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Abstract: Background: White matter lesion (WML) is common in aging brain and is associated with cognitive impairment and dementia. However, recent studies reported an association between patent foramen ovale (PFO) and WML in migraineurs, especially in young, middle-aged migraineurs. Our retrospective, case-control study aims to describe the clinical characteristics of WML in this population and to explore potential risk factors. Methods: 226 patients with migraine and PFO were consecutively initially screened. Relevant factors were selected by the least absolute shrinkage and selection operator (LASSO) regression and multivariable logistic regression model. A Nomogram was employed to visualize the prediction model conveniently. The discrimination and calibration abilities were evaluated using the Receiver Operating Characteristic (ROC) curve, the Hosmer-Lemeshow test, and calibration curves. Results: One hundred and nineteen participants were ultimately enrolled in our study, with a median age of 36.9 ± 12.7 years and 80.7% of females. Brain magnetic resonance imaging MRI showed 67 (56.3%) patients had WML, whereas 52 (43.7%) patients were categorized into the non-WML group. LASSO regression screened out potential variables and subsequent multivariate analysis finally identified age, mean platelet volume, and fibrinogen (FIB) as independent predictive factors of WML. The area under the ROC curve (AUC) was 0.807. Hosmer-Lemeshow test and calibration curve verified a consistency between the predicted and actual probability. Conclusion: The predictive nomogram established and validated in our study may assist clinicians in screening WML among young middle-aged migraineurs with PFO and developing individualized preventive and treatment strategies.
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1  Introduction

Migraine is a primary, chronic neurovascular headache with diverse symptoms, including recurrent unilateral disability, gastrointestinal symptoms, and sensitivity to light and sound stimuli. With a conservatively estimated 1-year prevalence of 15% worldwide, migraine accounts for the leading cause of disability among young, middle-aged adults and causes a heavy burden on global health, society, and the economy [1]. Foramen ovale is a physiological bypass of lesser circulation in the embryonic atrial septum. If there is still no anatomical closure after three years of birth, it is clinically called patent foramen ovale (PFO), which occurs in approximately 25% of adults and is the most common congenital heart disease [2]. Previous epidemiologic evidence has reported a bidirectional link between PFO and migraine. Several clinical trials have demonstrated the efficacy and safety of interventional occlusion for PFO in treating migraine [3]. Interventional closure of PFO is conditionally recommended in regional guidelines for those who show low responsiveness to medication after a comprehensive evaluation of the clinical decision group [4].

White matter lesion (WML) is a structural damage to the white matter of the brain characterized by foci of ischemic demyelination and gliosis and is manifested as abnormal white matter hyperintensities in T2-weighted sequences (T2WI) or fluid-attenuated inversion recovery (FLAIR) in magnetic resonance imaging (MRI) [5]. Pathologic mechanisms underlying WML are still unclear. Chronic microvascular damage due to brain aging, malnutrition, cerebrovascular disorders, and other neurologic diseases may cause WML. Multiple studies have verified the close association between WML and cognitive degradation, functional loss, and increasing mortality.

Previously, it was believed that migraine generally has no imaging brain structure abnormalities. However, with the development of image technology, WML associated with migraine is gradually being recognized and paid attention to, especially in young, middle-aged patients without harmful cardiovascular factors [6,7]. Growing evidence reported a possible link between migraine, PFO, and WML. PFO may play a role in the pathogenesis of WML in migraine [8]. Considering the high prevalence of PFO and migraine among young, middle-aged adults and that such a period is critical for brain vascular health and vascular risk factors control, young and middle-aged may serve as a crucial window for preventing cerebrovascular diseases. Currently, scarce literature exists regarding WML in young, middle-aged migraine patients with PFO, and relevant risk factors have not been well clarified in this population.

Hence, we conducted a cross-sectional, case-control study including young, middle-aged patients with migraine and PFO. Our study aimed to report the prevalence and clinical characteristics of WML in this population. We then explored the risk factors of WML and established a nomogram model to predict WML.

2  Methods

2.1 Study Population and Data Source

Between January 2019 and December 2021, a total of 226 patients consecutively admitted to the Cardiovascular department of the First Affiliated Hospital of Nanjing Medical University were initially screened. These patients were diagnosed with chronic and recurrent migraine with at least moderate right to left shunt (RLS). They decided to undergo interventional closure after a joint discussion by a consultation group composed of physicians from the Neurology and Cardiovascular department following the guidelines on management of PFO. Inclusion criteria were as follows: (1) diagnosed with migraine based on the International Classification of Headache Disorders, 3rd edition beta version [9]; (2) moderate to severe right-to-left shunt (RLS) confirmed by contrast-enhanced transcranial doppler (c-TCD); (3) age between 18 and 65 years; (4) complete brain MRI record during hospitalization or one week before hospitalization. Exclusion criteria were as follows: (1) secondary headache after severe trauma, cerebrovascular diseases, intracranial tumors, etc.; (2) missing data on brain MRI or c-TCD, or those who were not able to perform the Valsalva maneuver (VM) due to cognitive disorder or comorbidities; (3) age <18 or >65 years. The flowchart of the selection process is shown in Fig. 1.
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Figure 1: Flowchart diagram of the study population according to inclusion criteria

Demographic information, laboratory, and instrumental examination were acquired from our inpatient electronic medical record system. Clinical data such as smoking, alcohol, migraine characteristics (onset of age, duration of headache, aura or not, and family history), and comorbid diseases such as hypertension, and diabetes mellitus (DM), were obtained by one-to-one questionnaire. The variables of interest included age, sex, laboratory test including platelet count (PLT), platelet crit (PCT), mean platelet volume (MPV), platelet distribution width (PDW), creatine kinase (CK), total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDLc), fibrinogen (FIB), hypertension, DM, hyperlipemia, smoking, alcohol, RLS volume, permanent or latent RLS, the onset age of migraine, and duration of an attack.

The Ethics Committee of the First Affiliated Hospital of Nanjing Medical University approved the study procedures (2021-NT-17), and all the enrolled patients signed informed consent. All methods were carried out following the approved guidelines.

2.2 c-TCD

c-TCD examinations were performed by a 2-MHz probe and single channel connected to transcranial Doppler ultrasound (MVU-6300, Delica, China). Before detection and examination, the patient was informed to lie supine and practice the VM action. Agitated saline with microbubbles was rapidly injected through the cubital vein, and ultrasound changes in the middle cerebral artery were detected by experienced neurologists. The magnitude of RLS was quantified based on the maximum number of microbubbles (MBs) according to RLS international quantitative standard: Grade 0, null MBs; Grade I, 1 MBs; Grade II = 2 ≤ MBs ≤ 5; Grade III = 6 ≤ MBs ≤ 20; and Grade IV, MBs ≥ 20, with a curtain or shower pattern [10]. Moreover, RLS could be further divided into permanent and latent: permanent occurred during rest, and latent was triggered after a VM action (Fig. S1). In our study, only patients with Grades III and IV c-TCD were considered moderate to severe RLS and were admitted for interventional closure, which complied with the guidelines of PFO in China [11].

2.3 MRI

All the patients underwent 1.5-tesla brain MRI (uMR 560, UNITED IMAGING Company, Shanghai, China) during hospitalization or one week before hospitalization, which consists of T1-weighted sequences (T1WI), T2-weighted sequences (T2WI), and fluid-attenuated inversion recovery (FLAIR) sequences. All the imaging data of migraine patients were reviewed separately by an MRI diagnostic physician and a trained neurologist. Cases were divided into two groups according to the presence of WML. WML was defined as bilateral symmetry, multifocal spot or flake lesions in the deep or subcortical white matter, manifested as hyperintense signals on T2WI and FLAIR, and iso-intensity or slightly low signals on T1WI. WML can be classified into periventricular WML (PvWMLs) and deep WML (DWMLs): pvWMLs located in frontal, posterior horns and bands, whereas dWMLs in deep white matter and not attached to lateral ventricle lesions. The Fazekas scale (0~6 points) was utilized to assess the severity of WML by calculating scores of PvWMLs and dWMLs separately and summing the total points [12] (Fig. S2). PvWMLs: (1) 0 point: no lesion; (2) 1 point: cap or pencil-shaped thin layer lesions; (3) 2 points: smooth halo lesions; (4) 3 points: irregular large confluent lesions extending into the deep white matter. DWMLs: (1) 0 point: no lesion; (2) 1 point: punctate foci lesion; (3) 2 points: the beginning fusion of foci; (4) 3 points: large areas of lesion fusion. Any discrepancies of total points ≥2 points underwent a consensus.

2.4 Statistical Analysis

Continuous variables were represented as mean (standard deviation), and categorical variables were expressed as percentage distributions. Chi-square test and one-way ANOVA were employed to analyze differences in continuous and categorical variables between patients with WMLs and without WMLs, respectively. The “glmnet” package in R4.2 was used to perform the least absolute shrinkage and selection operator (LASSO) regression and screen for potential covariates based on the λ. Variables selected by Lasso regression were included in multivariable logistic regression analysis. Multivariable logistic regression with a step-by-step forward regression was further used to explore the association between the former potential variables and WMLs. All variables that were found to be independently significant in the multivariable analysis (p < 0.05) were included in the final model and used to construct a nomogram for predicting the probability of WML via “rms” package in R4.2. According to the regression coefficient, each variable corresponded to a definite value in reference to the nomogram, and the total points for each patient are the sum. Clinicians may predict WML in a particular case by checking the relationship between total points and probability visualized at the bottom of the nomogram. Several evaluation methods were used to describe the discrimination and calibration of the model using the Bootstrap method after repeat sampling 1000 times for internal verification. The receiver operating characteristic (ROC) curve was drawn, and the area under the curve (AUC) was used to evaluate discriminative ability. Typically, AUC ranges from 0 to 1, and a value greater than 0.7 indicates a reasonable estimation performance. H-L goodness of fit and the calibration curve was adopted to evaluate the calibration ability of the model. The net reclassification index (NRI) and decision curve analysis (DCA) were depicted to reflect the clinical benefit of the nomogram compared with the treat-all strategy (representing the highest clinical cost) and the treat-none strategy (representing the lowest clinical benefit) [13]. All statistical analysis was performed via R software. p-value < 0.05 was set as statistically significant for all analyses.

3  Results

3.1 Patient Characteristics

Between January 2019 and December 2021, a total of 226 patients diagnosed with migraine and PFO were admitted to the Cardiovascular department of the first affiliated hospital of Nanjing Medical University. After removing those aged <18 years, aged >65 years, and having missing data on MRI and cTCD, 119 participants were ultimately enrolled in our study. The demographic and clinical characteristics are shown in Table 1.
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The mean age of the enrolled participants was 36.9 years, and Males:Females was 19.3%:80.7%. According to brain MRI, 67 (56.3%) patients were categorized into the WML group, whereas 52 (43.7%) were in the non-WML group. Among the WML group, most patients had a Fazekas scale of 1–2 points whereas 8 patients reached 3 points. No obvious association was observed between larger RLS volume and a higher degree of WML assessed by the Fazekas scale (Fig. S3). Compared with the non-WML group, MPV, FIB, and duration of migraine were significantly higher in the WML group (all p < 0.05).

3.2 Risk Factors Screening

Considering the large number of variables included in this study and limited outcome events, Lasso regression was used to process variables systematically and to select potential variables that can predict the occurrence of WML. 10-fold cross-validation computes the estimate of the optimal parameter of λ. With larger λ, weak factors shrink towards zero, and those that remained in the model were considered strong predictors (Fig. 2A). To prevent over-fitting, a λ of four was selected, which gives a model with good performance but a minimum number of variables (Fig. 2B). Four factors (age, FIB, MPV, CK) with nonzero coefficients were selected by LASSO regression and preliminarily considered as the statistically significant factors related to WML. Later entered into logistic regression models using forward stepwise, CK was left out, whereas age, MPV, and FIB were finally chosen as important independent diagnostic factors for WML in patients with migraine and PFO (Table 2). The results showed that age (odds ratio [OR], 1.087; 95% confidence interval [CI], 1.046–1.135; p < 0.001), MPV (odds ratio [OR], 1.488; 95% confidence interval [CI], 1.054–2.169; p = 0.029), FIB (odds ratio [OR], 3.237; 95% confidence interval [CI], 1.246–9.306; p = 0.021) were significantly associated with increased risk of WML.
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Figure 2: Texture feature selection using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) Identification of the optimal penalization coefficient lambda (λ) in the LASSO model with 10-fold cross-validation. The dotted line on the left indicates the number of variables corresponding to the minimum λ (when the model has the highest fitting effect), and the number was 4. (B) A Path diagram of the regression coefficient. 23 variables were included, 3 variables were finally selected based on the optimal penalty coefficient, which was age, MPV, and FIB
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3.3 Nomogram Construction

A predictive nomogram of WML was constructed based on the results selected from multivariable logistic analysis (Fig. 3). As shown in the nomogram, older patients with higher MPV and FIB were more likely to have WML. Each risk factor was divided into several segments and assigned a corresponding point on the top based on its coefficient in the regression analysis. The total score was the sum of each point, and therefore, clinicians could estimate the risk of WML at the patient presentation by checking in reference to the scale below. Take a hypothetical case illustrating our nomogram usage for example: if a 35-year-old patient with migraine and PFO came to the outpatient clinic of the Neurology department with his FIB and MPV of 3.2 and 11 by a laboratory test, then the point assigned to each risk factor was 40, 50, and 40, respectively, which generated a total score of 130 and a predicted probability of 75% for WML. With this helpful tool, clinicians may preliminary judge one’s risk of WML and provide appropriate medical strategies such as brain MRI scans or computed tomography (CT).
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Figure 3: Nomogram of probability to develop WML. The nomogram is used by summing all points identified on the scale for each variable. The total points projected on the bottom scales indicate the probabilities of WML

3.4 Nomogram Validation

Bootstrap sampling method with 1000 times self-sampling was used for internal validation to evaluate the stability and credibility of the prediction model. The ROC curve showed that the AUC of the prediction model was 80.7% (95% CI: 73.0%–88.4%) (Fig. 4A). The sensitivity and specificity corresponding to the best cut-off value are 82.7% and 71.6%, respectively. The calibration curves of the nomogram depicted a mean absolute error (MAE) of 0.052, indicating excellent consistencies between the predicted and apparent probability (Fig. 4B). The Hosmer–Lemeshow test explored no significant difference between the predicted and actual probability (X2 = 11.01, p = 0.20). Therefore, the prediction model exhibited considerable discriminative and calibrating abilities for WML. Moreover, the DCA curve assessed the clinical utility, which overtopped and had no intersection with the two extreme curves, suggesting a net benefit across a broader range of threshold probabilities than the treat-none and treat-all schemes (Fig. S4).
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Figure 4: (A) ROC curve for the nomogram based on the cohort. The AUC and its 95% confidence interval are shown in the plots. The AUC is 0.807, with 95% CI 73.0%–88.4%. The sensitivity and specificity corresponding to the best cut-off value are 82.7% and 71.6%, respectively. AUC, the area under the curve; ROC, receiver operating characteristic. (B) Calibration curves of the nomogram for predicting WML from the cohort. The Hosmer–Lemeshow test had a p-value of 0.20

4  Discussion

WML is a common neurological disease mainly occurring in the elderly, with its incidence rising sharply with age. Substantial evidence has linked WML with deterioration of cognitive ability, impaired language and motor function, and elevated occurrence of neurodegenerative diseases such as dementia and Alzheimer’s disease [14]. However, recent studies reported a considerable prevalence of WML in patients with migraine and PFO, re-arousing people’s attention to such degenerative neurological disease. Our study reported the prevalence and clinical characteristics of WML in young, middle-aged adults with migraine and PFO in a single medical center. We then tried to establish a prediction model of WML and visualize it in a nomogram. Several independent variables were selected by LASSO regression and multivariable logistic regression and were finally included in the model. Measured by standard deviation along nomogram scales, age ranked the most critical risk factor, followed by MPV and FIB. Internal verification proved satisfactory discrimination, calibration capabilities, and clinical application value.

Age was the most decisive associated factor of WML. As age grows, the prevalence of WML pointedly increases. Cognitive Function and Ageing Study (CFAS) neuropathology cohort, a longitudinal cohort aimed to investigate cognitive and frailty behaviors in the elderly, was launched in England. Among 465 consecutive subjects aged over 65 years, WML was found in 87% of healthy-looking individuals and 95% of demented individuals [15]. Such a result was similar to previous studies, which suggested an overall prevalence of 90% across life and a coherence between the volume of lesions and increasing age [16]. Histopathologic research using post-mortem samples from CFAS study suggested WML is an active outward manifestation of aging-related white matter abnormality with a complex pathogenesis via crosstalk of ischemia/hypoxia, microglial activation, blood-brain barrier (BBB) alterations, and glial cell injury [17]. With the increase of age, the myelinated nerve fibers in the white matter gradually decrease, and the length of myelinated axons gradually shorten. Additionally, elderly patients are accompanied by cerebral atherosclerosis, vascular endothelial dysfunction of cerebral microcirculation, and chronic cerebral hypoperfusion, leading to BBB’s damage and the extravasation of toxic substances [18].

MPV is defined as the average size of the circulating platelet and reflects platelet activity. As a surrogate biomarker for thrombosis, vascular injury, and inflammatory process, MPV is closely related to cardiovascular diseases (CVDs) risk factors and exhibits excellent diagnostic and prognostic value in CVDs, such as coronary artery disease and ischemic stroke [19,20]. A Korean study including 870 patients with WML on brain MRI was aimed to investigate the association between MPV and WML in the elderly population [21]. Results showed that compared to the lowest tertile, the highest MPV tertile had a 50% increased risk of WML (OR: 1.51, 95% CI: 1.04–2.20). MPV level was parallel to the severity of WML evaluated by Fazekas scores. Consistently, another cross-sectional study also observed higher MPV values in the WML group and an independent positive association between MPV and WML. A possible explanation may lie in enhanced platelet activation, acknowledged as a primary pathology of cerebral small vessel disease (CSVD), including silent lacunar infarction, cerebral microbleeds, and cerebral WML. Large platelets contain more platelet-derived granules and behave more actively in function than smaller ones in vasoactive and prothrombotic secretions, thromboxane synthesis, and expression of glycoprotein IIb/IIIa receptors [22]. Endothelial dysfunction, chronic low-grade inflammation, and atherothrombosis were promoted, which participated in the progression of WML [23].

Fibrinogen is involved in many physiological processes, including hemostasis, platelet aggregation, and endothelial cell interaction [24]. As a determinant of blood viscosity and state of hypercoagulability, fibrinogen could reflect atherosclerosis progression and exhibit significant clinical value in ASCVDs [25] and thrombotic diseases [26]. A cross-sectional study comprising 958 individuals in Japan demonstrated that each 1-SD increase in fibrinogen level was associated with a 26% increased risk of silent cerebrovascular lesions. The odds ratio with 95% CI for WML and lacunar infarcts in the highest tertile compared with the lowest tertile were 1.78 (1.20–2.65) and 1.70 (1.09–2.65), respectively [27]. Similarly, a significant association between fibrinogen and WML was reported in a community study containing 667 local elderly residents, independent of conventional risk factors and high sensitivity to C-reactive protein [28]. Further analysis discerned a non-significant tendency between higher fibrinogen levels and worse cognitive function assessed by Mini-Mental State Examination (MMSE) scores. The exact pathological mechanisms between fibrinogen and WML are still blurry. First, fibrinogen represents the inflammation and hypercoagulability level throughout the whole body and is also a significant determinant of plasma viscosity and platelet aggregation. Fibrinogen is involved in vascular endothelial cell proliferation, injury, and atherosclerosis progression, contributing to atherogenesis and ischemia in small brain vessels [29]. Second, platelet aggregation may cause vascular injury and endothelial dysfunction, which was assumed to be responsible for BBB dysfunction and subsequent fibrinogen extravasation. Extravascular fibrinogen deposition in white matter was found in glial cells, neurons, interstitial pools, and parenchyma by neuropathology studies [30]. Such deposition may exert potential toxic effects on white matter, causing hypoperfusion and aggravating BBB dysfunction. However, whether fibrinogen-lowing therapies could reduce the risk of WML or cerebrovascular diseases still needs future research with large samples to clarify.

The young, middle-aged participants enrolled in our study provided several enlightenments. Unlike previous research focusing on WML in the elderly, WML in the young-middle population draws growing interest nowadays. The principal reason lies in the lack of long-term unhealthy living habits and poorly controlled CVD risk factors in young people, contrary to the elderly. An epidemiological study containing 428 voluntary community-based healthy individuals aged 44–48 years demonstrated a prevalence of 50.9% for WML and an average WML cluster of 1.37 per brain [31]. Another registry study (PORTYWHITE) focused on young WML adults in 12 neurological outpatient centers in Portugal. Seventy-seven patients aged between 18 and 55 were enrolled, and 88.3% had vascular risk factors (53.2% with hypertension and 36.4% with previous stroke) [32]. The percentage of females combined with migraine was higher in individuals without vascular risk factors. The author recommended thorough screening for potential vascular risk factors even though WML was occasionally discerned by MRI. Theoretically, the earlier the beginning period of WML, the worse consequences one may acquire in the future. Such brain damage is predominantly irreversible and may continuously progress throughout the lifetime [33]. A meta-analysis consisting of 22 longitudinal studies reported the association between WML and increased risk of cerebrovascular events, including stroke (HR 3.3, 95% CI 2.6 to 4.4), dementia (HR 1.9, 95% CI 1.3 to 2.8), and death (HR 2.0, 95% CI 1.6 to 2.7) [34]. A decline in global cognitive function, organizational performance, and movement speed was also reported.

Migraine is the most common medical condition that predisposes young adults to developing and progressing WML, even among pediatric patients [35]. Observational studies found a twofold to fourfold increased risk of WML in migraine patients and a consistency between WML load and migraine severity [36]. Additionally, the accuracy of WML in predicting future symptomatic brain ischemia and stroke risk in migraine patients was also reported [37]. Currently, no precise data exist regarding the prevalence of WML in patients with migraine. Epidemiological studies concluded a proportion of 6% to 46%, compared with 4%–14% in the general population. Aura before the episode, attack frequency, and migraine duration were regarded as indicators of brain damage. A cohort of 17 migraine patients (median age 41.7 years; 15 females and two males) in Hungary demonstrated that after a follow-up for three years, an increasing number of newly occurred WMLs and volume of hyperintensities were observed in nearly all the patients due perhaps to uncontrolled repeated migraine attacks [38]. A history of hypertension, higher systolic blood pressure values, and migraine with aura were also assumed predictive factors for the progression of WML [39]. Pathological mechanisms underlying migraine-related WML are yet unclear. Increased platelet aggregability, clotting activation, intravascular microthrombosis, and reactive astrocytic gliosis-induced injury may be implicated [8]. Recent studies reported the association between PFO and WML in migraine patients. Iwasaki et al. reported a higher prevalence of PFO in the WML (+) group and an independent predictive role of RLS in the presence of WML after adjustment for age and migraine duration [8]. A recent meta-analysis comprising 1125 subjects with migraine found that 58.7% of patients with PFO and migraine had WML, similar to our study of 56.3%. The presence of PFO was significantly associated with WML [40]. The possible relationship between PFO and WML in patients with migraine may presumably be attributed to paradoxical microembolism, defined as the bypass of subclinical emboli in the vein from the pulmonary circulation into the arterial system and is the most typical feature of pathophysiology surrounding PFO [41]. On the contrary, several studies reported little association between PFO and WML in patients with migraine [42]. Based on current evidence, no definite consensus was reached on the role of RLS in WML. To some extent, WML may represent signs of PFO-related paradoxical microembolic events in the brain. The existence of RLS was more an accelerator than a pathogenic factor in the development of WML.

In our study, the prevalence of WML in young, middle-aged adults was 56.3%. In such a period, it is relatively practical to control vascular risk factors and modify unhealthy lifestyles. Such a period is critical in preventing and postponing WML. For young adults with headaches admitted to the outpatient neurological department, a meticulous series of examinations is usually prescribed in consideration of possible brain tumors or other systemic abnormalities. However, for those with routine migraine attacks, standardized diagnosis and treatment are still of pivotal significance. A brain MRI is recommended to discern WML as early identification of WML in young adults shall make a difference in preventing and alleviating brain damage in public health prevention settings via enhanced routine medical follow-up and control of later-appearing CVD risk factors or comorbidities [43]. Moreover, screening for PFO (e.g., c-TCD, contrast transthoracic echocardiography) is also necessary. For those who show low responsiveness to medication or recurrent migraine, transcatheter interventional closure might be suitable to reduce the adverse brain damage caused by large RLS and episodic migraine attacks [41]. Longitudinal cohorts targeting young, middle-aged migraineurs are needed to clarify the causal relationship between the progression of age-exclusive WML and long-term clinical outcomes.

Limitation

There are several advantages of our study. In this study, we developed a diagnostic model based on the relevant indicators to estimate the risk of WML in young middle-aged patients with migraine and PFO. We used a nomogram to visualize the probability via a simple graphical representation, making the prediction model applicable in clinical settings. Moreover, the young nature of enrolled participants conforms to the recent growing attention on WML in the young population rather than aging WML. Our study supplies limited existing evidence on WML’s prevalence and related factors in young populations. However, there are still some limitations in our study. First, as this study is retrospective, selection bias is inevitable. Second, the subjects enrolled in our study were from a single center, and the sample size was limited, which may limit the generalization of our nomogram and restrict its application to patients in other regions. Third, the nature of our cross-sectional study hinders us from inferring any causal relationship between WML and risk factors. No follow-up data were available regarding cognitive function, cerebrovascular diseases, and specific-cause mortality. Cross-link, high-quality longitudinal cohorts constructed under the cooperation between the Neurology department and Cardiovascular department targeting long-term outcomes are needed in the future.

5  Conclusion

Age, mean platelet volume, and fibrinogen were independent risk factors of WML in young middle-aged migraineurs with PFO. The nomogram in our study may assist clinicians in screening WML and developing individualized preventive and treatment strategies.
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Table 1: Characteristics of the study population

Overall Non-WML WML p-value
Number 119 52 67
Age, year 36.9 (12.7)  30.3 (9.9) 42.0 (12.3) <0.001
Female, n (%) 96 (80.7) 41 (78.8) 55 (82.1) 0.833
PLT, 10 * 9/L 211.7 (42.7) 216.7 (44.6) 207.9 (41.0) 0.262
PCT, % 0.2 (0.0) 0.2 (0.0) 0.2 (0.0) 0.41
MPV, fl 10.4 (1.3) 10.1 (1.3) 10.7 (1.3) 0.009
PDW, % 14.3 (2.5) 14.3 (2.5) 14.3 (2.5) 0.909
CK, U/L 72.2 (32.2) 65.8(30.0) 77.2(33.2) 0.055
TC, mmol/L 4.3 (0.9) 4.1 (0.8) 4.4 (0.9) 0.122
TG, mmol/L 1.0 (0.6) 1.0 (0.6) 1.0 (0.5) 0.842
LDLC, mmol/L 2.5(0.7) 2.4 (0.6) 2.6 (0.7) 0.165
FIB, g/L 2.3 (0.5) 2.1(0.4) 2.4 (0.5) 0.009
Smoker, n (%) 5(4.2) 3(5.8) 2 (3.0 0.739
Drinker, n (%) 3(2.5) 1(1.9) 2 (3.0 1
Hyperlipidemia, n (%) 7 (5.9) 1(1.9) 6 (9.0) 0.221
Hypertension, n (%) 5(4.2) 1(1.9) 4 (6.0) 0.528
Duration, year 8.9 (10.1) 6.4 (6.4) 109 (11.9) 0.015
Permanent RLS, n (%) 88 (73.9) 43 (82.7) 45 (67.2) 0.088
Severe RLS, n (%) 113 (95.0) 48 (92.3) 65 (97.0) 0.458
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Table 2: LASSO-derived multivariable logistic regression model for predicting WML

Variables

OR Odds ratio (95% CI) p-value
Age 1.087 1.046-1.135 <0.001
MPV 1.488 1.054-2.169 0.029
FIB 3.237 1.246-9.306 0.021
CK 1.011 0.996-1.028 0.166
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