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Background: Longitudinal association studies of atrial fibrillation (AF) and cognitive
functions have shown an unclear role of AF-type and often differ in
methodological aspects. We therefore aim to investigate longitudinal changes in
cognitive functions in association with AF-type (non-paroxysmal vs. paroxysmal)
and comorbidities in the Swiss-AF cohort.

Methods: Seven cognitive measures were administered up to five times between
2014 and 2022. Age-education standardized scores were calculated and
association between longitudinal change in scores and baseline AF-type
investigated using linear mixed-effects models. Associations between AF-type
and time to cognitive drop, an observed score of at least one standard deviation
below individual's age-education standardized cognitive scores at baseline, were
studied using Cox proportional hazard models of each cognitive test, censoring
patients at their last measurement. Models were adjusted for baseline covariates.
Results: 2,415 AF patients (mean age 73.2 years; 1,080 paroxysmal, 1,335 non-
paroxysmal AF) participated in this Swiss multicenter prospective cohort study.
Mean cognitive scores increased longitudinally (median follow-up 3.97 years).
Non-paroxysmal AF patients showed smaller longitudinal increases in Digit
Symbol Substitution Test (DSST), Cognitive Construct Score (CoCo)and Trail
Making Test part B (TMT-B) scores vs. paroxysmal AF patients. Diabetes, history
of stroke/TIA and depression were associated with worse performance on all
cognitive tests. No differences in time to cognitive drop were observed between
AF-types in any cognitive test.
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Conclusion: This study indicated preserved cognitive functioning in AF patients, best
explained by practice effects. Smaller practice effects were found in non-paroxysmal AF
patients in the DSST, TMT-B and the CoCo and could indicate a marker of subtle
cognitive decline. As diabetes, history of stroke/TIA and depression—but not AF-type—
were associated with cognitive drop, more attention should be given to risk factors and

underlying mechanisms of AF.
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1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
affecting people of all ages (1, 2). As its incidence and prevalence
increase with age, it is estimated that about 17.9 million adults
aged over 55 years in 2060 will experience AF in the European
Union (3). Adjusting for age and predisposing conditions, AF
has been associated with an increased risk of stroke (4), heart
failure (5), myocardial infarction (MI) (6) and death (7, 8). In
addition, numerous previous studies, including several meta-
analyses, provide growing evidence of an association between AF
and cognitive decline in the absence of clinically overt previous
stroke (9, 10).

Independent from other risk factors, a correlative study
described an association between AF and a greater cognitive
decline over 20 years in people with AF compared to people
without AF (11). Concerning the affected cognitive domain, AF
has been associated with poorer performance and longitudinal
(12).

knowledge status is insufficient since the studies suffer from large

decline in executive functions However, the current
heterogeneity in methods.

First, studies differ in methodological aspects such as sample
size, duration of follow-up periods and statistical methods, as
well as with respect to the assessments of cognitive performance
(1, 13). Second, not all studies systematically adjusted for known
confounders in multivariable models since AF and cognitive
decline share multiple risk factors and comorbidities (14).
Finally, it has been shown that next to increasing age, the
prevalence of heart failure, hypertension, diabetes, coronary
artery, and cerebrovascular diseases increases with progression
from paroxysmal to non-paroxysmal (persistent or permanent)
AF subtype (15). Although the progression of AF and the
development of cognitive decline share common risk factors (1),
the association of AF and its subtypes with change in cognitive
function as well as the possible effects of comorbidities have not
been investigated. Additionally, it is unknown if non-paroxysmal
AF, characterized as persistent or permanent and with increased
symptom severity, is more involved in change of cognitive
function than paroxysmal AF (16).

Thus, longitudinal studies are needed that investigate the
association between AF subtype and longitudinal change in
cognitive function. In the Swiss-AF Cohort, we aim to investigate
the association of AF subtype and change in cognitive functions
with AF, while
using an extensive assessment of cognitive

over time in patients accounting for

comorbidities,
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functioning with validated tests assessing multiple cognitive
domains. Specifically, we aim to (1) describe the development of
longitudinal cognitive functioning in a typical Swiss population
of patients with AF; (2) assess whether changes of cognitive
functions are associated with AF-type (i.e., paroxysmal or non-
paroxysmal) and (3) describe the frequency of cases of cognitive
drop over time, defined as an observed score of at least one
standard deviation (SD) below the individual’s age-education
standardized cognitive test scores at baseline and assess the
association with AF-type and comorbidities.

2. Materials and methods
2.1. Study sample

The Swiss Atrial Fibrillation Study (Swiss-AF; NCT02105844)
is an ongoing prospective, multicenter, observational, national
cohort study in primarily elderly individuals with AF focusing on
the interrelationships of AF and AF progression with structural
and functional brain damage over time. Details about the
sampling method and selection process are described elsewhere
(17-19). Briefly, a total of 2,415 subjects with a history of AF at
baseline (BL) (17) were recruited by comprehensive screening of
in- and outpatients in 14 participating centers in Switzerland
between 2014 and 2017 and by contacting general practitioners
in the area. Main inclusion criteria were age 65 years or older
(with the exception of additional 315 patients aged between 37
and 65 years, which were enrolled to assess socio-economic
aspects of AF in the working population) and presence of either
paroxysmal or non-paroxysmal AF according to the guidelines of
the European Society of Cardiology (20). 87% of patients
included in the present analysis were 65 years or older
(n=2,100). Paroxysmal AF was defined as self-terminating AF
lasting <7 days, did not require cardioversion and was
documented at least twice within the past 5 years (20). Persistent
AF was defined as AF sustained for at least 7 days and/or AF
requiring cardioversion, documented within the past 5 years by
electrocardiography (ECG) or rhythm monitoring devices (20).
Permanent AF was defined as AF in which cardioversion therapy
failed or was not attempted (20). For the current study,
participants were categorized as having paroxysmal and non-
paroxysmal (including persistent and permanent) AF. Details
about the assessment of AF-type are described in a previous
publication (21). Briefly, the local study investigator determined
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AF-type during the baseline visit based on all available clinical
patient data over the years before enrollment, documented by
medical records, ECG, and/or rhythm monitoring device. We
excluded patients who were unable to provide informed consent,
had any acute illness within the last 4 weeks or indicated only
secondary, reversible episodes of AF (e.g., after cardiac surgery or
severe sepsis). Regarding the integrity of cognitive abilities, no
further requirements were defined since we aimed to establish a
representative large sample of elderly patients with diagnosed AF.

2.2. Study procedures

Trained study personnel collected all data in a standardized
manner. Specifically, a training video for the cognitive assessment
was made available for all investigators at all sites. At enrollment,
participants underwent a clinical examination and cognitive
assessment. Detailed information on personal characteristics, risk
factors and comorbidities were obtained through standardized case
report forms (CRF). The study was approved by the local Ethics
Committee-Ethikkommission ~Nordwest- und Zentralschweiz
(EKNZ number: PB_2016_00793) and conducted in accordance
with the Declaration of Helsinki. All subjects gave written informed
consent before participation. In the current analysis, we considered
patients who were administered at least one cognitive test at baseline
only or at any of the planned follow-up visits within 4 years (+50
days). A total of 109 follow-up 4 visits were excluded having taken
place >50 days later than planned. The data for this analysis reflects
the status of the Swiss-AF data base as on May 13, 2022, in which all
patients were enrolled in the cohort for at least 4 years.

2.3. Assessment of cognitive function

The cognitive test battery consisted of five validated, widely used
cognitive tests administered at each follow-up. The test battery
included the Montreal Cognitive Assessment (MoCA) (22), Trail
Making Test Part A (TMT-A) (23, 24) Trail Making Test Part B
(TMT-B) (TMT calculated as
connections per second) (23, 24), Semantic Fluency test (SF) (25)
and the Digit Symbol Substitution Test (DSST) (26, 27), described
in detail elsewhere (19). All cognitive tests were administered in a

results number of correct

paper-pencil format or, during the coronavirus disease 2019
(COVID-19) pandemic, in part (i.e., MoCA and SF) by telephone.
Cognitive tests were administered in the main national languages
of Switzerland, depending on patient’s mother tongue (i.e., 72.4%
German, 11.9% French and 10.2% Italian), except for the TMT
and the DSST,
Supplementary Table S1 in the supplement provides an overview

which are language-independent tests.
of the neuropsychological test battery, which consists of 17
outcome variables. The standard MoCA total score was calculated
(28). MoCA results administered by telephone (n=221) were
discarded, since these results do not reflect the in-person test.
Additionally, two derived cognitive measures were used, i.e., the
ratio TMT-B / TMT-A and the Cognitive Construct (CoCo)

derived from the total of 17 items comprised in the five validated
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neuropsychological tests used in the Swiss-AF cohort study. A
previous study of the group has shown that using the CoCo score
increased measurement sensitivity and allows to detect subtle
changes in cognitive function (19). Cognitive drop was defined as
an observed score of at least one SD below the individual’s age-
education standardized cognitive test scores at baseline (29). All
scores of the cognitive tests were standardized by age and years of
education, which were used in all analysis to describe within-
patient trajectories over time from the first visit and to compare
cognitive functioning stratified by AF-type. For all cognitive tests,
positive values represent better results.

2.4. Additional variables

Socio-demographic measures including age, sex and education
(years) were obtained through standardized CRFs. Health behavior
including smoking (yes/no) was collected from patients’ self-
reports. Chronic disease included history of diabetes (yes/no),
history of hypertension (yes/no), history of stroke or transient
ischemic attack (TTA) (yes/no) were self-reported from the
patients as well as verified by medical records. Use of medication
for cardiovascular disease (anticoagulants drugs) (yes/no) and
glomerular filtration rate (GFR) (milliliter/minute) was collected
from medical reports. Depression (yes/no) was assessed with the
Geriatric Depression Scale (GDS; range 0-15, a value >5
indicating depression) (30).

2.5. Statistical analyses

Available information for each patient from baseline until
follow-up 4, or until loss to any follow-up was used. Missing
data were not imputed and patients who did not have any
cognitive assessment over the years (none) and with missing
baseline covariates (n=57) were excluded from the analysis. For
53 patients GFR was missing, other 4 patients had missing values
for the other baseline covariates. In the longitudinal analysis, we
included all measures of a patient, so it was also possible to
include a patient if the baseline measurement was missing, but
cognitive assessments at different time points were available. Due
to the exploratory rather than confirmatory nature of the study,
all results are presented as estimated effect sizes with 95%
confidence intervals (CI). Continuous baseline characteristics are
described via the mean and standard deviation or, if strongly
skewed, using the median and interquartile range (IQR);
listed  for
characteristics. All analyses were performed using the statistical

frequencies and percentages are categorical
software R version 4.2.2. The association between AF-type and
evolution of cognitive functioning was assessed using linear
mixed effects models with the age-education standardized
cognitive score (see description in Text S1) as outcome and the
time since first measurement, AF subtype and the interaction
between them as fixed effects. To acknowledge the possibility of
a practice effect, which seemed largest between the first and

second measurement (28), we added an additional variable,
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indicating whether it was the first measurement (yes/no). Time
since first measurement was added to the model as a random
slope, and random intercepts for each patient, nested within
study center, were included. Separate models were constructed
Model
diagnostics were performed by examination of residuals. The

for each of the above-mentioned outcome measures.

association between AF-type and relevant cognitive drop was
assessed using Cox proportional hazard models stratified by
study center. Patients were censored at the last measured value
(i.e., the last visit during which the cognitive test was performed)
in case of death or drop out, or their administrative fourth
follow-up, in case the patient had more follow-up visits available.
Only the first drop in cognition per patient was considered for
The that
assessments were not associated with the event of cognitive drop

analysis. analyses assumed missing  cognitive
(see section sensitivity analyses). The proportional hazard
assumption was tested and the Schoenfeld residuals were visually
inspected as model diagnostics. We found no strong deviations

from this assumption for any of the models.

2.6. Subgroup, sensitivity and posthoc
analyses

To assess subgroup effects by sex, history of stroke, smoking
status, or for patients with and without diabetes, hypertension, or
depression, an interaction between each covariate of interest and
AF subtype for each model was tested. For covariates with a
signal of an interactive effect with AF subtype (interaction term
p-value <0.05), we repeated the analyses in each level of the
covariate (e.g., smokers vs. non-smokers). The robustness of our
previous assumptions was tested in several sensitivity analyses.
First, we evaluated the assumption of the linear development of
cognitive functioning over time, using scatter plots with local
estimated scatterplot smoothing (LOESS) curves fit to describe
the development over time for each of the cognitive tests.
Second, we evaluated the appropriateness of the definition of
cognitive drop at >1 SD decrease by using an arbitrary >1.5 SD
for relevant cognitive drop and comparing the results. Lastly, the
potential extent of an attrition bias was investigated by repeating
the analyses using the analysis set which included all patients
who were still part of the cohort after follow-up 4, and who were
able to perform at least one of the cognitive tests at follow-up 4
(SF) with the patients who dropped out before or did not do
cognitive tests at follow-up 4. Furthermore, taking losses to
follow-up as (potentially) informative censoring events, we
effects
incorporating patients’ inverse probability of censoring weights
(IPCW) and comparing the results with the models from the
main analysis. Due to the consistent relatively high estimates of

repeated the analysis using linear mixed models

three covariates (i.e., history of diabetes, depression, and history
of stroke/TIA) on all cognitive tests we performed the above-
described linear mixed effects as post hoc analyses to assess
whether these variables were associated with an increase over
time on one representative cognitive score (ie., MoCA).
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The association of these covariates with cognitive drop are
already explained in the above-described Cox-models.

3. Results
3.1. Patients’ characteristics

Baseline characteristics are shown in Table 1. At study
enrollment, mean age was 73.2+8.4 years, 27.4% of participants
were women, and 90.4% were anticoagulated. 44.7% of the 2,415
included participants had paroxysmal AF, whereas 55.3% had
non-paroxysmal AF. For 2,358 participants’ data on all cognitive
measures was available at baseline. The median follow-up was 3.97
years. Supplementary Table S2 presents the number of missing
tests per visit. The number of missing test results gradually
increased over the follow-up visits, being greater than 46% at
follow-up for all cognitive tests except for SF. An overview of the
number of cognitive tests completed per patient during each visit
is available in Supplementary Table S3. The number of
performed cognitive assessment for MoCA, TMT-A, TMT-B, SF
and DSST as well as for the two derived scores CoCo and TMT-
B/TMT-A at baseline and at follow-up 1-4 are provided in
Table 2. The main reason for dropouts between BL—follow-up 3
were (1) patient could not be reached (n=23); (2) consent was
withdrawn (n=99); (3) death (n=253); (4) loss to follow-up/
follow-up 4 visit >50 days after 4-year mark (n=109). For a
detailed overview, see Figure 1 and Supplementary Table S4. The
reasons why cognitive assessments were missed or excluded from
the analysis were a constrained test situation or motivation,
present incident of participant (e.g., health issue, emotional or
mental incident), cognitive inability to perform the test, due to
dropout or death or errors of administration by the examiner.

TABLE 1 Baseline characteristics.

‘_ Overall | Paroxysmal = Non-paroxysmal
n

2,415 1,080 1,335
Age (years) 73.2 (8.4) 72.5 (8.5) 73.9 (8.3)
Sex = female (%) 662 (27.4) 345 (31.9) 317 (23.7)
Education groups (%)
Basic* 288 (11.9) 130 (12.0) 158 (11.9)
Middle* 1,197 (49.6) 531 (49.2) 666 (50.0)
Advanced* 926 (38.4) 418 (38.7) 508 (38.1)
Education (years) 12.93 (3.2) 13.05 (3.3) 12.84 (3.2)
History of stroke/TIA (%) 480 (19.9) 235 (21.8) 245 (18.4)
History of diabetes (%) 422 (17.5) 173 (16.0) 249 (18.7)
History of hypertension (%) | 1,691 (70.0) 721 (66.8) 970 (72.7)
Depression (%) 200 (8.3) 84 (7.8) 116 (8.7)
Oral anticoagulation 2,182 (90.4) 932 (86.3) 1,250 (93.6)
medication (%)
GFR (ml/min.) 59.29 (19.1) 60.98 (19.9) 57.94 (18.3)
Active smoker (%) 175 (7.3) 87 (8.1) 88 (6.6)

Data are presented as mean (+ SD) or counts (percentages).

GFR, glomerular filtration rate; min., minutes; ml, milliliter; TIA, transient ischemic
attack.

*Basic education: <6 years (less than compulsory education curriculum); middle
education: 6 to <12 years (high school or similar); advanced education: >12
years (college or university degree).
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3.2. Development of cognitive functioning
over time

The mean score for each of the cognitive tests increased over
time, which is displayed in Table 2 and visualized in Figure 2.
Development over time for

AF-type is displayed in

Supplementary Figures S1, S2.

3.3. Cognitive development as a function of
time and AF type

Based on visual inspection of the results, including fitting a
LOESS curve for each endpoint (Supplementary Figure S3), we
accepted the assumption of a linear development of cognitive
functioning over time. The age-education standardized score
increased over time for the MoCA, SF, TMT-A, TMT-B, DSST
and CoCo. Undertaking a cognitive test for the first time was
estimated to differ from the mean of repeated undertakings by
—0.09 units 95% CI [—0.13, —0.05] for the MoCA score, —0.07
units [—0.12, —0.03] for the SF score, —0.11 units [—0.16, —0.06]
for the TMT-A score; —0.06 units [—0.11, —0.02] for the TMT-B
score; —0.04 units [—0.07, —0.01] for the DSST score and 0.05
units [0.02, 0.08] for the CoCo score. The 95% CI for the
interaction between AF-type and time laying completely below 0,
suggested that the development in standardized TMT-B, DSST
and CoCo score depended on AF-type, after adjustment for all
covariates in the model. The point estimate of the interaction
term suggested a smaller yearly increase in the DSST (0.07
compared to 0.09), CoCo score (0.11 compared to 0.14) and
TMT-B (0.10 compared to 0.13) in patients with non-paroxysmal
AF compared to patients with paroxysmal AF. For the other
remaining cognitive tests, we found no interaction effect between
AF-type and time, suggesting that the development in age-
education standardized of the MoCA, SF, TMT-A and the TMT-
B/TMT-A scores over time is not associated with AF-type. An
overview is presented in Table 3. The covariates depression,
history of stroke or TIA and diabetes appeared to be associated
with worse scores for all 7 standardized cognitive outcomes
(Figure 3). An overview of the estimates and corresponding 95%
CI for all variables in the linear fixed effects model describing

TABLE 2 Cognitive scores over the course of the study.

10.3389/fcvm.2023.1212587

the association between AF-type and the development of
cognitive functioning in each cognitive test is presented in
Supplementary Tables S5-S11.

3.4. Cognitive drop and the association with
AF type

The threshold of cognitive drop >1 SD of the standardized
baseline distribution was crossed by a total of 228 patients for
MoCA, 472 for SF, 352 for TMT-A, 310 for TMT-B, 591 for
TMT-B/TMT-A, 184 for DSST, and 190 for CoCo across all
follow-up visits. Supplementary Table S12 presents an overview
of the number of patients who crossed the threshold of 1 SD
lower than the first test result per visit. AF-type did not appear
to be associated with the hazard (HR) for cognitive drop for any
of the cognitive tests in the model adjusted for all covariates.
Figure 4 shows the probability of cognitive drop by AF-type,
unadjusted for other variables, and Supplementary Tables S13-
S19 report the HRs and corresponding confidence intervals of all
variables in the model for each cognitive test.

3.5. Subgroup and sensitivity analyses

There was no association between AF-type and cognitive
development and decline in the different subgroups with and
without a history of diabetes, depression, or stroke/TIA, as well
as by sex and smoking status. Only for a history of hypertension,
we found a signal for a subgroup effect in the linear mixed
models for MoCA, TMT-B, DSST, and CoCo (Supplementary
Table S21 in the supplement). In the subgroup of patients
without hypertension, we found a smaller increase in age-
education standardized cognitive scores in patients with non-
paroxysmal AF compared to patients with paroxysmal AF. The
results of these models for the MoCA, TMT-B, DSST and CoCo
are shown in Supplementary Tables S$22-S25. In the Cox
models, we did not find signals for a potential subgroup effect.

A sensitivity analysis to explore how attrition bias could
confound the results was conducted using only patients who
completed all five visits: baseline and four follow-ups. A

Baseline* Follow-up 1 Follow-up 2 Follow-up 3 Follow-up 4
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
MoCA 2,402 249 (3.2) 2,108 25.5 (3.2) 1,889 25.9 (3.3) 1,531 263 (3.2) 990 26.5 (3.2)
SF 2,408 18.9 (5.4) 2,116 19.5 (5.7) 1,902 19.7 (5.8) 1,688 20.1 (6.1) 1,460 20.2 (6.4)
TMT-A 2,393 0.5 (0.2) 2,106 0.6 (0.2) 1,891 0.6 (0.2) 1,533 0.6 (0.2) 991 0.6 (0.2)
TMT-B 2,380 0.2 (0.1) 2,097 0.2 (0.1) 1,879 0.2 (0.1) 1,524 0.2 (0.1) 982 0.3 (0.1)
TMT B/A 2,380 0.4 (0.2) 2,097 0.4 (0.2) 1,876 0.4 (0.2) 1,523 0.4 (0.2) 982 0.4 (0.1)
DSST 2,396 43.6 (14.3) 2,096 45.1 (14.9) 1,871 45.9 (15) 1,520 47.6 (15.2) 987 4822 (15.6)
CoCo 2,359 0 (0.5) 2,080 0 (0.5) 1,850 0.1 (0.6) 1,502 0.1 (0.6) 976 0.2 (0.6)

Data are presented as mean (+ SD) or counts (percentages).
CoCo, Cognitive construct; DSST, Digit Symbol Substitution Test; MOCA, Montreal Cognitive Assessment; SF, Semantic Fluency Test, animals; TMT-A, Trail Making Test A;

TMT-B, Trail Making Test B (number of correct connections per second); TMT B/A, ratio of Trail Making Test B/Trail Making Test A.

*n=2,415.
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2,415 patients recruited at 14 study
centres in Switzerland between
2014-2017

!

Initial evaluation (baseline)

(n =2,415)

v

Y

Excluded (n = 28)

- Patient could not be reached (n = 3)
- Consent was withdrawn (n = 25)
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FIGURE 1
Study flow chart

comparison of these patients and the patients who dropped-out of
the study before follow-up 4 is shown in Supplementary
Table S20. The different sensitivity analyses (Supplementary
Figure S3, Tables S26-S31), despite not completely alleviating
the risk of attrition bias, suggested that in the observed time
frame the effect of attrition on estimates is rather small, since the
results of the analyses were similar when using patients who had
all visits compared to the whole sample. Post hoc analyses
indicated an interaction between the time and history of stroke
or TIA at baseline, suggesting a smaller annual increase in
MoCA score in patients with history of stroke or TIA compared
to patients without history of stroke or TIA and are displayed in
Supplementary Tables S32-S34. The association between each
covariate and cognitive drop can be found in Supplementary
Table S13. As post-hoc analyses we compared cognitive drop in
the MoCA test scores according to history of stroke or TIA
54),
Figure S5), and diabetes (Supplementary Figure S6) in the

(Supplementary Figure depression  (Supplementary
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supplement. These showed a higher cumulative
incidence of cognitive drop over time among patients with
history of stroke or TIA [HR: 1.43, CI (1.06, 1.93)] and among

patients with depression [HR: 1.26, CI (0.79, 2.00)].

analyses

4. Discussion

This large community-based cohort study of elderly patients
with AF in Switzerland aimed at describing the development of
cognitive functioning over time, its association with AF-type
(paroxysmal or non-paroxysmal) and accumulation of cases of
cognitive drop over time and across AF-type and comorbidities.
The results showed a longitudinal increase in all mean cognitive
scores with a smaller increase in DSST, TMT-B and CoCo score
over time in patients with non-paroxysmal AF compared to
patients with paroxysmal AF. No differences in the rate of
accumulation of cognitive drop were observed between AF-types
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measures for all AF patients.

Spaghetti plots showing the evolution of the cognitive functioning over time (until follow-up 4) for each of the age-education standardized cognitive
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in any cognitive measure. The presence of diabetes, history of
stroke/TTIA and depression was associated with worse cognitive
performance on all cognitive measures.

Despite growing evidence of an association between AF and
cognitive decline in the absence of clinically overt previous
stroke, suggested by previous work (9, 10), we found an increase
in standardized mean scores of each cognitive test over time in a
Swiss cohort of AF patients. Whereas the large number of AF
patients and the avoidance of ceiling effects by performing
validated cognitive testing on multiple domains in our study
support the robustness of our results, at least three effects might
explain our findings. First, at 90%, our sample had a relatively
high proportion of patients that used oral anticoagulants. As oral
anticoagulants act as prevention for stroke (31, 32), which has
been associated with cognitive decline (33, 34), the protective
effects of anticoagulants might ameliorate the risk for developing
cognitive decline in our sample. Whether a broader use of oral
anticoagulation, or more intense anticoagulation in some patients
are beneficial in preventing cognitive decline in AF patients’
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needs to be addressed in future studies. Second, longitudinal

studies may be prone to attrition bias, indicating that
participants who are most likely to remain in the study tend to
be the healthiest, best educated, wealthiest, and have the highest
scores on cognitive tests, whereas ill participants are less likely to
return for study visits (35). Under the limitation of our available
data, sensitivity analysis using IPCW and comparison of full and
dropout data sets suggested no strong evidence of attrition bias,
at least in the observed period. Third, longitudinal studies on
cognition require repeated administration of cognitive tests,
especially in a rather short period of time, which might lead to
practice effects and improvement or maintenance of test scores
despite a cognitive drop (36, 37). Although we adjusted the
analysis for one potential type of practice effect by accounting
for the change between the baseline and the first follow-up
(which was also the largest change in cognitive scores for
different tests), the increase over all cognitive tests remained.
Thus, our study suggests an increase in cognitive performance

over time in AF patients as the result of a practice effect,
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TABLE 3 Estimates with 95% CI for all 7 cognitive tests. The results for
each covariate represent the effect after adjusting for all other variables
in the model.

MoCA AF-type (non-paroxysmal over paroxysmal) | —0.06 [—0.14, 0.01]
Time (years) 0.09 [0.06, 0.12]
AF-type*Time Interaction —0.01 [—0.04, 0.01]

SF AF-type (non-paroxysmal over paroxysmal) | —0.03 [-0.10, 0.05]
Time (years) 0.03 [0.00, 0.05]
AF-type*Time Interaction 0.01 [-0.02, 0.03]

TMT-A | AF-type (non-paroxysmal over paroxysmal) | —0.06 [-0.14, 0.02]
Time (years) 0.09 [0.07, 0.12]
AF-type*Time Interaction —0.01 [—0.04, 0.01]

TMT-B AF-type (non-paroxysmal over paroxysmal) | —0.03 [-0.11, 0.05]
Time (years) 0.10 [0.07, 0.13]
AF-type*Time Interaction —0.03 | [-0.05, —0.00]

TMT-B/A | AF-type (non-paroxysmal over paroxysmal) 0 [-0.07, 0.07]
Time (years) 0.02 [-0.01, 0.05]
AF-type*Time Interaction —0.01 [—0.04, 0.01]

DSST AF-type (non-paroxysmal over paroxysmal) | —0.07 [-0.15, 0.01]
Time (years) 0.07 [0.06, 0.08]
AF-type*Time Interaction —0.02 | [-0.04, —0.00]

CoCo AF-type (non-paroxysmal over paroxysmal) | —0.05 [-0.13, 0.03]
Time (years) 0.11 [0.09, 0.13]
AF-type*Time Interaction —0.03 | [-0.04, —0.01]

CoCo, Cognitive construct; DSST, Digit Symbol Substitution Test; MoCA, Montreal
Cognitive Assessment; SF, Semantic Fluency Test, animals; TMT-A, Trail Making
Test A; TMT-B, Trail Making Test B (number of correct connections per second);
TMT B/A, ratio of Trail Making Test B/Trail Making Test A.

especially considering that the patients in the current cohort
repeated the tests multiple times within a relatively short interval.

While practice effects are typically considered as biases when
interpreting longitudinal studies on cognition, their use as
markers of cognitive performance has gained interest. A recent
systematic review on 27 studies on practice effect as cognitive
marker indicated that smaller practice effects were associated
with neurodegeneration biomarkers and thus might act as a
potential marker of cognitive decline (38). Although our results
showed a longitudinal increase in all cognitive measures due to
practice effects, they indicate smaller increases in executive
functioning, processing speed and general cognitive performance
over time in patients with non-paroxysmal AF compared to
patients with paroxysmal AF. Additionally, our results indicated
no difference between AF groups in accumulating cases of
cognitive drop defined as a threshold of >1 SD in all cognitive
measures. When we altered the threshold value to >1.5 SD in the
sensitivity analysis, a decrease in the number of events per visit
was visible, but no difference in the results compared to the
main analysis was found. As thresholds are set as a decrease
from the first measurement, the fact that a person with a high
score on the first measurement has more room for decrease than
a person who scored low at baseline is not accounted for;
similarly, using a threshold as an outcome does not account for
possible practice effects. Furthermore, thresholds can be biased
through temporary worse test results due to ie., lack of
motivation or wellbeing on testing day. Consequently, comparing
practice effects, taken as the ability to learn over time, might act
as a more reliable marker of cognitive change in longitudinal
studies. Since our results indicate smaller practice effects in
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executive functioning, processing speed and general cognitive
functioning, they might reflect reduced cognitive functioning in
the non-paroxysmal AF group.

This study is among the first to investigate the differences in
cognitive functions between non-paroxysmal and paroxysmal AF
over time. One recent study investigated group differences between
90 persistent, 90 paroxysmal AF patients and 90 healthy
participants using cognitive tests on memory, language, and
visuospatial functions. While both AF groups showed lower
cognitive performance compared to the healthy group, persistent
and paroxysmal AF patients showed no differences on a total
score of cognitive functioning, but a tendency towards smaller
visuospatial abilities in the persistent AF group (39). Although no
interaction between time and AF groups was found and
permanent AF was not investigated by the authors, our results
support the notion of lower cognitive abilities in the more
sustained form of AF, which was categorized as non-paroxysmal
AF in our study. Notably, our results indicated less practice effects
in tasks addressing processing speed and executive functioning,
which is in line with a previous study indicating an association
between AF and a greater drop in executive functioning and
processing speed (11). In extension to those findings, our results
indicate that this association might be only present in patients
with non-paroxysmal AF. Additional studies are needed to
understand cognitive performance in the different subgroups more
in detail, for example by addressing longitudinal change in
different classifications of AF subtypes. Further, longer follow-up
is required to gauge the full impact of AF type on cognitive decline.

Next to executive functioning and processing speed, the
difference between AF subgroups was also present in the cognitive
construct (CoCo) score (19). It has previously been shown that the
CoCo score is likely to be more granular and more sensitive to
detect small changes in cognitive function (19) which may be
missed when examining each neurocognitive test alone (12, 40).
Thus, using derived measures on cognitive functioning as well as
tests on executive functioning and processing speed might be most
sensitive in detecting subtle changes in cognition in AF patients,
even after considering practice effects.

Shared risk factors of AF and cognitive decline are an important
possible mechanism linking AF to alterations in cognitive function.
In our study, patients with pre-existing depression, history of stroke
or TIA and diabetes performed worse on all cognitive tests.
Nonetheless, the impact of AF-type on longitudinal cognition was
present in multivariate models suggesting some genuine effect of
AF-type on cognition. Although AF and cognitive drop are likely
to share one or more underlying pathogenic mechanisms, their
possible pathophysiological aspects are still not fully understood
(1, 26). Therefore, future studies with a control group are needed
to explore the interplay between AF-type and other cardiovascular
risk factors and comorbidities in relation to cognitive drop over time.

The large sample size of a comprehensively characterized, well-
treated and representative cohort AF patients recruited from the
main language regions of Switzerland, is a major strength of our
study. Furthermore, brief composite measures (e.g., Mini-Mental
State Examination) are commonly used as outcomes to assess
cognitive performance, as they are time-efficient. Nevertheless,
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Forest plot visualizing the estimates and 95% Cls for the covariates in the linear mixed effects models of change in cognitive scores over time.
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their assessment of cognitive functioning is limited by the
insensitivity to detect subtle changes in various cognitive
domains (12). Thus, the standardized assessment of cognitive
functions using five validated and widely used cognitive measures
in addition to the derived CoCo score (19) in our study displays
a further strength, as it allows to study attention, psychomotor
speed, and mental flexibility (executive control) as well as short-
term memory, language, and visuospatial abilities. In addition,
extensive information of AF-type, cardiac and neurological
comorbidities were available and definitions of paroxysmal and
non-paroxysmal AF were based on AF guidelines published in
2010 (20). Appropriate CRFs, which have been previously
validated, were used (17, 18). Finally, all analyses were adjusted
for potential confounders, and multiple sensitivity analyses
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provided consistent findings, supporting the robustness of the
main findings.

First,
understanding the role of AF itself in the changes in cognitive

Some limitations must be taken into account.
functioning would require the comparison to people without
AF. We did not find a matching cohort of patients with no AF
to perform such a comparison. The Swiss-AF control cohort is
currently being recruited with the aim to make this analysis
possible in the near future. Second, we identified 57 cases
where MoCA and SF tests were not performed in the patient’s
mother tongue, which is a limitation to the results of these
language dependent tests. Possibly more cases occurred, but it
was not possible to precisely trace which cognitive tests were
not performed mother since  this

in patients’ tongue,
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Cumulative probability of cognitive drop with 95% confidence interval according to all 7 cognitive tests by AF-type.

information could only be extracted from notes within the
database by the study personnel. Nevertheless, the identified
number of such cases is small, and dropping these patients led
to a negligible change in the results. Third, missing data

occurred in our sample, especially at follow-up 4 due to the
COVID-19 pandemic that started during data collection and

thus most cognitive tests could not be collected by phone (i.e.,

TMT-A, TMT-B, and DSST). Since the MoCA test conducted

by telephone does not reflect the in-person test, we discarded
those results. Participants were not included in the analyses if

data was missing at baseline. Finally, although we

models to largest practice effects, identified primarily between
the baseline and subsequent test measurements, the current
study design did not allow for further statistical control for
practice effects since time of follow-up and testing coincide
almost completely. Nevertheless, our study supports previous

notions that the lack of practice effect indicates

cognitive performance over time. Future studies might further
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adjusted our

and CoCo score as

a decline in

10

establish the role of practice effects as markers of cognitive
decline by designing the study in a way that cognitive testing
and follow-up are not at the same time point to control for the
practice effect in subsequent measurements.

5. Conclusions

We found a small, constant increase in cognitive functioning over
a median duration of 3.97 years in AF patients, which can probably
be attributed to practice effects. While these results might indicate
persistent learning abilities and maintenance of cognitive functions
in patients with AF,

smaller practice effects in the DSST, TMT-B
detected in patients with non-paroxysmal AF,

might represent a potential early marker of later cognitive decline.
Our study further highlights the importance of addressing
comorbidities in AF early, as they were associated with worse
cognitive performance. Therefore, future research should contribute
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to the understanding of underlying mechanisms in the relationship
between AF and cognitive functioning.
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