standard operating procedures for examination of serum UA, ALB, CRE, TBIL, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TGs), total cholesterol (TC), fasting blood-glucose (FBG), aspartate transaminase (AST), and alanine transaminase (ALT) levels established in this experiment. An ABBOTT Architect i2000SR automatic immune detection system (Abbott, United States) was used to measure these biochemical indicators.



Migraine assessment

The severity of symptoms and sleep quality of the patients with migraine were assessed by professional physicians, including the Headache Impact Test-6 (HIT-6) (11), which measures the impact of migraine headache on daily activities, the Migraine Disability Assessment (MIDAS) (12, 13), which measures the severity of migraine, and the Pittsburgh Sleep Quality Index (PSQI) scale (14), which measures sleep quality.



Statistical analysis

For data processing and statistical analysis, the SPSS Statics 21.0 computer software was utilized. Continuous variables are expressed as mean ± standard deviation (SD) or median and interquartile range (M, P25, P75) based on the normal or non-normal distribution of the data determined by Kolmogorov-Smirnov test. For normally distributed continuous data, we conducted Student's t-test, and for non-normally distributed continuous variables, we conducted Mann-Whitney U test. Chi-square test or Fisher's exact test was carried out to compare the groups. Categorical data are expressed in amount (%). After adjusting for the demographic and clinical data, a logistic regression analysis was performed to determine the independent predictors of migraine occurrence. Pearson or Spearman correlation coefficient (r) was used to describe the degree of relationship between antioxidant blood variables and clinical characteristics of migraine. The results were considered statistically significant when double-sided p-value was <0.05.




Results


Demographic and clinical characteristics

The biochemical and clinical characteristics of the participants are shown in Table 1. The serum levels of ALB, TBIL, CRE, and UA were significantly lower in the migraine group than in the HC group (p < 0.05). Additionally, for the levels of the other biochemical characteristics, there was no significant difference between both groups (Table 1). In the migraine group, 56 patients were in an attack period and 92 were in a free-attack period. The serum levels of ALB and UA were lower during attack periods than attack-free periods (p < 0.05). The serum levels of TBIL and CRE did not show significant differences (p > 0.05). There was no statistically significant difference between the blood antioxidant parameters investigated in the migraine with aura/migraine without aura and episodic/chronic migraine groups (p > 0.05) (Table 2).


TABLE 1 Clinical features and laboratory data of patients with migraine and controls.
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TABLE 2 Serum levels of UA, TBIL, ALB, and CRE in migraine subtypes.
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Univariate and multiple stepwise logistic regression analysis

To identify the independent predictors, statistically significant variables from the univariate model were determined in the multiple stepwise logistic regression model, which ultimately reveled that ALB [odds ratio (OR) 0.79, 95% confidence interval (CI) 0.69–0.89, p < 0.001], TBIL (OR 0.61, 95% CI 0.5–0.75, p < 0.001), and UA (OR 0.97, 95% CI 0.96–0.99, p = 0.014) were independently associated with migraine (Table 3).


TABLE 3 Univariate and multiple logistic regression analyses to identify the predictors of migraine.
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Subgroup analysis by sex

The effects of sex on the serum levels of ALB, TBIL, CRE, and UA between the migraine and HC groups were determined. There were highly significant differences in the serum levels of ALB, TBIL, and UA between men and women in the migraine and HC groups (p < 0.05), which indicates a sex-specific difference (Table 4).


TABLE 4 Serum levels of ALB, TBIL, CRE, and UA in the migraine and HC groups.
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Correlation between antioxidant blood variables and clinical characteristics of migraine

There was a statistically negative correlation between CRE serum level and HIT-6 scale (r = −0.178, p = 0.03) (Table 5).


TABLE 5 Correlation between antioxidant blood variables and clinical characteristics of migraine.
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Discussion

In our study, we investigated the relationship among serum ALB, TBIL, CRE, and UA levels as indicators of oxidative stress to evaluate the antioxidant status of migraine. The results of this study showed that compared with the HC group, the serum levels of ALB, TBIL, CRE, and UA were significantly lower in the migraine group. In addition, ALB, TBIL, and UA were related to migraine. Moreover, there was a significant difference in the serum levels of ALB, TBIL, and UA between men and women in the migraine group on the sex subgroup analysis.

The pathomechanism of migraine is largely unknown. Systemic inflammation is known to be related to brain inflammation (15). Previous studies have shown increased peripheral inflammation in patients with migraine, which may contribute to the progression of the disease (16). Cytokines are directly involved in pain sensitization by acting both on peripheral nociceptive nerve terminals and sensory ganglia (17). A previous study has shown that high levels of oxidative stress are associated with migraine (18). Interestingly, a recent study on migraine with aura (MA) has revealed increased microglial activation the structures involved in pian processing including basal ganglia, the thalamus, insula, and somatosensory cortices, which provides insight into the role of neuroinflammation in migraine (19).

Previous studies showed altered mitochondrial enzyme activity in patients with migraine (20). Activation of nucleotide-binding domain (NOD)-like receptor family pyrin domain containing 3 (NLRP3) inflammasome by mitochondrial reactive oxygen species can cause hyperalgesia (21), which is involved in migraine pathophysiology. Neuroinflammation plays an important role in the pathophysiology of central nervous system diseases (22). We hypothesize that this finding may be due to scavenging of excess reactive oxygen species (ROS) by the antioxidant defense system of patients, ultimately leading to lower serum ALB, TBIL, CRE, and UA levels. ALB is capable of scavenging ROS and reactive nitrogen species (RNS) produced by various reactions in the body, and plays a major role as an antioxidant in the extracellular fluid (23). The results of our study found lower ALB levels in the patients with migraine. Although vomiting has been reported in patients with migraine, we do not believe that short-term vomiting causes hypoproteinemia in patients with migraine. We hypothesize that the strong state of oxidative stress is contributing to decrease in serum ALB. However, we did not show a difference between chronic and episodic migraines, which may be influenced by different patient characteristics as well as medication. TBIL is an endogenous scavenger of ROS (8). High oxidative stress during migraine may lead to lower serum TBIL concentration. CRE is a metabolite produced by muscle breakdown of creatine and is known to be an effective antioxidant event (24). In our study, CRE levels were lower in the patients with migraine than in the controls, reflecting lower antioxidant levels for migraine. UA is the final product of purine metabolism (25) and can scavenge reactive oxygen species in the body (26). Yazar et al. reported that UA levels were lower in patients with migraine (27), which was consistent with our findings. UA acts as an endogenous antioxidant that can reduce oxidative damage and inhibits inflammatory responses, which reduces the permeability of the blood-brain barrier (BBB) and exerts neuroprotective effects (28). Low serum UA levels have been defined as a risk factor for neurodegenerative diseases (29). However, it remains unclear whether UA is a protective factor or a risk factor for patients with migraine.

In this study, the serum levels of ALB, TBIL, CRE, and UA were significantly lower in the migraine group than in the HC group, indicating an association between oxidative stress and migraine. Several epidemiological studies on migraine have demonstrated that the prevalence of migraine in women is higher than in men (30). As shown in Table 4, by the sex subgroup analysis, the serum CRE and ALB levels of female patients were lower than those of male patients, suggesting weaker antioxidant capacity in women, which may provide a new perspective for explaining the higher incidence of migraine in women. However, the underlying mechanisms of changes in serum ABL, TBIL, CRE, and UA levels associated with patients with migraine are unclear and warrant clarification in future studies.

In recent years, more and more studies have confirmed that immunological dysfunctions can play an essential role in migraine pathophysiology (31). Previous studies found a positive association between migraine and several autoimmune disorders including systemic lupus erythematosus (32), subclinical hypothyroidism (33), and multiple sclerosis (34). Arumugam et al. found that the percentage of regulatory T cells (Treg cells) was significantly lower in patients with migraine (35). Faraji et al. also reported that Treg cells was decreased in patients with migraine in all subgroups (36). Treg cells can suppress inflammatory response and regulate the activity of immune system, and are a subset of CD4 + T cells (37). It was also found that significant decrease in the percentage of Treg cells has been considered to be a marker of autoimmune diseases (36). Growing evidence shows that there is a significant relationship between low serum ALB and TBIL levels and autoimmune diseases (38), which was consistent with our finding that decreased serum ALB and TBIL level was associated with migraine. Notwithstanding, further investigations are required to better elucidate the association between serum levels of ALB and TBIL and migraine.

Several limitations should be noted in our research. First, this was only a cross-sectional descriptive study and therefore lacked evidence of pathological mechanisms. Furthermore, prospective cohort studies are needed to clarify the mechanism of oxidative stress in migraine. Second, we did not analyze patients with migraine in subgroups of disease severity in our study. Finally, the number of patients studied was small, leading to possible type 1 errors and interesting trends that need to be confirmed in a larger series. Limited by sample size, the evidence to support the conclusion remains weak, thus further studies with larger populations are needed to define.



Conclusion

Our study improves our understanding of the role played by oxidative stress in the pathogenesis of migraine. Serum levels of UA, TBIL, ALB, and CRE were reduced in the patients with migraine. In addition, reduced ALB, TBIL, and UA were independently associated with migraine. Furthermore, prospective cohort studies are warranted to determine the causality of these associations and to further clarify the mechanism of oxidative stress in migraine.
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