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Abstract

Objective
To explore the predictive effect of workplace mistreatment on migraine progression among employed
patients and provide evidence for occupational risk prevention of migraine.

Methods
This 2-year prospective cohort study enrolled 2217 employed migraine patients at baseline. Workplace
mistreatment (past 12-month exposure) and clinical indicators were repeatedly measured. Migraine
progression was defined based on standardized 4-week headache diary outcomes. Cox regression,
stratified interaction analysis, and multiple sensitivity analyses were performed to verify the association
and its robustness.

Results
A total of 2049 participants completed follow-up (loss rate: 7.58%), and 472 (23.04%) had workplace
mistreatment exposure. After full confounder adjustment, workplace mistreatment independently
increased the risk of migraine progression (HR = 1.74, 95%CI: 1.41–2.15, P < 0.001). Stratified analyses
revealed stronger effects in patients aged < 45 years, without baseline anxiety and depression, without
migraine family history, and with migraine without aura (all interaction P < 0.05). Time-varying exposure
and sensitivity analyses confirmed stable results.

Conclusion
Workplace mistreatment is an independent modifiable risk factor for migraine progression in employed
patients. Targeted screening and intervention for workplace mistreatment can effectively delay migraine
deterioration and improve patient prognosis.

HIGHLIGHTS
This 2‑year prospective cohort study explored the link between workplace mistreatment and migraine
progression among 2217 employed migraine patients. Repeated exposure measurement and
time‑varying Cox models reduced exposure misclassification bias. Workplace mistreatment
independently elevated the risk of migraine progression after full confounder adjustment. Significant
effect heterogeneity existed across age, psychological comorbidities, family history and migraine
subtype. Findings highlight workplace mistreatment as a modifiable occupational risk factor for migraine
deterioration, supporting targeted clinical screening and intervention.
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INTRODUCTION
Migraine is one of the most prevalent primary headache disorders, characterized by recurrent unilateral
pulsating headache attacks accompanied by nausea, vomiting, photophobia, phonophobia, and
autonomic nervous system dysfunction [1, 2]. Multiple endogenous and exogenous factors including
physical fatigue, emotional stress, environmental stimulation, and psychological pressure can trigger
migraine attacks [3, 4]. According to the latest Global Burden of Disease (GBD) data, migraine ranks first
among disability-causing diseases in young and middle-aged adults worldwide, impairing patients’ daily
work, study, and social function. Recurrent migraine attacks lead to persistent declines in quality of life,
social dysfunction, and excessive medical resource consumption, imposing a heavy burden on
individuals, families, and the public health system [5, 6].

Different from other neurological disorders, migraine is characterized by high prevalence, high recurrence
rate, high disability rate, and low mortality [7, 8]. Although it has long been underrecognized in clinical and
public health practice, the cumulative damage of progressive migraine to occupational productivity and
physical and mental health is substantial [9]. Accumulating clinical follow-up studies have confirmed that
migraine is not a static benign headache disorder [10]. Continuous exposure to adverse risk factors can
lead to progressive increases in attack frequency, aggravated pain intensity, and elevated disability
levels, which constitutes a critical issue requiring urgent clinical intervention [11].

Traditional research on migraine risk factors mainly focuses on genetic characteristics, endocrine
fluctuations, dietary triggers, sleep disturbances, and baseline psychological comorbidities [12]. With
advances in occupational health and psychosomatic medicine, psychosocial stress has been identified
as a modifiable core risk factor driving migraine progression and exacerbating disease severity [13]. The
workplace constitutes the primary environment for prolonged daily activity and concentrated
psychological stress among working adults [14]. Adverse occupational stress exposure induces chronic
psychological burden, persistently activates neuroendocrine and central pain regulatory systems, and
contributes to the onset and progression of headache disorders [15].

Workplace mistreatment is a typical malignant occupational stressor encompassing non-physical
aggressive behaviors such as verbal bullying, deliberate isolation, unfair treatment, power oppression,
and malicious harassment [16]. It is characterized by high concealment, long duration, repeated exposure,

and cumulative psychological damage [17]. Unlike acute intermittent stress, chronic workplace
mistreatment induces persistent psychological trauma and neurological dysfunction [18]. Emerging
epidemiological evidence from cross-sectional studies has demonstrated significant correlations
between workplace mistreatment/bullying and elevated migraine risk and aggravated headache
symptoms [19]. However, existing studies have notable limitations. Most prior studies adopt a cross-
sectional design, which cannot establish temporal causality or confirm the prospective predictive effect
of workplace mistreatment on migraine progression. Previous studies mainly focus on headache
incidence in general populations, with few targeted cohort follow-ups focusing on disease deterioration
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in diagnosed migraine patients [20, 21, 22]. Existing evidence lacks rigorous control of core confounders
including baseline headache severity, genetic background, and psychological comorbidities, as well as
time-varying exposure analysis, stratified subgroup verification, and robust sensitivity testing, resulting in
insufficient evidence for clinical risk stratification and occupational health intervention.

Given the above research gaps, this large-scale prospective cohort study was conducted among
employed patients with migraine with a 2-year dynamic follow-up. Standardized 4-week headache diaries
were applied to objectively quantify headache frequency, pain intensity, and disability for accurate
assessment of migraine progression. Repeated measurements of workplace mistreatment exposure
were performed to construct static baseline and time-varying dynamic exposure models and explore the
independent predictive value of workplace mistreatment for migraine progression. Multiple confounding
factors including demographic characteristics, lifestyle, sleep status, anxiety, depression, baseline
headache severity, and genetic history were strictly adjusted. Stratified analysis, interaction testing, and
sensitivity analysis were performed to verify result stability. This study aims to supplement evidence for
the psychosomatic pathogenesis of migraine, optimize individualized risk stratification for employed
migraine patients, and provide novel insights for clinical workplace stress screening and targeted
psychosomatic intervention, as well as public health evidence for improving occupational health
management and reducing migraine-related disease burden.

METHODS
Study Population

Participants with migraine were consecutively recruited from outpatient settings between January 2023
and June 2024. Inclusion criteria: � aged 18–60 years; ② diagnosed with migraine in accordance with the
International Classification of Headache Disorders, 3rd edition (ICHD-3) [23]; ③ with full-time or part-time
employment; ④ capable of completing 4-week standardized headache diary records; ⑤ voluntary
participation with signed informed consent. Exclusion criteria: � secondary headache or craniocervical
organic lesions; ② history of severe craniocerebral trauma or stroke; ③ advanced malignant tumor or
severe mental disorders interfering with follow-up assessment. A total of 2217 employed migraine
patients were enrolled at baseline, with staged assessments conducted at 12-month and 24-month
follow-ups. Migraine disease progression was defined as the primary endpoint. Participants who
resigned, took long-term leave, lost contact, or voluntarily withdrew were defined as lost to follow-up.
This study was approved by the Ethics Committee of Qiqihar Medical University (No. 2022-37) and
complied with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [24]. All eligible participants provided written informed consent prior to study enrolment.

Exposure Definition: Workplace Mistreatment

Repeated dynamic measurements were adopted to evaluate workplace mistreatment exposure to avoid
bias caused by single baseline assessment and capture dynamic exposure transitions during follow-up.
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Workplace mistreatment was assessed at baseline, 12-month, and 24-month follow-ups using a
standardized questionnaire focusing on adverse workplace experiences in the past 12 months, including
frequent verbal degradation, deliberate isolation, unfair treatment, and malicious harassment. Exposure
status was defined dichotomously (yes = exposed, no = non-exposed) for each assessment cycle.
Participants without baseline mistreatment exposure but with newly identified workplace mistreatment
during follow-up were dynamically updated in time-varying Cox models. This design fully incorporated all
exposure transitions (new-onset exposure, persistent exposure, exposure termination, and persistent
non-exposure), accurately reflecting real-world dynamic occupational stress and improving causal
inference rigorously.

Outcome Assessment and Headache Diary

All participants completed a 4-week standardized headache diary at baseline, 12-month, and 24-month
follow-ups to collect core clinical headache indicators, including monthly migraine attack frequency,
average single-attack duration, visual analogue scale (VAS) [25] pain score (0–10 points),
photophobia/phonophobia symptoms, and analgesic medication use. Monthly migraine frequency was
calculated by standardizing 4-week total attacks to monthly frequency; average headache duration
referred to the mean duration (hours) of typical single migraine attacks; average VAS score represented
the mean pain intensity of all recorded attacks. Primary outcome: migraine progression, defined as any
of the following changes relative to baseline: � ≥30% increase in monthly migraine frequency; ② ≥5
additional monthly headache days; ③ ≥2-hour prolongation of average headache duration; ④ ≥2-point
elevation in average VAS pain score; ⑤ one-grade increase in Migraine Disability Assessment (MIDAS) [26]

score. Secondary outcomes included changes in monthly migraine frequency, average headache
duration, average VAS score, monthly headache days, MIDAS score, and new-onset medication-overuse
headache at each follow-up time point.

Covariates

Baseline covariates included age, gender, body mass index (BMI), education years, annual family income,
smoking status, drinking status, weekly exercise duration, sleep disturbance (Pittsburgh Sleep Quality
Index [PSQI] [27] > 7), baseline anxiety (Generalized Anxiety Disorder-7 [GAD-7] scale [28]), baseline
depression (Patient Health Questionnaire-9 [PHQ-9] scale [29]), family history of migraine, and migraine
subtype (with/without aura). Core baseline clinical headache indicators were adjusted, including baseline
monthly migraine frequency, average headache duration, average VAS score, monthly headache days,
MIDAS score, and monthly analgesic medication days.

Statistical Analysis
Normally distributed continuous variables were presented as mean ± standard deviation ( ), and
non-normally distributed continuous variables were presented as median (interquartile range)

. Categorical variables were described as number (percentage) . Independent t-test or

¯̄x̄ ± s

M(P25, P75) n(
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Wilcoxon rank-sum test was used for inter-group comparison of continuous variables, and Chi-square
test for categorical variables. Time-varying Cox proportional hazards regression models were primarily
applied to analyze the association between dynamic workplace mistreatment exposure and migraine
progression, incorporating all exposure transition statuses. Traditional baseline static Cox models were
established for comparison. Three adjusted models were constructed: Model 1 (unadjusted), Model 2
(adjusted for demographic and lifestyle factors), and Model 3 (fully adjusted for demographic, lifestyle,
psychological, and clinical confounding factors). Stratified analysis and multiplicative interaction tests
were performed according to age, gender, anxiety/depression status, family history of migraine, and
migraine subtype. Sensitivity analyses included exclusion of events occurring within the first 6 months of
follow-up, inverse probability of treatment weighting (IPTW), multiple imputation for missing data, and
time-varying adjustment for anxiety and depression. A two-tailed P < 0.05 was considered statistically
significant. All statistical analyses were performed using R 4.3.1 software.

RESULTS
Baseline Characteristics of Study Participants

Of the 2217 participants enrolled at baseline, 2049 completed the 2-year follow-up, with 168 lost to
follow-up and an overall loss rate of 7.58%. Baseline assessment showed that 472 participants (23.04%)
reported workplace mistreatment exposure in the past 12 months, while 1577 (76.96%) had no
exposure. Participants with workplace mistreatment exhibited significantly more monthly headache
days, higher rates of sleep disturbance, elevated anxiety and depression scores, and higher MIDAS
disability scores at baseline. Significant differences in age, sleep status, and baseline headache severity
were observed between groups, all of which were strictly adjusted in subsequent multivariate models to
eliminate confounding bias. Detailed baseline demographic, lifestyle, and clinical characteristics are
presented in Table 1.
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Table 1
Baseline demographic and clinical characteristics of participants

Variables Total (n = 
2049)

No workplace
mistreatment (n = 
1577)

Workplace
mistreatment (n = 
472)

P-
value

Age,  (years)
38.6 ± 9.7 37.2 ± 9.5 36.4 ± 10.1 < 

0.001

Female, n(%) 1605(78.3) 1236(78.4) 369(78.2) 0.442

BMI,  (kg/m²)
23.4 ± 3.5 23.5 ± 3.4 23.2 ± 3.7 0.126

College education or
above, n(%)

871(42.5) 672(42.6) 199(42.2) 0.887

Current smoking, n(%) 315(15.4) 236(15.0) 79(16.7) 0.374

Current drinking, n(%) 502(24.5) 380(24.1) 122(25.8) 0.437

Sleep disturbance, n(%) 648(31.6) 447(28.3) 201(42.6) < 
0.001

Baseline GAD-7 score, 4(2,7) 3(1,6) 6(3,9) < 
0.001

Baseline PHQ-9 score, 4(1,7) 3(1,6) 6(3,10) < 
0.001

Family history of
migraine, n(%)

717(35.0) 543(34.4) 174(36.9) 0.338

Migraine with aura, n(%) 401(19.6) 307(19.5) 94(19.9) 0.849

Baseline monthly
headache days,

4(2,7) 4(2,6) 5(3,8) < 
0.001

Baseline MIDAS score, 16(8,28) 15(7,26) 21(11,34) < 
0.001

Table notes: BMI, body mass index; GAD-7, Generalized Anxiety Disorder-7 scale; PHQ-9, Patient Health
Questionnaire-9 scale; MIDAS, Migraine Disability Assessment Questionnaire; P-values indicate inter-
group differences between workplace mistreatment and non-mistreatment groups.

Cumulative Incidence of Migraine Progression and Temporal Outcome Comparison

¯̄¯
x ± s

¯̄¯
x ± s

M(P25, P75)

M(P25, P75)

M(P25, P75)

M(P25, P75)
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During the 2-year prospective follow-up, a total of 361 participants experienced migraine disease
progression, yielding an overall cumulative progression incidence of 17.62% in the entire cohort.
Stratified analysis by exposure status demonstrated significant between-group differences in
progressive outcomes. Specifically, participants exposed to workplace mistreatment exhibited a
significantly higher 2-year cumulative incidence of migraine progression (27.75%, 131/472) compared
with unexposed individuals (14.58%, 230/1577). Log-rank test further verified that the temporal
distribution of migraine progression events differed significantly between the two groups (P < 0.001),
indicating that patients with workplace mistreatment exposure experienced earlier and more frequent
disease deterioration throughout the follow-up period. Consistent temporal disparity in progression risk
further supported the adverse prognostic effect of chronic workplace stress on migraine clinical
outcomes.

Association Between Workplace Mistreatment and Migraine Progression

Adjusted covariates: age, gender, BMI, education level, household income, smoking, drinking, physical
activity, sleep disturbance, GAD-7 score, PHQ-9 score, family history of migraine, migraine aura subtype,
baseline monthly headache days, baseline MIDAS score, and baseline monthly analgesic medication
days.

Three-stage Cox regression models were constructed to gradually adjust for confounders. Univariate
analysis revealed that workplace mistreatment significantly increased the risk of migraine progression
(HR = 2.03, 95%CI: 1.64–2.51, P < 0.001). After adjusting for demographic and lifestyle factors, the
association remained statistically significant (HR = 1.86, 95%CI: 1.50–2.30, P < 0.001). After full
adjustment for psychological indicators, baseline headache severity, and genetic factors, the association
remained stable. The fully adjusted model confirmed that baseline workplace mistreatment was an
independent risk factor for 2-year migraine progression, increasing the progression risk by 74% (HR = 
1.74, 95%CI: 1.41–2.15, P < 0.001), independent of demographic, lifestyle, and clinical baseline
characteristics. Table 2.

Table 2
Multivariate Cox regression analysis of workplace mistreatment and migraine

progression
Models HR 95% CI P value

Model 1 (unadjusted) 2.03 1.64–2.51 < 0.001

Model 2 (adjusted for demographics and lifestyle) 1.86 1.50–2.30 < 0.001

Model 3 (fully adjusted) 1.74 1.41–2.15 < 0.001

Time-Varying Exposure Analysis

To address the limitation of fixed baseline exposure classification, time-varying Cox models were applied
using repeated 12-month window exposure assessments at baseline, 12-month, and 24-month follow-
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ups. The model comprehensively captured all exposure transitions, including new-onset mistreatment
among baseline non-exposed participants. Time-varying analysis demonstrated that dynamically
updated workplace mistreatment exposure exerted a stronger predictive effect on migraine progression
(HR = 1.81, 95%CI: 1.48–2.22, P < 0.001). The findings indicated that both persistent and new-onset
workplace mistreatment during follow-up significantly accelerated migraine deterioration, verifying the
robust temporal causal relationship between chronic occupational stress and adverse migraine
prognosis and improving the causal inference validity of the study. Table 3.

Table 3
Associations of static baseline exposure and time-varying workplace mistreatment with

migraine progression
Exposure definition HR (95% CI) P

Baseline static exposure 1.74 (1.41–2.15) < 0.001

Time-varying exposure (12-month updated assessment) 1.81 (1.48–2.22) < 0.001

Stratified Analysis and Interaction Tests

Significant effect heterogeneity was observed across subgroups. Workplace mistreatment exerted a
stronger predictive effect on migraine progression in young and middle-aged participants (age < 45
years), individuals without baseline anxiety/depression, those without a family history of migraine, and
patients with migraine without aura, with significant multiplicative interactions (all P < 0.05). In contrast,
the association was non-significant in older participants, patients with psychological comorbidities,
those with genetic susceptibility, and aura migraine patients. No significant gender difference was
identified. These findings suggest that migraine patients without baseline physical and psychological
disease burden and genetic susceptibility are more vulnerable to adverse workplace stress, representing
high-risk populations requiring targeted clinical intervention. Table 4, 5.
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Table 4
Effects of workplace mistreatment on migraine progression in different

subgroups
Subgroups HR (95% CI) P for interaction

Age < 45 years 1.91 (1.49–2.44) 0.026

Age ≥ 45 years 1.27 (0.84–1.91) —

Male 1.60 (1.05–2.43) 0.571

Female 1.78 (1.39–2.28) —

No baseline anxiety/depression 2.06 (1.52–2.78) 0.013

With baseline anxiety/depression 1.33 (0.97–1.83) —

No family history of migraine 1.95 (1.49–2.55) 0.031

With family history of migraine 1.34 (0.94–1.91) —

Migraine without aura 1.88 (1.47–2.40) 0.022

Migraine with aura 1.21 (0.76–1.93) —

Table 5
Multiplicative interaction analyses of stratified factors
Stratified factors P for interaction

Age 0.026

Baseline anxiety and depression 0.013

Family history of migraine 0.031

Migraine aura subtype 0.022

Sensitivity Analysis

Multiple sensitivity analyses confirmed the stability of the primary association. The results remained
robust after IPTW weighting (HR = 1.71, 95%CI: 1.37–2.13), exclusion of early-onset events within 6
months (HR = 1.66, 95%CI: 1.32–2.09), and multiple missing value imputation (HR = 1.76, 95%CI: 1.42–
2.18), with consistent effect direction and magnitude across all analytical schemes.

DISCUSSION
This 2-year large-scale prospective cohort study demonstrated that workplace mistreatment is an
independent adverse prognostic risk factor for migraine progression in employed patients, with stable
significance after rigorous adjustment for demographic, lifestyle, psychological, and baseline clinical
confounding factors. Different from most previous studies adopting fixed baseline exposure grouping,
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the present study performed repeated multi-point exposure assessment to capture dynamic exposure
transitions, especially new-onset workplace mistreatment during follow-up, effectively eliminating
exposure misclassification bias caused by static baseline evaluation and improving causal inference
reliability. Time-varying analysis further verified that both persistent and newly occurring workplace
mistreatment significantly drive migraine deterioration, confirming the cumulative adverse effect of
chronic occupational stress on long-term migraine prognosis. Stratified analysis identified distinct
population heterogeneity, indicating that young and middle-aged patients without psychological
comorbidities and genetic susceptibility are more susceptible to workplace stress-induced migraine
progression, which may be attributed to their more sensitive pain regulatory system and greater potential
for disease deterioration, providing evidence for precise high-risk population screening and targeted
intervention.

Mechanistically, chronic social stress induced by workplace mistreatment activates the hypothalamic-
pituitary-adrenal (HPA) axis, leading to cortisol rhythm disorder, autonomic nervous dysfunction,
trigeminal vascular system sensitization, and increased release of calcitonin gene-related peptide
(CGRP), thereby lowering migraine threshold and promoting progressive disease deterioration [30, 31]. The
stronger association observed in participants without baseline anxiety and depression further suggests
that workplace mistreatment can drive migraine progression through a direct pathogenic pathway
independent of psychological comorbidities, rather than merely exacerbating headache via inducing
emotional disorders.

This study has several limitations. First, workplace mistreatment was assessed via 12-month
retrospective self-reported questionnaires without third-party objective verification, inevitably causing
recall and reporting bias. Second, although repeated dynamic exposure measurements were adopted to
capture new-onset mistreatment events, this study failed to evaluate the specific type, frequency, and
severity of workplace mistreatment, precluding dose-response relationship analysis. Third, the 2-year
follow-up period is relatively limited; longer-term cohort studies are required to clarify the long-term
effects of sustained exposure, new-onset exposure, and exposure termination on migraine prognosis.
Fourth, all participants were recruited from domestic outpatient and community settings, which may
limit the generalizability of the conclusions to other regions and occupational populations.

CONCLUSION
Workplace mistreatment significantly increases the 2-year progression risk of migraine in employed
patients, serving as a novel and modifiable occupational psychological risk factor for adverse migraine
prognosis. Clinical assessment of migraine patients should incorporate systematic screening for
adverse workplace stress exposure in addition to traditional headache indicator evaluation. Targeted
psychological intervention and workplace risk avoidance guidance can effectively delay migraine
progression. Improving workplace environments and eliminating malignant occupational stressors is
expected to be a novel public health strategy for controlling migraine deterioration, reducing migraine-
related disability burden, and optimizing long-term patient prognosis.
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