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Background: Migraine is increasingly recognized as a neuroinflammatory disorder characterized by trigeminovascular activation and
cytokine-mediated nociceptive sensitization. While leukocyte-derived indices such as the neutrophil-to-lymphocyte ratio (NLR) and
systemic immune—inflammation index (SII) reflect dynamic inflammatory responses, the hemoglobin—albumin-lymphocyte—platelet
(HALP) score represents a composite immunonutritional marker associated with chronic systemic inflammation. However, its potential
relevance in migraine remains unclear.

Methods: In this retrospective cross-sectional study, 115 patients with migraine were included. HALP, NLR, platelet-to-lymphocyte
ratio (PLR), and SII were calculated from laboratory parameters obtained within £14 days of clinical evaluation. Associations with
clinical variables were analyzed using correlation and regression analyses. Discriminative performance for chronic versus episodic
migraine was assessed using receiver operating characteristic (ROC) curve analysis with Youden index estimation.

Results: Among the 115 included patients, 99 (86.1%) had episodic migraine and 16 (13.9%) had chronic migraine. HALP was not
associated with monthly headache frequency, disease duration, or analgesic use and showed limited discriminative performance. In
contrast, NLR and SII were significantly elevated in chronic migraine and demonstrated moderate discriminatory ability for
differentiating chronic from episodic migraine (AUC = 0.734 and 0.723, respectively). However, these estimates should be interpreted
cautiously given the relatively small chronic migraine subgroup.

Conclusion: These findings suggest that migraine-related inflammatory processes may be more sensitively reflected by rapidly responsive
leukocyte-derived indices than by composite immunonutritional markers such as HALP. The lack of association between HALP and clinical
features may indicate that systemic inflammatory involvement in migraine is limited or variable, rather than persistently elevated.
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Introduction

Migraine is a highly prevalent and disabling neurological disorder that causes a substantial burden worldwide and markedly
reduces quality of life."* The diagnostic classification of migraine has been clearly established in the third edition of the
International Classification of Headache Disorders (ICHD-3), which defines its major clinical subtypes.® According to the
ICHD-3, chronic migraine is defined as headache occurring on >15 days per month for more than 3 months, with migraine
features present on at least 8 days per month.> Among these, chronic migraine is associated with greater attack frequency,
higher functional impairment, and increased healthcare utilization compared with episodic migraine.*

https://doi.org/10.2147/JIR.S625473 Journal of Inflammation Research 2026:19 625473 |
Received: 24 May 2026 © 2026 Oztiirk and Aktan. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at htps://www.dovepress.com/
Accepted: 18 June 2026 AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creativecommons.org/licenses/by-nc/4.0/). By accessing

Published: 10 July 2026 the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-9422-5723
http://orcid.org/0000-0003-1740-8339
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Oztiirk and Aktan

Beyond this clinical distinction, migraine is increasingly recognized as a disorder of altered pain processing involving
neurovascular and neuroimmune mechanisms.” This evolving pathophysiological perspective has increased interest in
identifying biomarkers that may reflect disease activity and migraine chronification.

Current literature indicates that the pathophysiology of migraine cannot be explained solely by vascular mechanisms;
instead, it involves a combination of central sensitization, activation of the trigeminovascular system, and inflammatory
processes. Accumulating evidence suggests that sterile inflammation within the meningeal tissues activates trigeminal
nerve endings and enhances pain sensitivity, supporting the role of neuroinflammatory mechanisms in migraine.’

Elevated levels of pro-inflammatory cytokines have been reported in both episodic and chronic migraine patients.® An
important component of these inflammatory processes is the release of neuropeptides from the trigeminovascular system,
particularly calcitonin gene-related peptide (CGRP), which has a central role in the initiation and maintenance of migraine.’
These findings further support the association of migraine with immune activation and neuroinflammatory signaling.®’

Various hematological parameters have been explored as markers of inflammatory activity in migraine. Among these,
the neutrophil-to-lymphocyte ratio (NLR) has been associated with attack severity and overall inflammatory burden in
several studies.'*"!

Another increasingly studied inflammatory biomarker is the systemic immune—inflammation index (SII), which
incorporates neutrophil, lymphocyte, and platelet counts into a single measure. By integrating information from both
innate immune activation and platelet-related inflammatory responses, SII may provide a broader assessment of
inflammatory burden than NLR alone. Elevated SII levels have been reported in patients with chronic migraine and
other neuroinflammatory conditions. However, NLR and SII primarily reflect dynamic leukocyte-mediated inflammatory
responses and do not capture the broader immunonutritional and hematologic context.®!*!?

This limitation has increased interest in composite biomarkers. The hemoglobin—albumin—lymphocyte—platelet
(HALP) score integrates these parameters into a single index that may better reflect the interaction between inflammation,
immune status, and nutritional condition. The prognostic value of HALP has been demonstrated in several malignancies,
and emerging evidence suggests potential relevance in cardiovascular disease, ischemic stroke, and epilepsy.'* '

No studies have specifically evaluated the HALP score in migraine. This represents a relevant gap, as the biological
components of HALP are each linked to processes implicated in migraine pathophysiology. Albumin is closely related to
systemic inflammation,'” iron deficiency has been associated with migraine in prior studies'® and hematological
variability has also been reported in patients with migraine.'® Taken together, these observations provide a rationale
for investigating whether HALP may reflect migraine-related inflammatory and immunonutritional alterations.

Therefore, comparing HALP with established inflammatory indices, such as the NLR, may clarify whether
a multidimensional immunonutritional marker provides additional value in migraine. Although HALP theoretically
reflects broader biological domains than leukocyte-derived indices, its relevance in migraine has not been investigated.
Accordingly, this study aimed to evaluate whether HALP is associated with migraine severity and chronicity, and to
compare its performance with NLR and SII in characterizing migraine-related inflammatory activity. We hypothesized
that patients with chronic migraine would exhibit higher inflammatory biomarker levels than those with episodic
migraine and that the multidimensional HALP score would demonstrate clinically relevant associations with migraine

burden and chronicity.

Materials and Methods

This retrospective cross-sectional study was conducted in the Neurology Outpatient Clinic of Ankara Yildirim Beyazit
University Yenimahalle Training and Research Hospital. Adult patients aged 18—65 years who were admitted between
January 1, 2021, and November 30, 2025, and diagnosed with migraine based on the International Classification of
Headache Disorders, 3rd edition (ICHD-3), were evaluated. Hospital Information Management System (HIMS) records
were reviewed, and demographic characteristics, clinical visit notes, and laboratory results were systematically extracted
using a standardized data collection form. A neurologist confirmed migraine diagnosis through integrated assessment of
medical history, attack characteristics, and physical examination findings.

The patient screening process, exclusion criteria, and final study cohort are summarized in Figure 1.
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Records screened (ICHD-3 migraine): 149

/ Records excluded: 34
1
Missing albumin: 14
Infection markers: 12
Malignancy: 5
\ Rheumatologic disease: 3 /

Final study population included — 115

J

Figure | Flow diagram of patient screening, exclusion criteria, and final study cohort selection. The diagram illustrates the number of patients assessed for eligibility, reasons
for exclusion, and the final number of episodic and chronic migraine patients included in the analysis.

To ensure temporal relevance between laboratory parameters and clinical status, hemogram and biochemistry measurements
were required to be performed within +14 days of the clinical visit date. Records exceeding this window were excluded to
minimize biological variability. HALP (Hemoglobin—Albumin—Lymphocyte—Platelet) was calculated using hemoglobin (g/L),
albumin (g/L), lymphocyte (/L), and platelet (/L) values obtained from the same blood sample. Neutrophil-to-lymphocyte ratio
(NLR) was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count.

The Hemoglobin—Albumin—Lymphocyte—Platelet (HALP) score was calculated according to the following formula:

HALP = (Hemoglobin [g/L] x Albumin [g/L] X Lymphocyte count [/L]) / Platelet count [/L]. Strict exclusion criteria
were applied to avoid confounding inflammatory conditions. Patients were excluded if they had acute infection,
leukocytosis, markedly elevated C-reactive protein (CRP), chronic inflammatory disease (rheumatoid arthritis, systemic
lupus erythematosus, vasculitis, Behget’s disease, inflammatory bowel disease, psoriasis), active malignancy or cancer
treatment within five years, hematological disorder, severe liver failure, nephrotic syndrome, or marked malnutrition.
Individuals with major surgery, trauma, or blood transfusion within the previous three months and those receiving
immunosuppressive or systemic corticosteroid therapy were also excluded. Patients with incomplete or inconsistent
laboratory—clinical records were excluded from the final analysis.

Statistical Analyses

All statistical analyses were performed using IBM SPSS Statistics version 26.0. The distribution of continuous variables
was assessed using the Kolmogorov—Smirnov test. Parametric comparisons were conducted with the Student’s z-test for
normally distributed data, while non-parametric comparisons were made using the Mann—Whitney U-test for non-
normally distributed variables. Categorical variables were compared using the chi-square test. Correlations between
inflammatory biomarkers (HALP, NLR, PLR, and SII) and clinical parameters were examined using Pearson or
Spearman correlation coefficients, depending on distributional characteristics. To evaluate the independent contribution
of HALP and NLR to headache burden, multivariable linear regression models were constructed.

To determine the discriminatory capacity of inflammatory biomarkers for differentiating chronic from episodic migraine,
receiver operating characteristic (ROC) curve analyses were conducted. Optimal threshold values for NLR and SII were
calculated using the Youden index, and corresponding sensitivity, specificity, odds ratio (OR), and confusion matrix values
were generated. Effect sizes were calculated using Cohen’s d to quantify the magnitude of differences between groups and to

aid interpretation of the findings. A two-tailed p-value of <0.05 was considered statistically significant.

Journal of Inflammation Research 2026:19 hetps: 3



Oztiirk and Aktan

Results
A total of 149 migraine patients were screened, of whom 34 were excluded due to missing albumin results, active
infection markers, malignancy, or theumatologic disease (Figure 1). The remaining 115 patients were included in the final
analysis, comprising 99 (86.1%) with episodic migraine and 16 (13.9%) with chronic migraine. The cohort’s mean HALP
score was 55.22 + 22.38, and the mean monthly headache frequency was 6.62 + 5.11 days. When comparing migraine
subtypes, patients with chronic migraine exhibited a markedly greater monthly headache burden than those with episodic
disease (16.25 £ 2.89 vs 5.09 + 3.34 headache days per month; p < 0.001), confirming the expected substantial clinical
distinction between the two phenotypes. Baseline demographic and clinical characteristics of the study population are
summarized in Table 1.

Spearman correlation analysis revealed no significant association between HALP and migraine duration (p = —0.037,
p = 0.720), monthly headache frequency (p = —0.077, p = 0.414), or monthly analgesic consumption (p = —0.032,
p = 0.762) (Table 2).

Similarly, no correlation was observed between attack frequency and inflammatory indices PLR (p = 0.046,
p = 0.624) or SII (p = 0.137, p = 0.144). ROC analysis demonstrated limited performance for HALP (AUC = 0.410—
0.511) and PLR (AUC = 0.557) in migraine characterization (Figure 2). Multiple linear regression performed with
monthly attack frequency as the dependent variable and HALP, NLR, and migraine duration as predictors revealed no

Table | Baseline Demographic and Clinical Characteristics of the Study Population

Variable Total Episodic Migraine | Chronic Migraine | p-value
(n=115) (n=99) (n=16)
Sex, female/male, n 96/19 82/17 14/2 0917
Age, years 36.35 £ 1047 3651 1049 35.38 + 10.61 0.696
Migraine duration, months 107.06 £ 79.24 | 104.28 + 77.55 124.25 + 89.77 0.394
Monthly headache frequency (days) | 6.64 + 5.08 5.09 + 3.34 16.25 £ 2.89 p <0.001
Monthly analgesic use 9.90 + 7.59 781 £5.07 2281 +7.95 p <0.001
Hemoglobin (g/L) 13837 £ 14.84 | 139.45 + [5.04 131.69 = 11.85 0.028
Albumin (g/L) 44.77 £ 3.12 44.84 £ 3.06 44.38 £ 3.54 0.633
HALP score 55.22 + 22.38 56.07 + 22.76 49.93 £ 19.67 0.253
Neutrophil-to-lymphocyte ratio 2.02 + 0.69 1.95 + 0.67 2.48 + 0.68 0.003

Notes: Values are presented as mean * SD. Group comparisons were performed using appropriate parametric or non-parametric tests.

p-values <0.00| are reported as p <0.001.

Abbreviations: HALP, hemoglobin—albumin—lymphocyte—platelet; NLR, neutrophil-to-lymphocyte ratio.

Table 2 Correlation Analysis Between Biomarkers and Clinical Variables

Correlation Pair Spearman p | p-value | Significance | Interpretation

HALP vs Monthly Headache Frequency | —0.077 0414 NS No correlation

HALP vs Migraine Duration —0.037 0.720 NS No correlation

HALP vs Analgesic Use —0.032 0.762 NS No correlation

NLR vs Monthly Headache Frequency 0.063 0.481 NS Weak, non-significant
PLR vs Monthly Headache Frequency 0.046 0.624 NS No significant association

Notes: Spearman rank correlation analysis was used to assess associations between inflammatory biomarkers and clinical variables.
Correlation coefficients (p) are reported with corresponding p-values. NS indicates non-significant associations (p 20.05).
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Figure 2 Comparison of receiver operating characteristic (ROC) curve area under the curve (AUC) values for inflammatory biomarkers. The figure presents comparative
AUC values of HALP, PLR, NLR, and SlI for differentiating chronic from episodic migraine.

significant effects for HALP (f =—0.0034, p = 0.880), NLR (B =+1.2145, p = 0.103), or migraine duration (3 = +0.0068,
p = 0.266), with an overall low model explanatory power (R* = 0.035).

A sex-stratified comparison showed that HALP scores were significantly higher in males than in females (79.70 £ 29.06 vs
50.37 £ 17.24; p < 0.001). Males also had higher hemoglobin levels (160.0 £ 11.7 vs 134.1 + 11.1; p < 0.001) and albumin
levels (46.42 £ 3.17 vs 44.45 £2.99; p = 0.037), whereas NLR did not differ by sex (2.03 = 0.69 vs 2.02 £ 0.69; p = 0.871).
A weak inverse correlation was observed between age and HALP (p = —0.178, p = 0.056), although this association did not
reach statistical significance.

When categorized by age (<35, 35-50, >50 years), mean HALP values were 60.60 + 23.18, 51.69 + 22.50, and 52.23
+ 10.74, respectively. Although HALP values tended to be lower in older age groups, the overall difference did not reach
statistical significance (Kruskal-Wallis p = 0.093). No statistically significant pairwise differences were observed after
Bonferroni correction.

In the chronic—episodic comparison for inflammatory metrics, NLR and SII were significantly elevated among
chronic migraine patients (NLR: 2.48 + 0.68 vs 1.95 + 0.67; p = 0.003, SII: 664.1 + 165.9 vs 525.4 + 236.5;
p = 0.0043). HALP and PLR did not differ significantly between groups (both p > 0.25) (Table 3). The observed
differences in NLR and SII between chronic and episodic migraine were associated with moderate-to-large effect sizes
(Cohen’s d = 0.80 for NLR and 0.61 for SII), despite the relatively small chronic migraine subgroup.

Table 3 Comparison Between Episodic and Chronic Migraine

Parameter | Episodic Chronic p- Effect Interpretation
Migraine Migraine value | Size (d)
(n=99) (n=16)
HALP 56.07 £ 22.76 49.93 £ 19.67 0.253 | 027 No difference
NLR 1.95 £ 0.67 2.48 + 0.68 0.003 0.80 Significantly Higher in Chronic Migraine
NI 5254 + 236.5 664.1 + 165.9 0.0043 | 0.6l Higher in Chronic Migraine
PLR 145 + 58 152 + 49 ns 0.12 No difference

Notes: Values are presented as mean + SD. Group comparisons between episodic and chronic migraine were performed using the Student’s t-
test or Mann—Whitney U-test according to data distribution. Effect sizes are reported as Cohen’s d.
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HALP tertile-based comparison of monthly headache frequency showed mean values of 6.89 &+ 5.32, 7.03 £ 5.26, and
6.03 + 4.71 days/month for the low, medium, and high tertiles, respectively. No significant difference in headache
frequency was observed across HALP tertiles (Kruskal-Wallis p = 0.719), indicating the absence of a dose—response
relationship between HALP levels and migraine burden (Figure 3).

In migraine type differentiation, ROC analysis identified NLR (AUC = 0.734) and SII (AUC = 0.723) as the most
effective markers for distinguishing chronic from episodic migraine (Figure 4). The optimal NLR cut-off identified by the
Youden index was 1.9087, yielding a sensitivity of 0.875 and a specificity of 0.626 (Table 4). At this threshold, 14 of 16
chronic migraine patients and 62 of 99 episodic migraine patients were correctly classified, whereas 2 chronic and 37
episodic migraine patients were misclassified.

Likewise, using the SII threshold of >565.5 resulted in correct identification of 69 episodic and 12 chronic patients,
with 30 episodic and 4 chronic cases incorrectly assigned. At this threshold, patients with elevated NLR demonstrated
approximately 11.7-fold increased odds of chronic migraine.

Migraine Attack Burden Across HALP Tertile Groups
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Figure 3 Monthly headache frequency according to tertiles of the Hemoglobin—Albumin—Lymphocyte—Platelet (HALP) score. Mean monthly headache frequency was
comparable across low, medium, and high HALP tertiles, with no significant overall difference, supporting the absence of a clinically meaningful association between HALP
level and migraine burden.
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Figure 4 Receiver operating characteristic (ROC) curve of the neutrophil-to-lymphocyte ratio (NLR) for differentiating chronic and episodic migraine. The ROC curve
demonstrates the diagnostic performance of NLR, including the area under the curve and 95% confidence intervals.
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Table 4 ROC Analysis for Biomarkers in Chronic vs Episodic Migraine

Biomarker | AUC Cut-off | Sensitivity | Specificity | OR (Risk)
NLR 0.734 =1.9087 | 0.875 0.626 11.73

NI 0.723 2565.54 | 0.750 0.697 —

HALP 0.410-0.511 | — — — Not predictive
PLR 0.557 — — — Weak utility

Notes: Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic
performance of inflammatory biomarkers for differentiating chronic and episodic migraine. Optimal cut-
off values were determined using the Youden index. AUC indicates area under the ROC curve; OR
indicates odds ratio. Biomarkers without defined cut-off values showed limited or no predictive utility.

Discussion

This retrospective cross-sectional study investigated the relationship between the HALP score and clinical features of
migraine, and compared its performance with established inflammatory indices, particularly the NLR and the SII. To our
knowledge, this is the first study to evaluate HALP in a migraine population. The main findings can be summarized as
follows. First, HALP was not associated with headache frequency, disease duration, or analgesic use and demonstrated
limited ability to discriminate between episodic and chronic migraine. In contrast, NLR and SII were significantly
elevated in chronic migraine and showed acceptable discriminative performance. Finally, HALP values were strongly
influenced by sex and, to a lesser extent, by age, suggesting that HALP primarily reflects physiological variability rather
than disease-related inflammatory activity.

Despite its theoretical appeal as a multidimensional biomarker integrating hematologic, inflammatory, and nutritional
domains, HALP was not associated with headache frequency, disease duration, or analgesic use in this cohort and did not
meaningfully distinguish episodic from chronic migraine. Its limited performance across correlation, subgroup, and ROC
analyses suggests that HALP may be insufficiently sensitive to detect the relatively modest and fluctuating inflammatory
changes associated with migraine severity or chronification. In a relatively young outpatient population without major
systemic comorbidity, these findings support the view that migraine-related inflammation may not generate the sustained
immunonutritional disturbance required to alter slowly changing composite markers such as HALP.

Previous studies have shown increased platelet activation and enhanced platelet-leukocyte interactions in migraine,
supporting the presence of an inflammatory vascular response in this disorder.?’ This is relevant to HALP-based interpretation
because platelet-related changes may indeed accompany migraine; however, our findings suggest that such alterations are not
sufficiently sustained or integrated at the immunonutritional level to generate a clinically informative HALP signal.

Neutrophils and lymphocytes play central roles in inflammatory signaling, and shifts in their circulating levels are
commonly used to reflect systemic inflammatory status.>'** During physiological stress, neutrophil counts tend to rise
while lymphocyte levels decline, which helps explain why leukocyte-derived indices such as NLR and SII may be more
sensitive than HALP to the dynamic inflammatory changes observed in migraine. Serum albumin levels typically decline
during systemic inflammatory states because albumin functions as a negative acute-phase reactant, making it more informative
in conditions characterized by sustained inflammatory burden rather than transient inflammatory fluctuations.”

Our results showed that NLR and SII had stronger discriminative performance than HALP for distinguishing chronic
from episodic migraine, with AUCs of 0.734 and 0.723, respectively. By contrast, HALP was not meaningfully
associated with any of the clinical parameters examined. This pattern is consistent with the view of migraine as
a dynamic neuroimmune disorder characterized by transient trigeminovascular activation, cytokine release, and CGRP-
mediated neurogenic inflammation rather than sustained systemic inflammatory burden.®**

An apparent paradox arises from the observation that NLR and SII differed between chronic and episodic migraine
whereas HALP did not. One possible explanation is that migraine chronification may generate a degree of persistent low-grade
inflammatory activation sufficient to influence leukocyte-derived indices, yet insufficient to alter the more stable hematologic

and nutritional components incorporated into the HALP score. Thus, the inflammatory signal associated with chronic migraine
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may be detectable at the cellular immune level without producing the broader systemic immunonutritional changes required to
substantially affect HALP.

NLR and SII predominantly reflect acute innate immune activation and may therefore be more sensitive to the dynamic
inflammatory changes associated with migraine.'®'"'? In contrast, HALP incorporates hematologic and nutritional compo-
nents that are also influenced by factors such as nutritional status, hepatic protein synthesis, and chronic disease burden.”

Because these components generally change more slowly than leukocyte-derived indices, HALP may be less
responsive to the episodic inflammatory fluctuations characteristic of migraine.”” 2’ The absence of meaningful associa-
tions between HALP and migraine characteristics further supports the notion that migraine-related inflammation is
predominantly episodic rather than sustained. Accordingly, composite immunonutritional markers such as HALP may be
less informative than rapidly responsive leukocyte-derived indices in this clinical setting.'***?° The relative stability of
HALP across migraine subgroups further supports the view that migraine-related neuroimmune activation is episodic
rather than sustained, consistent with transient CGRP-mediated inflammatory cascades rather than progressive immuno-
metabolic disruption.”*** In disorders characterized by persistent inflammatory pressure, reductions in albumin or
lymphocyte counts are expected; however, this pattern was not observed in our cohort.

Notably, higher HALP, hemoglobin, and albumin levels observed in males suggest that baseline sex-related hema-
tologic differences may outweigh disease-related variation. This finding is consistent with known sex differences in
hemoglobin levels and the female predominance of migraine."'? Such effects may obscure subtle associations between
HALP and migraine characteristics and highlight the importance of sex-stratified analyses.

These findings suggest that HALP should not be considered a negative biomarker but rather a context-dependent
indicator that may be more informative in settings such as refractory migraine, metabolic comorbidity, or treatment
response, rather than in single-time-point assessments. Its potential value may be better realized in longitudinal or
intervention-based studies, where immunonutritional status is more likely to change over time.

The present findings have several implications for both clinical practice and future research. Although HALP did not
show meaningful predictive or discriminative value in migraine, this result is informative because it suggests that routine
hematologic—nutritional indices may remain relatively preserved despite migraine chronicity. In turn, this supports the
view that migraine imposes a dynamic neuroimmune burden rather than a sustained systemic inflammatory disturbance. '

Clinically, these findings suggest that HALP alone is unlikely to be useful as a diagnostic or monitoring tool in routine
migraine evaluation. In contrast, the superior discrimination of NLR and SII between chronic and episodic migraine points to
a more acute inflammatory activation pattern reflected by leukocyte-derived inflammatory indices rather than by slower
metabolic or nutritional pathways.*! Accordingly, simple and widely available blood-based markers may still have clinical
value, particularly those reflecting rapid immune dynamics rather than slower immunonutritional changes.

Although ROC—Youden analysis identified NLR >1.91 and SII >565.5 as optimal thresholds for differentiating
chronic from episodic migraine in this cohort, these values should be considered hypothesis-generating rather than
clinically actionable. The small size of the chronic migraine subgroup (n = 16), together with the fact that the ROC-
derived cut-offs were both identified and evaluated within the same dataset, limits the robustness and external validity of
these estimates. Consequently, the reported discriminatory performance and odds ratios may be subject to optimism bias.
Moreover, despite AUC values of 0.734 for NLR and 0.723 for SII, the corresponding confidence intervals were
relatively wide (NLR: 95% CI, 0.622-0.838; SII: 95% CI, 0.596-0.836), reflecting the uncertainty associated with the
limited number of patients with chronic migraine. Therefore, these findings should be interpreted cautiously and require
validation in larger independent cohorts before any clinical application can be considered. Rather, they primarily
underscore the relative superiority of rapidly responsive leukocyte-derived indices over composite immunonutritional
markers in capturing migraine-related inflammatory dynamics.

This observation may partly explain the limited discriminative performance of HALP, as baseline sex-related
physiology may attenuate disease-associated variation.”® Future studies should therefore evaluate HALP not only in
cross-sectional settings but also in longitudinal and interventional designs, particularly in patients with high-frequency
migraine, refractory migraine, or during treatment-response monitoring, where metabolic and immunologic changes may
be more likely to emerge.
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This study has several limitations. Its retrospective cross-sectional design precludes causal inference and does not
permit assessment of temporal fluctuations in inflammatory markers across migraine phases. No a priori sample size
calculation was performed because of the retrospective nature of the study. Furthermore, the relatively small chronic
migraine subgroup (n = 16) may have limited statistical power for chronic-versus-episodic comparisons and reduced the
ability to detect modest biomarker-related differences, particularly for HALP. Therefore, negative findings should be
interpreted with caution and should be confirmed in larger prospective cohorts with a more balanced distribution of
migraine subtypes. In addition, although strict exclusion criteria were applied, potentially relevant factors, including diet,
body mass index, metabolic status, iron deficiency, sleep patterns, and menstrual phase, were not recorded and may have
influenced HALP independently of migraine severity. Headache frequency and analgesic use were obtained from clinical
records rather than prospective diary-based follow-up, which may have introduced recall and documentation bias.
Furthermore, because HALP reflects relatively slowly changing hematologic and nutritional components, a single time-
point measurement may be insufficient in a disorder marked by episodic neuroinflammatory activity. Finally, the single-
center nature of the dataset and the absence of a healthy control group limit the generalizability and interpretation of
these findings, and larger multicenter studies including non-migraine controls are needed to confirm the present results.

Conclusion

In this study, HALP did not correlate with headache frequency, migraine duration, or analgesic use and did not
distinguish between episodic and chronic migraine. In contrast, NLR and SII showed acceptable discriminative
performance, suggesting that migraine-related inflammatory activity is better reflected by rapidly responsive leukocyte-
derived indices than by slower immunonutritional markers. These findings support the view that migraine is character-
ized by episodic neuroinflammatory activation rather than sustained systemic inflammatory burden. Although HALP was
not informative in this cross-sectional setting, this should not be interpreted as biological irrelevance. Instead, it suggests
that HALP may be more appropriately evaluated in longitudinal designs, larger chronic migraine cohorts, and clinical
contexts marked by greater metabolic or inflammatory fluctuation, such as treatment-response monitoring or metaboli-
cally vulnerable subgroups.
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