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Summary
STUDY AIM: Atrial fibrillation (AF) is associated with a high burden of vascular brain lesions, most
of which are covert. We aimed to assess the association between vascular brain lesions (brain in‐
farcts, microbleeds, white matter lesions) and cognitive decline over time in atrial fibrillation pa‐
tients.
METHODS: We included 1536 atrial fibrillation patients with brain magnetic resonance imaging
(MRI) from a prospective multicentre cohort study. Patients were enrolled between 2014 and 2017
across 14 centres in Switzerland. Their cognitive functioning was assessed at baseline and yearly
intervals using Montreal Cognitive Assessment (MoCA) and Cognitive Construct (CoCo) scores.
Cognitive decline was defined as a score decline of >1 standard deviation of the age- and educa‐
tion-standardised baseline population compared with individual baseline levels of the correspond‐
ing test.
RESULTS: Of 1536 patients, 1030 (mean age: 72 years; 73% male) had ≥1 vascular brain lesion on
baseline MRI. During a median follow-up of 5.13 years, cognitive decline developed in 159 (10%)
patients based on MoCA scores and in 144 (9%) based on CoCo scores. The incidence rate (per
100 person-years) for cognitive decline was 3.64 in patients with brain lesions vs 1.82 in patients
without brain lesions on baseline MRI using MoCA scores, and 3.18 vs 2.0 using CoCo scores. In
multivariable adjusted Cox proportional hazard models, the hazard ratio (HR) (95% confidence in‐
terval [CI]) of any brain lesion for cognitive decline was 1.29 (0.85–1.96) using the MoCA and 1.45
(0.95–2.20) using the CoCo score.
CONCLUSIONS: In our atrial fibrillation cohort, the presence of brain lesions was not associated
with a higher risk of cognitive decline using the MoCA or the CoCo score. However, there was an
association with more-specific cognitive domains.
Trial registration: https://clinicaltrials.gov NCT02105844.
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Introduction
The development of cognitive decline and the occurrence of dementia are major health concerns
in our ageing society [1–3]. With an expected 74 million patients living with dementia in 2030, it is
one of the most important diseases associated with the loss of disability-adjusted life years, as it
leads to premature mortality and severe disability [3]. Cognitive decline, Alzheimer’s disease, vas‐
cular dementia and mixed forms of dementia are strongly believed to be of multifactorial origin.
Cerebrovascular dysfunction and underlying small-vessel disease contribute to most dementia
types [4].

Atrial fibrillation (AF) is strongly associated with cognitive decline and dementia [5–8]. We
have previously shown in the Swiss Atrial Fibrillation Cohort Study (Swiss-AF) [9] that atrial fibrilla‐
tion patients have a high burden of various brain lesions on brain magnetic resonance imaging
(MRI). These brain lesions include microbleeds, white matter lesions and ischaemic strokes, both
clinically overt and covert (brain infarcts without any symptomatic presentation) [10]. All of these
lesions are known to potentially contribute to a decline in cognition over time [11, 12]. However, the
association between atrial fibrillation, structural brain damage and the development of cognitive
decline over time is still poorly understood. A better understanding of these associations may im‐
prove our understanding of the functional relevance of brain damage in atrial fibrillation patients
and could thus be helpful for the future management of these patients.

Therefore, the aim of this analysis was to investigate the association of prevalent brain le‐
sions with the development of various cognitive functions over time in patients with atrial fibrilla‐
tion. More precisely, we aimed to investigate whether the presence or absence of brain lesions in
atrial fibrillation patients at a specific point in time, i.e. at baseline, would be associated with a de‐
cline of various cognitive functions over time.

Materials and methods

Study design and participants
The Swiss Atrial Fibrillation (Swiss-AF) study is an ongoing prospective multicentre cohort study
that enrolled 2415 patients with atrial fibrillation between 2014 and 2017 across 14 centres in Swit‐
zerland (ClinicalTrials.gov Identifier: NCT02105844) [9, 10, 13]. The main inclusion criteria were the
presence of documented atrial fibrillation and age ≥65 years. A small (10%) group of patients <65
years was enrolled to analyse the effects of atrial fibrillation on work capacity. Patients with secon‐
dary causes of atrial fibrillation (e.g. due to surgery), with an acute illness within the past 4 weeks
and patients who were unable to provide informed consent were excluded. Detailed information on
recruitment and enrolment has previously been provided elsewhere [9].

Of the 2415 patients initially enrolled in the Swiss-AF cohort, 666 did not undergo a baseline
brain MRI (mostly due to the presence of implanted devices), and were therefore excluded from
the present analysis. An additional 63 patients were excluded because they did not complete all of
the cognitive tests at the baseline visit. Another 150 patients were excluded because they did not
complete any other cognitive testing after the baseline visit. Therefore, data of 1536 patients were
used for this analysis (figure 1). A total of 260 patients died and 103 patients were lost to follow-up,
i.e. they were no longer reachable or dropped out. Written informed consent was obtained from all
participants. The study was approved by the local ethics committee (EKNZ; 2014-067;
PB_2016-00793; 2021-00701) and it complies with the Declaration of Helsinki.
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Figure 1: Flowchart for patient selection. bMRI: brain magnetic resonance imaging; Swiss-AF: Swiss Atrial Fibrillation cohort
study.

Clinical variables
At baseline and at yearly follow-up visits, information concerning patient demographics, medical
history (for example history of stroke or heart failure), cardiovascular and lifestyle factors (such as
smoking status, alcohol consumption and physical activity) and medication was obtained through
standardised case report forms by trained study personnel. Participants’ weight and height were
measured. Body mass index (BMI) was calculated as weight in kilograms divided by height in me‐
tres squared. At baseline, three consecutive blood pressure measurements were obtained and
their mean was used for this analysis. Atrial fibrillation type was classified into paroxysmal and
non-paroxysmal (persistent and permanent atrial fibrillation), according to guideline recommenda‐
tions [14].

Brain magnetic resonance imaging
All brain MRIs were performed locally at the study centres on 1.5 or 3.0 T scanners with a standar‐
dised protocol that included 3D T-weighted magnetisation-prepared rapid gradient echo, 2D fluid-
attenuated inversion recovery (FLAIR) and diffusion-weighted imaging (DWI). The scans were ana‐
lysed by experts at the Medical Image Analysis Centre (MIAC) in Basel, Switzerland, with no knowl‐
edge of patient characteristics or of their cognitive function. Ratings were confirmed by certified
neuroradiologists. Ischaemic brain lesions were defined as either non-cortical or cortical hyperin‐
tense lesions, irrespective of their size. Microbleeds, defined as hypointense, nodular lesions in
T2*-weighted or susceptibility-weighted imaging, were identified and counted. White matter le‐
sions (WML) (in the periventricular or deep white matter) were identified as hyperintense lesions in
T2*-weighted imaging/FLAIR sequences and graded with the Fazekas scale [15]. Only white mat‐
ter lesions with a Fazekas score ≥2 (defined as at least “moderate lesion load”) were counted as
“brain lesions present”. In our analysis, patients with any of the aforementioned lesion types were
compared with patients with no lesions on baseline MRI.

Cognitive testing
The study personnel at all centres was centrally trained to perform the following standardised neu‐
rocognitive assessments: The Montreal Cognitive Assessment (MoCA) [16], Trail Making Test A
and B (TMT A and B) [17, 18], Digit Symbol Substitution Test (DSST) and Semantic Fluency Test
(SFT). The assessments were done at baseline and at on-site follow-up visits (follow-ups 1, 2, 3, 4
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and 7). Compared to the other neurocognitive tests, the Semantic Fluency Test was available more
often since this test could be done during the on-site visits, as well as by phone (follow-ups 5 and
6, as well as with patients who could not attend their on-site visits). Additionally, we used the Cog‐
nitive Construct (CoCo) [19] score, which was developed within the Swiss-AF study using principal
component analysis. The CoCo score reflects the cognitive performance obtained by all of the
abovementioned cognitive tests. More precisely, it is a factor score made up of 17 differently
weighted combined items of the previously mentioned neurocognitive tests, with higher scores in‐
dicating a better cognitive performance. The CoCo score thus has a high potential to be very sen‐
sitive in detecting cognitive change. As depression has been shown to correlate with cognitive per‐
formance [20], the geriatric depression scale (GDS) [21] was administered at all on-site visits. De‐
pression was defined as a score of >5 points on the geriatric depression scale [22]. Detailed infor‐
mation concerning the cognitive tests is presented in the supplementary material in the appendix.

Statistical analysis
Baseline characteristics were stratified according to the presence of any brain lesions on the brain
MRI at baseline. Continuous variables are presented as mean ± standard deviation or as median
(interquartile range). Categorical data are presented as counts (percentage). For a sensitivity anal‐
ysis, the same baseline characteristics were additionally stratified according to whether patients
had an event (independently of whether they were still enrolled in the study, died or were lost to
follow-up, i.e. were no longer reachable or dropped out), had no event but were still enrolled in the
study, had no event and were lost to follow-up, or had no event and died. The event corresponds
to cognitive decline on the MoCA.

The primary outcome was cognitive decline, defined as a decline of at least 1 standard devi‐
ation of the respective individual baseline value of participants’ age- and education-standardised
baseline MoCA or CoCo scores. The MoCA was used as a primary outcome due to its widespread
use and high acceptance as a screening tool for mild cognitive impairment [16]. The CoCo score
was used as a primary outcome as it combines all the individual tests in one score. Cognitive de‐
cline in the other individual cognitive test scores (i.e. Semantic Fluency Test, Digit Symbol Substitu‐
tion Test, Trail Making Test A and B) were defined as secondary outcomes. Cognitive decline was
defined analogously to the definition described for the MoCA and CoCo scores.

Person-years of follow-up were calculated as the time from baseline until cognitive decline,
the last visit before study termination (death, drop-out, loss to follow-up) or the last visit for the
remaining patients. Incidence rates per 100 patient-years were calculated, and confidence inter‐
vals (CIs) for incidence rates were derived using the exact Poisson method. Multivariable adjusted
Cox regression models were performed using cognitive decline as the outcome variable and any
brain lesion as the exposure of interest. A first model was adjusted for age and sex. A second mod‐
el was additionally adjusted for BMI, systolic and diastolic blood pressure, atrial fibrillation type,
history of coronary heart disease, history of diabetes, history of renal failure, history of stroke or
transient ischaemic attack (TIA), history of systemic embolism, history of peripheral artery disease,
smoking status, physical activity, alcohol consumption, geriatric depression scale score >5, antico‐
agulation and antithrombotic treatment. As covariate values were only missing for a few patients (n
= 12), these patients were removed from the multivariable analysis. We examined the proportional
hazards assumptions visually, by inspecting the Schoenfeld residuals and the clog-log transformed
data, and by using the Schoenfeld residuals test.

In a sensitivity analysis, the analysis was repeated excluding history of stroke/TIA as an ad‐
justing variable in the second model. In another sensitivity analysis, we additionally adjusted the
second model for atrial fibrillation interventions at baseline (history of radiofrequency catheter
ablation, history of electrical cardioversion, history of pulmonary vein isolation). To investigate
whether the MoCA score at baseline affects cognitive outcome, we performed multivariable adjus‐
ted Cox regression models stratified according to the clinically meaningful cutoff score of 26 [16]
and added an interaction term. We also conducted sensitivity analyses to explore how patients
who died, dropped out or were no longer reachable affected the findings (survival bias). For these
analyses, patients who dropped out or were no longer reachable were combined into one catego‐
ry, i.e. lost to follow-up. As the data of the present analysis are interval-censored, patients who did
not have an event (i.e. cognitive decline on a cognitive test) were included in our original analysis
accordingly. Assuming a worst-case scenario, these patients could potentially have had an event
before they died or were lost to follow-up. To take such a scenario into account, we re-analysed
our data after giving all patients who died or were lost to follow-up a hypothetical event at the last
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Table 1: 

available visit (scenario 1). In an additional analysis (scenario 2), we excluded all patients who died
or were lost to follow-up without cognitive decline from the corresponding cognitive test and re‐
peated our analyses.

All analyses were done using R (version 4.3.2). The following R packages were used for our
analyses: survival, ggplot2, survminer, dplyr, tableone, tidyverse.

Results

Baseline characteristics
The mean (SD) age of this atrial fibrillation population was 72.1 (±8.4) years, 286 (27%) were fe‐
male and any brain lesion was detected on baseline MRI in 1030 patients (67.1%). Baseline charac‐
teristics stratified by the presence of any brain lesion are shown in table 1.

Baseline characteristics overall and stratified by the presence of brain lesions on baseline MRI. Physical activity was
defined as patients reporting regular sports activity, depression was defined as a geriatric depression scale score over 5
points. Missing data (n): CHA2DS2-VASc = 1, systolic blood pressure = 8, diastolic blood pressure = 8, hypertension = 8, heart
rate = 1, baseline rhythm = 5, smoker = 1, physical activity = 1, depression = 1, history of heart failure = 1, antiplatelet therapy =
1. As covariate values were only missing for a few patients (n = 12), they were removed from the multivariable analysis. Values
are expressed as mean ± standard deviation, median [interquartile range] or count (percentage).

Characteristics Overall No brain lesions Any brain lesions
n 1536 506 (32.9) 1030 (67.1)

Female sex 415 (27.0) 129 (25.5) 286 (27.8)

Age (years) 72.1 ± 8.4 67.4 ± 8.4 74.5 ± 7.3

Body mass index (kg/m2) 27.7 ± 4.8 28.2 ± 5.0 27.5 ± 4.6

CHA2DS2-VASc 3.2 ± 1.7 2.3 ± 1.4 3.7 ± 1.6

Systolic blood pressure (mm Hg) 135 ± 18 132 ± 16 136 ± 19

Diastolic blood pressure (mm Hg) 79 ± 12 79 ± 11 78 ± 12

Hypertension 614 (40.2) 182 (36.2) 432 (42.1)

Heart rate (beats/min) 66 [58, 77] 65 [56, 76] 67 [58, 78]

Paroxysmal atrial fibrillation 712 (46.4) 258 (51.0) 454 (44.1)

Baseline rhythm Sinus rhythm 880 (57.5) 348 (68.8) 532 (51.9)

Atrial fibrillation 625 (40.8) 151 (29.8) 474 (46.2)

Other 26 (1.7) 7 (1.4) 19 (1.9)

Current smoker 116 (7.6) 50 (9.9) 66 (6.4)

Physical activity, yes 774 (50.4) 281 (55.6) 493 (47.9)

Alcohol consumption, yes 1291 (84.1) 443 (87.7) 848 (82.3)

Depression 64 (4.2) 20 (4.0) 44 (4.3)

History of heart failure 317 (20.7) 58 (11.5) 259 (25.2)

History of hypertension 1042 (67.8) 291 (57.5) 751 (72.9)

History of diabetes mellitus 227 (14.8) 58 (11.5) 169 (16.4)

History of stroke/TIA 309 (20.1) 40 (7.9) 269 (26.1)

History of coronary artery disease 401 (26.1) 81 (16.0) 320 (31.1)

History of systemic embolism 77 (5.0) 16 (3.2) 61 (5.9)

Anticoagulation therapy 1385 (90.2) 442 (87.4) 943 (91.6)

Antiplatelet therapy 268 (17.5) 65 (12.8) 203 (19.7)

Antihypertensive therapy 1088 (70.8) 302 (59.7) 786 (76.3)

MRI: magnetic resonance imaging; TIA: transient ischaemic attack.
CHA2DS2-VASc is a stroke risk assessment tool for atrial fibrillation patients that helps clinicians decide whether patients
should receive anticoagulation [14]. It includes congestive heart failure; hypertension; age ≥75 years; diabetes; prior stroke,
transient ischaemic attack or thromboembolism; vascular disease; age 65 to 74 years; and sex (female).

Compared to patients with no brain lesions, patients with any brain lesion were older (mean 74.5 ±
7.3 versus 67.4 ± 8.4 years), and they more often had cardiovascular risk factors, such as hyper‐
tension (72.9% versus 57.5%) and diabetes (16.4% versus 11.5%). Furthermore, fewer patients with
any brain lesion had paroxysmal atrial fibrillation (44.1% versus 51.0%). Sex and depression (geriat‐
ric depression scale >5) were equally distributed between the two groups (female sex: 27.8% ver‐
sus 25.5%; depression: 4.3% versus 4.0%). Most patients were on oral anticoagulation (87.4%
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Table 2: 

without and 91.6% with brain lesions). Detailed information concerning oral anticoagulation at
baseline is shown in appendix table S1. Baseline cognitive scores for both groups are presented in
appendix table S2. Compared to patients without brain lesions, the baseline MoCA score in pa‐
tients with any lesions was 25.3 versus 26.3. Participants’ CoCo score ranged from −1.25 to 1.79,
with a mean of 0.07 (±0.52). Compared to patients without brain lesions, the CoCo score in pa‐
tients with any lesion was −0.03 versus 0.28 (table S2).

Primary endpoints
Concerning the proportional hazard assumptions, there was no strong indication of major viola‐
tions with respect to the presence or absence of lesions at baseline for the MoCA, Digit Symbol
Substitution Test, Semantic Fluency Test, Trail Making Test A, Trail Making Test B and Trail Making
Test B/A as outcomes. With regard to the models with CoCo score as outcome, there was some
indication of potential violation of the proportional hazards assumption (p = 0.05 Model 1; p = 0.02
Model 2), suggesting the estimated average hazard ratios for the CoCo score may be less accu‐
rate.

The median follow-up time was 5.13 years (95% CI: 4.91–5.30). The incidence rate stratified
by any brain lesion and the results of the association between any brain lesion and cognitive de‐
cline are presented in table 2. The incidence rate per 100 person-years for cognitive decline using
the MoCA score was 3.64 (CI: 3.03–4.34) vs 1.82 (CI: 1.26–2.55) in patients with vs without any le‐
sion. When using the CoCo score, incidence rates were 3.18 (CI: 2.60–3.84) with and 2.00 (CI: 1.41–
2.76) without any brain lesion. Age- and sex-adjusted Cox proportional regression analysis re‐
vealed that the hazard of identifying a cognitive decline was estimated as 47% higher in patients
who had lesions compared to those who did not on both the MoCA (hazard ratio [HR]: 1.47, 95%
CI: 0.98–2.20) and the CoCo score (HR: 1.47, 95% CI: 0.98–2.20). After additional adjustments, the
HRs (95% CI) for cognitive decline using the CoCo score and the MoCA were 1.45 (95% CI: 0.95–
2.20, p = 0.08) and 1.29 (0.85–1.96, p = 0.23), respectively.

Association of presence of any brain lesion on baseline brain MRI with cognitive decline during follow-up using differ‐
ent neurocognitive tests. Substantial decline of cognitive function was defined, per cognitive test, as a decrease of one age-
and education-normalised standard deviation (SD) from each patient’s baseline value. Model 1: adjusted for baseline age and
sex; n = 1536. Model 2: additionally adjusted for body mass index, systolic and diastolic blood pressure, history of diabetes,
history of stroke/transient ischaemic attack, history of systemic embolism, history of peripheral arterial disease, history of coro‐
nary artery disease, history of renal failure, smoking status, physical activity, alcohol consumption, oral anticoagulation, antipla‐
telet therapy, geriatric depression scale (>5 points = depression) and atrial fibrillation type. n = 1524.

Baseline brain MRI Number of events Patient-years Incidence rate per
100 patient-years
(95% CI)

Cox regression model 1: HR
(95% CI), p-value

Cox regression model 2: HR
(95% CI), p-value

Montreal Cognitive Assess‐
ment (MoCA)

No lesions 34 1864 1.82 (1.26–2.55) Reference Reference

Any lesions 125 3434 3.64 (3.03–4.34) 1.47 (0.98–2.20), p = 0.06 1.29 (0.85–1.96), p = 0.23

Cognitive Construct (CoCo) No lesions 37 1847 2.00 (1.41–2.76) Reference Reference

Any lesions 107 3368 3.18 (2.60–3.84) 1.47 (0.98–2.20), p = 0.06 1.45 (0.95–2.20), p = 0.08

Semantic Fluency Test (SFT) No lesions 115 2289 5.02 (4.15–6.03) Reference Reference

Any lesions 273 4104 6.65 (5.89–7.49) 1.27 (1.01–1.61), p = 0.04 1.28 (1.01–1.64), p = 0.04

Digit Symbol Substitution Test
(DSST)

No lesions 34 1856 1.83 (1.27–2.56) Reference Reference

Any lesions 105 3403 3.09 (2.52–3.74) 1.51 (1.00–2.28), p = 0.05 1.57 (1.02–2.40), p = 0.04

Trail Making Test (TMT) A No lesions 96 1709 5.62 (4.55–6.86) Reference Reference

Any lesions 165 3282 5.03 (4.29–5.86) 0.93 (0.70–1.22), p = 0.58 0.91 (0.69–1.21), p = 0.52

Trail Making Test (TMT) B No lesions 79 1770 4.46 (3.53–5.56) Reference Reference

Any lesions 163 3267 4.99 (4.25–5.82) 1.09 (0.81–1.46), p = 0.56 1.13 (0.83–1.52), p = 0.44

Trail Making Test (TMT) B/A No lesions 129 1641 7.86 (6.56–9.34 ) Reference Reference

Any lesions 308 2974 10.36 (9.23–11.58) 1.16 (0.93–1.45), p = 0.19 1.16 (0.92–1.46), p = 0.21

CI = confidence interval; HR = hazard ratio, MRI = magnetic resonance imaging.

Secondary endpoints
The results of our secondary endpoint tests (Trail Making Tests A and B, Digit Symbol Substitution
Test, Semantic Fluency Test) are presented in table 2. The incidence rates per 100 person-years
were 6.65 (CI: 5.89–7.49) vs 5.02 (CI: 4.15–6.03) for the Semantic Fluency Test, and 3.09 (2.52–
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3.74) vs 1.83 (1.27–2.56) for the Digit Symbol Substitution Test in patients with vs without brain le‐
sions, respectively. In an age- and sex-adjusted model, the HRs (95% CI) for cognitive decline de‐
fined by the Semantic Fluency Test and the Digit Symbol Substitution Test were 1.27 (1.01–1.61, p =
0.04) and 1.51 (1.00–2.28, p = 0.05), respectively. After multivariable adjustment, the association of
any brain lesion with cognitive decline as defined by the Semantic Fluency Test and the Digit Sym‐
bol Substitution Test was only slightly modified with HRs (95% CI) of 1.28 (1.01–1.64, p = 0.04) and
1.57 (1.02–2.40, p = 0.04), respectively. There was no significant association of any brain lesion
with cognitive decline as defined by the Trail Making Test A, Trail Making Test B or Trail Making
Test B/A (table 2).

Sensitivity analyses
Detailed information concerning atrial fibrillation interventions at baseline are shown in table S1. Ex‐
cluding history of stroke as an adjusting variable and adding atrial fibrillation interventions at base‐
line did not substantially affect the effect sizes, as is shown in appendix tables S3 and S4. More‐
over, p for interaction revealed no significant effect modification of the MoCA score at baseline on
the association between the presence of brain lesions and cognitive decline (appendix table S5).
The additional analyses exploring the survival bias revealed that the effect sizes were slightly
changed for both scenarios 1 and 2. However, overall, they go in the same direction as the effect
sizes of the original analysis (appendix figure S1, see also appendix table S6 for baseline charac‐
teristics stratified according to the presence/absence of events).

Discussion
In an unselected atrial fibrillation population with the vast majority on oral anticoagulation, the pres‐
ence of brain lesions was not associated with a higher risk of cognitive decline using the Montreal
Cognitive Assessment (MoCA) or the Cognitive Construct (CoCo) score over a median follow-up
time of 5.13 years. However, compared to patients without any brain lesions, patients with lesions
on baseline MRI had an associated higher risk of cognitive decline over time in more specific cog‐
nitive tests.

Based on the findings of the present analysis, it seems likely that brain lesions amplify the
risk of cognitive decline in atrial fibrillation patients in some of the measured cognitive functions.
This is in line with another study that showed a doubled risk of dementia and decline of cognitive
functioning in patients with prevalent covert brain infarcts on brain MRI [23]. Even though the ma‐
jority of patients in both groups (i.e. with and without brain lesions) was anticoagulated, a residual
risk of cognitive decline remained for some of the cognitive functions. This finding is in line with a
previous study that found that anticoagulation decreased the risk of dementia, yet with a consider‐
able residual risk not affected by anticoagulation [24]. These results support both the theory that
ischaemic brain lesions contribute to cognitive decline and, further, that additional mechanisms are
at play. It is therefore crucial to identify such patients at high risk and to find other treatment strat‐
egies complementary to anticoagulation.

In the present analysis, we used a variety of different cognitive tests. With this wide panel of
cognitive tests, we were able to investigate a differential effect of brain lesions on different cogni‐
tive functions. Using the Digit Symbol Substitution Test, we found a significant association of any
brain lesion with cognitive decline. The Digit Symbol Substitution Test measures psychomotor
speed and overall cognitive operations [25]. Slowing in psychomotor speed is thought to originate
from the disconnection of fibres in different brain regions, often due to white matter lesions [26].
As white matter lesions are highly present in our brain lesion group, this may be an explanation for
the observed differences. Another explanation could be that white matter lesions might be particu‐
larly distributed to brain areas with less redundancy and functional reserve. We did not find any
significant results using the Trail Making Test A, which assesses psychomotor speed as well [18].
The Digit Symbol Substitution Test measures other cognitive functions besides psychomotor
speed, e.g. executive functions [25, 27, 28]. Thus, it could also be possible that executive functions
were affected in our patients.

Interestingly, we found the highest number of patients with cognitive decline using the Se‐
mantic Fluency Test and the Trail Making Test B/A. In patients with brain lesions, we also found a
significant association between the presence of brain lesions and a higher risk of cognitive decline
when using the Semantic Fluency Test. Both the Trail Making Test B/A and the Semantic Fluency
Test mainly assess executive functions [17, 29]. Moreover, atrial fibrillation has previously been as‐
sociated with a decline in executive functions [30]. Executive functions are predominantly located
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in the prefrontal cortex [31], which has been shown to be a particularly vulnerable area of the brain
[32]. Impaired executive functions can critically impact everyday life [33]. Our findings emphasise
the importance of differential cognitive testing in atrial fibrillation patients, in particular in those pa‐
tients with known or at high risk of brain lesions. The Semantic Fluency Test, for example, is a very
short and simple test, which has the additional advantage that it can be administered by phone,
and does not necessitate an in-person visit. If abnormal test results are detected, impaired cogni‐
tive functions (such as executive functions) could then be improved with specific training [33].

Using the MoCA and the CoCo score, we found no significant association between brain le‐
sions and a higher risk of cognitive decline. However, the MoCA and the CoCo test a broader array
of cognitive qualities. Given the differential effects of brain lesions on cognitive functions, it is likely
that these sum tests are less sensitive due to the possibility of weaknesses in some of the tested
cognitive functions being compensated by strengths in others.

Possible clinical implications of our findings could be the early identification of atrial fibrilla‐
tion patients with brain lesions and thus at high risk of cognitive decline, and the incorporation of
cognitive assessments for these patients. Due to the limitations of widespread brain MRI screen‐
ing, other non-invasive risk assessment strategies are necessary. As previously shown, a combina‐
tion of biomarkers and clinical variables performed quite well in identifying patients at high risk of
silent brain infarcts [34]. Of course, such risk assessments still need further refinement and exten‐
sion to other types of brain lesions, including microbleeds and white matter lesions. But it would
offer another possibility for identifying atrial fibrillation patients at high risk of cognitive decline.

Once patients are identified as being at high risk, preventive measures should be intro‐
duced, many of which are also recommended by the Atrial fibrillation Better Care (ABC) holistic
pathway [7]. This thus underlines the necessity of a holistic approach for the management of atrial
fibrillation patients. Early rhythm control may improve brain perfusion by restoring sinus rhythm,
possibly reduce ischaemic brain lesions and thus potentially lead to better cognitive functioning
[35–37]. In addition, aggressive management of cardiovascular risk factors and comorbidities
should be addressed. In our population, the better control of hypertension was associated with a
lower presence of various brain lesions [38]. Additionally, stronger or additional anticoagulation in‐
cluding antiplatelets might be beneficial in selected high-risk patients [39]. And finally, in patients
with cognitive decline, such as impaired executive functions, specific cognitive training pro‐
grammes should be considered to preserve and/or improve cognitive function in the long term.

Strengths and limitations
The strengths of this study are the long-term observation period and the large sample size of well-
characterised patients with a standardised brain MRI and a battery of repeated standardised cogni‐
tive tests assessing different cognitive functions.

The generalisability of our findings may be limited due to the predominance of male partici‐
pants in our study population and the fact that most study participants were of European origin.
Moreover, though we previously showed that the CoCo score, which was developed within the
Swiss-AF study, is more sensitive than the MoCA score [19], it nevertheless needs further valida‐
tion.

Finally, data of the present analysis were interval-censored. Censoring occurred at the last
available visit. If patients died or were lost to follow-up, we do not know how their cognition devel‐
oped between the last visit and and, e.g., their death.

Conclusions
In our study, patients with brain lesions (clinically overt or covert) on baseline MRI had a higher as‐
sociated risk of cognitive function loss over time. It seems that rather than affecting overall cogni‐
tive functioning, very specific cognitive functions are more likely to be affected.  

Data sharing statement
The datasets presented in this article are not readily available because of restrictions imposed by
the Ethics Committee.

Requests to access the datasets or the analysis code should be addressed to the corre‐
sponding author.
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Brain lesions and cognitive decline in patients with atrial fibrillation: Results 

from a prospective multicentre cohort study 

Supplemental Material 

Cognitive Tests 

The Montreal Cognitive Assessment (MoCA) is a validated test to screen for mild cognitive 

impairment [1]. It covers cognitive domains such as visuospatial abilities, executive functions, 

language, memory and abstraction. The score ranges from 0-30 points. An additional point is added if 

years of education are 12 years or fewer. A score lower than 26 is widely accepted as an indicator of 

mild cognitive impairment [2]. 

The Semantic Fluency Test (SFT) assesses semantic memory, language production and mental flexibility 

(an executive function) [3]. Within 60 seconds, patients have to name as many different animals as 

they can think of. The change of individual scores is of interest, not so much the absolute cut-off. 

The Trail Making Test (TMT) covers the cognitive domains of psychomotor speed as well as executive 

functions, and it consists of two parts (A and B) [4, 5]. In the first part (TMT A), patients are asked to 

connect circled numbers from 1 to 25 in an ascending order (1-2-3-…) as quickly as possible. 

Psychomotor speed and visual attention are measured with this test. In the second part (TMT B), 

patients have to connect circled numbers and letters in an alternating and ascending order (1-A-2-B-

3-C…) as quickly as possible. The TMT B assesses the executive function mental flexibility (i.e., task 

switching). Patients were given a maximum of 180 seconds for the completion of TMT A and 300 

seconds for TMT B. If patients couldn’t finish within this time frame, the number of correctly connected 

circles was counted. The number of correctly connected circles per second was then calculated. 

The Digit Symbol Substitution Test (DSST) is used to test psychomotor speed and overall cognitive 

operations [6]. Patients are presented a key grid with the numbers from 1 to 9 and an individual symbol 

matching each one of these numbers. Patients are given rows of random numbers (1-9) and have to 

fill the matching symbols into empty boxes below the numbers. They were given 120 seconds to 

complete the task. The number of correctly filled in symbols in the boxes reflects each patients’ score. 

The Cognitive Construct (CoCo) score combines all items of the above-mentioned cognitive tests in one 

construct score, which allows to account for variance in the different test items. Details concerning the 

development of this score were previously published elsewhere [7]. 
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Supplemental Figure S1: Forest plots for sensitivity analyses exploring the survival bias 

The figure shows the original results of the cox proportional hazard models, as well as the results from two different 

scenarios. Scenario 1: all patients without an event (i.e., cognitive decline), who died or were lost to follow-up, received a 

hypothetical event for the respective cognitive test at the last follow-up; Scenario 2: all patients without an event, who died 

or were lost to follow-up, in the respective cognitive test were excluded from the analysis. A: Model adjusted for baseline 

age and sex; n= 1536 for original analysis and scenario 1, n= 1228 (MoCA), n=1209 (CoCo), n=1246 (SF), n= 1215 (DSST), 

n=1220 (TMT A), n=1217 (TMT B), n=1275 (TMT B/A) for scenario 2. B: Model additionally adjusted for body mass index, 

systolic and diastolic blood pressure, history of diabetes, history of stroke/transient ischemic attack, history of systemic 

embolism, history of peripheral arterial disease, history of coronary artery disease, history of renal failure, smoking status, 

physical activity, alcohol consumption, oral anticoagulation, antiplatelet therapy, geriatric depression scale (>5 points = 

depression), atrial fibrillation type; n=1524 for original analysis and scenario 1, n= 1219 (MoCA), n=1200 (CoCo), n=1236 

(SF), n= 1206 (DSST), n=1209 (TMT A), n=1208 (TMT B), n=1266 (TMT B/A) for scenario 2. CI = Confidence interval, CoCo = 

Cognitive Construct Score, DSST = digit symbol substitution test, HR = hazard ratio, MoCA = Montreal Cognitive Assessment, 

MRI = Magnetic Resonance Imaging, SFT = semantic fluency test, TMT = trail making test 
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Supplemental Table S1: Type of anticoagulation and AF interventions at baseline, overall and 

stratified by the presence of brain lesions on baseline MRI 

Characteristics Overall No brain lesions Any brain lesions 

n 1536 506 (32.9) 1030 (67.1) 

Type of anticoagulation 
Apixaban 140 (9.1) 39 (7.7) 101 (9.8) 
Dabigatran 53 (3.5) 18 (3.6) 35 (3.4) 
Edoxaban 24 (1.6) 11 (2.2) 13 (1.3) 
Marcoumar 417 (27.1) 92 (18.2) 325 (31.6) 
Rivaroxaban 621 (40.4) 241 (74.6) 380 (36.9) 
Sintrom 129 (8.4) 40 (7.9) 89 (8.6) 
Fragmin 1 (0.1) 1 (0.2) 0 (0.0) 

AF intervention 
History of radiofrequency catheter 
ablation  

205 (13.3) 103 (20.4) 102 (9.9) 

History of electrical cardioversion  560 (36.5) 202 (39.9) 358 (34.8) 
History of pulmonary vein isolation 362 (23.6) 181 (35.8) 181 (17.6) 

Data are numbers (percentage). 

Supplemental Table S2: Baseline cognitive scores overall and stratified by the presence of brain lesions 
on baseline MRI  

Cognitive scores Overall No brain lesions Any brain lesion 

n 1536 506 (32.9) 1030 (67.1) 

MoCA Score 25.64 ± 2.92 26.28 ± 2.66 25.33 ± 2.99 

CoCo Score 0.07 ± 0.52 0.28 ± 0.51 -0.03 ± 0.50

SFT 19.34 ± 5.36 20.63 ± 5.44 18.71 ± 5.21 

DSST 45.49 ± 13.89 50.54 ± 13.45 43.01 ± 13.43 

TMT A 0.55 ± 0.21 0.63 ± 0.22 0.51 ± 0.20 

TMT B 0.22 ± 0.11 0.26 ± 0.11 0.20 ± 0.10 

TMT B/A 0.41 ± 0.17 0.43 ± 0.16 0.41 ± 0.17 

Data are mean ± standard deviation or numbers (percentage). MoCA = Montreal Cognitive Assessment, CoCo = Cognitive 

Construct Score, DSST = digit symbol substitution test, MRI = Magnetic resonance imaging, SD = standard deviation, SFT = 

semantic fluency test, TMT = trail making test  
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Supplemental Table S3: Association of the presence of any brain lesion on baseline  
brain MRI and cognitive decline during follow-up using different neurocognitive tests 
without adjustment for stroke/TIA 

Baseline 
Brain MRI 

Cox Regression Model 
HR (95% CI), p-value  

MoCA-Score  No lesions Reference 

Any lesions 1.36 (0.90 to 2.05), p=0.14 

CoCo-Score No lesions Reference 

Any lesions 1.49 (0.99 to 2.26), p=0.06 

SFT No lesions Reference 

Any lesions 1.30 (1.03 to 1.66), p=0.03 

DSST No lesions Reference 

Any lesions 1.62 (1.06 to 2.46), p=0.03 

TMT A No lesions Reference 

Any lesions 0.90 (0.68 to 1.19), p=0.46 

TMT B No lesions Reference 

Any lesions 1.15 (0.85 to 1.54), p=0.37 

TMT B/A No lesions Reference 

Any lesions 1.18 (0.94 to 1.49), p=0.14 

Substantial decline of cognitive function was defined, per cognitive test, as a decrease of one age-education normalized SD 

from each patient’s baseline test value. The model was adjusted for baseline age and sex, body mass index, systolic and 

diastolic blood pressure, history of diabetes, history of systemic embolism, history of peripheral arterial disease, history of 

coronary artery disease, history of renal failure, smoking status, physical activity, alcohol consumption, oral anticoagulation, 

antiplatelet therapy, geriatric depression scale (>5 points = depression), atrial fibrillation type. n = 1524. CI = confidence 

interval, CoCo = Cognitive Construct Score, DSST = digit symbol substitution test, HR = hazard ratio, MoCA = Montreal 

Cognitive Assessment, MRI = Magnetic Resonance Imaging, SFT = semantic fluency test, TMT = trail making test 
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Supplemental Table S4: Association of the presence of any brain  
lesion on baseline brain MRI and cognitive decline during follow-up  
using different neurocognitive tests with AF interventions as adjusting variable 

Baseline 
brain MRI 

Cox Regression Model 
HR (95% CI), p-value  

MoCA-Score  No lesions Reference 

Any lesions 1.29 (0.85 to 1.96), p=0.24 

CoCo-Score No lesions Reference 

Any lesions 1.44 (0.94 to 2.19), p=0.09 

SFT No lesions Reference 

Any lesions 1.28 (1.01 to 1.64), p=0.04 

DSST No lesions Reference 

Any lesions 1.55 (1.01 to 2.38), p=0.047 

TMT A No lesions Reference 

Any lesions 0.93 (0.70 to 1.24), p=0.62 

TMT B No lesions Reference 

Any lesions 1.12 (0.83 to 1.52), p=0.46 

TMT B/A No lesions Reference 

Any lesions 1.16 (0.92 to 1.46), p=0.22 

Substantial decline of cognitive function was defined, per cognitive test, as a decrease of one age-education normalized SD 

from each patient’s baseline test value. The model was adjusted for age and sex, body mass index, systolic and diastolic 

blood pressure, history of diabetes, history of stroke/transient ischemic attack, history of systemic embolism, history of 

peripheral arterial disease, history of coronary artery disease, history of renal failure, history of radiofrequency catheter 

ablation, history of electrical cardioversion, history of pulmonary vein isolation, smoking status, physical activity, alcohol 

consumption, oral anticoagulation, antiplatelet therapy, geriatric depression scale (>5 points = depression), atrial fibrillation 

type. n = 1524. CI = confidence interval, CoCo = Cognitive Construct Score, DSST = digit symbol substitution test, HR = 

hazard ratio, MoCA = Montreal Cognitive Assessment, MRI = Magnetic Resonance Imaging, SFT = semantic fluency test, 

TMT = trail making test. 
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Supplemental Table S5: Interaction analysis for the association of the presence of any brain lesion on 
baseline brain MRI and cognitive decline during follow-up using different neurocognitive tests,  
stratified by MoCA score 

Neurocognitive test MoCA ≥ 26 MoCA < 26 P for interaction 

MoCa 1.21 (0.71 to 2.05), 
p=0.048 

1.45 (0.71 to 2.96), 
p=0.31 

0.49 

CoCo 1.50 (0.92 to 2.45), 
p=0.11 

1.35 (0.59 to 3.05), 
p=0.48 

0.83 

SF 1.44 (1.07 to 1.94), 
p=0.02 

1.10 (0.73 to 1.68), 
p=0.65 

0.28 

DSST 1.44 (0.85 to 2.43), 
p=0.18 

1.97 (0.93 to 4.17), 
p=0.07 

0.17 

TMT A 1.00 (0.71 to 1.42), 
p=0.99 

0.79 (0.48 to 1.3), 
p=0.35 

0.55 

TMT B 1.11 (0.77 to 1.61), 
p=0.56 

1.18 (0.68 to 2.04), 
p=0.57 

0.60 

TMT B/A 1.10 (0.83 to 1.47), 
p=0.51 

1.35 (0.90 to 2.03), 
p=0.15 

0.33 

Substantial decline of cognitive function was defined, per cognitive test, as a decrease of one age-education normalized SD 

from each patient’s baseline test value. The model was adjusted for baseline age and sex, body mass index, systolic and 

diastolic blood pressure, history of diabetes, history of stroke/transient ischemic attack, history of systemic embolism, 

history of peripheral arterial disease, history of coronary artery disease, history of renal failure, smoking status, physical 

activity, alcohol consumption, oral anticoagulation, antiplatelet therapy, geriatric depression scale (>5 points = depression), 

atrial fibrillation type. n = 1524. CI = confidence interval, CoCo = Cognitive Construct Score, DSST = digit symbol substitution 

test, MoCA = Montreal Cognitive Assessment, MRI = Magnetic Resonance Imaging, SFT = semantic fluency test, TMT = trail 

making test 
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Supplemental Table S6: Baseline characteristics stratified by the presence of cognitive decline in 
the MoCA and by the presence of lesions on baseline MRI 

Any brain lesions 
N = 1030 

Characteristics Event Alive, no event Lost to follow-
up, no event 

Died, no event 

n 125 666 61 178 

Female sex 38 (30.4) 187 (28.1) 21 (34.4) 40 (22.5) 

Age, years 76.14 ± 7.64 73.01 ± 6.84 74.35 ± 6.76 78.74 ± 6.95 

Body mass index (kg/m2) 27.16 ± 4.11 27.46 ± 4.47 27.68 ± 5.51 27.72 ± 5.22 

CHA2DS2-VASc 4.06 ± 1.63 3.40 ± 1.58 3.85 ± 1.46 4.56 ± 1.57 

Systolic blood pressure (mmHg) 134.59 ± 17.43 136.55 ± 18.90 137.74 ± 22.75 135.74 ± 19.18 

Diastolic blood pressure (mmHg) 75.58 ± 11.06 79.34 ± 12.53 79.25 ± 11.01 76.05 ± 11.72 

Hypertension 41 (33.1) 285 (42.9) 30 (49.2) 76 (43.2) 

Heart rate (beats/min) 68.00 [59.00, 
78.00] 

66.00 [58.00, 
77.00] 

70.00 [62.00, 
80.00] 

69.00 [60.00, 
78.00] 

Paroxysmal AF 55 (44.0) 315 (47.3) 24 (39.3) 60 (33.7) 

Baseline rhythm: 
   Sinus rhythm  55 (44.4) 386 (58.0) 29 (50.0) 62 (35.0) 
   Atrial fibrillation 67 (54.0) 266 (39.9) 29 (50.0) 112 (63.3) 
   Other 2 (1.6) 14 (2.1) 0 (0.0) 3 (1.7) 

Current smoker 11 (8.8) 39 (5.9) 5 (8.2) 11 (6.2) 

Physical activity, yes 50 (40.0) 350 (52.6) 26 (42.6) 67 (37.6) 

Alcohol consumption, yes 96 (76.8) 557 (83.6) 51 (83.6) 144 (80.9) 

Depression 6 (4.8) 19 (2.9) 4 (6.6) 15 (8.4) 

History of heart failure 39 (31.2) 133 (20.0) 14 (23.0) 73 (41.0) 

History of hypertension 86 (68.8) 475 (71.3) 47 (77.0) 143 (80.3) 

History of diabetes mellitus 23 (18.4) 86 (12.9) 8 (13.1) 52 (29.2) 

History of stroke/TIA 41 (32.8) 155 (23.3) 18 (29.5) 55 (30.9) 

History of coronary artery disease 39 (31.2) 176 (26.4) 22 (36.1) 83 (46.6) 

History of systemic embolism 11 (8.8) 29 (4.4) 4 (6.6) 17 (9.6) 

Anticoagulation therapy 118 (94.4) 603 (90.5) 57 (93.4) 165 (92.7) 

Antiplatelet therapy 21 (16.9) 121 (18.2) 14 (23.0) 47 (26.4) 

Antihypertensive therapy 101 (80.8) 478 (71.8) 47 (77.0) 160 (89.9) 

MoCA 25.31 ± 3.22 25.66 ± 2.80 25.08 ± 3.32 24.16 ± 3.11 

CoCo -0.25 ± 0.45 0.08 ± 0.49 -0.12 ± 0.51 -0.27 ± 0.41

SFT 16.88 ± 5.05 19.52 ± 5.18 18.08 ± 4.88 17.16 ± 4.87 

DSST 36.90 ± 12.33 45.92 ± 13.24 40.41 ± 13.43 37.29 ± 11.38 

TMT A 0.44 ± 0.17 0.55 ± 0.20 0.48 ± 0.21 0.43 ± 0.16 

TMT B 0.16 ± 0.09 0.22 ± 0.10 0.19 ± 0.09 0.16 ± 0.08 

TMT B/A 0.36 ± 0.16 0.42 ± 0.17 0.40 ± 0.12 0.40 ± 0.18 
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Supplemental Table S6 (continued) 

No brain lesions 
N = 506 

Characteristics Event Alive, no event Lost to follow-
up, no event 

Died, no event 

n 34 403 28 41 

Female sex 7 (20.6) 106 (26.3) 10 (35.7) 6 (14.6) 

Age, years 69.87 ± 7.95 66.70 ± 8.30 67.02 ± 9.98 72.66 ± 7.03 

Body mass index (kg/m2) 27.97 ± 5.74 28.07 ± 4.87 29.28 ± 5.42 28.75 ± 5.84 

CHA2DS2-VASc 2.41 ± 1.37 2.14 ± 1.37 2.43 ± 1.43 3.54 ± 1.66 

Systolic blood pressure (mmHg) 132.76 ± 19.57 132.43 ± 16.25 129.45 ± 17.40 130.18 ± 15.67 

Diastolic blood pressure (mmHg) 78.35 ± 13.94 79.81 ± 10.77 77.85 ± 10.37 77.87 ± 9.95 

Hypertension 16 (47.1) 146 (36.4) 9 (32.1) 11 (27.5) 

Heart rate (beats/min) 70.00 [61.00, 
75.50] 

65.00 [56.00, 
75.00] 

65.50 [57.50, 
77.00] 

68.00 [56.00, 
80.00] 

Paroxysmal AF 18 (52.9) 208 (51.6) 13 (46.4) 19 (46.3) 

Baseline rhythm: 
   Sinus rhythm  20 (58.8) 291 (72.2) 17 (60.7) 20 (48.8) 
   Atrial fibrillation 14 (41.2) 106 (26.3) 10 (35.7) 21 (51.2) 
   Other 0 (0.0) 6 (1.5) 1 (3.6) 0 (0.0) 

Current smoker 5 (14.7) 35 (8.7) 4 (14.3) 6 (14.6) 

Physical activity, yes 16 (47.1) 231 (57.5) 15 (53.6) 19 (46.3) 

Alcohol consumption, yes 32 (94.1) 353 (87.8) 24 (85.7) 34 (82.9) 

Depression 3 (8.8) 15 (3.7) 2 (7.1) 0 (0.0) 

History of heart failure 3 (8.8) 40 (9.9) 5 (17.9) 10 (24.4) 

History of hypertension 22 (64.7) 222 (55.1) 17 (60.7) 30 (73.2) 

History of diabetes mellitus 4 (11.8) 36 (8.9) 4 (14.3) 14 (34.1) 

History of stroke/TIA 2 (5.9) 31 (7.7) 0 (0.0) 7 (17.1) 

History of coronary artery disease 5 (14.7) 58 (14.4) 6 (21.4) 12 (29.3) 

History of systemic embolism 1 (2.9) 12 (3.0) 1 (3.6) 2 (4.9) 

Anticoagulation therapy 28 (82.4) 355 (88.1) 26 (92.9) 33 (80.5) 

Antiplatelet therapy 3 (8.8) 47 (11.7) 4 (14.3) 11 (26.8) 

Antihypertensive therapy 22 (64.7) 232 (57.6) 18 (64.3) 30 (73.2) 

MoCA 26.38 ± 2.77 26.38 ± 2.55 25.96 ± 3.27 25.41 ± 3.02 

CoCo 0.06 ± 0.46 0.33 ± 0.49 0.13 ± 0.63 0.07 ± 0.52 

SFT 18.85 ± 4.63 20.82 ± 5.44 21.04 ± 6.39 19.90 ± 5.24 

DSST 42.68 ± 11.67 51.96 ± 13.31 46.79 ± 14.90 45.66 ± 11.52 

TMT A 0.58 ± 0.22 0.65 ± 0.22 0.58 ± 0.24 0.55 ± 0.21 

TMT B 0.22 ± 0.09 0.27 ± 0.11 0.23 ± 0.13 0.23 ± 0.12 

TMT B/A 0.39 ± 0.14 0.43 ± 0.16 0.41 ± 0.18 0.43 ± 0.16 
Data are mean ± standard deviation, median [interquartile range], or numbers (percentage). CHA2DS2-VASc score includes 

congestive heart failure; hypertension; age ≥75 years; diabetes; prior stroke, transient ischemic attack, or 

thromboembolism; vascular disease; age 65 to 74 years; and sex (female), AF = atrial fibrillation, CoCo = Cognitive Construct 

Score, DSST = digit symbol substitution test, MoCA = Montreal Cognitive Assessment, MRI = Magnetic Resonance Imaging, 

SFT = semantic fluency test, TIA = transient ischemic attack, TMT = trail making test. Physical activity was defined as 

patients reporting regular sportive activity, depression was defined as a geriatric depression scale over 5 points. 
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