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Abstract

Purpose Serum neurofilament light chain (sNfL) can reflect nerve damage. Whether migraine can cause neurologi-
cal damage remain unclear. This study assesses sNfL levels in migraine patients and explores whether there is nerve
damage in migraine.

Methods A case-control study was conducted in Xiamen, China. A total of 138 migraine patients and 70 healthy
controls were recruited. sNfL (pg/mL) was measured on the single-molecule array platform. Univariate, Pearson cor-
relation and linear regression analysis were used to assess the relationship between migraine and sNfL levels, with fur-
ther subgroup analysis by migraine characteristics.

Results Overall, 85.10% of the 208 subjects were female, with a median age of 36 years. sNfL levels were higher

in the migraine group than in the control group (4.85 (3.49, 6.62) vs. 4.11 (3.22, 5.59)), but the difference was not sig-
nificant (P=0.133). The two groups showed an almost consistent trend in which sNfL levels increased significantly
with age. Subgroup analysis showed a significant increase in sNfL levels in patients with a migraine course > 10 years
(B=0.693 (0.168, 1.220), P=0.010). Regression analysis results show that age and migraine course are independent
risk factors for elevated sNfL levels, and there is an interaction between the two factors. Patients aged <45 years

and with a migraine course > 10 years have significantly increased sNfL levels.

Conclusions This is the first study to evaluate sNfL levels in migraine patients. The sNfL levels significantly increased
in patients with a migraine course > 10 years. More attention to nerve damage in young patients with a long course
of migraine is required.
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Background

Migraine, a common chronic disorder of the nervous
system, afflicts approximately 1 billion people world-
wide [1, 2]. Its basic clinical feature is recurrent moderate
to severe headaches that last from 4 to 72 h [3, 4]. The
pathogenesis is not fully understood, and it is generally
believed to be related to the trigeminal vascular system
[5, 6].

In the past, migraine was thought to be a benign dis-
order that did not cause neurological damage. However,
recent studies have revealed serological evidence of neu-
rological damage in migraine patients. S100 calcium-
binding protein B (S100B) and neuron-specific enolase
(NSE), as biomarkers of central nervous system damage,
have been widely detected in several types of migraine
[7, 8]. The combined results of nine case—control stud-
ies indicated that compared with healthy controls, overall
migraine patients had significantly increased S100B levels
in peripheral blood (SMD=0.688, 95% CI: 0.341-1.036,
P<0.001) [7]. In contrast, a case—control study indicated
that interictal serum S100B levels are not elevated in
migraine patients [9]. In a study on pediatric migraine,
serum NSE levels did not change during migraine attacks
[10]. Therefore, the use of NSE and S100B as biomark-
ers for determining the presence of neurological damage
in migraine remains to be further investigated. It would
be interesting to find other biomarkers to assist in the
determination.

Neurofilament light chain (NfL) is enriched in large
myelinated axons, playing a role in stabilizing the
cytoskeleton and accelerating signal transduction
[11-13]. Serum neurofilament light chain (sNfL), as a
biomarker reflecting neurological damage, has been
measured in various neurological diseases, such as Par-
kinson’s, multiple sclerosis and amyotrophic lateral scle-
rosis, and has played a corresponding role in assessing
disease severity and determining prognosis [14].

Although sNfL has been measured extensively in other
neurological disorders, there are still few studies on this
marker in the field of migraine. As axonal injury is the
pathological basis of disability in various neurological
disorders, quantifying this injury by measuring sNfL lev-
els is important for assessing disease activity, monitoring
treatment response, and evaluating prognosis. Therefore,
in this study, we used a single-molecule array to assess
sNfL levels in migraine patients versus healthy controls
and explores whether there is nerve damage in migraine.

Methods

Study design and participants

A case—control study was conducted in Xiamen, China.
A total of 138 migraine patients who visited the First
Affiliated Hospital of Xiamen University between January
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2020 and December 2021 were selected for inclusion in
the case group. In addition, 70 healthy volunteers were
included as a control group. The inclusion criteria for
the case group were as follows: (1) migraine diagnosed
according to the ICHD-3; (2) not having received pro-
phylactic treatment; (3) absence of headache within 72 h;
and (4) absence of serious systemic diseases, including
tumors, autoimmune diseases, thyroid diseases, etc.; and
(5) absence of other chronic neurological disorders, such
as Parkinson’s, multiple sclerosis, Wilson’s disease and
epilepsy; (6) no previous history of traumatic brain injury
or cardiovascular system disease. The inclusion criteria
for the control group were as follows: (1) no history of
primary or secondary headache; and items (4), (5), and
(6) mentioned above.

Clinical characteristics

Age and sex of healthy control subjects were collected.
Detailed medical history information was collected from
all enrolled migraine patients, including sex, age (years),
migraine course (years), migraine duration (hours),
migraine frequency (days/per month), family history
of migraine, pain location, presence or absence of aura,
accompanying symptoms (nausea, vomiting, photo-
phobia, phonophobia), disability, menstrually related
migraine, and days since last migraine attack. Consistent
with other studies, migraine duration was classified as
follows: ‘12 h’ (reference group) and ‘>12 h! Migraine fre-
quency was classified as follows: ‘4 days per month’ (ref-
erence group),5-8 days per month, and ‘9-15 days per
month’ All of the above variables were used as covariates
in the regression analyses.

Quantification of sNfL

The key factor of concern is the sNfL level (pg/mL). All
study subjects had 5 ml of blood drawn from the antecu-
bital vein, and blood samples of migraine patients were
collected during the headache-free period. Blood samples
were centrifuged at 3000 rpm for 8 min, and the superna-
tant was stored at -80 °C until the NfL assay was com-
pleted. Blood sNfL concentrations were measured with
the single molecule array platform provided by Quan-
terix. Measurements were performed on the fully auto-
mated instrument HD-1 Analyzer (Quanterix) using the
NE-L kit from Quanterix, which employs two anti-NfL
monoclonal antibodies produced by Quanterix.

Statistical analysis

First, descriptive statistics for participants’ character-
istics were tabulated. Pearson’s chi-squared test, and
Wilcoxon rank sum test were used to compare the differ-
ences between groups. Second, scatter plots and Pearson
correlation coefficients were used to examine the linear
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associations between age and sNfL levels in the control
group and migraine group, respectively. Third, after con-
trolling for gender and age, multivariate linear regression
was used to evaluate the impact of migraine on sNfL lev-
els, with further subgroup analysis by migraine charac-
teristics. Fourth, we simultaneously consider the impact
of age and migraine course on patients’ sNfL levels, and
analyze their interaction effect. We performed multivari-
able linear regressions of sNfL on the main associations
of the combined age, migraine course and cross-prod-
uct interaction terms (Modell-3). Model 1 analysis was
adjusted for gender to account for potential demographic
confounders. Model 2 analysis was additionally adjusted
for migraine duration and migraine frequency. Model
3 analysis was adjusted for all the covariates mentioned
previously (including sex, migraine duration, migraine
frequency, family history of migraine, pain location, pres-
ence or absence of aura, accompanying symptoms, dis-
ability, menstrually related migraine, and days since last
migraine attack). Furthermore, since there is interaction
effect between age and migraine course, we stratified
patients by their age and migraine course to examine the
joint effect of age and migraine course and to identify the
migraine patients with the highest sNfL levels. Adjusting
for sex and age, beta coefficient and corresponding 95%
confidence intervals (CIs) were estimated accordingly,
with healthy controls being the reference category. Last,
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we performed further exploratory subgroup analyses of
the young migraineurs group with>10 year of migraine
course. And the results were visualized using violin plots,
box plots and scatter plots. All statistical calculations
were performed using R (version 4.2.1, 2022 R Founda-
tion for Statistical Computing), p values less than 0.05
were considered to indicate statistical significance.

Results

Characteristics of participants

The 208 subjects included 70 healthy controls and 138
migraineurs. Overall, 85.10% of the 208 subjects were
female, with a median (IQR) age of 36.00 (29.00, 45.00).
There was no significant difference in the gender distri-
bution between the two groups, and the migraine group
was older than the control group (37.00 (31.00, 45.00) vs.
33.00 (27.00, 43.75)), but the difference was not signifi-
cant (p=0.053). sNfL levels were higher in the migraine
group than in the control group (4.85 (3.49, 6.62) vs.
4.11 (3.22, 5.59)), but the difference was not significant
(P=0.133). Among migraine patients, the median (IQR)
migraine course was 7.00 (3.00, 15.00) years. For more
details, see Table 1.

Age and sNfL levels
As shown in Fig. 1, in the healthy control group, the
older the subject was, the higher the sNfL level (r=0.648

Table 1 Clinicodemographic characteristics and sNfL levels of study participants

Characteristic Total
Overall, N=208* Control, N=70? Migraine, N=138? P°
Sex 0518
Male 31 (14.90%) 12 (17.14%) 19 (13.77%)
Female 177 (85.10%) 58 (82.86%) 119 (86.23%)
Age (years) 36.00 (29.00, 45.00) 33.00 (27.00, 43.75) 37.00 (31.00, 45.00) 0.053
Migraine course (years) NA 7.00 (3.00, 15.00)
Migraine duration (hours) NA 10.00 (4.25, 20.00)
Migraine frequency (days/per month) NA 2.00 (1.00, 6.00)
Family history of migraine NA 86 (62.32%)
Migraine with aura NA 31 (22.46%)
Bilateral pain location NA 37 (26.81%)
Nausea NA 113 (81.88%)
Vomiting NA 83 (60.14%)
Photophobia NA 60 (43.48%)
Phonophobia NA 53(38.41%)
Any accompanying symptoms NA 122 (88.41%)
Disability NA 58 (42.03%)
Menstrually related migraine NA 13 (9.42%)
Days since last migraine attack NA 7.00 (6.00, 12.00)
sNfL (pg/mL) 4.75 (344,6.37) 4.11(3.22,5.59) 4.85(349,6.62) 0.133

21 (%), Median (IQR), ®Pearson’s Chi-squared test, Wilcoxon rank sum test
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Fig. 1 Correlation between serum neurofilament light chain (sNfL) levels and age. (A) in healthy controls group (B) in migraine group

(0.488, 0.767), P<0.05). Similarly, in the migraine group,
the older the patient was, the higher the sNfL level
(r=0.558 (0.431, 0.663), P<0.05). The two groups showed
an almost consistent trend in which sNfL levels increased
significantly with age.

The impact of migraine on sNfL levels

The association between migraine and sNfL levels is illus-
trated in Table 2. On the whole, after control for sex and
age, the migraine was not significantly associated with
sNfL levels (p=0.142 (-0.283, 0.566), P=0.512). In the
subgroup analysis results, compared with healthy control,
there was a significant increase in sNfL levels in patients
with a migraine course>10 years ($=0.693 (0.168,
1.220), P=0.010). However, in other subgroups, no sig-
nificant increase in sNfL levels was found in migraine
patients.

Interaction of age with migraine course

In Table 3, we show the Regression of age, migraine
course and their cross-product term on sNfL levels by
adjusting for different covariates (Model 1-3). Regres-
sion analysis results show that age and migraine course
are independent risk factors for elevated sNfL lev-
els, and there is an interaction between the two factors
(P<0.001). In the result of Model 3 (adjusting for sex and
different migraine characteristics), the estimated effect
size of age on migraine patients’ sNfL is 0.119 (0.080,
0.159), and the estimated effect size of migraine course

on migraine patients’ sNfL is 0.315 (0.197, 0.432). The
effect of migraine course on sNfL varies with the age
(interaction term’ P<0.001).

The association of combination of age and migraine
course are shown in Fig. 2. Longer migraine course
was associated with higher sNfL levels among young
patients, but no such trend was observed for patients
who age45 years. Compared with healthy control
groups, patients aged <45 years and with a migraine
course > 10 years have significantly increased sNfL levels
(p=0.728 (0.038, 1.420), P=0.039).

Exploratory subgroup analyses

Supplementary Fig. 1 demonstrates the sNfL levels in
different subgroups in the young migraineurs group
with>10 years of disease duration (N=32). There was
no significant difference in sNfL levels in patients with
different gender, migraine duration, migraine frequency,
family history of migraine, migraine with aura, bilateral
pain location, nausea, vomiting, photophobia, phono-
phobia, disability, and days since last migraine attack
were not significantly associated with sNfL levels in the
young migraineurs group with > 10 years of disease dura-
tion (P> 0.05).

Discussion

In this case—control study, using data from 138 migraine
patients and 70 healthy controls, we demonstrate a sig-
nificant elevation in migraine patients’ sNfL levels as age



Fang et al. The Journal of Headache and Pain (2023) 24:149 Page 5 of 9
Table 2 The relationship between migraine and sNfL levels
Characteristic Category N (%) B? 95% CI° P
Migraine 138 (100.00%) 0.142 -0.283,0.566 0.512
Subgroup Analysis
Migraine course (years) <10 76 (55.07%) -0.18 -0.624,0.265 0426
10 62 (44.93%) 0.693 0.168, 1.22 0.01
Migraine duration (hours) 12 89 (64.49%) -0.005 -0.433,0423 0.983
>12 49 (35.51%) 0421 -0.136,0.98 0.137
Migraine frequency (days/per month) 4 94 (68.12%) 0.158 -0.307,0.622 0.504
5-8 25 (18.12%) 0.028 -0.588, 0.645 0.927
9-15 19 (13.77%) 0211 -0471,0.89%4 0.54
Family history of migraine No 52 (37.68%) 0.252 -0.269,0.774 0.34
Yes 86 (62.32%) 0.081 -0.372,0.534 0.724
Migraine with aura No 107 (77.54%) 0.152 -0.274,0.579 0.481
Yes 31 (22.46%) 0.129 -0499,0.758 0.684
Bilateral pain location No 101 (73.19%) 0.142 -0.293,0.578 0519
Yes 37 (26.81%) 0.152 -0432,0.736 0.607
Any accompanying symptoms No 16 (11.59%) -0.342 -1.08,0.400 0.362
Yes 122 (88.41%) 0.202 -0.229,0.633 0.357
Disability No 80 (57.97%) 0.101 -0.380, 0.583 0678
Yes 58 (42.03%) 0211 -0.262,0.684 0.38
Menstrually-related migraine No 125 (90.58%) 0.137 -0.295,0.569 0.532
Yes 13 (9.42%) 0.113 -0.685,0.911 0.779

2 8 coefficient for association with sNfL, with healthy controls being the reference category, °Cl Confidence Interval. Estimated were adjusted for sex and age

Table 3 Regression of age, migraine course and their cross-product term on sNfL levels®

Characteristic Model 1 Model 2 Model 3

B (95% CI) P B (95% CI) P B (95% CI) P
Age (years) 0.118 (0.081,0.156) <0.001 0.119(0.081,0.156) <0.001 0.119 (0.080, 0.159) <0.001
Migraine course (years) 0.298 (0.186, 0.409) <0.001 0.302 (0.189,0.414) <0.001 0.315(0.197,0.432) <0.001
Age X Migraine course® -0.005 (-0.007, -0.003) <0.001 -0.005 (-0.007,-0.003) <0.001 -0.005 (-0.008, -0.003) <0.001

2B (95% Cl): beta coefficient and corresponding 95% confidence intervals. Model 1 analysis was adjusted for gender. Model 2 analysis was additionally adjusted for
migraine duration and migraine frequency. Model 3 analysis was additionally adjusted for other migraine characteristics

b pfor interaction

and migraine course progresses. Patients aged <45 years
and with a migraine course> 10 years have significantly
increased sNfL levels. This suggests that migraine can
cause nerve damage. To our knowledge, this is the first
study to evaluate nerve damage in migraine disease by
sNfL levels.

In the study, comparing the 138 migraine patients with
70 healthy controls, we were unable to find a difference
in sNfL levels between the two groups, either by univari-
ate or multivariate regression analysis (after controlling
for gender and age). This may be due to differences in
the distribution of other characteristics between the two
groups. It has been suggested that body mass index is also
an important factor in sNfL levels [15]. There are also

significant differences in NfL levels in subjects with other
comorbidities, such as diabetes, depression, anxiety, sleep
disorders and cognitive impairment [16—19]. In addi-
tion, the median disease duration (IQR) of the migraine
patients included in this study was 7.00 (3.00, 15.00)
years, and the short duration of disease in most patients
may have led to a nonsignificant difference between the
migraine and healthy groups. In the subgroup analysis
results, compared with healthy control, there was a sig-
nificant increase in sNfL levels in patients with a migraine
course>10 years (p=0.693 (0.168, 1.220), P=0.010). A
recent study by Overeem et al. found that after adjusting
for covariates of age, gender, and BMI, no statistically sig-
nificant differences were observed in sNfL between the
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healthy control group, episodic migraine, and chronic
migraine (H=1.359, P=0.507) [20]. Before conducting
subgroup analysis on the course of migraine, we obtained
exactly the same results as Overeem’s study when adjust-
ing for covariates of age, gender (p=0.142 (-0.283, 0.566),
P=0.512). However, that study did not report the course
of migraine, and we cannot determine whether the effect
of migraine course on sNfL remains consistent across dif-
ferent populations.

Consistent with previous studies, we observed a signifi-
cant increase in sNfL levels with age. Both healthy con-
trols and migraine patients showed an almost consistent
trend in which sNfL levels increased significantly with
age. Besides, in an effort to identify the influence fac-
tors of migraine patients’ sNfL levels, the association of
the separation and interaction effect of age and migraine
course with sNfL. were assessed, when adjusting for sex,
migraine duration, migraine frequency, family history
of migraine, pain location, presence or absence of aura,
accompanying symptoms, disability, menstrually related
migraine, and days since last migraine attack as potential
confounders. With age rising and the migraine course
prolongs, the patient’s sNfL levels significantly increase.
Based on the theoretical basis that elevated sNfL levels
can reflect axonal damage, we speculate that migraine
may be a completely reversible disease in the early stages
of the disease, and nerve damage may not occur at this
stage. However, as the course of migraine prolongs, nerve
damage may gradually occur.

Regression analysis results also show that there is an
interaction between age and migraine course. The effect
of migraine course on sNfL varies with the migraine
course. To clarify this interaction effect on sNfL, we fur-
ther explored the associations of the combination of age
and migraine course in relation to sNfL. Since the inci-
dence rate and disease burden of migraine in young peo-
ple is significantly higher [4, 21, 22], our study divided the
population into two groups (age <45 years and > 45 years)
to explore the impact of migraine course on sNfL lev-
els in different age groups. Longer migraine course
was associated with higher sNfL levels among young
patients, but no such trend was observed for patients
who age 45 years. The elderly population is often accom-
panied by various chronic diseases and frailty conditions
[23, 24], which may mask the effect of migraine course on
sNfL. A recent study indicates that sNfL concentrations
rose exponentially with age and at a steeper increased
rate after approximately 50 years of age [25]. In current
study, we found that patients aged <45 years and with a
migraine course>10 years have significantly increased
sNfL levels. It suggested that more attention to nerve
damage in young patients with a long course of migraine
is required.

The question of whether migraine causes nerve dam-
age has remained inconclusive in former studies. Previ-
ous researchers have used the S100B protein and NSE
as markers to try to understand whether nerve dam-
age is present in migraine but have had conflicting
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results [7-9]. Recent studies have identified changes
in grey matter volume and white matter abnormalities
in migraine patients by magnetic resonance imaging
(MRI) [26-28]. In multiple sclerosis and multiple sys-
tem atrophy (MSA), it has been shown that there is a
strong correlation between NfL levels and MRI analy-
sis results [29, 30]. Therefore, it is reasonable to suspect
that NfL levels, as real-time, easily measured markers
of response to axonal injury, have potential clinical
application in migraine.

Gaetani et al. describe the level of sNfL elevation com-
pared to healthy controls in various central nervous sys-
tem diseases in their review article [31]. Consistent with
the levels that are measured patients with neurodegen-
erative diseases like Alzheimer’s disease (it includes both
prodromal AD and dementia due to AD), Parkinson’s
disease, and Parkinson’s disease dementia, our study
found that the mean fold increase of NfL in the young
migraineurs group with 10 year of migraine history was
less than 2. Although the mean fold increase of NfL is
relatively small, studies have shown that sNfL levels can
serve as a predictive indicator of cognitive stage transi-
tion [16]. This therefore reminds us that sNfL levels may
serve as an effective biomarker for response to severity of
the disease and different stages of migraine.

Although direct evidence for a correlation between
migraine and sNfL levels is lacking from previ-
ous studies, we can find clues from the association
between migraine and other neurological disorders.
An observational study from Wuhan, China, found
a significant correlation between migraine duration
and cognitive dysfunction, with both migraine dura-
tion and frequency of attacks affecting cognitive func-
tion [32]. The prevalence of migraine was significantly
higher in patients with multiple sclerosis than in
normal subjects [33]. There is growing evidence that
migraine increases the overall risk of developing cere-
brovascular disease, including stroke [34]. At the same
time, sNfL has been shown to be a reliable biomarker
for cognitive dysfunction, multiple sclerosis, stroke,
and other diseases [14, 16, 35-37]. The potential link
between migraine and these diseases may explain the
variation in sNfL levels over the course of the disease
in migraineurs.

In the current study, we did not find an effect of
migraine characteristics such as migraine duration,
attack frequency, or concomitant symptoms on sNfL
levels. Although we observed higher sNfL levels in
patients with migraine durations > 12 h, the differences
were not statistically significant. A larger sample size
needs to be collected to further evaluate the effect of
indicators such as headache duration on sNfL levels.
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On the other hand, the headache profile of migraine
is related to a variety of factors, and headache symp-
toms are modulated by a variety of factors and are not
invariable [38—40]. The relationship between migraine
symptoms and sNfL levels needs to be discussed in the
context of the changing migraine profile of patients.
Although there is currently no effective medication that
can completely cure migraine and shorten the migraine
course [41], it may be possible to prevent nerve damage
by reducing the duration of headaches and other inter-
vention methods.

There are still some limitations to this study. First, the
subjects included in this study were all from the same
hospital, which limits the extrapolation of the findings.
Second, although this study observed a correlation
between migraine course and sNfL levels, further lon-
gitudinal follow-up data are appropriate to observe the
characteristics of the study population over time and to
analyze the sources of heterogeneity between individu-
als. Third, there is possible confounding bias. In explor-
ing differences in sNfL levels between the migraine
group and healthy controls, only gender and age were
controlled for, without controlling for additional influ-
encing factors (e.g., other chronic conditions). Due to
the exclusion of migraine patients using preventive
treatment, the impact of preventive and therapeu-
tic drugs on sNfL levels in migraine patients was not
explored. The use of migraine medication may influ-
ence patients’ sNfL levels while improving migraine
symptoms. Again, more patient characteristics (e.g.,
body mass index, diet, etc.) could have been included
in the study to effectively control for bias.

Conclusions

In summary, this study explored sNfL levels in
migraine patients for the first time and found a cor-
relation between the migraine course and sNfL levels,
especially in young patients. The findings provide new
evidence that migraine can cause nerve damage and
contribute to the understanding of migraine. More
attention to nerve damage in young patients with a
long course of migraine is required. And more studies
are needed in the future to further validate the clinical
application of sNfL levels as a biomarker for migraine
disease.

Abbreviations
SNfL Serum neurofilament light chain

S100B  S100 calcium-binding protein B
NSE Neuron-specific enolase
MRI Magnetic resonance imaging

MSA Multiple system atrophy
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