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Abstract

Background Accumulating evidence has suggested that atrial fibrillation might play a role in the pathogenesis of
vascular cognitive impairment. The aim of this study was to evaluate the cognitive functions and to determine the
pattern of cognitive impairment in stroke-free patients, with AF and other cardiac risk factors (pulmonary hyperten-
sion and diastolic dysfunction). 55 patients, diagnosed with AF and 40 matched normal controls underwent psy-
chometric tests, including the Modified Mini-Mental State examination test, PALT test, BVRT test, Token test, Trail B
test, and PASAT test. MRI of the brain was performed for the patients to exclude brain infarction and a cardiological
assessment included electrocardiography and echocardiogram. All patients had confirmed diagnosis of AF in the last
12 months and 43 patients had pulmonary hypertension.

Results AF patients had significant impairment (p-value 0.009) in different cognitive domains (verbal, visual memory
and working memory), compared to controls. Patients with pulmonary hypertension had a significant impairment in
receptive language skills, working memory, attention, and arithmetic capabilities.

Conclusion AF stroke-free patients and patients with pulmonary hypertension had significant impairment in differ-

ent cognitive domains.
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Background
Vascular cognitive impairment (VCI) includes the cog-
nitive changes related to cerebrovascular diseases. And
refers to the wide spectrum of behavioral and cognitive
impairment ranging from early cognitive decline to clear
dementia with the affection of attention and executive
functions [1].

It has been identified with the white matter lesions
on brain imaging. These changes increase with age and
correlate negatively with cognitive function. Vascular
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cognitive impairment has been associated with sizable
cerebral infarction, multiple lacunar infarctions, and/
or small vessel disease which may be detected by MRIL
A negative correlation was found between the degree of
such changes in MRI and cognitive functions [2].
Proposed mechanisms by which AF can produce cog-
nitive impairment are now elucidated [3]. AF is found
to be related to high incidence of silent cerebral infarcts
and cerebral microbleeds. Also, a pro-inflammatory state,
in those patients may play a role. Different studies indi-
cate that medications of anticoagulation can lower the
risk of cognitive deterioration in AF patients. Further-
more, more cerebral lesions due to catheter ablation are
increasingly documented [4]. Revealing the pathogenesis
of the cognitive changes and dementia in patients with
AF can help to make protective strategies [5]. Different
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studies suggest that hypoxia and consequent tauopathies
(neurodegenerative diseases associated with pathological
tau protein), leading to AD and other neurodegenerative
disorders [6].

This work aimed to determine the cognitive function in
patients with AF in stroke-free patients and to assess the
negative impact of other common cardiac risk factors on
cognition.

Methods

The present study is a case—control study, conducted on
55 patients diagnosed as having AF and 40 healthy con-
trols, matched for age and sex. A battery of psychomet-
ric studies were done, investigating the negative impact
of common cardiac risk factors on cognition. All patients
included in this study had confirmed electrocardio-
graphic (ECG) diagnosis of AF in the last 12 months (par-
oxysmal, persistent, or permanent). The exclusion criteria
for the patients included the following; subjects with lin-
guistic troubles or any medical illness interfering with
complete testing, subjects with a previous history of cer-
ebrovascular stroke, myocardial infarction, or heart fail-
ure, and subjects with a history of alcohol, substance or
drug abuse with cognitive side effects as anti-epileptic, or
anti-cholinergic, subjects with MRI brain showing struc-
tural lesions like infarctions, intra-cerebral hemorrhage,
subdural hematoma, tumors, hydrocephalus or cerebral
venous thrombosis.

The included patients underwent the following: clinical
assessment including a medical and neurological exami-
nation. A battery of psychometric tests including; (1) the
Modified Mini-Mental State examination test (3MS): it
is a new version of the MMSE, designed for assessment
of temporal and spatial orientation, the capability to see
relations between objects, memory and verbal fluency
[7]. (2) Paired Associate Learning Test (PALT): this test
is used to evaluate verbal memory, based on semantic
cueing [8]. (3) Benton Visual Retention Test (BVRT): for
evaluation of visual (perceptual, memory, motor) and
visuoconstructive abilities [9]. (4) Token Test: it is used
to evaluate receptive language skills [10]. (5) Trail B Test:
it is used for evaluation of executive function, atten-
tion and psychomotor speed. The test is composed of
2 parts. In our study, we used the total score of Trail B
Test only [11]. (6) Paced Auditory Serial Addition Test
(PASAT): it is used for evaluation of attention, working
memory, and arithmetic capabilities [12]. Cardiological
assessment done by cardiology specialist and included
electrocardiography (ECG): using 12 leads standard elec-
trocardiogram (Mindray_BeneHeartR3A) and echocar-
diogram: two-dimensional echocardiography was carried
out using Vivid S5 N (GE Vingmed ultrasound as strand-
promenaden 45, N-3191 Horten, Norway). Hamilton
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Depression Scale was done to exclude depression; all
participants included in this study had a score of 0-7.
Also, all the patients underwent MRI brain to exclude
any structural brain lesion that could account for cogni-
tive impairment. This study was approved by the Ethical
Committee in the Faculty of medicine, (FWA00015574).
Written informed consent was signed by the patients
after explanation of the aim of the study.

Statistical analysis

Statistical Package for the Social Sciences was used to
code and enter the data (SPSS v 20). Quantitative vari-
ables were reported using mean and standard deviations,
while qualitative variables were reported using frequen-
cies (number) and relative frequencies (percent). Stu-
dent’s t-tests and Chi-square tests were used to compare
patients and the control group. Significant was defined as
a p-value of less than or equal to 0.05.

Results

The mean age in our patients was 44.47 years with a
standard deviation of 11.32 years, while the mean value
for age in controls was 39.58 years with a standard devia-
tion of 12.8 years. In the present study, 67.3% (n=37) of
the patients were females and 32.7% (n=18) were males.
As regards controls, 60% (n=24) were females and 40%
(n=16) were males. Regarding age and gender distri-
bution, there was no statistically significant difference
between patients and controls.

According to the results of the psychometric tests, no
statistical difference was found between patients and
controls in the Modified Mini-Mental State (3MS), Trail
B Test, and Token Test (Table 1). Comparing the two
groups, a statistically significant difference was found in
(PALT), (PASAT), and (BVRT) (Fig. 1).

According to the echocardiographic assessment, 83.6%
(n=46) of patients had valvular heart disease. 61.8%
(n=34) of the patients had left atrium dilatation and

Table 1 Cognitive assessment in patients and control groups

Patients (n=55) Controls (n=40) P-value

Mean +SD Mean +SD
3MS 99.13+147 99.08 +1.25 0.856
Trail Making B 12293 +44.65 110.33+45.94 0.183
Token 158114749 158+7.2 0.943
PALT 14.92+3.03 16.51+2.69 0.009*
PASAT 4555+20.37 54.08+13.32 0.016*
BVRT 19.35+3.74 214296 0.023*

3MS Modified Mini-Mental State Examination Test, PALT Paired Associate
Learning Test, PASAT Paced Auditory Serial Addition Test, BVRT Benton Visual
Retention Test

*P-value <0.05 (significant)
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Fig. 1 Cognitive assessment in patients and control groups

Table 2 Comparison between patients with and without left
atrium dilatation regarding cognitive function assessment

Table 3 Comparison between patients with and without
diastolic dysfunction regarding cognitive function assessment

Patients with LT Patients without LT ~ P-value Patients with Patients without P-value

atrium dilatation atrium dilatation (N) diastolic diastolic dysfunction

(N) Mean +SD dysfunction (N) (N)

Mean +SD Mean +SD Mean +SD
3MS 99.26+0.79 989+2.17 0.381 3MS 99.32+0.85 98.97+1.83 0.379
Trail Making B 121.82+£48.94 1247 £37.74 0.818 Trail Making B 131.24+51.69 116+37.31 0.21
Token 158.15+7.83 158.05+7.08 0.962 Token 156.76 £9.44 159.23+5.27 0.251
PALT 15.16+3.17 14.52+2.83 0454 PALT 15.24+3.05 14.65+3.04 0478
PASAT 44.53 +20.99 47.194+19.72 0.642 PASAT 43.04 +20.71 4763+20.19 041
BVRT 1947 +3.82 19.14+3.71 0.756 BVRT 19+4.15 19.63+341 0.537

3MS Modified Mini-Mental State Examination Test, PALT Paired Associate
Learning Test, PASAT Paced Auditory Serial Addition Test, BVRT Benton Visual
Retention Test

P-value <0.05 (significant)

78.2% (n=43) of the patients had pulmonary hyperten-
sion. Cardiomyopathy was not detected in any of the
included patients.

Comparing patients with and without left atrium dila-
tation, no statistically significant difference regarding
Modified Mini-Mental State 3MS, Trail Making B, Token,
PALT, PASAT, and BVRT (Table 2).

No statistically significant difference was found
between patients with and without diastolic dysfunction
in 3MS, Trail Making B, Token, PALT, PASAT, and BVRT
(Table 3).

Comparing patients with and without valvular heart
disease, there was no statistically significant differ-
ence in 3MS, Trail Making B, Token, PALT, and BVRT.

3MS Modified Mini-Mental State Examination Test, PALT Paired Associate
Learning Test, PASAT Paced Auditory Serial Addition Test, BVRT Benton Visual
Retention Test

P-value <0.05 (significant)

While a statistically significant difference was found
between those with and without valvular heart disease
in PASAT (Table 4). While the results were statistically
significant, smaller difference between both sample size
may improve the results.

A statistically significant difference was found
between patients with and without pulmonary hyper-
tension in Trail Making B, Token, and PASAT (Table 5).

AF patients had significant impairment in verbal
and visual memory attention, working memory, and
arithmetic capabilities according to PALT, PASAT, and
BVRT compared to controls. Also, a statistically signifi-
cant difference was found between patients with and
without pulmonary hypertension in executive function,
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Table 4 Comparison between patients with and without
valvular heart disease regarding cognitive function assessment

Patients with Patients without P-value

valvular heart valvular heart

disease (n:46) disease (n:9)

Mean +SD Mean +SD
3MS 99.07+157 99.44+0.73 0483
Trail Making B 12439+ 46.72 1154443323 0.587
Token 15791742 159.11+£8.22 0.665
PALT 14.89+3.18 15.06+2.28 0.883
PASAT 4339+21.21 56.56+10.33 0.009*
BVRT 19.22+391 20+2.83 0.571

3MS Modified Mini-Mental State Examination Test, PALT Paired Associate
Learning Test, PASAT Paced Auditory Serial Addition Test, BVRT Benton Visual
Retention Test

*P-value 0.05 (significant)

Table 5 Comparison between patients with and without

pulmonary  hypertension  regarding  cognitive  function
assessment

Patients with Patients without P-value

pulmonary pulmonary

hypertension (n:43)  hypertension (n:12)

Mean +SD Mean+SD
3MS 98.98+1.6 99.67 +£0.65 0.151
Trail Making B 131.7+4649 91.5+1248 0.000*
Token 157144812 161.58£2.58 0.003*
PALT 1459+3.14 16.08 +£2.36 0.133
PASAT 42.63+21.05 56+13.86 0.015*
BVRT 19.05+4.02 2042 +2.31 0.266

3MS Modified Mini-Mental State Examination Test, PALT Paired Associate
Learning Test, PASAT Paced Auditory Serial Addition Test, BVRT Benton Visual
Retention Test

*P-value 0.05 (significant)

attention, psychomotor speed, receptive language skills,
attention, working memory, and arithmetic capabilities.

Discussion

AF is a well-documented modifiable risk factor for stroke,
and can be a predictor for vascular cognitive impairment
and dementia which can occur not only due to clinically
recognized strokes, but also through silent brain infarcts,
microinfarcts, and small vessel disease which can be
detected by neuroimaging [13, 14]

This study aimed to determine the negative impact of
AF and other common cardiac risk factors in stroke-free
patients on cognition.

In the present study, AF patients had significant impair-
ment in verbal and visual memory attention, working
memory, and arithmetic capabilities according to PALT,
PASAT, and BVRT compared to controls.
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Similar to our findings, [15] found a significant impair-
ment in cognitive domains in AF patients, in compari-
son to controls. Cognitive function was assessed with
the adjusted Mini-Mental State Examination score and
Memory and Executive Screening (MES) score. [16]
assessed cognitive function by the Montreal Cogni-
tive Assessment Battery, depression, and anxiety in AF
patients. Depression was the most commonly docu-
mented in almost half of the patients. Nearly one-third of
participants had cognitive impairment.

[17] found that AF was a predictor of a faster global
cognitive impairment in the elderly. [18, 19] detected
more impairment in global cognitive function in AF
patients than in controls.

Proposed mechanisms by which AF can produce cog-
nitive impairment include; altered cerebral blood flow,
cerebral hypo perfusion, cerebral micro-emboli, micro-
bleeds, cerebral small vessel diseases, vascular inflamma-
tion, and in the end brain atrophy [3].

The cognitive dysfunction in patients with AF may
also be attributed to the presence of silent cerebrovascu-
lar lesions. Due to low cardiac output in those patients,
they are susceptible to lower cerebral perfusion, and, to
thromboembolism associated with blood stasis and sys-
temic hypercoagulable state [20].

Compared with controls with sinus rhythm, cerebral
ischemia (CI) was shown to be 2 to 7 times more com-
mon in patients with persistent or paroxysmal AF [21].
Reduced cardiac output in patients with AF was found to
be the pathological mechanism that leads to reduced cer-
ebral blood flow, particularly to the temporal lobes; thus,
increasing the incidence of dementia [22].

Dementia in AF may also be linked to inflammation
and genetic factors [23]. Interleukin-6 and C-reactive
protein are serological biomarkers that can be used as
predictors of AF after being adjusted for any associated
cardiovascular diseases [24]. In some AF patients, micro-
bleeds due to anticoagulation therapy could explain the
progressive cognitive decline related to those patients
[25]. On the other hand, [26, 27] revealed no significant
difference in cognitive function between patients with AF
and controls. Longitudinal studies and follow-up of age
matched patients and controls may be needed to exclude
that cognitive changes may be attributed to the age.

In our study, there were statistically significant differ-
ences between patients with and without valvular heart
diseases in the following cognitive domains: attention,
working memory, and arithmetic capabilities. While bet-
ter results may need smaller difference between patient
and control groups.

Similar to our findings, [28] reported a marked aor-
tic and mitral valve disease in patients with dementia
compared to non-demented control. [29] suggested
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that, in addition to AF, left atrial dysfunction increased
with chronic mitral valve disease, so increasing the risk
of cognitive decline. Heart disease and its associated
reduced cerebral blood flow (CBF), affects the vascular
homeostasis of the brain, builds tau and A proteins
and consequently, cognitive impairment symptoms
follow.

In the present study, a statistically significant difference
was found between patients with and without pulmonary
hypertension in executive function, attention, psychomo-
tor speed, receptive language skills, attention, working
memory, and arithmetic capabilities.

Similarly, comparing patients with pulmonary hyper-
tension and controls, [30] found a statistically significant
difference in cognitive function between both groups.
Cognitive testing was done on the patients at base-
line and after 3 months. Cognitive domains showed an
improvement after 3 months of disease-targeted therapy.
This might improve cerebral oxygen delivery secondary
to better hemodynamics.

White et al. [31] found that patients with pulmo-
nary hypertension had significant cognitive impair-
ments, depression, and decreased quality of life. [32-34]
recorded that patients with pulmonary hypertension had
more hypoxia and lower cerebral blood flow compared to
healthy participants, suggesting that the first pathologi-
cal mechanism involved in cognitive dysfunction in those
patients, is impairment of cerebral blood flow.

Malenfant et al., Cunningham et al., and Hu et al. [35-
37] reported other pathological mechanisms in patients
with pulmonary hypertension include neuroinflamma-
tion, impaired cerebral hemodynamic regulation and
neurodegenerative factors dysregulation.

In the present study, there was no statistically signifi-
cant difference in cognitive function between patients
with and without left atrial dilatation in any of the tested
cognitive domains.

In contrast to our study, [38] reported a link between
LAE and cognitive decline. Additionally, [38] found a
statistically significant difference in cognitive function
between AF patients with LT atrial dilatation and patients
without AF and with normal LA size. Surprisingly, after a
follow-up of 5 years, these patients (with LAE and AF)
did not manifest more cognitive changes, compared with
the other group.

Alosco et al. [39] suggested that LA dilatation is linked
to cognitive decline in the elderly. This may be explained
by the sensitivity of LA size to underlying CVD severity,
as it is associated with abnormalities in diastolic filling
and consequently LV diastolic pressure.

This controversy needs follow-up studies. Microstruc-
tural changes through radiological studies of the brain
may help. Also, the role of atrial natriuretic peptide, a
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hormone commonly linked with cognitive function,
should be clarified.

In the present study, there was no statistically signifi-
cant correlation between diastolic dysfunction and cog-
nitive impairment in patients with AF in any of the tested
cognitive domains.

Similar to our findings, [40] concluded that there was
no significant relationship between diastolic dysfunction
and cognitive impairment when investigating the echo-
cardiography parameters and cognitive domains, using
neuropsychiatric screening tools and neuropsychological
tests.

On the other hand, [41] found a significant correlation
between diastolic dysfunction and MCI. Patients with LV
diastolic dysfunction revealed odds of concurrent MCI
that was about two times higher than for participants
with normal cardiac assessment, even after adjustment of
different clinical parameters.

Park et al. [42] found a strong correlation between LV
diastolic function and working memory, fluency, visual
memory, and processing speed.

This contrast of the results may be due to impaired
hemodynamics. Hypoxia leads to decreased volume of
both the whole brain and, brain cognitive areas (the hip-
pocampus and frontal cortex). Changes in blood flow
also affect the highly sensitive white matter watershed
areas of the brain [43].

Small number of patients due to financial issues and
limitation of resources. Longitudinal studies with fol-
low-up brain imaging considering the cardiac risk factor
profile-to investigate their role on cognition—are highly
recommended. More researches about the relationship
between different cardiac diseases and microstructure
changes of the brain should be conducted, considering
the role of cardiac disease medications.

Conclusion

AF stroke-free patients had significant impairment in
different cognitive domains. Verbal and visual memory,
working memory, attention, and arithmetic capabili-
ties are the most commonly affected. Also, a statistically
significant difference was detected between patients
with and without pulmonary hypertension in executive
function, attention, psychomotor speed, receptive lan-
guage skills, attention, working memory, and arithmetic
capabilities.

Abbreviations

AF Atrial fibrillation

VCl Vascular cognitive impairment

MRI Magnetic resonance imaging

ECG Electrocardiography

3MS The Modified Mini-Mental State Examination Test
MMSE Mini-Mental State Examination
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PALT Paired Associate Learning Test

BVRT Benton Visual Retention Test

PASAT Paced Auditory Serial Addition Test

ME Memory and Executive Screening score
CBF Cerebral blood flow

LAE Left atrial enlargement

@] Cerebral ischemia

CVD Cerebrovascular disease

v Left ventricular

MClI Mild cognitive impairment
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