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Background: Atrial fibrillation (AF) is related to an increased risk of cognitive dysfunction. Besides clinically overt stroke, AF can damage the brain via several pathophysiological mechanisms. We aimed to assess the potential mediating role of cerebral small vessel disease (SVD) and cognitive performance in individuals with AF.

Methods: Stroke-free individuals with AF from the cardiological outpatient clinic at West China Hospital of Sichuan University were recruited. Extensive neuropsychological testing tools were assessed including global function, domains of attention, executive functions, learning, and memory. 3 T magnetic resonance imaging (MRI) was used for SVD markers assessment of white matter hyperintensities (WMH), lacunes, cerebral microbleeds (CMBs), and enlarged perivascular spaces (EPVS). The correlation between SVD markers and cognitive measures was analyzed by multivariate linear regression models.

Results: We finally enrolled 158 participants, of whom 95 (60.1%) were males. In multivariate models, the presence of lacunes independently associated with Montreal Cognitive Assessment (Model 1: ß = 0.52, Model 2: ß = 0.55), Rey Auditory Verbal Learning Test-immediate and delayed recall (Model 1: ß = 0.49; ß = 0.69; Model 2: ß = 0.53; ß = 0.73) as well as Stroop-Acorrect (Model 1: ß = 0.12; Model 2: ß = 0.13), while total WMH severity independently associated with Strooptime-A (Model 1: ß = 0.24; Model 3: ß = 0.27), Strooptime-B (Model 1: ß = 0.17; Model 3: ß = 0.17), Strooptime-C (Model 1: ß = 0.22; Model 3: ß = 0.21) and Shape Trail Test-A (Model 1: ß = 0.17; Model 3: ß = 0.16).

Conclusion: In our cohort of stroke-free individuals with AF, lacunes, and WMHs were independently associated with cognitive decline while EPVS and CMBs did not show significance. Assessment of SVD MRI markers might be valuable for cognition risk stratification and facilitate optimal management of patients with AF.
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Introduction

Atrial fibrillation (AF) is the commonest sustained arrhythmia, and it is suggested to increase in the coming years (Hindricks et al., 2021). AF is increasingly recognized as an important risk factor for cognitive impairment (Ihara and Washida, 2018). AF increases the risk of stroke, and stroke was considered a major cause for significantly faster cognitive decline and dementia in such patients (Mead and Keir, 2001). However, numerous reports observed that AF is associated with cognitive impairment and dementia independent of clinically overt stroke (Olson and Grose, 1997; Knecht et al., 2008; Marzona et al., 2012; Stefansdottir et al., 2013; Chen et al., 2014; de Bruijn et al., 2015; Ihara and Washida, 2018).

Recently, evidence observed preexisting cognitive impairment in patients with AF–associated ischemic stroke or transient ischemic attack is associated with neuroimaging markers of cerebral small vessel disease (SVD; Banerjee et al., 2020). SVD is diagnosed on conventional magnetic resonance imaging (MRI) as lacunes, enlarged perivascular spaces (EPVS), cerebral microbleeds (CMBs), and white matter hyperintensities (WMHs). These radiological markers are suggested to reflect the cerebral microvasculature and are linked to cognitive decline (Jokinen et al., 2020). It is suggested that multiple mechanisms were involved in increasing the burden of SVD in patients with AF, such as hemodynamic instability, microembolism, inflammation, endothelial dysfunction, and lymphatic system dysfunction (Kobayashi et al., 2012; Horstmann et al., 2015; Wiggins et al., 2020; Jin et al., 2022). In recent studies, SVD biomarkers have demonstrated utility in distinguishing between vascular and neurodegenerative (mainly Alzheimer’s disease-related) cognitive impairment (Palesi et al., 2018). However, these imaging markers have different pathological backgrounds affecting cognitive performance variably. While previous studies showed clues regarding the association between SVD markers and AF patients (Ding et al., 2021; Du et al., 2021), the potential mediating role of SVD MRI markers for cognitive performance in patients with AF is largely unknown. Assessment of SVD markers might be valuable for cognition risk stratification and facilitate optimal management for patients with AF.

In our present study, we aim to explore whether there are independent associations between SVD markers and cognitive impairment; we adopted comprehensive neurocognitive evaluation in a cohort of stroke-free individuals with AF.



Materials and methods


Participants

Patients with AF were prospectively recruited from March 2021 to May 2022 in the cardiology clinic of West China Hospital, Sichuan University. The diagnosis of AF is based on a rhythm record with an electrocardiography (ECG) tracing showing AF. Paroxysmal or persistent/permanent AF was classified according to 2020 European Society of Cardiology guidelines (Hindricks et al., 2021). The final diagnosis and subtype of AF were verified by a cardiologist. Subjects who refused or have contraindications to an MRI scan or could not cooperate with neuropsychological evaluation were excluded. To reduce the possible effects of stroke on cognitive function, we restricted this study to patients without a history or clinical evidence of stroke or asymptomatic cortical or subcortical non-lacunar stroke. Patients with coexisting central nervous system diseases affecting cognitive function (e.g., Alzheimer’s disease, cerebral amyloid angiopathy, etc.) were excluded. The neurological function was evaluated by a neurologist. Patients with other severe neurological conditions or treated with psychotropic medication were also excluded.

All patients received a clinical face-to-face interview and baseline characteristics including age, sex, years of education, and vascular risk factors (diabetes mellitus, hyperlipidemia, hypertension, coronary artery disease, current alcohol consumption, and current smoking) were systematically recorded. CHA2DS2-VASc score (congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke or transient ischemic attack (TIA), vascular disease, age 65 to 74 years, sex category) assessing for stroke risk categorization was recorded (Lip et al., 2010). Body mass index (BMI) was calculated from measured height and weight (Boriani et al., 2019). The protocol of our study was approved by the Medical Ethics Committee of West China Hospital, Sichuan University (2020–104), based on the principles in the “Declaration of Helsinki.” Written informed consent was obtained from all participants.



Neuropsychological assessment

Trained research technicians supervised by a clinical neuropsychologist conducted a battery of neuropsychological tests. The cognitive test battery comprised of Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment-Beijing version (MoCA-BJ), Chinese Rey Auditory Verbal Learning Test (C-RAVLT), Stroop’s color word test (SCWT), and Shape Trail Test (STT). The MMSE and MoCA-BJ were used to assess global cognition (Huang et al., 2021).

The Chinese Rey Auditory Verbal Learning Test (C-RAVLT) was developed to rate immediate and delayed episodic verbal memory (Boone et al., 2005). There are five successive presentations of the original list of 15 words (List A) in the test, and with every trial followed by a free recall. The sum of words recalled on the 5 trials was taken as the score for immediate recall (IR). After a 30-min delay, subjects were requested to recall words from List A again and the number of words recalled was taken as delayed recall (DR).

For Shape Trail Test (STT), patients underwent STT-A (drawing a line between 25 consecutive numbers as fast as possible) and STT-B (linking numbers alternating between circles and squares; Zhao et al., 2013). Times for completing each part of the task was recorded.

Stroop Color and Word Test (SCWT) consists of three cards printed in color (Zysset et al., 2001). Card A is the word subtask which consists of common words unrelated to the concept of colors, card B is the dot subtask that consists of color dots, and card C is the color-word subtask that consists of words in color. Blue, green, red, and yellow are the colors used. Subjects were required to name the colors in which the stimuli were printed and to disregard their verbal content. For the Chinese version of the SCWT, common Chinese characters unrelated to the concept of color were selected. Scores are derived from the completion times and correct numbers in each part of the subtasks.



Imaging acquisition and volumetric measures of brain structure

Brain imaging was performed using a standard 3 T MRI scanner (Siemens Skyra) with a 32-channel head coil at West China Hospital of Sichuan University. The scanning sequences and imaging parameters were the same as those we reported in our previous study (Tao et al., 2022). T1-weighted structural imaging was processed using Computational Anatomy Toolbox 12 (CAT12) for Statistical Parametric Mapping (SPM) 12 (Wellcome Trust Center for Neuroimaging, London, UK). Postprocessing of brain structure measures was reported in our previous study (Tao et al., 2022). Voxel-based Morphometry (VBM) was used as comparing the absolute volume of gray or white matter structures. Total intracranial volumes (TIVs) consist of gray matter volumes (GMV), white matter volumes (WMV), and cerebrospinal fluid. Automated anatomical labeling (AAL) template was used to calculate bilateral hippocampus volumes (HV).



SVD neuroimaging markers rating

SVD MRI markers were rated according to the STandards for ReportIng Vascular changes on nEuroimaging (STRIVE)consensus criteria (Wardlaw et al., 2013). Evaluation of lacunes, white matter hyperintensity (WMH), cerebral microbleeds (CMBs), and enlarged perivascular spaces (EPVS) is well detailed in our previous report (Tao et al., 2022). Fazekas scale (0–3) was used to rate the extent of periventricular and deep WMH. The total WMH score was defined as the sum of the scores for deep and periventricular WMH. Numbers of EPVS were measured separately in the basal ganglia (EPVS-BG) and centrum semiovale (EPVS-CSO) and classified to a 3-category ordinal scale (0–10, 10–25, and >25).

An experienced doctor (YC) who was blinded to the clinical information of the participants used software (RadiAnt DICOM Viewer1.0.4.4439; Medixant Ltd., Poznan, Poland) to visually read the SVD MRI markers. A random sample of 30 patients was selected and evaluated by a second rater (TWD). There was a good inter-rater agreement for the total WMH severity (kappa 0.78, p < 0.001), EPVS-CSO (kappa 0.70, p < 0.001), EPVS-BG (kappa 0.80, p < 0.001) and the presence of lacunes (kappa 0.85, p < 0.001).




Statistical analysis

Continuous variables were presented as mean ± standard deviation (SD) or median and interquartile ranges while categorical variables were expressed as frequencies and percentages. All cognitive tests and brain structure measures were standardized as the z scores, calculated by subtracting the mean value from the value of the observation and dividing by the standard deviation. Pearson’s or point-biserial rpb correlation of univariate analyses was applied to test the influence of demographics, AF features, vascular risk factors as well as SVD markers on cognitive function. Independent multivariate linear regression based on generalized linear models was used to examine the relationship between cognitive trials as the dependent variable, and SVD markers as the main independent variables. G Power software was used for power analysis (Faul et al., 2009). It is indicated that we need at least 153 participants to detect the effect (actual power = 0.95) with parameters (Effect size f2 = 0.15, α = 0.05, 1-β = 0.95, number of predictors = 7) to conduct a linear multiple regression. In model 1, variables in baseline with p < 0.05 in univariate analysis were adjusted. Confounders such as education years and brain volumes associated with cognitive performance were adjusted as well. In model 2, total WMH score were additionally adjusted. In model 3, the presence of lacunes were additionally adjusted. In addition, subgroup analyses were performed using stratified logistic regression models. The significance of interaction (p for interaction) was tested using the likelihood ratio test. Statistical analyses were performed with SPSS (version 24, SPSS Inc.), with p < 0.05 being set as statistically significant.



Results

We initially enrolled 189 neurologically normal patients with AF. Out of the participants, 5 patients refused or had a contradiction to MR imaging, 16 patients had an asymptomatic embolic stroke or history of stroke, 8 patients did not complete clinical evaluation and 2 patients had possible cerebral amyloid angiopathy.

Our final data analysis included 158 patients who had their MRI scans as well as cognitive assessment. The mean age was 63.6 ± 9.6 years and 60.1% (n = 95) were males. The mean BMI was 24.8 ± 3.7 kg/m2 and 44.9% (n = 71) had persistent/permanent AF. Median CHA2DS2-VASc score was 2 (interquartile range, IQR 1–3). Eighty-seven (55.1%) patients were on anticoagulation drugs while 14 (8.9%) patients were on antiplatelet drugs. The median MoCA score was 25 (IQR, 22–27) and the MMSE score was 28 (IQR, 26–30). Information on vascular risk factors and MRI characteristics is shown in Table 1.



TABLE 1 Baseline characteristics of the study cohort (n = 158).
[image: Table1]

We assessed the influence of demographics on cognitive function. Older age significantly correlated with lower correction number in memory (RAVLT-IR, r = −0.18, p = 0.033; RAVLT-DR, r = −0.23, p = 0.005), longer completion time for Stroop test (part A, r = 0.18, p = 0.029; part B, r = 0.26, p = 0.002; part C, r = 0.21, p = 0.012) and STT (part A, r = 0.23, p = 0.015; part B, r = 0.34, p < 0.001). Compared to females, males had a significantly better performance in MoCA (rpb = 0.28, p < 0.001) and MMSE (rpb = 0.22, p = 0.004; Supplementary Table 1). Therefore, we introduced age and sex as independent variables in multivariate analysis.

Concerning the effect of AF features and vascular risk factors on cognitive function, we find the presence of hypertension correlated with a longer completion time of STT-B (rpb = −0.19, p = 0.042; Supplementary Table 2). However, there is no significant correlation between CHA2DS2-VASc score, persistent AF, anticoagulation, or antiplatelet treatment, and cognitive performance. Thus, hypertension was considered an independent variable in multivariate analysis.

Table 2 shows the univariate associations between SVD markers and cognitive performance. The presence of lacunes significantly correlated with MoCA (r = −0.19), tasks of learning and memory (RAVLT-IR, r = −0.21; RAVLT-DR, r = −0.27) as well as attention and executive functions (Stroop-Acorrect, r = −0.23). The total WMH severity significantly correlated with attention and executive function (Strooptime-A, r = 0.34; Strooptime-B, r = 0.27; Strooptime-C, r = 0.25; STT-A, r = 0.25; STT-B, r = 0.24). CMBs and EPVS did not correlate with any cognitive tests.



TABLE 2 Univariate analysis between SVD imaging markers and standardized cognitive measures.
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In Table 3, after adjusting for age, sex, education years, hypertension, and brain volumes (gray matter volumes, white matter volumes, and average hippocampal volume) in model 1, or additionally adjusted for total WMH severity in model 2, the presence of lacunes showed a significant association with MoCA (Model 1: ß = 0.52, Model 2: ß = 0.55) and RAVLT-immediate and delayed recall (Model 1: ß = 0.49; ß = 0.69; Model 2: ß = 0.53; ß = 0.73) as well as Stroop-Acorrect (Model 1: ß = 0.12; Model 2: ß = 0.13). After adjusted in model 1 or additionally adjusted for the presence of lacunes in model 3, total WMH severity is still independently associated with Strooptime-A (Model 1: ß = 0.24; Model 3: ß = 0.27), Strooptime-B (Model 1: ß = 0.17; Model 3: ß = 0.17), Strooptime-C (Model 1: ß = 0.22; Model 3: ß = 0.21) and STT-A (Model 1: ß = 0.17; Model 3: ß = 0.16). Since only lacunes showed an independent association with global cognitive function, we did a stratified analysis to identify variables that may modify the association between the presence of lacunes and MoCA in Figure 1. We found that the relationship between the presence of lacunes and MoCA was changed by age (p for interaction = 0.013), but did not change by sex, hypertension, persistent AF, CHA2DS2-VASc score, or education years.



TABLE 3 Correlation between SVD imaging markers and standardized cognitive measures in generalized linear models.
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FIGURE 1
 Stratified logistic regression analysis to identify variables modify the correlation between the presence of lacunes and MoCA. *Above model adjusted for age, sex, education years, hypertension, CHA2DS2-VASc score (congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke or transient ischemic attack (TIA), vascular disease, age 65 to 74 years, sex category) and persistent AF (atrial fibrillation). In each case, the model is not adjusted for the stratification variable.




Discussion

AF commonly coexists with other etiologies, including SVD18. Thus far, the potential mediating role of SVD for cognitive decline in patients with AF is unclear. In the present cohort study of stroke-free individuals with AF, we demonstrated that lacunes and WMHs were independently associated while EPVS and microbleeds had weaker associations with cognitive decline. Compared to previous studies on cognition in AF, patients recruited in our study were younger (Stefansdottir et al., 2013; Bonnesen et al., 2021) thus age-related changes on the brain could have little impact on their cognition.

Our results showed the presence of lacunes was related to both global and domain-specific cognitive performance changes in patients with AF. These findings remained consistent after additionally adjusting the impact of WMH. Few studies report the association between lacunes and cognitive performance in patients with AF. Previous studies found increased odds of subclinical cerebral infarctions (SCIs) in patients with AF which might contribute to cognitive decline (Chen et al., 2014; Conen et al., 2019). They demonstrated that SCIs were possibly caused by cardiogenic embolism or in-situ small vessel disease, however, most of them did not report the proportion of lacunes or the location (cortical or subcortical, or deep) or sizes of these lesions. Lately, data from the CROMIS-2 (Clinical Relevance of Microbleeds in Stroke 2) study indicated lacunes were associated with preexisting cognitive impairment in patients with AF-related cardioembolic stroke or transient ischemic attacks (Banerjee et al., 2020). We hypothesized that the disturbed cerebral perfusion, embolism or more common vascular comorbidities (e.g., hypertension, diabetes, and smoking) in patients with AF exert a synergistic effect on the formation of lacunes. We showed that the presence of lacunes correlated with worse performance in tasks of global function, learning and memory, attention and executive function. In a multinational Leukoaraiosis and Disability (LADIS) study, the authors showed that incident lacunes on MRI images led to the deterioration of the executive and psychomotor speed (Jokinen et al., 2011), although the presence of lacunes (one or two) contributing to cognitive decline is often considered negligible (Fisher, 1982). In a healthy older adult cohort, lacunar volumes significantly correlated with global cognitive function, cognitive processes, and executive function (Jokinen et al., 2020); In our AF cohort, we found that patients presenting with lacunes had worse memory performance. Memory impairment is usually the first sign that a person may be developing cognitive impairment. Whether lacunes in AF patients could be regarded as an early imaging sign of cognitive decline is needed to be verified by large prospective cohort studies.

We also found that WMH was significantly associated with executive functions and psychomotor speed in patients with AF. Increased WMH lesion burden among patients with AF was reported by several studies (Henon et al., 1996; de Leeuw et al., 2000; Bernstein et al., 2015). In several longitudinal studies, subjects with AF have been observed with severe periventricular white matter lesions or accelerated progression of white matter lesions, independent of cerebral infarcts (de Leeuw et al., 2000; Ding et al., 2021). But a previous study did not find prevalent AF was independently associated with white matter disease, using white matter microstructural integrity and WMH volume as markers (Shao et al., 2019). In a moderate-size of cohort, it was observed that AF with embolic stroke mechanism was significantly associated with specific WMH lesion patterns, presented as anterior subcortical WMH patches (Mayasi et al., 2018). AF-preferred anterior WMH topography is associated with a thinner frontal cortex and cognitive decline (Seo et al., 2012). Therefore, the identification of the WMH progression and distribution may help us better understand the clinical cognitive decline observed among patients with AF.

Our data did not demonstrate that CMBs are related to cognitive performance in subjects with AF. CMBs were detected in 23.8% of subjects with AF in our study, which was similar to previous studies (Horstmann et al., 2015; Haji et al., 2016). We observed the percentage of strictly lobar CMBs was lower than deep CMB (strictly lobar, 9.4% vs. deep, 14.4%). The prevalence and location of CMBs in non-stroke cohorts with AF are little known, although previous evidence suggested that CMBs may be more common in lobar than in deep areas in patients with AF-associated ischemic stroke (Song et al., 2014; Selim and Diener, 2017). The Rotterdam study revealed an association between lobar CMBs and a decline in executive functions, memory, and processing speed, whereas CMBs in other brain regions was related to a decline in processing and motor speed; however, the study was based on the general population rather than subjects with AF (Haji et al., 2016). There is little pathological evidence to verify the underlying pathogenesis of CMBs in AF patients. Thus, CMBs in patients with atrial fibrillation might commingle with other conditions, such as white matter disease, antithrombotic use, or many classical risk factors for cerebrovascular disease (Romero et al., 2014; Selim and Diener, 2017). Since the moderate sample size of our study for CMB detection, a large sample cohort of AF is needed to ascertain the prognostic significance of CMBs for cognitive functions and to develop optimal management strategies.

There were limitations to our study. A major limitation of our study is the lack of detailed assessment of the Alzheimer’s disease pathology in our study participants. Accumulating reports have shown that AF is a risk factor for Alzheimer’s disease (Ihara and Washida, 2018; Islam et al., 2019), and our current study did not perform a detailed examination to exclude participants with probable AD or diagnosed AD. Future studies should incorporate the use of positron emission tomography (PET), cerebral spinal fluid (CSF) biomarkers of phosphorylated tau and Aβ in addition to clinical dementia rating (CDR) to exclude probable AD or diagnosed AD in the AF cohort. Furthermore, the number of participants with AF was relatively small. Most of our included patients were those consulting for radio-frequency catheter ablation in the cardiology outpatient department, therefore, there is inevitable selection bias since AF patients with severe heart failure were not recruited. The number of patients receiving anticoagulation was relatively low, suggesting a potential selection bias. Another potential shortcoming is the cross-sectional design, which could not assess the causality or directionality of the effect.



Conclusion

In this cohort of stroke-free patients with AF, our analyses show that lacunes and white matter hyperintensity have an impact on cognitive function. Conversely, microbleeds and EPVS were not significantly associated with cognitive decline. Assessment of SVD MRI markers in patients with AF might be valuable for cognition risk stratification and facilitate optimal management of AF patients.
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