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Purpose: This study was designed to investigate the cognitive function and the white matter
lesions (WMLs) and the relationship between them in medication-overuse headache (MOH)
patients.

Methods: Subjects were enrolled and performed Montreal Cognitive Assessment (MoCA,
Chinese-Beijing Version), Hamilton Anxiety Rating Scale (HAMA), Hamilton Depression
Rating Scale (HAMD-24), and Pittsburgh Sleep Quality Index (PSQI) to evaluate the general
cognitive function, anxiety, depression and sleep quality, and they were divided into three
groups according to the MoCA scores: healthy controls, MOH with normal cognition group
and MOH with cognitive impairment group. All the participants underwent MRI scans and
images were obtained for WML evaluation with Fazekas scale.

Results: One hundred thirty-four participants were enrolled into this study, 46 of them for
healthy controls, and 88 for MOH patients, 40 of the MOH patients for MOH with cognitive
impairment group, and 48 for MOH with normal cognition group. MOH patients had signifi-
cantly lower MoCA scores, including the scores of visuospatial and executive function, attention,
and orientation, while they had significantly greater HAMA scores, HAMD-24 scores, PSQI
scores, and deep white matter hyperintensity scores compared to healthy controls. And in MOH
patients, the age, disease duration, monthly headache days, and periventricular white matter
hyperintensity scores in patients with cognitive impairment were greater than those in patients
with normal cognition. Moreover, the MoCA scores were negatively related to age, disease
duration, monthly headache days, and Fazekas scale scores, and disease duration and monthly
headache days were significant predictors of cognitive impairment in MOH patients.
Conclusion: MOH patients showed cognitive impairment and increased WML burden. And
in MOH patients, cognitive function was negatively related to WML burden, and disease
duration and monthly headache days were potential predictors of cognitive impairment.
Prompt and effective treatment to stop the progression of the disease may alleviate cognitive
impairment in MOH patients.

Keywords: medication-overuse headache, cognitive function, white matter lesions, risk
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Introduction

Medication-overuse headache (MOH) is defined as a chronic headache that occurs on 15
or more days per month for more than 3 months in patients with a pre-existing primary
headache caused by overuse of symptomatic headache medications, and the overall
prevalence of MOH in the general population is about 1-2%." According to the Global
Burden of Disease Study 2015, MOH is the 20th cause of disability worldwide, which
causes an impairment in the quality of life for sufferers and causes a heavy financial
burden on society.”

Received: 8 March 2021
Accepted: 9 May 2021
Published: 17 June 2021

Journal of Pain Research 2021:14 1845-1853 1845
© 2021 Xiang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY N

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing 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/0000-0003-4382-3317
mailto:zhenyangzheng@fjmu.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Xiang et al

Dove

As a type of common chronic headache which devel-
oped from primary headache, MOH possessed longer dis-
ease duration and more attack frequencies. Neuroimaging
studies indicated an increased prevalence of brain white
matter lesions (WMLs) in migraine patients,”* and disease
duration and headache attack frequency were indicators of
WMLs in migraine.”® Moreover, our previous study sug-
gested that WMLs were more prevalent in MOH patients.”

Cross-sectional studies showed that cognitive impair-
ment was frequent in patients with chronic migraine and

8-10 and

patients with chronic tension-type headache,
migraine and tension-type headache were also associated
with non-vascular dementia.'' Our recent study found that
the risk of cognitive decline was elevated in MOH
patients.'?

WMLs were associated with impaired cognitive

3

function,”® and the severity of WMLs at baseline was

associated with the cognitive decline in the non-
demented elderly over time.'* However, the relationship
between cognitive function and WMLs in MOH patients
was not yet clear. This study was performed to investigate
the cognitive function and WMLs and the relationship

between them in MOH patients.

Methods
Participants

This cross-sectional study was conducted between
June 2016 and October 2019. The participants were
MOH patients
Department of Neurology, Fujian Medical University

recruited from the attending the
Union Hospital. Only patients who met all the following
criteria were enrolled in the study: (a) diagnosis of MOH
based on the third edition of the International
Classification of Headache Disorders (beta version);'” (b)
headache duration > 1 year; (c) without preventive treat-
ment or detoxification before; (d) age between 18-80; (e)
absence of dementia, including Alzheimer’s disease, vas-
cular dementia, and frontal temporal dementia, severe
mental illness, neoplastic diseases, infectious diseases,
rheumatic diseases or connective tissue diseases. Healthy
subjects without a personal or family history of primary
headache visiting our hospital for medical checkups during
the study period were served as a healthy control group.
All procedures performed in studies involving human par-
ticipants were in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. This study was approved by the Ethics

Committee of Fujian Medical University Union Hospital
and informed consent was obtained from all individual
participants included in the study.

Baseline Information Collection

The age, sex, years of schooling, accompanied hyperten-
sion, diabetes, smoking history, underlying primary head-
ache, disease duration, and monthly headache days of the
participants were investigated. Smoking history was
defined as smoking at least 3 cigarettes per day on average
for more than one year.

Neuropsychology Assessment

General cognitive function, anxiety, depression, and sleep
quality were assessed with Montreal Cognitive Assessment
(MoCA, Chinese-Beijing Version) (www.mocatest.org),
Hamilton Anxiety Rating Scale (HAMA),'® Hamilton
Depression Rating Scale (HAMD-24),"” and Pittsburgh
Sleep Quality Index (PSQI),'® respectively by two trained

physicians (Shenggen Chen and Hanbin Lin) blind to the
clinical data. MoCA scores more than 25 (of 30), HAMA
scores less than 7 (of 56), HAMD-24 scores less than 8 (of
76), and PSQI scores less than 7 (of 21) were classified as
normal. According to the MoCA scores, the recruited MOH
patients were divided into two groups, ie, patients with
MoCA scores of more than 25 were classified into MOH
with normal cognition group, and patients with MoCA
scores of less than 26 were classified into MOH with cog-
nitive impairment group.

MRI Evaluation

A 3.0-tesla MRI scanner (Prisma, Siemens Medical
Systems, Erlangen, Germany) was employed to acquire
images. The MRI protocol consisted of axial TI-
weighted images (TR/TE, 2500 ms/10 ms), axial T2-
weighted images (TR/TE, 4500 ms/80 ms), and coronal
FLAIR images (TR/TE, 8000 ms/100 ms). For each image
series, 35 slices covering the entire brain (matrix 224 x
224; FOV 224 mm x 224 mm; slice thickness 4.0 mm
without gap) were obtained.

WMLs were defined as hyperintense focal lesions on
T2-weighted and FLAIR images and iso- or hypo-intense
on T1-weighted images. WMLs were scored with Fazekas
scale by two trained raters (Yue Xiang and Wenting
Xiong) blind to the clinical data on a consensus basis.
Fazekas scale scores were developed as a sum of periven-
tricular white matter hyperintensity scores and deep white
matter hyperintensity scores. Periventricular white matter
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hyperintensity was graded as 0 = absence, 1 = “caps” or
pencil-thin lining, 2 = smooth “halo”, 3 = irregular peri-
ventricular hyperintensity extending into the deep white
matter. Deep white matter hyperintensity was graded as 0
= absence, 1 = punctate foci, 2 = beginning confluence of

foci, 3 = large confluent areas.'’

Statistical Analysis

Normality tests were performed to reveal the distribution of
age, years of schooling, disease duration, monthly headache
days, MoCA scores, HAMA scores, HAMD-24 scores, PSQI
scores, and Fazekas scale scores before statistical analysis. For
normally distributed data, they were expressed as the mean
and standard deviation (SD), and the differences between
groups were tested with independent samples #-test. For non-
normally distributed data, they were expressed as the median
and inter-quartile range (IQR), and the differences between
groups were tested with Mann—Whitney U-test. Differences in
sex, accompanied hypertension, diabetes, and smoking history
were tested with chi-square test. Correlations between MoCA
scores and age, years of schooling, disease duration, monthly
headache days, HAMA scores, HAMD-24 scores, PSQI
scores, and Fazekas scale scores were analyzed using
Spearman correlation analysis. Binary logistic regression
models were used to estimate the risk factors for cognitive
impairment in MOH patients. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated. A two-tailed
P-value < 0.05 was considered statistically significant. All
statistical analyses were performed using IBM SPSS Version
26.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Baseline Information
Forty-six healthy controls (27 women, 19 men) and eighty-
eight MOH patients (49 women, 39 men) who met the

Table | Demographic Characteristic of Study Participants

inclusion criteria were enrolled into this study, 40 of the
MOH patients for MOH with cognitive impairment group
and 48 for MOH with normal cognition group. The drugs
overused by MOH patients in our study included acetami-
nophen, ibuprofen, aminopyrine, phenacetin, diclofenac,
loxoprofen, propyphenazone, aspirin, and combinations of
simple analgesics. The age, sex, years of schooling, the
incidence of hypertension, the incidence of diabetes, and
the incidence of smoking history between healthy controls
and MOH patients showed no significant difference
(Table 1). The sex, years of schooling, the incidence of
hypertension, the incidence of diabetes, the incidence of
smoking history, and the incidence of migraine as primary
headache between MOH patients with cognitive impair-
ment and MOH patients with normal cognition showed no
significant difference. However, the age, disease duration,
and monthly headache days in MOH patients with cognitive
impairment were greater than those in MOH patients with
normal cognition (Table 2).

Neuropsychology Assessment

MOH patients had significantly lower MoCA scores
compared to healthy controls, including the scores of
visuospatial and executive function, attention, and
orientation, while HAMA scores, HAMD-24 scores,
and PSQI scores in MOH patients were greater than
those in healthy controls (Table 3). The HAMA scores,
HAMD-24 scores, and PSQI scores between MOH
patients with cognitive impairment and MOH patients
with normal cognition showed no significant difference
(Table 4).

WML Evaluation

Fazekas scale showed that MOH patients had signifi-
cantly greater deep white matter hyperintensity scores

Characteristic

Healthy Controls MOH Patients

(n = 46) (n=288)

Age, median (IQR), y*

48.50 (38.75-62.25) 48.00 (40.25-58.00)

Women, No. (%)b 27 (58.70) 49 (55.68)
Years of schooling, median (IQR), y* 9.00 (5.00-12.00) 9.00 (6.25-9.00)
Hypertension, No. (%)° 14 (30.43) 24 (27.27)
Diabetes, No. (%)b 10 (21.74) 21 (23.86)
Smoking history, No. (%)b 14 (30.43) 29 (32.95)
Notes: *Mann-Whitney U-test, P > 0.05. ®Chi-square test, P > 0.05.
Abbreviations: MOH, medication-overuse headache; IQR, inter-quartile range.
Journal of Pain Research 2021:14 https: 1847
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Table 2 Demographic Characteristic of MOH Patients

Characteristic

MOH Patients with Cognitive Impairment

MOH Patients with Normal Cognition

(n = 40)

(n = 48)

Age, median (IQR), y*

Women, No. (%)°

Years of schooling, median (IQR), y°
Hypertension, No. (%)°

Diabetes, No. (%)®

Smoking history, No. (%)°

Disease duration, median (IQR), y*

Migraine as primary headache, No. (%)°

Monthly headache days, median (IQR), d*

52.50 (42.25-59.00)
22 (55.00)
9.00 (6.00-11.25)
10 (25.00)

10 (25.00)

13 (32.50)

32 (80.00)
10.00 (8.00-14.75)
25.00 (23.00-27.00)

46.00 (40.00-56.00)
27 (56.25)
9.00 (7.25-9.00)
14 (29.17)

11 (22.92)

16 (33.33)

37 (77.08)
6.00 (5.00-8.00)
18.50 (17.00-21.75)

Notes: *Mann—Whitney U-test, P < 0.05. bChi-square test, P > 0.05. “Mann—Whitney U-test, P > 0.05.

Abbreviations: MOH, medication-overuse headache; IQR, inter-quartile range.

Table 3 Neuropsychology Assessment in Study Participants

Neuropsychology Assessment

Healthy Controls

MOH Patients

(n = 46)

(n = 88)

MoCA scores, median (IQR)?
Visuospatial and executive function, median (IQR)?
Name, median (IQR)®

Memory, median (IQR)®
Attention, median (IQR)?
Language, median (IQR)®
Abstract ability, median (IQR)®
Orientation, median (IQR)*
HAMA scores, median (IQR)*
HAMD-24 scores, median (IQR)*
PSQI scores, median (IQR)*

27.00 (24.75-29.25)

5.00 (4.00-5.00)
3.00 (3.00-3.00)
4.00 (3.00-5.00)
5.00 (4.00-6.00)
3.00 (3.00-3.00)
2.00 (2.00-2.00)
6.00 (5.00-6.00)

26.00 (21.00-28.00)

4.00 (3.00-5.00)
3.00 (3.00-3.00)
4.00 (3.00-5.00)
5.00 (4.00-6.00)
3.00 (3.00-3.00)
2.00 (1.00-2.00)
6.00 (4.00-6.00)

6.00 (3.00-9.25)
4.00 (2.00-9.00)
4.00 (1.75-8.25)

12.00 (7.00-15.75)
11.50 (8.00-15.00)
12.00 (5.00-15.00)

Notes: aMann—Whitney U-test, P < 0.05. bMann—Whitney U-test, P > 0.05.

Abbreviations: MOH, medication-overuse headache; MoCA, Montreal Cognitive Assessment; IQR, inter-quartile range; HAMA, Hamilton Anxiety Rating Scale; HAMD,

Hamilton Depression Rating Scale; PSQI, Pittsburgh Sleep Quality Index.

compared to healthy controls, while periventricular
white matter hyperintensity scores between them
difference  (Table 5).

Periventricular white matter hyperintensity scores in

showed no significant

Table 4 Neuropsychology Assessment in MOH Patients

MOH patients with cognitive impairment were greater
than that in MOH patients with normal cognition,
while deep white matter hyperintensity scores between
them showed no significant difference (Table 6).

Neuropsychology Assessment

MOH Patients with Cognitive Impairment

MOH Patients with Normal Cognition

(n = 40)

(n = 48)

HAMA scores, median (IQR)*
HAMD-24 scores, median (IQR)?
PSQI scores, median (IQR)*

12.00 (7.25-16.50)
12.00 (9.00-15.00)
12.00 (5.25-15.00)

11.00 (6.25-15.75)
11.00 (8.00-15.00)
8.50 (5.00-14.75)

Notes: *Mann—Whitney U-test, P > 0.05.

Abbreviations: MOH, medication-overuse headache; MoCA, Montreal Cognitive Assessment; IQR, inter-quartile range; HAMA, Hamilton Anxiety Rating Scale; HAMD,
Hamilton Depression Rating Scale; PSQI, Pittsburgh Sleep Quality Index.
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Table 5 WMLs in Study Participants

Healthy Controls MOH Patients
(n = 46) (n = 88)
Fazekas scale scores, median (IQR)? 0 (0-1.00) 1 (0-2.00)
Periventricular white matter hyperintensity scores, median (IQR)° 0 (0-1.00) 1 (0-1.00)
Deep white matter hyperintensity scores, median (IQR)* 0 (0-0.25) 0 (0-1.00)

Notes: aMann—Whitney U-test, P < 0.05. bMann—Whitney U-test, P = 0.05.

Abbreviations: WMLs, white matter lesions; MOH, medication-overuse headache; IQR, inter-quartile range.

Table 6 WMLs in MOH Patients

MOH Patients with Cognitive MOH Patients with Normal
Impairment Cognition
(n = 40) (n = 48)
Fazekas scale scores, median (IQR)? 2.00 (0.25-3.00) 1.00 (0-2.00)
Periventricular white matter hyperintensity scores, median (IQR)? 1.00 (0-2.00) 0 (0-1.00)
Deep white matter hyperintensity scores, median (IQR)® 1.00 (0-1.00) 0 (0-1.00)

Notes: aMann—Whitney U-test, P < 0.05. bMann—Whitney U-test, P > 0.05.

Abbreviations: WMLs, white matter lesions; MOH, medication-overuse headache; IQR, inter-quartile range.

Correlations Between MoCA Scores and
Baseline Information, HAMA Scores,
HAMD-24 Scores, PSQI Scores, and

Fazekas Scale Scores in MOH Patients

In MOH patients, MoCA scores were negatively
related to age (r = —0.315, P = 0.003), disease duration
(r = —0.584, P < 0.001), monthly headache days
(r = —0.494, P < 0.001), and Fazekas scale scores
(r = —-0.463, P < 0.001; Table 7).

Risk Factors for Cognitive Impairment in
MOH Patients

Univariate logistic regression analysis revealed that age,
disease duration, monthly headache days, and Fazekas
scale scores were the independent risk factors for cogni-
tive impairment in MOH patients (P < 0.05), while years
of schooling, HAMA scores, HAMD-24 scores, PSQI

scores, sex, accompanied hypertension, diabetes, smoking
history, and underlying primary headache were not the
independent risk factors (P > 0.05; Table 8). Therefore,
four covariates, including age, disease duration, monthly
headache days, and Fazekas scale scores, were included
in our final multivariate logistic regression model to
estimate the potential risk factors for cognitive impair-
ment in MOH patients. Disease duration and monthly
headache days were found to be significant predictors of
cognitive impairment in MOH patients (OR, 1.31; 95%
CI, 1.11-1.55; P = 0.002 and OR, 1.42; 95% CI, 1.20—
1.68; P < 0.001 respectively; Table 9).

Discussion

Our study indicated that MOH patients had significantly
lower MoCA scores, especially in the domains of visuos-
patial and executive function, attention, and orientation,
while they had significantly greater HAMA scores,

Table 7 Correlations Between MoCA Scores and Baseline Information, HAMA Scores, HAMD-24 Scores, PSQI Scores, and Fazekas

Scale Scores in MOH Patients

Age Years of Disease Monthly HAMA HAMD-24 PSQI Fazekas Scale
Schooling Duration Headache Days Scores Scores Scores Scores
MoCA r —0.315 0.171 —0.584 —0.494 0.030 0.055 —0.112 —0.463
scores P-value | 0.003 0.110 P < 0.001 P < 0.001 0.783 0.609 0.298 P < 0.001

Abbreviations: MOH, medication-overuse headache; MoCA, Montreal Cognitive Assessment; HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating

Scale; PSQI, Pittsburgh Sleep Quality Index.
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Table 8 Risk Factors for Cognitive Impairment in MOH Patients
(Univariate Logistic Regression Analysis)

Risk Factors OR (95% CI) P-value
Age 1.04 (1.00-1.09) 0.0497
Sex 0.95 (0.41-2.21) 0.91
Years of schooling 0.92 (0.79-1.07) 0.27
Hypertension 0.81 (0.31-2.09) 0.66
Diabetes 1.12 (0.42-2.99) 0.82
Smoking history 0.96 (0.39-2.35) 0.93
Underlying primary headache 1.19 (0.43-3.32) 0.74
Disease duration 1.37 (1.18-1.59) P < 0.001
Monthly headache days 1.48 (1.26—1.74) P < 0.001
HAMA scores 1.02 (0.96-1.09) 0.55
HAMD-24 scores 1.02 (0.94-1.11) 0.57
PSQI scores 1.02 (0.95-1.10) 0.55
Fazekas scale scores 1.94 (1.29-2.90) 0.001

Abbreviations: MOH, medication-overuse headache; HAMA, Hamilton Anxiety
Rating Scale; HAMD, Hamilton Depression Rating Scale; PSQI, Pittsburgh Sleep
Quality Index; OR, odds ratio; Cl, confidence interval.

Table 9 Risk Factors for Cognitive Impairment in MOH Patients
(Multivariate Logistic Regression Model)

Risk Factors OR (95% CI) P-value
Disease duration 1.31 (1.11-1.55) 0.002
Monthly headache days 1.42 (1.20-1.68) P < 0.001

Abbreviations: MOH, medication-overuse headache; OR, odds ratio; Cl, confi-
dence interval.

HAMD-24 scores, PSQI scores, and deep white matter
hyperintensity scores compared to healthy controls. And
in MOH patients, the age, disease duration, monthly head-
ache days, and periventricular white matter hyperintensity
scores in patients with cognitive impairment were greater
than those in patients with normal cognition. Moreover,
the MoCA scores were negatively related to age, disease
duration, monthly headache days, and Fazekas scale
scores, and disease duration and monthly headache days
were significant predictors of cognitive impairment in
MOH patients.

MOH patients demonstrated impaired general cogni-
tion as indicated by lowered MoCA scores, particularly in
the domains of visuospatial and executive function, atten-
tion, and orientation. Altered volume in cerebellum and
regions related to affection and cognitive processing (right
lateral orbital gyrus), visual (left calcarine, bilateral middle
occipital gyrus, right superior parietal lobe, optic chiasm),
and auditory (right temporal transverse gyrus) perception
was observed in MOH patients,”® which could be
a morphological basis of cognitive impairment in MOH.

Besides, MOH patients possessed prolonged P3 latency
and lowered P3 amplitude, which could provide electro-
physiological
MOH.*!
MOH was considered to be associated with psychiatric

evidence for cognitive impairment in

comorbidities such as depression, anxiety, and insomnia,22
and these comorbidities could be risk factors in the evolu-
tion of migraine into MOH.?**** Increasing headache fre-
quency was associated with risk of occurrence of anxiety,
depression, and insomnia,”> and higher migraine fre-
quency was correlated with greater symptom scores of
anxiety and depression.”® MOH patients showed a high
rate of depression and anxiety, which could negatively
affect their headache attack,?’ and depression and anxiety
were found to be negative predictors in terms of treatment
response in chronic migraine patients with or without
medication-overuse.”*2° Moreover, lowered depression
of MOH

detoxification.’! Furthermore, the volume of lower hippo-

scores predicted a positive outcome
campal subfields was negatively related to anxiety condi-
tions in MOH patients.*

Recent studies suggested an increased prevalence of
WMLs in migraine patients, especially deep WMLs,>
and our previous study showed that MOH patients had
a greater prevalence of high WML load and they were at
elevated risk of high deep WMLs load compared to
healthy controls,” which was in line with our finding that
MOH patients possessed greater deep white matter hyper-
intensity scores compared to healthy controls.

We found that MoCA scores were negatively related to
Fazekas scale scores in MOH patients, and periventricular
white matter hyperintensity scores in patients with cogni-
tive impairment were greater than that in patients with
normal cognition. WMLs were implicated in the progres-
sion of cognitive impairment, and WMLs located at dif-
ferent regions, including periventricular and deep WMLs,
evolved differently. A systematic review suggested that
periventricular WMLs could have a significant negative
impact on the cognition of older adults.** To be more
precise, frontal WMLs in the proximity of the frontal
ventricles mainly affected executive function and parieto-
temporal WMLs in the proximity of the posterior horns
deteriorated memory.*> Moreover, the frontal component
of periventricular WMLs was associated with pronounced
cortical atrophy, and the dorsal component of periventri-
cular WMLs showed associations with the cognitive
decline.®®  Additionally, WMLs

periventricular were
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involved in the rate of cognitive decline.’” The underlying
mechanisms of cognitive impairment caused by periven-
tricular WMLs included impairment of nodal path length
in the left opercular part of the inferior frontal gyrus,*®
decreased regional cortical grey matter blood flow,* dis-
proportionate progressive hippocampal atrophy,*” and cor-
tical atrophy.*!

Age was associated with cognitive impairment among
MOH patients. Age-related cognitive changes, including
neuronal structure alterations, synapse loss, and neuronal
network dysfunction result in brain structural and func-
tional changes, and age-related diseases accelerate neuro-
nal dysfunction, neuronal loss, and cognitive decline.**

Migraine has been linked to an increased prevalence of
cognitive impairment, and the duration and frequency of
migraine affect cognitive function.*> WMLs are more pre-
valent in migraine patients, and the disease duration and
attack frequency have key roles in the formation of
WMLs.* WMLs may media the development of cognitive
impairment in migraine. MOH patients had a high preva-
lence of cognitive impairment and WML burden,” and the
cognitive function was negatively related to WML burden.
Our study indicated that the disease duration and headache
frequency were the potential predictors of cognitive
impairment in MOH patients. It could be assumed that
longer disease duration and higher headache frequency in
MOH could cause more serious WMLs, which would
consequently lead to cognitive impairment. Further studies
are needed to elucidate the mechanisms of the prevalence
of cognitive impairment and WMLs in MOH.

Several limitations in this study should be considered
when interpreting the findings. Firstly, the cross-sectional
survey of this study indicates associations between cogni-
tive impairment and some risk factors. However, this study
cannot determine whether these associations are causal.
Additional longitudinal cohort studies will be needed to
carry out the evaluations. Secondly, due to the strict inclu-
sion criteria, a relatively small number of participants were
enrolled into this study. Additional studies with a larger
sample size are required to confirm our results.

Conclusion

MOH patients showed cognitive impairment and increased
WML burden. And in MOH patients, cognitive function
was negatively related to WML burden, and disease dura-
tion and monthly headache days were potential predictors
of cognitive impairment. Our findings indicate that prompt
and effective treatment to stop the progression of the

disease may alleviate cognitive impairment in MOH
patients.
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