Uludag Universitesi Tip Fakiiltesi Dergisi
Journal of Uludag University Medical Faculty
52, 1813892, 2026

DOI: https://doi.org/10.32708/uutfd.1813892

ORIGINAL RESEARCH

Interictal Serum Uric Acid, Albumin, and Uric Acid-to-
Albumin Ratio in Episodic Migraine: A Case—Control Study
and Association with Disease Burden

Deniz KAMACI SENER, Ozden KAMISLI

Department of Neurology, Bursa City Hospital, Bursa, Tiirkiye.

ABSTRACT

Oxidative stress and systemic inflammation are increasingly recognized as key mechanisms in migraine pathophysiology. Uric acid (UA)
and albumin (ALB) contribute to redox and inflammatory balance, and their ratio (UAR) has been proposed as a combined biomarker of
these processes. This study evaluated serum UA, ALB, and UAR levels in patients with episodic migraine during the interictal period and
examined their associations with clinical features and migraine-related disability. In this retrospective case—control study, 120 patients with
episodic migraine and 100 age- and sex-matched healthy controls were included. Serum UA and ALB were measured, and UAR was
calculated as UA (mg/dL)/ALB (g/dL). Demographic and laboratory variables were compared between groups. In the migraine group,
correlations between biochemical markers and clinical variables, including pain intensity (VAS), migraine-related disability (MIDAS), attack
frequency, and aura status, were analyzed. Serum UA and UAR levels were significantly lower in migraine patients than in controls (both
p<0.001), whereas ALB levels were similar. UA, ALB, and UAR were not correlated with attack frequency, pain intensity, MIDAS scores,
or aura status. Lower UA and UAR levels in episodic migraine may reflect reduced systemic antioxidant capacity. However, the absence of
associations with clinical severity suggests that oxidative imbalance may not directly represent migraine burden. UAR may serve as a
biochemical indicator of oxidative and inflammatory processes in migraine. Further prospective studies are needed to clarify its clinical
relevance.
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Episodik Migren Hastalarinda interiktal Serum Urik Asit, Albiimin ve Urik Asit/Albiimin Oram: Olgu—Kontrol Calismasi ve
Hastalik Yiikii ile iligkisi

OZET

Oksidatif stres ve sistemik inflamasyonun migren patofizyolojisinde énemli rol oynadig giderek daha fazla kabul edilmektedir. Urik asit
(UA) ve albiimin (ALB), redoks ve inflamatuvar dengeye katkida bulunan temel bilesenlerdir. Bu iki parametrenin orani olan iirik
asit/albimin oran1 (UAR), bu siiregleri birlikte yansitan potansiyel bir biyobelirte¢ olarak onerilmektedir. Bu caligmada epizodik migren
hastalarinda interiktal donemde serum UA, ALB ve UAR diizeyleri degerlendirildi ve bu parametrelerin klinik 6zellikler ile migrenle iligkili
ozirlilikle iliskisi arastirildi. Retrospektif olgu—kontrol tasarimindaki ¢alismaya 120 epizodik migren hastasi ve yas ve cinsiyet agisindan
benzer 100 saglikli kontrol dahil edildi. Serum UA ve ALB diizeyleri 6lgiildii ve UAR, UA (mg/dL) / ALB (g/dL) formiiliiyle hesaplandi.
Gruplar arasinda demografik ve laboratuvar verileri karsilastirildi. Migren grubunda biyokimyasal belirtegler ile agr siddeti (VAS), MIDAS
puani, atak sikli1 ve aura varlig1 arasindaki iliskiler analiz edildi. Migren hastalarinda serum UA ve UAR diizeyleri kontrollere gére anlamli
derecede diigiik bulundu (her ikisi i¢in p<0,001), ALB diizeyleri ise benzerdi. UA, ALB ve UAR diizeyleri ile atak sikligi, agr1 siddeti,
MIDAS puani veya aura varhigi arasinda anlaml iliski saptanmadi. Epizodik migrende diisik UA ve UAR diizeyleri azalmis sistemik
antioksidan kapasiteyi yansitabilir. Ancak klinik siddet ile iliski saptanmamasi, oksidatif dengesizligin hastalik yiikiinii dogrudan
yansitmayabilecegini diistindiirmektedir. UAR, migrenli hastalarda oksidatif ve inflamatuvar siireglerin degerlendirilmesinde yararli bir
belirteg olabilir. Klinik 6neminin netlestirilmesi i¢in ileriye doniik ¢alismalara ihtiyag¢ vardir.
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Emerging data also indicate that oxidative stress and
systemic inflammation play important roles in
migraine pathophysiology®. Uric acid (UA), the final
product of purine metabolism, is considered one of the
major endogenous antioxidants in human plasma and
accounts for a substantial proportion of total
antioxidant capacity. It exerts protective effects by
scavenging reactive oxygen and nitrogen species and
by neutralizing peroxynitrite. However, under certain
conditions, elevated uric acid levels may also display
pro-oxidant and  pro-inflammatory  properties,
reflecting its dual role in redox biology’. Albumin
(ALB), the most abundant plasma protein, also
contributes to antioxidant defense and reflects
systemic inflammation as a negative acute-phase
reactant. Therefore, the balance between uric acid and
albumin may provide insight into the oxidative and
inflammatory status of patients*’.

Several clinical studies have examined oxidative stress
parameters in migraine; however, the results have
been inconsistent. While some authors found no
significant differences, others reported lower serum
UA levels in migraine patients compared with
controls, suggesting compromised antioxidant
defense®®. ALB has been less frequently investigated
in migraine patients. The limited number of studies
evaluating albumin levels have yielded mixed results,
with some reporting no differences and others
demonstrating lower serum albumin levels in migraine
patients™’.

Given these conflicting findings regarding UA and
ALB in migraine, combining these two parameters
into a single index may provide a more comprehensive
and reliable reflection of oxidative and inflammatory
balance. The uric acid-to-albumin ratio (UAR) has
recently emerged as a novel biomarker reflecting
redox and inflammatory status and has been
associated with prognosis in cardiovascular diseases,
hypertension, and acute kidney injury >'*'",

The aim of this case—control study was to evaluate
serum UA, ALB, UAR in patients with episodic
migraine during the interictal period, and to
investigate their associations with clinical features and
migraine-related disability. In addition, we aimed to
explore the potential contribution of these parameters
to oxidative stress—related mechanisms in migraine
pathophysiology.

Materials and Methods

This retrospective case—control study included 120
patients with episodic migraine (EM) diagnosed
according to the International Classification of
Headache Disorders, 3rd edition (ICHD-3), and 100
healthy controls who were admitted to the Neurology
outpatient clinic between September 2023 and June
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2025. Participants were between 18 and 60 years of
age. Healthy controls were selected from volunteers
without a history of migraine, other primary headache
disorders, or chronic systemic diseases.

Demographic and clinical data, including age, sex,
body mass index (BMI), smoking status, migraine
duration, attack frequency and duration, presence of
aura, and associated symptoms (nausea, vomiting,
photophobia, phonophobia), were recorded. Migraine-
related disability was assessed using the Migraine
Disability Assessment Scale (MIDAS) within the
migraine group. Pain intensity was evaluated using the
Visual Analog Scale (VAS).

Venous blood samples were obtained during routine
outpatient visits when patients were not experiencing
an acute migraine attack, as documented in medical
records. Serum UA and ALB levels were measured
using standard enzymatic and colorimetric methods.
Albumin concentrations were originally expressed in
g/L and converted to g/dL for unit consistency. The
uric acid-to-albumin ratio (UAR) was calculated as
UA (mg/dL) divided by ALB (g/dL).

In the comparative analyses, the EM and control
groups were evaluated in terms of demographic
variables (age, sex, BMI, smoking status) and
laboratory parameters (UA, ALB, and UAR). Within
the migraine group, correlation analyses were
performed to examine the associations between
biochemical parameters (UA, ALB, and UAR) and
clinical variables, including MIDAS scores, VAS,
attack frequency, and aura status.

Exclusion criteria included chronic systemic
inflammatory disease, autoimmune disease,
malignancy, hepatic or renal failure, hematological
disorders, acute infection, pregnancy or lactation,
chronic alcohol consumption, and use of medications
that could affect oxidative or inflammatory parameters
(e.g., corticosteroids, immunosuppressive agents, or
antioxidant supplements). Patients receiving drugs
known to influence uric acid metabolism (such as
allopurinol, febuxostat, or diuretics) were also
excluded. Patients with incomplete clinical or
laboratory data were not included in the analysis.

Statistical Analysis

Data distribution was assessed using the Shapiro—Wilk
test. Continuous variables were expressed as mean =+
standard deviation or median (min—max), as
appropriate, and categorical variables were presented
as frequencies and percentages. Comparisons between
migraine patients and healthy controls were performed
using Student’s t-test or the Mann—Whitney U test
according to data distribution. The chi-square test was
used for categorical variables. Correlation analyses
within the migraine group were conducted using
Pearson or Spearman correlation coefficients, as
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appropriate. All analyses were performed using SPSS
version 24.0 (SPSS Inc., Chicago, IL, USA), and a
two-tailed p value <0.05 was considered statistically
significant.

Results

A total of 220 individuals (120 patients with EM and
100 healthy controls) were included in the analysis.
The mean age was 31.56+8.33 years in the EM group
and 31.4048.31 years in the control group, with no
significant difference between the groups (p>0.05).
Sex distribution, BMI, and smoking status were also
similar between the groups (all p> 0.05). The
demographic characteristics of the study population
are presented in Table .

Table I. Demographic characteristics of patients with
episodic migraine (EM) and healthy controls

Variable Migraine (n=120)| Control (n=100) p-value
Age (year) 3140 £8.31 31.56 +8.33 0.750
Gender (FIM)  |100/20 82/18 0.935
BMI (kg/m?) 2435 £4.03 2466 +4.46 0.590
Smoker (yes %) |30 (30.0%) 39 (32.5%) 0.801

Values are presented as mean + standard deviation or n (%). BMI:
Body mass index.

In the EM group, the mean disease duration was
7.58+7.14 years. The mean VAS score was 7.83+1.58,
and the mean MIDAS score was 8.78+6.92. Migraine
with aura (MA) was detected in 15% (n=18) of
patients, whereas the majority (85%, n=102) had
migraine without aura (MWA). The demographic and
clinical characteristics of EM patients are summarized
in Table II.

Table II. Demographic and clinical characteristics of
patients with EM

Variable Migraine (n=120)
Age (years) 31.56 + 8.33 (18-58)
Gender (F/M) 100/20

BMI (kg/m?) 24.66 +4.46 (15.06-34.77)
Smoker 39 (32.5%)

Migraine duration (years) 7.58 £7.14 (0.0-46.0)
VAS 8.00 (IQR 7.00-9.00)
MIDAS 7.00 (IQR 4.00-12.00)
Aura 18 (15.0%)

Nausea 106 (88.3%)

Vomiting 51 (42.5%)
Photophobia 88 (73.3%)
Phonophobia 95 (79.2%)

Values are presented as mean + standard deviation or n (%).EM:
episodic migraine; BMI: Body mass index, VAS: Visual Analog
Scale, MIDAS: Migraine Disability Assessment Scale.

Serum UA levels were significantly lower in the EM
group compared to controls (4.13+£1.09 vs. 4.60+1.03
mg/dL, p<0.001). Serum ALB levels did not differ
significantly between the two groups (4.56+0.28 vs.
4.60+0.38 g/dL, p=0.342). In addition, the UAR was
significantly lower in EM patients than in controls
(0.91£0.24 vs. 1.00+0.23, p<0.001). The comparison
of biochemical parameters between the EM and
control groups is presented in Table I11.

Table III. Biochemical parameters in patients with

EM and healthy controls
|Parameter Control (n=100) |Migraine (n=120) |p-value
UA (mg/dL) 4.60 +1.03 4.13+1.09 p<0.001
ALB (g/dL) 4.60 +0.38 4.56 +0.28 p=0.342
UAR 1.00 £0.23 0.91+0.24 p<0.001

Values are presented as mean + standard deviation. EM: episodic
migraine; UA: uric acid; ALB: albumin; UAR: uric acid-to-albumin
ratio;

Correlation analyses within the migraine group
showed that attack frequency was positively correlated
with MIDAS (r=0.523, p<0.001), and VAS scores
were also positively correlated with MIDAS (r=0.244,
p=0.007). Among biochemical parameters, UAR
showed a strong positive correlation with UA
(r=0.968, p<0.001) and a negative correlation with
ALB (r= -0.213, p=0.020). These findings are
presented in Table I'V.

Comparison of biochemical parameters between MA
(MWA) is presented in Table V. No statistically
significant differences were found between the groups
in terms of serum UA, albumin, or UAR levels (all
p>0.05).

Discussion and Conclusion

In this case—control study, we evaluated serum UA,
ALB, and UAR in patients with episodic migraine
during the interictal period. Our findings showed that
UA and UAR levels were significantly lower in
migraine patients compared with healthy controls,
whereas ALB levels were similar between the groups.
In addition, serum UA, ALB, and UAR levels were
not significantly associated with MIDAS, VAS, attack
frequency, or the presence of aura.

These findings may
antioxidant capacity in patients with migraine,
supporting the hypothesis that oxidative stress
contributes to migraine pathophysiology. Oxidative
stress and systemic inflammation are known to
interact and may promote neuroinflammatory
processes involved in migraine development'*".

suggest reduced systemic
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Table IV. Correlation analysis between clinical features and biochemical parameters in patients with EM

Age BMI Migraine Attack Pain duration |VAS MIDAS UA ALB UAR
duration frequency

Age r=0.192 r=0.292 r=-0.022 r=0.059 r=0.024 r=0.132 r=-0.054 r=-0.316 r=0.003
p=0.0354 p=0.0012 p=0.8140 p=0.5219 p=0.7974 p=0.1518 p=0.5601 p=0.0004 p=0.9783

BMI r=0.055 r=-0.038 r=0.171 r=0.031 r=-0.036 r=0.201 r=-0.220 r=0.245
p=0.5519 p=0.6763 p=0.0623 p=0.7397 p=0.6928 p=0.0276 p=0.0158 p=0.0073

Migraine r=-0.046 r=0.062 r=-0.141 r=0.036 r=0.055 r=-0.080 r=0.052
duration p=0.6163 p=0.5023 p=0.1242 p=0.6931 p=0.5504 p=0.3847 p=0.5717

Attack r=0.004 r=0.149 r=0.523 r=-0.018 r=-0.093 r=-0.013
frequency p=0.9631 p=0.1045 p<0.001 p=0.8432 p=0.3140 p=0.8840

Pain duration r=0.105 r=0.157 r=-0.124 r=0.067 r=-0.139
p=0.2516 p=0.0868 p=0.1758 p=0.4692 p=0.1308

VAS r=0.244 r=-0.138 r=-0.134 r=-0.107
p=0.0073 p=0.1338 p=0.1451 p=0.2454

MIDAS r=-0.103 r=-0.055 r=-0.100
p=0.2618 p=0.5508 p=0.2785

UA r=0.005 r=0.968

p=0.9542 p<0.001

ALB r=-0.213
p=0.0195

Bold values indicate statistically significant correlations (p < 0.05). EM: episodic migraine; UA: uric acid; ALB: albumin; UAR: uric acid-
to-albumin ratio; BMI: body mass index; VAS: visual analog scale; MIDAS: Migraine Disability Assessment Scale.

Table V. Comparison of serum UA, ALB and UAR between MA and MWA

Variable MA (n=18) mean * SD MWA (n=102) mean * SD p-value
UA 4.03+0.78 415+£1.13 0.848
ALB 4.55+0.22 456 +0.29 0.936
UAR 0.90 +0.02 0.91+0.03 0.886

Note: Data are presented as mean + SD. MA: migraine with aura; MWA: migraine without aura; UA: uric acid; ALB: albumin; UAR: uric

acid-to-albumin ratio

Uric acid is a major endogenous antioxidant and the
final product of purine metabolism, capable of
scavenging reactive oxygen species'*. In addition to
its antioxidant properties, UA can cross the blood—
brain barrier and may exert neuroprotective effects.
Reduced UA levels have been reported in several
neurological  disorders''®.  Previous  studies
investigating UA levels in migraine have yielded
inconsistent results. While some studies found no
significant difference between migraine patients and
controls’, others reported lower UA levels in
migraine’. Consistent with the latter findings, we
observed significantly lower UA levels in migraine
patients compared with healthy controls. However,
UA was not significantly associated with clinical
features such as attack frequency, pain intensity, or
MIDAS scores, suggesting that reduced UA may
reflect altered antioxidant status rather than disease
severity in episodic migraine.

Albumin is a major plasma protein with antioxidant
properties that contribute to the neutralization of
reactive oxygen and nitrogen species’. Some studies
have reported lower serum ALB levels in migraine
patients, possibly reflecting increased oxidative
stress™'’. However, findings have been inconsistent.
Yang et al. observed reduced ALB levels in migraine
overall but found no significant difference between
episodic and chronic migraine®. In our study, total

1813892

ALB levels did not differ significantly between
episodic migraine patients and healthy controls.

It should be noted that total ALB concentration may
not fully reflect its functional antioxidant capacity.
Oxidative stress can induce structural modifications of
ALB, particularly at the N-terminal site, leading to the
formation of ischemia-modified albumin (IMA).
Previous studies have demonstrated increased IMA
levels in migraine patients, suggesting that oxidative
stress may alter ALB function rather than its total
concentration'®". Since IMA was not measured in the
present study, potential functional alterations of ALB
could not be evaluated. Therefore, the absence of
differences in total ALB levels does not exclude
structural or functional changes.

UAR has recently emerged as a composite biomarker
reflecting both oxidative stress and systemic
inflammation. Several studies have demonstrated the
clinical significance of UAR in cardiovascular
diseases, hypertension, and acute kidney injury'"***'.

Although UAR has not been extensively investigated
in migraine, its biological rationale appears plausible.
Migraine is increasingly recognized as a
neurovascular disorder characterized by endothelial
dysfunction, altered vascular reactivity, and low-grade
systemic inflammation. While UA reflects antioxidant
capacity, ALB is influenced by inflammatory and
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acute-phase responses. Therefore, UAR may represent
the balance between oxidative stress and inflammatory
activity. A reduced UAR could indicate oxidative
predominance and impaired vascular—endothelial
regulation, processes that have been implicated in
migraine pathophysiology. This integrated perspective
may help explain why UAR differed between groups
even when albumin levels alone did not show
significant changes.

Since UAR reflects the balance between oxidative and
inflammatory processes, we further examined its
association with clinical severity and migraine-related
disability. Specifically, we analyzed correlations
between UAR and clinical parameters, including VAS
and MIDAS scores, to evaluate whether UAR might
reflect disease burden in EM.

Previous studies have reported inconsistent findings
regarding the association between oxidative stress and
migraine severity. While some studies suggested that
higher attack frequency is associated with increased
oxidative stress and reduced antioxidant defense,
others did not observe significant relationships
between UA, ALB, and clinical features of
migraine7’22. In our study, UA, ALB, and UAR were
not significantly correlated with migraine duration,
attack frequency, VAS or MIDAS scores. These
findings suggest that although UAR may reflect
systemic oxidative and inflammatory balance, it does
not appear to directly correspond to clinical severity in
episodic migraine.

One possible explanation is that interictal
measurements may not fully capture dynamic
oxidative changes occurring during migraine attacks.
Additionally, oxidative and inflammatory mechanisms
may affect migraine through complex pathways that
are not fully captured by routine clinical indices.
Migraine is a multifactorial disorder influenced by
genetic  susceptibility, psychosocial stress, and
environmental triggers, which may contribute
substantially to disease expression. Future longitudinal
studies incorporating both ictal and interictal
assessments may provide further insight into the
temporal relationship between oxidative processes and
migraine activity.

Aura is thought to represent a transient cortical

phenomenon  related to  cortical  spreading
depolarization, a process associated with oxidative and
: c s 2304 :

inflammatory  activity”™".  Previous  research

comparing MA and MWA has generally not
demonstrated major differences in systemic oxidative
markers between the two subtypes. Yazar et al.”’
reported that both MA and MWA patients had lower
serum UA levels than healthy controls, with no
significant difference between migraine subgroups.
Likewise, Yang et al.® found no significant variation
in UA or ALB levels between the two forms.
Consistent with these findings, our study also

demonstrated comparable UA, ALB, and UAR values
in patients MA and MWA. However, the relatively
small number of patients with aura in our cohort may
have limited the statistical power to detect subtle
differences.

Although current evidence suggests that systemic
oxidative—inflammatory balance does not markedly
differ between migraine subtypes, it is possible that
aura-related oxidative changes are localized at the
cortical level and therefore not fully reflected by
peripheral biochemical markers. This distinction may
partly explain why systemic measurements fail to
capture potential pathophysiological differences
associated with aura.

In conclusion, our study demonstrated that serum UA
levels and UAR were significantly lower in patients
with episodic migraine compared with healthy
controls, whereas ALB levels were similar between
the groups. These findings may indicate a reduction in
systemic antioxidant capacity in migraine. However,
UA, ALB, and UAR were not significantly associated
with pain intensity, migraine-related disability, or
attack frequency. This suggests that although
oxidative imbalance may be involved in migraine
pathophysiology, it does not appear to directly reflect
clinical severity in EM. Further prospective and
longitudinal studies are needed to clarify the clinical
relevance of these biomarkers.

This study has several limitations. First, its
retrospective and cross-sectional design limits causal
inference. Second, the sample size—particularly for
patients with aura—was relatively small, which may
have reduced the statistical power of subgroup
analyses and limited the ability to detect subtle
differences between migraine subtypes.

In addition, other oxidative stress markers such as
total antioxidant capacity, total oxidant status,
malondialdehyde, superoxide dismutase, glutathione
peroxidase, and IMA were not evaluated. Assessment
of these parameters might have provided a more
comprehensive characterization of redox balance.

Another limitation relates to the interictal assessment.
Although blood samples were obtained when patients
were not experiencing an acute migraine attack, the
exact duration of the interictal period could not be
standardized due to the retrospective design. Since
oxidative and inflammatory parameters may vary
between ictal and interictal phases, this variability
may have influenced the findings.

Despite these limitations, our results support a
potential role of oxidative imbalance in migraine
pathophysiology and provide a basis for future
prospective, multicenter studies aimed at clarifying the
clinical significance of these biomarkers.
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