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Abstract

Background: The factors that influence cognitive function in patients with atrial fibrillation (AF)

remain unclear.

Methods: This study involved an AF group and control group (normal sinus rhythm) of 150

patients each. Cognitive function was assessed with the adjusted Mini-Mental State Examination

(MMSEadj) score and Memory and Executive Screening (MES) score. The relationship between

cognitive function and the CHA2DS2VASc score was analyzed. Subgroup analysis was performed

according to stroke history. Clinical factors affecting the MMSE score were screened by logistic

regression analysis.

Results: Baseline data were similar between the two groups. The MMSEadj and MES scores were

significantly lower in the AF than control group; the mean MMSEadj score in the AF non-stroke

subgroup and control non-stroke subgroup was 26.2� 2.7 and 27.9� 2.0, respectively. In non-

stroke patients with AF, the MMSEadj and MES scores were negatively correlated with the

CHA2DS2VASc score. Factors significantly influencing the MMSE score in these patients were

age, education, smoking history, NT-proB-type natriuretic peptide, hemoglobin, and

anticoagulation.

Conclusion: AF is associated with cognitive dysfunction regardless of stroke history. High

CHA2DS2VASc scores are associated with impaired cognitive function. Factors influencing cog-

nitive function in non-stroke patients with AF are age, education, smoking history, NT-proB-type

natriuretic peptide, hemoglobin, and anticoagulation.
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Background

Cognitive impairment, also termed cogni-
tive dysfunction, refers to an abnormality
of the intellectual process by which one
becomes aware of, perceives, or compre-
hends ideas. The incidence of atrial fibrilla-
tion (AF) is increasing annually, and the
incidence of cognitive dysfunction in
patients with AF is simultaneously rising.
A few recent studies have focused on the
relationship between AF and cognitive
function, drawing the conclusion that AF
is a risk factor for cognitive dysfunction.1–4

However, both AF and cognitive dysfunc-
tion are related to aging, and a causal rela-
tionship between these two factors cannot
necessarily be established. Additionally,
whether AF or subsequent stroke plays
a more important role in the development
of cognitive dysfunction is unclear.
Furthermore, the risk factors associated
with cognitive dysfunction in patients with
AF have not been clarified.

The present study was performed to fur-
ther explore the relationship between AF
and cognitive dysfunction and examine the
factors influencing cognitive function in
patients with AF to facilitate early recogni-
tion of patients with AF who are at high
risk of cognitive decline.

Methods

Study population

From January 2014 to December 2015 in
Huashan Hospital Fudan University,

patients with AF were consecutively enrolled
as the AF group. The control group com-

prised randomly selected patients with
sinus rhythm (matched 1:1 for age, sex,
and stroke history) who visited the institute
during the same period. The study was
approved by the institutional ethics review
committee at our institution, and all patients
provided written informed consent.

The inclusion criteria for the AF group
were an age of �18 years and at least one
12-lead electrocardiogram (ECG) or one
24-hour ECG that revealed AF as confirmed
by a cardiologist with signature. The exclu-
sion criteria were the presence of acute and

unstable diseases such as stroke or myocar-
dial infarction within 3 months; definite
brain trauma, encephalopathy, or epilepsy;
severe structural heart disease such as ische-
mic/nonischemic cardiomyopathy; decom-
pensated chronic heart failure (New York
Heart Association grade IV); psychiatric dis-
eases (e.g., schizophrenia, depression); and
refusal to provide written informed consent.

The inclusion criteria for the control
group were an age of �18 years and at
least one 12-lead ECG or one 24-hour
ECG that revealed normal sinus rhythm
as confirmed by a cardiologist with signa-

ture. The exclusion criteria were any
recorded or suspected onset of AF, an
arrhythmia such as frequent atrial or ven-
tricular premature contractions, Wolff–
Parkinson–White syndrome, high-degree
atrioventricular block, history of cardiac
electronic device implantation (pacemakers,
implantable cardioverter defibrillators, and
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cardiac resynchronization therapy devices),

and all of the above-mentioned exclusion

criteria for the AF group.
The patients’ clinical baseline information,

comorbidities, and present treatments were

carefully recorded. The CHA2DS2VASc

score [congestive heart failure, hyperten-

sion, age �75 years (doubled), diabetes

mellitus, stroke/transient ischemic attack/

thromboembolism (doubled), vascular dis-

ease, sex (female)] was evaluated for each

patient with AF. Stroke was defined

as ischemic/hemorrhagic damage of the

central nervous system caused by cerebro-

vascular diseases. Stroke was diagnosed by

a neurologist based on a detailed history,

symptoms, and brain magnetic resonance

imaging or other head imaging findings.

Patients with no history of stroke, symp-

toms of stroke, or evidence of stroke on

cerebral imaging were assigned to the non-

stroke group.

Laboratory tests

The following laboratory data were

recorded for all patients with AF: complete

blood cell count and levels of lipoprotein,

troponin T, NT-proB-type natriuretic

peptide (pro-BNP), urine protein, serum

creatinine, and uric acid. The neutrophil-

to-lymphocyte ratio was calculated accord-

ing to the complete blood cell count.

Cognitive function evaluation

The Mini-Mental State Examination

(MMSE) and Memory and Executive

Screening (MES) scores were used to eval-

uate cognitive function. The MMSE is a

30-point test including time and space ori-

entation, temporary and delayed memory,

calculation ability, language ability, and

visual space ability.5 The MMSE scores

were corrected by Mungas adjustment to

obtain the adjusted MMSE (MMSEadj)

scores.6 The MES test is a further refined

neuropsychological assessment based on
the MMSE and includes memory and exec-
utive function tests totaling 100 points. The
MES test has high specificity and sensitivity
as well as good reliability and validity with-
out a significant ceiling or floor effect.7

All patients underwent the MMSE. The
MES test, which requires higher capability
of understanding, was administered only
to non-stroke patients who were able to
finish it.

First, all baseline data and MMSEadj
scores were compared between the AF and
control groups. The MES scores of the non-
stroke patients who could complete the test
in the AF group were also compared with
their corresponding patient in the control
group. Next, for further analysis, each
group (AF and control) was divided into
two subgroups according to stroke history:
the non-stroke subgroup and the stroke
subgroup. Scatter diagrams were used to
describe the MMSEadj/MES score and
CHA2DS2VASc score of each patient with
AF. The relationship between cognitive
function and the CHA2DS2VASc score was
measured by Spearman’s rank correlation
coefficient. Finally, a multivariate regression
analysis was performed to screen clinical fac-
tors affecting the MMSE score.

Statistical analysis

All data were inputted into Microsoft Excel
(Microsoft Corp., Redmond, WA, USA).
SPSS 19.0 (IBM Corp., Armonk, NY,
USA) was used for data processing and
analyzing. Normally distributed data are
expressed as mean� standard deviation.
The independent-sample t test was used
for normally distributed data, and the
rank sum test was used for data with a
non-normal or approximately normal dis-
tribution. Categorical variables are pre-
sented as rates. The chi squared test was
applied for comparison between groups,
and Spearman’s rank test was used to
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verify the correlation of ranked data.
Multivariate regression analysis was per-
formed by logistic regression.

Results

Baseline comparison of cognitive function
in AF and control groups

Patients in the AF group (n¼ 150) and
control group (n¼ 150) underwent 1:1
pair-wise matching by age, sex, and stroke
history (Table 1). There was no significant
difference in the education level, alcohol
or smoking history, coronary heart disease,
hypertension, thyroid dysfunction, heart
rate, or blood pressure between the two
groups.

The MMSEadj score was significantly
lower in the AF than control group
(P¼ 0.013). Forty-two patients in the AF
group without a history of stroke were
capable of completing the MES test. The
MES scores of these 42 patients were also

significantly lower than those of the

patients in the control group (n¼ 42,

P¼ 0.01) (Table 2).

Subgroup analysis of MMSEadj scores

in AF and control groups

For further analysis, all patients were divid-

ed into four subgroups: the AF non-stroke

group (n¼ 130), AF stroke group (n¼ 20),

control non-stroke group (n¼ 130), and

control stroke group (n¼ 20). In the AF

stroke group, according to the TOAST

classification of ischemic stroke, 10 of 20

patients with stroke had cardiogenic embo-

lism and 5 had atherosclerotic stroke; the

remaining 5 were difficult to classify

because of the lack of information for fur-

ther diagnosis. The mean MMSEadj score

of the AF patients with and without stroke

was 24.1� 3.4 and 26.2� 2.7, respectively.

The subgroup analysis in the AF and con-

trol groups showed no significant difference

in sex, age, education level, alcohol or

Table 1. Comparison of baseline data between AF group and control group.

AF group

(n¼ 150)

Control group

(n¼ 150) P value

Age, years 71.2� 11.2 71.2� 11.2 0.935

Education, years 8.8� 4.5 8.0� 3.9 0.053

Male sex 92 (0.61) 92 (0.61) 1.0

Stroke 20 (0.13) 20 (0.13) 1.0

Smoking history 48 (0.32) 53 (0.35) 0.625

Alcohol abuse 39 (0.26) 32 (0.21) 0.342

Coronary heart disease 48 (0.32) 52 (0.35) 0.713

Diabetes 44 (0.29) 45 (0.30) 0.989

Hypertension 103 (0.68) 101 (0.67) 0.902

Thyroid disease 15 (0.10) 10 (0.07) 0.404

Heart rate, bpm 81.8� 19.1 76.1� 9.4 0.051

Systolic blood pressure, mmHg 133.5� 18.7 133.9� 19.7 0.919

Diastolic blood pressure, mmHg 81.3� 8.8 79.3� 10.8 0.066

MMSE score 24.2� 4.0 25.6� 2.3 0.032*

MMSEadj score 25.9� 2.9 27.6� 2.2 0.013*

Data are presented as mean � standard deviation or n (%).

*P<0.05.

AF, atrial fibrillation; MMSE, Mini-Mental State Examination; MMSEadj score, MMSE score

corrected by Mungas adjustment.
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smoking history, diabetes, hypertension,

coronary heart disease, hyperthyroidism or

other diseases, blood pressure, or heart rate.

However, the MMSEadj scores of patients

with AF were significantly lower than those

of patients in the control group regardless

of stroke history (patients with stroke,

P¼ 0.031; patients without stroke,

P¼ 0.002) (Table 3).

Correlation between cognitive function

and CHA2DS2VASc score in patients

with AF

The plot diagrams in Figure 1 demonstrate

the relationship between cognitive function

and the CHA2DS2VASc score. The MMSE

score was negatively correlated with the

CHA2DS2VASc score in patients with AF

(P< 0.001) despite the history of stroke.

In non-stroke patients, the MES score

also appeared to be inversely associated

with the CHA2DS2VASc score, but not

significantly.

Factors influencing cognitive function

in non-stroke patients with AF

The median MMSE score in our study was

26. In the single-factor analysis, a higher age,

lower education level, stroke, AF, coronary

heart disease, hypertension, lower hemoglo-

bin, higher urine protein, and higher pro-

BNP were associated with a lower MMSE

score (MMSE score of < 26) (Table 4).

Among these factors, AF, education,

stroke, and age were those that significantly

influenced the MMSE score in the multivar-

iate regression (all P< 0.001) (Table 5).

In non-stroke patients with AF, a higher

MMSE score (MMSE score of �26) was

significantly associated with a lower age

(P< 0.001), higher education level

(P< 0.001), lower smoking rate (P¼ 0.045),

lower diastolic blood pressure (P¼ 0.021),

higher rate of receiving anticoagulation ther-

apy (P¼ 0.022), lower pro-BNP level

(P¼ 0.016), and higher hemoglobin level

(P¼ 0.044) (Table 6). The factors age, sex,

education level, anticoagulation, smoking

Table 2. Comparison of MES scores between non-stroke AF group and control group.

Non-stroke AF group

n¼ 42

Control group

n¼ 42 P value

Age, years 62.2� 7.7 62.2� 7.7 1.0

Education, years 10.9� 2.9 10.6� 3.5 0.623

Male sex 24 (0.57) 24 (0.57) 1.0

Smoking history 14 (0.33) 12 (0.29) 0.259

Alcohol abuse 8 (0.19) 7 (0.17) 0.187

Coronary heart disease 10 (0.24) 9 (0.21) 0.786

Diabetes 5 (0.12) 6 (0.14) 0.118

Hypertension 19 (0.45) 15 (0.36) 0.320

Thyroid disease 5 (0.12) 3 (0.07) 0.577

MMSE score 26.7� 1.8 27.9� 1.2 0.006*

MMSEadj score 25.9� 2.1 27.4� 2.2 0.001*

MES score 78.8� 8.1 82.9� 5.0 0.01*

MES-memory score 36.4� 6.5 40.1� 3.9 0.007*

MES-excuse score 42.2� 3.8 42.9� 2.5 0.398

Data are presented as mean � standard deviation or n (%).

*P<0.05.

AF, atrial fibrillation; MMSE, Mini-Mental State Examination; MMSEadj score, MMSE score corrected by Mungas adjust-

ment; MES, Memory and Executive Screening.
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history, diastolic blood pressure, pro-BNP,
and hemoglobin were taken into the logistic
regression analysis, which showed that
the following factors were significantly asso-
ciated with a higher MMSE score: age

(P< 0.001), education level (P< 0.001),
smoking history (P¼ 0.003), anticoagulation
(P¼ 0.03), pro-BNP (P¼ 0.003), and hemo-
globin (P¼ 0.043). Age, smoking history,
and pro-BNP had a negative correlation

Figure 1. Relationship between CHA2DS2VASc score and cognitive function. Left panel and middle panel:
plot diagram showing the relationship between the MMSE score and CHA2DS2VASc score in all patients
with AF (left) and non-stroke patients with AF (middle). Right panel: relationship between MES score and
CHA2DS2VASc score in non-stroke patients with AF. MMSE, Mini-Mental State Examination; AF, atrial
fibrillation; MES, Memory and Executive Screening.

Table 3. Comparison of MMSE scores among stroke history subgroups.

AF non-stroke

subgroup

n¼ 130

Control

non-stroke

subgroup

n¼ 130 P value

AF stroke

subgroup

n¼ 20

Control

stroke

subgroup

n¼ 20 P value

Age, years 70.4� 11.5 70.4� 11.5 1.0 76.2� 7.2 76.2� 9.0 0.985

Education, years 9.0� 4.3 8.3� 4.0 0.53 7.9� 5.2 6.4� 4.0 0.139

Male sex 84 (0.65) 84 (0.65) 1.0 8 (0.40) 8 (0.40) 1.0

Smoking history 41 (0.31) 44 (0.34) 0.72 7 (0.35) 9 (0.45) 0.519

Alcohol abuse 33 (0.25) 27 (0.21) 0.48 6 (0.30) 6 (0.30) 1.0

Coronary heart disease 38 (0.29) 43 (0.33) 0.592 10 (0.50) 9 (0.45) 0.752

Diabetes 35 (0.27) 39 (0.30) 0.406 9 (0.45) 6 (0.30) 0.514

Hypertension 87 (0.67) 85 (0.65) 0.896 16 (0.80) 16 (0.80) 1.0

Thyroid disease 11 (0.08) 8 (0.06) 0.635 4 (0.2) 2 (0.1) 0.832

Heart rate, bpm 82.6� 19.1 77.3� 9.6 0.079 78.9� 20.2 74.6� 8.2 0389

Systolic blood

pressure, mmHg

131.6� 17.1 132.9� 19.8 0.752 146.6� 23.7 145.5� 15.8 0.857

Diastolic blood

pressure, mmHg

81.2� 9.7 79.2� 10.9 0.071 81.7� 9.8 76.9� 9.5 0.117

MMSE score 24.7� 3.8 26.0� 2.0 0.025* 21.7� 4.8 22.7� 2.4 0.049*

MMSEadj score 26.2� 2.7 27.9� 2.0 0.031* 24.1� 3.4 26.2� 2.4 0.002*

Data are presented as mean � standard deviation or n (%).

*P<0.05

AF, atrial fibrillation; MMSE, Mini-Mental State Examination; MMSEadj score, MMSE score corrected by Mungas

adjustment.
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while education level, anticoagulation, and

hemoglobin had a positive correlation with

a higher MMSE score (Table 7).

Discussion

The treatment of AF requires the joint par-

ticipation and cooperation of the patients

and their doctors.8 However, cognitive dys-

function may lead to the reduction or loss

of self-management capability, which has
negative effects on both the treatment and
prognosis. AF is currently regarded as
an independent risk factor for cognitive
dysfunction.1–4 Two multicenter random-
ized controlled trials, ONTARGET and
TRANSCEND, drew the similar conclu-
sion that AF was independently associated
with an increased risk of dementia.1

Therefore, AF and cognitive decline could

Table 4. Comparison of features between all patients with higher and lower MMSE scores.

MMSE score of �26

n¼ 159

MMSE score of < 26

n¼ 141 P value

Age, years 66.4� 10.8 76.9� 9.0 < 0.001*

Education, years 10.3� 3.7 6.4� 2.9 < 0.001*

Male sex 101 (0.63) 83 (0.59) 0.476

Smoking history 47 (0.30) 54 (0.38) 0.114

Alcohol abuse 32 (0.20) 39 (0.28) 0.136

Heart rate, bpm 79.1� 14.6 78.9� 16.1 0.952

Systolic blood pressure, mmHg 132.1� 17.4 135.6� 21 0.114

Diastolic blood pressure, mmHg 81.2� 9.6 79.1� 10.9 0.07

Stroke 7 (0.04) 33 (0.23) < 0.001*

Atrial fibrillation 70 (0.44) 80 (0.56) 0.03*

Coronary heart disease 42 (0.26) 58 (0.41) 0.01*

Diabetes 44 (0.28) 45 (0.31) 0.448

Hypertension 98 (0.61) 106 (0.75) 0.01*

Thyroid disease 16 (0.10) 9 (0.06) 0.128

Antiplatelet therapy 58 (0.36) 63 (0.45) 0.159

Anticoagulation 36 (0.23) 23 (0.16) 0.191

ACEI/ARB 51 (0.32) 55 (0.39) 0.228

Statins 45 (0.28) 53 (0.38) 0.108

b-blocker 49 (0.31) 49 (0.35) 0.538

Hemoglobin, g/L 128.7� 24.9 121� 21.4 0.006*

Platelets, 1012/L 192.1� 63.6 188.7� 72.8 0.401

White blood cells, 109/L 6.1� 2.1 6.3� 2.4 0.394

Neutrophil-to-lymphocyte ratio, % 3.2� 2.6 4.0� 4.1 0.08

Troponin T, ng/mL 0.03� 0.09 0.04� 0.11 0.523

Albumin, g/L 37.8� 6.2 37.3� 6.3 0.506

Urine protein 31 (0.19) 44 (0.31) 0.023*

NT-proB-type natriuretic

peptide, pg/mL

559.2� 1058.2 1338.5� 3322.6 0.008*

Low-density lipoprotein, mmol/L 2.5� 1.1 2.4� 1 0.363

Serum creatinine, mmol/L 78.6� 42.7 86.5� 55.8 0.161

Uric acid, mmol/L 352.9� 117.1 358.9� 106.9 0.654

Data are presented as mean � standard deviation or n (%).

*P< 0.05.

MMSE, Mini-Mental State Examination; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Table 5. Multivariate logistic regression analysis of risk factors for poor cognitive function in all patients.

Risk factors B value P value OR 95% CI

Age �0.090 <0.001* 0.914 0.881–0.948

Education 0.280 <0.001* 1.323 1.201–1.457

Stroke �2.421 <0.001* 0.089 0.027–0.293

Atrial fibrillation �1.799 <0.001* 0.165 0.071–0.287

Coronary heart disease �0.410 0.257 0.663 0.326–1.349

Hypertension �0.538 0.138 0.584 0.287–1.189

NT-proB-type natriuretic peptide �0.356 0.137 0.701 0.438–1.120

Hemoglobin 0.012 0.136 1.012 0.996–1.028

Urine protein �0.512 0.221 0.600 0.264–1.361

*P<0.05.

OR, odds ratio; CI, confidence interval.

Table 6. Comparison of features between non-stroke AF patients with higher and lower MMSE scores.

MMSE score

of �26

n¼ 67

MMSE score

of <26

n¼ 63 P value

Age, years 64.9� 10.6 76.3� 9.5 <0.001*

Education, years 10.7� 4.0 7.0� 4.0 <0.001*

Male sex 45 (0.67) 39 (0.62) 0.584

Smoking history 17 (0.25) 27 (0.43) 0.045*

Alcohol abuse 12 (0.18) 20 (0.32) 0.102

Heart rate, bpm 81.7� 18.1 82.8� 19.9 0.723

Systolic blood pressure, mmHg 131.3� 16.7 131.8� 17.7 0.854

Diastolic blood pressure, mmHg 83.0� 9.5 79.4� 7.6 0.021*

Coronary heart disease 15 (0.22) 22 (0.34) 0.124

Diabetes 16 (0.24) 19 (0.30) 0.271

Hypertension 40 (0.60) 47 (0.74) 0.093

Thyroid disease 8 (0.13) 11 (0.17) 0.261

Radiofrequency ablation 13 (0.19) 5 (0.08) 0.076

Antiplatelet therapy 27 (0.40) 31 (0.49) 0.378

Anticoagulation 36 (0.54) 21 (0.33) 0.022*

ACEI/ARB 30 (0.45) 32 (0.51) 0.598

Statins 20 (0.30) 23 (0.37) 0.495

b-blocker 30 (0.45) 28 (0.44) 0.970

Hemoglobin g/L 130.8� 19.5 123.5� 21.6 0.044*

Platelets, 1012/L 191.1� 63.6 187.3� 63.9 0.739

White blood cells, 109/L 6.5� 2.5 6.9� 2.5 0.389

Troponin T, ng/mL 0.02� 0.03 0.04� 0.11 0.548

Albumin, g/L 37.7� 4.6 37.2� 5.0 0.854

Urine protein 11 (0.16) 15 (0.24) 0.518

NT-proB-type natriuretic

peptide, pg/mL

992.3� 1517.2 2292.9� 3330.8 0.016*

Low-density lipoprotein, mmol/L 2.0� 1.2 2.1� 1.2 0.366

Serum creatinine, mmol/L 86.5� 56.5 88.3� 37.0 0.839

Uric acid, mmol/L 336.6� 113.8 350.7� 121.8 0.494

Neutrophil-to-lymphocyte ratio, % 2.9� 1.8 4.0� 4.1 0.265

Data are presented as mean� standard deviation or n (%).

*P<0.05

MMSE, Mini-Mental State Examination; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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together form a vicious circle resulting in a
poor prognosis.

China has the largest population of
patients with stroke and AF worldwide.

Cognitive dysfunction is common, but stud-
ies of its relationship with AF are still insuf-

ficient in China. Compared with the other
studies mentioned above, our study enrolled
1:1 matched Chinese patients to avoid the

interference of confounding factors. Two
scores (MMSE and MES) were used to eval-

uate cognitive function. The relationship
between the CHA2DS2VASc score and cog-

nitive function was also explored.
Stroke is an important factor affecting

cognitive function.9 To avoid confusion,
our patients were divided into stroke and

non-stroke subgroups. In patients with
stroke, the MMSEadj scores were still sig-

nificantly lower than those in patients with
sinus rhythm, which corresponds with the
theory that AF may increase the risk of

dementia in patients with stroke. Most
cases of stroke in our study were associated

with cardiogenic embolism, and the
MMSEadj scores were lower. This is prob-

ably because cardiogenic embolism usually
causes a larger area of cerebral infarction

than cerebrovascular thrombus in situ,
and the cerebral infarction area is associat-
ed with the decline in cognitive function.10

Both the MMSEadj andMES scores were
lower in the non-stroke AF subgroup than
in the control subgroup, and no significant

difference was found between the two sub-
groups. The MES test was introduced espe-
cially for the evaluation of memory function

and executive function. The MES scores in
this study demonstrated that the memory
function was worse in the AF than control
group, while there was no significant differ-

ence in the executive function between these
two groups. The memory impairment was
more obvious than the decline in execution

function among patients with AF.
Several authors have stated that AF

damages cognitive function through the
irregular rhythm and abnormal ventricular
rate (>90 or < 50 bpm), which leads to

an abnormal distribution of cerebral
blood flow.11 However, the present study
showed no difference in heart rate between

patients with high and low MMSE scores in
the non-stroke AF group. Instead, the
MMSE score was significantly correlated

with the CHA2DS2VASc score. Higher
CHA2DS2VASc scores are associated with
a higher prevalence of cardiogenic embo-

lism. AF can sometimes cause silent cere-
bral ischemia, which has been found to be
associated with poor cognitive function in
previous studies.12,13 Based on our study,

Table 7. Multivariate logistic regression analysis of risk factors for poor cognitive function in non-stroke AF
patients.

Risk factors B value P value OR 95% CI

Age �0.156 <0.001* 0.645 0.802–0.912

Sex �0.194 0.764 0.855 0.233–2.917

Education 0.334 <0.001* 1.397 1.190–1.640

Anti-coagulation 1.189 0.03* 3.285 1.121–9.625

Smoking history �2.152 0.003* 0.116 0.027–0.492

Diastolic blood pressure 0.063 0.08 1.065 0.993–1.142

NT-proB-type natriuretic peptide �0.443 0.003* 0.642 0.479–0.862

Hemoglobin 0.031 0.043* 1.031 1.001–1.062

*P<0.05.

OR, odds ratio; CI, confidence interval.
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the correlation between the MMSE/MES
scores and CHA2DS2VASc score might be
explained by increased subclinical cerebral
ischemia in non-stroke AF patients, sug-
gesting that anticoagulation might be bene-
ficial in those patients.

The multivariate analysis showed that
age, education level, stroke, and AF were
the factors that influenced the MMSE
score in all patients in this study. Stroke is
associated with cognitive dysfunction, and
the association between AF and cognitive
impairment has been proven. Therefore, we
also identified factors influencing cognitive
function in patients with AF without a his-
tory of stroke. Age and educational attain-
ment remained associated with the MMSE
score in this population, while smoking,
anticoagulation therapy, and the levels of
hemoglobin and pro-BNP were found to
be risk factors. Our study showed that the
patients with lower MMSE scores had a
higher incidence of coronary heart disease,
diabetes, and thyroid disease and a higher
rate of alcohol abuse than those with
higher scores; however, the differences were
not statistically significant. Whether these
factors have an effect on cognitive function
remains controversial.

A lower hemoglobin level is associated
with worse cognitive function as induced
by chronic brain hypoxia and demonstrated
by white matter hyperintensity on imaging
examinations.14,15 Several causes of anemia
(e.g., iron deficiency, lack of folate or vita-
min B12) may also directly damage cogni-
tive function.16

As reported in several previous studies,
pro-BNP is a marker of cardiac dysfunction
that contributes to cognitive decline, thus
influencing self-care management.17–19

A higher level of pro-BNP was a risk
factor contributing to cognitive impairment
in the present study. A higher pro-BNP
level may also be associated with increased
intracranial pressure, further influencing
cognitive function.19 Some authors have

stated that a high pro-BNP level was asso-
ciated with cerebral atherosclerotic dis-
ease.17 Anticoagulation therapy was found
to be a protective factor for the cognitive
function of patients with AF. According
to a previous study, patients with both AF
and dementia could benefit from anticoag-
ulant therapy.20 Another study of 2605
patients with AF showed that the time
within the therapeutic range was signifi-
cantly associated with dementia in patients
with AF. This shorter time may be associ-
ated with a higher risk of dementia.21 This
can be explained by chronic cerebral
damage (such as micro-infarction lesions),
which may cause cognitive dysfunction in
patients with AF.22 Our study suggests
that anticoagulation may be a protective
factor in patients with AF. Conversely,
patients with AF who have better cognitive
function are more likely to receive antico-
agulation therapy because of their better
self-management.

Study limitations

This study has several limitations. The study
had a cross-sectional design. Assessment of
cognitive function using the neuropsycho-
logical scales was highly dependent upon
the patients’ cooperation. Some patients
with AF were unable to complete the assess-
ment because of their diseases. Finally,
neural imaging examinations were not per-
formed in most patients without stroke.

Conclusions

This cross-sectional clinical study indicates
that patients with AF, independent of
stroke, have worse cognitive function than
those with sinus rhythm. Even in patients
without stroke, a high CHA2DS2VASc
score is associated with impaired cognitive
function. Our data show that the cognitive
impairment of patients without stroke was
partially due to the lack of intervention for
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patients with a high CHA2DS2VASc score.

In non-stroke patients with AF, anticoagu-

lation and education level are protective

factors while age, anemia, a high pro-BNP

level, and cigarette smoking are risk factors

for poor cognitive dysfunction.
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