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Purpose: The protective role of resilience against migraine remains understudied, and the present study examined the role of
resilience in the relationship between perceived stress, mental health, and pain in female migraineurs and healthy women.

Patients and methods: In this case-control study, 125 female migraineurs and 121 healthy female controls were included. The
Perceived Stress Scale (PSS-13), Connor-Davidson Resilience Scale (CD-RISC-10), and SF12 health-related quality-of-life ques-
tionnaire were used for assessments mental (MCS) and physical (PCS) health condition. Correlation and mediation analyses were
performed.

Results: Female migraineurs exhibited significantly higher perceived stress, lower resilience, and worse quality of life, including pain
and MCS (all p < 0.05). Resilience partially mediated the relationship between perceived stress and MCS in healthy women, but not in
migraineurs. Mental health fully mediated the relationship between perceived stress and pain in migraineurs, while in healthy women,
both resilience and MCS sequentially mediated this relationship.

Conclusion: Resilience does not protect against the mental health impact of perceived stress in female migraineurs but has a partial
protective effect in healthy women. Mental health mediates the impact of perceived stress on pain among migraineurs. These findings
underscore the need for targeted stress management and resilience-building interventions in clinical practice for better outcomes in
women with migraines.
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Introduction

Migraine is a common neurological disorder characterized by recurrent episodes of moderate to severe headaches, often
accompanied by symptoms such as nausea, vomiting, and sensitivity to light and sound. It is a leading cause of disability
worldwide, particularly among women, who are two to three times more prevalent in women than men, and women
report a longer attack duration, increased risk of headache recurrence, greater disability, and a longer period of time
required to recover.' This gender disparity is attributed to hormonal fluctuations, particularly estrogen, which influence
the onset and severity of migraine episodes.*

Women with migraines are at a higher risk of developing psychological disorders, including anxiety, depression, and
post-traumatic stress disorder (PTSD).” Studies have shown that the prevalence of depression in women with migraines is
approximately twice that of women without migraines.® Similarly, anxiety disorders are more common in women with
migraines, with some studies suggesting that up to 50% of migraine sufferers experience anxiety.” These psychiatric
disorders not only amplify the risk of migraine chronification but also adversely affect disability and quality of life.*’
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Psychological stress is a well-established trigger for migraine attacks. Stress can exacerbate the frequency, severity,
and duration of migraines, creating a vicious cycle where migraines themselves become a source of stress, further
worsening the condition.'®”'? Women, in particular, are more likely to report stress as a migraine trigger compared to
men."? Beyond triggering attacks, chronic stress can also contribute to the development of comorbid psychological
disorders like anxiety and depression, which are already more prevalent in women with migraine.’

Resilience, defined as the ability to adapt and recover from adversity,'* may play a crucial role in helping individuals
cope with chronic pain conditions such as migraines. It encompasses a dynamic process that allows individuals to bounce
back from stressful experiences, maintain emotional balance, and derive meaning and growth from challenges. Research
suggests that higher levels of resilience are linked to lower stress levels and improved mental health outcomes, including
reduced rates of depression and anxiety.'>"'” Furthermore, studies have indicate that resilience can reduce the likelihood
of experiencing severe disability due to headaches.'® Additional findings indicated that individuals with migraines
demonstrate lower levels of psychological resilience compared to the control group, and that resilience was positively
associated with psychological well-being.'® Despite this, the precise role of psychological resilience in mediating the
relationships between perceived stress, mental health, and pain in women with migraines remains understudied.

This study aims to fill that gap by hypothesizing a mediation model to explore these interactions. Specifically, we
propose that (1) resilience will mediate the relationship between perceived stress and mental health, and (2) both resilience
and mental health will subsequently mediate the relationship between perceived stress and pain. Furthermore, we intend to
compare healthy women with those who experience migraines to gain deeper insights into these complex interactions.

Methods
Study Design
In this case-control study, 125 migraine woman and 121 health control completed a Chinese version of an electronic
questionnaire via an online survey platform (Survey Star, Changsha Ranxing Science and Technology) between April 10
and April 16, 2023. The study was planned to detect mediating effect of resilience on the relationship between mental health
and perceived stress, and mediating effect of resilience and mental health on the relationships between stress, and pain among
female migraineurs and healthy women.

The study adhered to the code of ethics of the World Medical Association (Declaration of Helsinki) and was approved
by the Ethical Committee Review Board of the International Mongolian Medicine Hospital of Inner Mongolia (ethics
approval code B2022-006). Participants provided informed consent before completing the formal questionnaire.

Participants

We recruited participants through an advertisement posted on the Mongolian Mind-Body Interactive Psychotherapy Service
WeChat app. The inclusion criteria were as follows: (1) a diagnosis of migraine based on the International Classification of
Headache Disorders (ICHD-III), excluding other types of headaches; (2) age over 18 years; and (3) female. Perceived stress
scale (PSS-13) questionnaire was designed for a community-based sample of individuals with a minimum education level
of junior high school or higher. Exclusion criteria included: (1) an education level below junior high school, and (2)
a diagnosis of other severe conditions, such as cancer. A total of 125 individuals met the criteria and completed a Chinese
version of an electronic questionnaire administered through an online survey platform (Survey Star, Changsha Ranxing
Science and Technology). In addition, 121 healthy female controls excluding migraine, any headache disorder, other types
of chronic pain, hypertension, diabetes, cancer, insomnia, or endocrine diseases were recruited for comparison.

Measures
Perceived Stress Scale (PSS-13)

The Chinese version of 14 items PSS was used, where each item was rated on a 5-point Likert-type scale, ranging from 0
= “never” to 4 = “very often”. The scale can be clustered into two subscales, negative subscale (items 1,2,3,8,11,12 and
14) and positive subscale (items 4,5,6,7,9,10 and 13)."? Higher scores indicate more perceived stress. A previous study>’
suggested excluding item 12, which we did. Cronbach’s a coefficient of the PSS-13 scale in this study was 0.887.
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Connor-Davidson Resilience Scale (CD-RISC-10)

Resilience is a construct referring to the individual’s capacity to ‘bounce back’ from a challenging situation in an
adaptive manner.?' This scale has shown good reliability and validity of this test in different populations.?* The Chinese
version of the 10-item CD-RISC was used, where each item is rated on a 5-point Likert-type scale ranging from 0 = “Not
true at all” to 4 = “True nearly all the time”.10-item scale sums a possible high score of 40. Higher scores indicate greater
levels of resilience.”® Cronbach’s a coefficient of this scale in this study was 0.939.

SF-12

The SF-12 is a health-related quality-of-life questionnaire consisting of twelve questions that measure eight health
domains to assess physical and mental health. Physical health-related domains include General Health (GH), Physical
Functioning (PF), Role Physical (RP), and Body Pain (BP). Mental health-related scales include Vitality (VT), Social
Functioning (SF), Role Emotional (RE), Mental Health (MH), the Mental Component Summary (MCS), and the Physical
Component Summary (PCS). The MCS and PCS measure the latent mental and physical health concepts, respectively.
Each of the components is scored on a scale from 0 to 100, and summary measures are standardized to produce a mean of
50 with a standard deviation of 10 for the United States (US) population (norm-based scoring); higher scores represent
better health.?* Cronbach’s a coefficient of this scale in this study was 0.849.

Statistical Analysis

Statistical analysis was performed using SPSSAU. The internal consistency reliability of the 13 items PSS, 10 items CD-
RISC and SF-12 health Survey were examined by Cronbach’s alpha and the reasonable acceptability criterion of >0.7.
SF12 scoring was done with the SAS software. Qualitative variables are presented as counts (percentage) and were
compared with the Chi2 test or Fisher exact test as appropriate. When considered normally distributed (z score of
Skewness and Kurtosis< 3.29, see Supplementary table 1 Normality test), quantitative variables were either expressed as

mean (+ standard deviation) and compared using two independent samples t-tests, or when unequal variances were used,
and effect sizes were calculated using Cohen’s d. For abnormally distributed data and ranked data summarized at median
and quartiles [median (P25, P75)], the Mann—Whitney U-test was used. Comparisons were made and the effect size
Cohen’s d was calculated using the online tool https://www.psychometrica.de/effect size.html. P values were considered

significant when they were less than 0.05, at which point larger effect sizes indicated a larger magnitude of difference,
and the thresholds for distinguishing between small, medium, and large effect sizes in the usual case were respectively:
0.20, 0.50, and 0.80. The Spearman correlation coefficient was used to assess the correlation between scores. All
statistical tests were two-tailed and employed a significance level of p < 0.05. The mediation model used stratified
regression and used the bootstrap sampling method (Sampling 5000 times) for testing, which was considered significant
if the bootstrap 95% CI did not contain zero.

Results

Baseline Characteristics
There were no differences in age, race, education, and marital status between the 121 healthy females and 125 female
migraineurs, and their characteristics are shown in (Table 1).

The Differences in Perceived Stress, Resilience and Quality of Life Between VWomen
With Migraine and Healthy Women

Perceived stress (PSS-13) was significantly higher in women with migraines compared to healthy women (p = 0.007).
Conversely, resilience (CD-RISC-10) was significantly lower in migraine woman than in healthy controls (p = 0.032).
Additionally, quality of life, encompassing eight health domains as well as the Physical Component Summary (PCS) and
Mental Component Summary (MCS), was significantly lower in women with migraines compared to healthy controls (p < 0.05)
(Table 2). Among these measures, body pain demonstrated the largest effect size (Cohen’s d= 0.80).
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Table | Characteristics of the Study

Variable Migrainous Women, | Health Women, | Pearson Chi-Square
n=125 N (%) n=121 N (%) P value

Age 0917

18-30 6(5%) 8(7%)

3140 10(8%) 12(10%)

41-50 31(25%) 34(28%)

51-60 56(45%) 48(40%)

61-70 19(15%) 17(14%)

More than 70 3(2%) 2(2%)

Ethnicity 0.838

Han 68(54%) 67(55%)

Mongolian 51(41%) 50(41%)

Others 6(5%) 4(3%)

Education level 0.344

Junior high school 16(13%) 9(7%)

High school 23(18%) 18(15%)

College 83(66%) 87(72%)

Graduate student 3(2%) 7(6%)

Marital status 0.578

Single 5(4%) 10(8%)

Married 114(91%) 105(87%)

Divorced or widowed | 6(5%) 6(5%)

Table 2 Differences in Perceived Stress, Resilience and Quality of Life in Healthy VWWomen and

Female Migraineurs

Migraines Women | Health Woman P Cohen’s d
(n=125) (n=121)
PSS-13 26.69+8.78 22.89+9.10 0.00 [+* 0.43
CD-RISC-10 22.9948.31 25.36+8.96 0.032% 0.28
Mental Component Summary 36.9111.57 42.12+12.38 0.00** 0.44
Physical Component Summary 39.82+8.56 46.62+9.05 0.000%* 0.77
Physical Functioning 47.88(39.3,56.5) 56.47(39.3,56.5) 0.0007%#* 0.49
General Health 29.65(18.9,29.6) 29.65(29.6,44.7) 0.000%#* 0.68
Body Pain 37.06(26.9,47.3) 47.25(37.1,57.4) 0.0007*** 0.80
Role Physical 47.96(34.1,48.0) 47.96(38.8,57.2) 0.00 [* 0.41
Vitality 45.90+9.51 49.41£12.00 0.012% 0.33
Social Functioning 46.47(26.3,46.5) 46.47(36.4,56.6) | 0.000*** 0.49
Role Emotional 44.90(33.7,44.9) 44.90(33.7,53.3) 0.020%* 0.29
Mental Health 39.38+9.94 44.39%11.29 0.000%#* 0.47

Notes: * p<0.05 ** p<0.0l, *** p<0.001, PSS-13: Perceived stress, CD_RISC-10, Resilience.

Correlations

The Spearman correlations between perceived stress (PSS), resilience (CD_RISC), and eight dimension of quality of life, PCS
and MCS in migraineurs and healthy women are shown in Tables 3 and 4. The results revealed significant correlations between
except physical functioning all dimensions of quality of life and perceived stress (all p < 0.01) in healthy women; however,
perceived stress was not correlated with PCS, physical functioning and body pain in women suffering migraines. Resilience
was significantly correlated with perceived stress in women suffering from migraine and healthy women. However, resilience
was not correlated with PCS, physical function and body pain in any of the groups of women.
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Table 3 Correlation in Women Suffering Migraines

Migraines Woman n=125

PSS-13 CD_RISC-10 MCS PCS PF GH BP RP vT SF RE MH
PSS-13 |
CD_RISC-10 | —0.674% |
MCS —0.586%+* 0.478%%* |
PCS —0.011 —0.036 0.212%* |
PF 0.039 —0.072 0.031 0.822%** |
GH —0.259%* 0.179* 0.484++* 0.567+** 0.260%* |
BP —0.169 0.118 0.566%** 0.637%** 0.294%%* 0.459%%* |
RP —0.245%* 0.254%* 0.55 |¥* 0.706%** 0.492%%* 0.484%* 0.579%** |
vT —0.430%%* 0.258** 0.6027%* 0.195*% 0.056 0.337%%* 0.3 3** 0.284%* I
SF —0.398%** 0.27** 0.73 |#¥* 0.464%%* 0.323%** 0.4627%+* 0.536%** 0.589%** 0.335%** |
RE —0.3 | 4%%* 0.352%%* 0.659%+* 0.403%** 0.299%** 0.4 0%¥* 0.5 8¥** 0.705%** 0.213* 0.4 9k |
MH —0.545%+* 0.43 |#¥* 0.884%+* 0.214* 0.134 0.445%%* 0.440%+* 0.48 | *** 0.556%+* 0.684%%* 0.428%** |

Notes: * p<0.05, ** p<0.01, *** p<0.001.
Abbreviations: PSS-13, Perceived stress; CD_RISC-10, Resilience; MCS, Mental Component Summary; PCS, Physical Component Summary; GH, General Health; PF, Physical Functioning; RP, Role Physical; BP, Body Pain; VT, Vitality; SF,
Social Functioning; RE, Role Emotional; MH, Mental Health.
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Table 4 Correlation in Healthy Women

Health Woman n=121
PSS-13 CD_RISC-10 MCS PCS PF GH BP RP vT SF RE MH
PSS-13 |
CD_RISC-10 —0.650%#* |
MCS —0.553#* 0.518%##* |
PCS -0.217* 0.146 0.262** |
PF —0.145 0.145 0.227* 0.77 | #%% |
GH —0.377%+ 0.364++* 0.49 |k 0.653%* 0.373%%* |
BP —0.34 |+ 0.154 0.334%¢* 0.78 ] #%* 0.484+%* 0.417#%¢ |
RP —0.318*** 0.353#%* 0.6 | 5%F* 0.597%* 0.477+%¢ 0.527#%* 0.354#%* |
VT —0.443*+¢ 0.4 3%k 0.753%#* 0.263** 0.230* 0.359#%* 0.375%%* 0.367+%* |
SF —0.425%%* 0.386%%* 0.680%** 0.4077#* 0.385%%* 0.547+%* 0.3 |##* 0.532%%* 0.342%%* |
RE —0.4 5% 0.453#%* 0.767+%* 0.36 1#¥* 0.364%%* 0.497+%* 0.229* 0.819%#* 0.410%** 0.522%%* |
MH —0.535%#* 0.488+** 0.898#*#* 0.189* 0.241%* 0.438*%* 0.292** 0.4527#%* 0.738##* 0.568+#* 0.5527%%* |

Notes: * p<0.05 ** p<0.0| *** p<0.001.

Abbreviations: PSS-13, Perceived stress; CD_RISC-10, Resilience; MCS, Mental Component Summary; PCS, Physical Component Summary; GH, General Health; PF, Physical Functioning; RP, Role Physical; BP, Body Pain; VT, Vitality; SF,
Social Functioning; RE, Role Emotional; MH, Mental Health.
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Table 5 Results of the Deviation-Corrected Percentile Bootstrap Method Analysis

Path Indirect Effect | Boot SE | BootLLCI | BootULCI
Migraine woman

PSS-13=CD_RISC-10 =MCS —0.138 0.066 —0.226 0.034
PSS-13=CD_RISC-10 = BP 0.128 0.073 —0.026 0.267
PSS-13=MCS= BP —0.442 0.088 —0.548 —0.199
PSS-13=CD_RISC-10 =MCS= BP | —0.096 0.051 —-0.178 0.024
Health woman

PSS-13=CD_RISC-10 =MCS —-0.201 0.055 —0.246 —0.027
PSS-13=CD_RISC —10= BP 0.196 0.073 —0.001 0.287
PSS-13=MCS= BP —0.155 0.053 —0.237 —0.026
PSS-13=CD_RISC-10 =MCS= BP | —0.047 0.021 —0.082 —0.002

Abbreviations: PSS-13, Perceived stress; CD_RISC-10, Resilience; MCS, Mental Component Summary; BP, Body Pain.

Mediated Effect Analysis

A bootstrapped mediation model was carried out to further verify: (1) the mediating effect of resilience in the perceived
stress and mental health; (2) mediating effect of resilience and mental health on the relationship between perceived stress
and pain.

With reference to the first hypothesis, the results showed that resilience had a partial mediating effect on the perceived
stress and MCS in healthy women (Bootstrap 95% CI: —0.246 ~ —0.027, Ratio = 23.3%); however, there was no
mediating effect in women suffering migraine; the 95% range included the number 0 (Bootstrap 95% CI: —0.226 ~ 0.034)
(Table 5 and Figure 1).

With reference to the second hypothesis, we found the mediating effects of MCS and the sequential chain mediating
effect of resilience and MCS on the association between perceived stress and pain (bootstrap 95% CI: —0.237~-0.026 and
bootstrap 95% CI: —0.082~-0.002, respectively) in healthy women. However, these mediation effects were not observed
in women suffering migraines; the 95% range included the number 0; however, MCS played full mediation in perceived
stress and pain in female migraineurs (Bootstrap 95% CI: —0.548 ~-0.199, Ratio = 100%) (Table 5 and Figure 2).

Discussion

This case-control study revealed significantly higher levels of perceived stress, lower psychological resilience, and poorer
quality of life, including greater pain severity and worse mental health outcomes, in women with migraine compared to
healthy controls. Notably, this study is the first to examine the role of resilience in the relationships between perceived
stress and mental health in both women with migraine and healthy women. The findings highlight distinct patterns in
these relationships between the two groups. In healthy women, resilience partially mediated the relationship between
perceived stress and mental health, suggesting that higher resilience can buffer the negative impact of stress on mental
well-being. Additionally, resilience and mental health demonstrated a chain mediation effect in healthy women, where

Migraine woman Health woman

¢’ =-0.661**

Perceived | ¢=-0.774* Mee Perceived | ¢ =-0.862*
stress stress

0.221 -0.627**
Resilience Resilience

No Mediating Effect Partial Mediating Effect

Figure | The mediating effect of resilience in the perceived stress and Mental component summary in healthy women and those with migraine.
Notes: * p<0.05, ** p<0.01.
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Migraine woman Health woman

Perceived Pain ’ Perceived W c=-0.480"*
stress stress o = -0.474%

-0.774* 0.695%

-0.627*

Resilience

Total Mediating Effect

Chain Mediating Effect

Figure 2 Mediating effect of resilience and Mental component summary in the relationship between perceived stress and pain in healthy women and those with migraine.
Notes: * p<0.05, ** p<0.01.

resilience influenced mental health, which in turn mitigated pain perception. This underscores the protective role of
resilience in mitigating the effects of stress on both mental health and pain in healthy individuals. In contrast, among
women with migraine, resilience did not mediate the relationship between perceived stress and mental health, further-
more, mental health fully mediated the relationship between perceived stress and pain, highlighting the protective role of
resilience may be compromised in this population.

The Role of Psychological Resilience in Mental Health Comorbidity

Psychological resilience is strongly associated with mental health outcomes.”® Lower resilience in migraine patients may
be linked to childhood adversity, as studies have shown that migraine progression is associated with adverse childhood
experiences (ACEs).'®?%27 Cumulative exposure to ACEs is correlated with lower adult resilience, particularly among
women, independent of adult socioeconomic factors and social support.”® This suggests that resilience may be sig-
nificantly influenced by early life experiences. Individuals with lower resilience often struggle to cope with stress or
trauma, increasing their vulnerability to comorbid psychiatric conditions such as depression, anxiety, and post-traumatic
stress disorder (PTSD).?>° Higher resilience, on the other hand, is associated with fewer symptoms of these disorders.
For example, in individuals with traumatic spinal cord injury (SCI), resilience acts as a protective factor against suicidal
ideation, underscoring its critical role in mental health following traumatic events.*”

The Impact of Psychiatric Comorbidities on Treatment Challenges in Migraine

These psychiatric comorbidities in migraine are associated with higher medical costs, greater functional impairment,
increased headache frequency over time, and greater difficulty in managing the condition. A study by Bottiroli et al
(2021) found that individuals who do not respond to migraine medications have a higher prevalence of personality
disorders and anxiety disorders, and are more likely to report experiencing severe stressors.”' Another study by Torres-
Ferrus et al (2024) showed that an anti-CGRP monoclonal antibody against CGRP was effective in reducing depressive
symptoms in migraine patients. However, the patients who did not respond to the medication also showed less reduction
in depression symptoms.>? Additionally, mood and anxiety disorders are risk factors for the development of medication-
overuse headache (MOH). Compared to individuals with migraine alone, those with MOH have four times greater odds
of having mood disorders and 3.5 times greater odds of having anxiety disorders.*® These findings highlight the complex
interplay between psychiatric comorbidities and migraine severity, emphasizing the need for integrated treatment
approaches that address both the neurological and psychological aspects of migraine.

Clinical Implications and Interventions
A comprehensive treatment approach is essential for migraine patients, encompassing both pharmacological and non-
pharmacological interventions, as well as the management of behavioral and psychological factors.** Lifestyle modifications,
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such as regular exercise, a balanced diet, and adequate sleep, can enhance psychological resilience and reduce migraine
frequency. However, there is limited clinical evidence on the efficacy of integrating pharmacological and non-
pharmacological treatments for migraine, highlighting the need for further longitudinal studies to evaluate their potential benefits.

Study Limitations

First, because this was a case-control study, determining causality between key variables was challenging. Future
longitudinal studies are needed to understand causality. Second, information gathered through participant self-reports
may have affected the reliability of our results, and more objective markers of stress may be included in the future. Third,
body pain and MCS from the SF12 scale used in this study should be changed in the future with specific migraine-related
questionnaires and psychiatric condition diagnosis and related questionnaires. Fourth, other confounding variables such
as lifestyle factors (eg, sleep, diet, and exercise) were not included in this study. Therefore, future studies need to adopt
a longitudinal study design, use more specific scales, and control for a wider range of confounders to determine causal
relationships between psychological resilience, perceived stress, pain, and mental health.

Conclusion

We found significantly higher levels of perceived stress, lower resilience, and worse quality of life in women with
migraine than in healthy controls. Mediation analysis showed that resilience has no protective effect on mental health
from perceived stress in women affected by migraine but partially affects healthy women. Furthermore, mental health
had a crucial role in the relationship between perceived stress and pain in women with migraine. There were also the
mediating effects of mental health and the sequential chain mediating effect of resilience and mental health on the
association between perceived stress and pain in health woman. These findings highlight the importance of targeted stress
management and resilience-building interventions in clinical practice to improve outcomes for women with migraines.
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