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Abstract

Introduction: Migraine is a prevalent and disabling neurological disorder with a complex and partially understood
pathophysiology. Red blood cell distribution width (RDW), a routine hematological parameter, has emerged as a potential
biomarker of systemic inflammation, which may be relevant in migraine.

Methods: We conducted a systematic review and meta-analysis of studies reporting RDW values in individuals with and
without migraine. Electronic databases (PubMed, Scopus, Web of Science) and Google Scholar were searched through June
23,2025. Inclusion criteria comprised case-control studies comparing RDW in migraineurs and healthy controls.

Results: Five case-control studies comprising 1,240 participants (709 with migraine and 531 without) met the inclusion
criteria. RDW values were higher in migraine patients in four of the five studies. The overall pooled weighted mean difference
(WMD) in RDW was 0.24 (95% Cl: —0.15 to 0.62; ’=97%). After excluding one outlier study, the WMD increased to 0.47 (95%
Cl:0.181t0 0.76).

Discussion and Conclusion: Our findings suggest a trend toward elevated RDW in individuals with migraine. While
promising, the results are limited by high heterogeneity and methodological inconsistencies across studies, underscoring

the need for further standardized research.
Keywords: Migraine; RDW,; red blood cell distribution width.

igraine is a highly prevalent and disabling neurological

disorder, affecting approximately 12-15% of the global
population, with a marked female predominance and a peak
incidence during the most productive years of life (2], It also
ranks among the leading causes of disability-adjusted life
years (DALYs) worldwide [, imposing substantial individual
and societal burdens due to its recurrent, often severe
attacks and the associated disability caused by a wide
range of debilitating symptoms, including nausea (up to
vomiting), dizziness or vertigo, photophobia, phonophobia,
osmophobia, allodynia, and post-migraine fatigue 11,
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The complex and multifactorial pathophysiology of
migraine remains incompletely understood; however, it is
thought to involve genetic predisposition, neurovascular
dysfunction, cortical spreading depression, and
inflammation 3. In this context, the identification of
accessible and reliable laboratory biomarkers that reflect
underlying pathophysiological mechanisms, aid in risk
assessment, support diagnosis, and enable monitoring of
disease progression is of considerable clinical importance.

Red blood cell distribution width (RDW), a routinely
reported parameter in the complete blood count (CBC),
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reflects variability in the size of circulating erythrocytes 4],
Traditionally used in the differential diagnosis of anemia,
RDW has more recently emerged as a potential biomarker
of various pathological conditions characterized by
systemic inflammation, oxidative stress, and endothelial
dysfunction—key pathways that may also be implicated
in the pathogenesis of migraine [*1. Accordingly, this
systematic review and meta-analysis aimed to summarize
the available evidence on RDW in patients with and
without migraine and to evaluate whether this parameter
may serve as a potential biomarker in this clinical setting.

Materials and Methods

We conducted a comprehensive electronic search in Medline
(via PubMed), Scopus, and Web of Science using the keywords
“red blood cell distribution width” OR“RDW” AND “migraine,”
applied to all searchable fields. Because anemia status was
not consistently reported across studies, it was not feasible to
apply anemia as an exclusion criterion in this meta-analysis.
The search was performed without restrictions on date (up
to June 23, 2025) or language. The protocol adhered to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. An additional search was
performed in Google Scholar using the same predefined
keywords to capture studies not indexed in the primary
databases, limited to the first 1000 items.

Titles, abstracts, keywords, and full texts of all retrieved
records were systematically screened. Studies were
included if they reported RDW values in individuals with
(cases) and without (controls) a diagnosis of migraine
based on the criteria of the International Headache Society
[6], The reference lists of the included studies were also
manually screened using forward and backward citation
tracking to identify additional potentially relevant studies.

Statistical Analysis

A pooled analysis was conducted to calculate the weighted
mean difference (WMD) and corresponding 95% confidence
intervals (95% Cl) for RDW values between migraine and
non-migraine subjects. A random-effects model was used
to account for heterogeneity due to variations in study
populations, hematological analyzers used to measure
RDW, and measurement units. Heterogeneity was assessed
using the x* test and the I? statistic with the inverse variance
heterogeneity (IVhet) model. All analyses were performed
using MetaXL software, Version 5.3 (EpiGear International
Pty Ltd., Sunrise Beach, Australia). This study was conducted
in accordance with the principles of the Declaration of
Helsinki and relevant local legislation. Ethical approval was
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not required, as the study was a meta-analysis and therefore
exempt from local institutional review board requirements.

Results

A total of 22 articles were initially identified through
searches of the three primary scientific databases (Fig. 1).
Of these, 19 were excluded after title, abstract, or full-text
screening for the following reasons: 14 did not specifically
include patients with migraine, 3 did not report RDW
values, and 2 were review articles. An additional two
eligible studies were identified through manual searching
in Google Scholar. Consequently, five studies comprising
a total of 1,240 participants (709 with migraine and 531
without) met the inclusion criteria and were included in
the pooled analysis, as summarized in Table 1 [7-111 All
included studies had a case-control design. Three studies
reported the laboratory instruments used to measure
RDW and specified the measurement unit as percentage
(%), with each using a different hematological analyzer. In
contrast, two studies did not report the type of analyzer

Figure 1. Flow-chart detailing search criteria, eligibility, exclusion/
inclusion, and final outcome of our search.

RDW: Red blood cell distribution width.
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Table 1. Summary of the studies included in the pooled analysis
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Authors Study design  Sample size (patients)

Instrumentation

Values (cases
vs. controls)

Measure unit

Celikbilek et al.[”,  Case-control 200 (100 with migraine)

Acar et al. [8], Case-control 165 (100 with migraine)

Giletal. [, Case-control 167 (100 with migraine)

Meamar et al. [0, Case-control 200 (100 with migraine)

Komiircii etal. ['],  Case-control 508 (309 with migraine)

Coulter LH 750 (Beckman Coulter) Percent (%) 13.8+0.5 vs.
13.1+0.3
Pentra DF Nexus (Hariba Medical) Percent (%) 14.6+1.7 vs.
14.4+1.6
Non-available Percent (%) 13.8+1.3 vs.
13.2+1.0
Sysmex K1000 (Sysmex Corp) Non-available 13.4£0.2 vs.
13.1£0.1
Non-available Non-available 13.3+0.8 vs.
13.9+1.1

used or the measurement unit. Although the measurement
unit of RDW was not explicitly stated in two studies, it can
reasonably be inferred that the values were expressed as
percentages based on the reported data. The overall risk of
bias was low across all included studies (Fig. 2). The funnel
plot of the studies included in the meta-analysis is shown in
Figure 3 and demonstrates marked asymmetry, suggesting
the presence of potential publication bias or small-study
effects, with studies of smaller sample size appearing to
be unevenly distributed and clustering predominantly on
one side of the pooled effect estimate. This asymmetry
indicates that negative or non-significant results may be
underrepresented in the available literature.

The results of the random-effects meta-analysis are
presented in Figure 4. In all but one study, RDW values were
higher in patients with migraine than in control subjects.
The overall pooled weighted mean difference (WMD) in

Figure 3. Funnel plot of studies included in the meta-analysis.
WMD: Weighted mean difference.

RDW between migraine and non-migraine groups was
0.24 (95%Cl: —0.15 to 0.62), with substantial heterogeneity
(Cochrane’s Q: 150.9; I’=97%). After logit transformation,
the WMD was 0.37 (95%Cl: 0.27-0.35). Following exclusion
of the single study by Kémiircii et al. ', which reported

Figure 2. Risk of bias evaluated according to Risk of bias tools - ROBVIS.
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Figure 4. Weighted mean difference and 95% confidence interval (95% Cl) of red blood cell distribution width (RDW) values in patients

with or without migraine.
WMD: Weighted mean difference.

Figure 5. Weighted mean difference and 95% confidence interval (95% Cl) of red blood cell distribution width (RDW) values in patients
with or without migraine after excluding the study of Kémiircii et al. ('],

WMD: Weighted mean difference.

lower RDW values in migraine patients, the pooled WMD
became statistically significant and positive (WMD=0.47;
95%Cl: 0.18 to 0.76), although heterogeneity remained
high (Cochrane’s Q: 49.3; I’=94%) (Fig. 5). After logit
transformation, the WMD was 0.35 (95%Cl: 0.31-0.39).

Discussion

RDW has gained increasing attention in recent years as a
potential biomarker for a range of pathological conditions,
many of which are characterized by persistentinflammation,
oxidative stress, and endothelial dysfunction 1. In general,
an elevated RDW reflects increased heterogeneity in
erythrocyte volume, which may ultimately influence
cerebrovascular tone, nociceptive signaling, and immune
responses [°l. Although RDW lacks specificity for any
particular pathology, it is inexpensive, widely available, and
relatively reproducible 2], making it a potentially attractive

laboratory parameter in the context of migraine, provided
that its diagnostic or prognostic utility is confirmed.

The aim of the present meta-analysis was to investigate
the potential association between RDW and migraine by
synthesizing data from the available scientific literature.
Our pooled analysis indicates a trend toward higher
RDW values in individuals with migraine compared with
healthy controls. Specifically, four of the five included
studies reported significantly elevated RDW levels among
migraine patients, with individual WMDs consistently in
the positive direction and with the overall trend becoming
significant after logit transformation /-1, However, the
study by Kémiircii et al. 'Y markedly deviated from this
pattern, reporting lower RDW values in migraine patients.
Inclusion of this study substantially attenuated the overall
pooled effect, rendering it statistically non-significant and
increasing heterogeneity (°=97%) (Fig. 1). In a sensitivity



406

analysis excluding the study by Kémiircii et al. U1, the
pooled WMD increased and achieved statistical significance,
(Fig. 5) although heterogeneity remained high (°=94%).

The study by Kémiircii et al.l" ' may differ methodologically,
most notably in its exclusive inclusion of migraine patients
without aura, a subgroup that may represent a distinct
clinical phenotype. Interestingly, while Celikbilek et al. [7]
reported identical RDW values in patients with and without
aura (13.7 vs. 13.7; p=0.732), Meamar et al. % observed a
non-significant trend toward higher RDW values in the aura
group (15.1 vs. 13.4). Potential sources of heterogeneity
include differences in population demographics, migraine
subtypes (e.g., with or without aura), disease duration,
and comorbid conditions. An additional and important
contributor to heterogeneity is variability in devices and
laboratory protocols used for RDW measurement, which
may yield systematically different results across studies.
This methodological inconsistency, combined with
clinical variability, likely explains the very high level of
heterogeneity observed in the analysis (1*>94%). Moreover,
the limited number of eligible studies and the relatively
small cumulative sample size reduce statistical power and
restrict the robustness and generalizability of the findings.
A comprehensive meta-regression analysis was not feasible
due to insufficient reporting of key clinical and laboratory
variables across the included studies. Taken together, these
factors underscore the need for future studies employing
standardized measurement techniques, larger sample
sizes, and more homogeneous patient populations to
validate and extend the present results.

Conclusion

Future research should address these limitations by
employing larger, prospective cohorts, accounting
for relevant confounding variables, and adopting
standardized RDW assessment methods. Additionally, it
would be informative to explore whether RDW correlates
with migraine severity, frequency, duration, or therapeutic
response, which could further clarify its clinical utility.
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