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Objective: In this study, we aimed to investigate the value of serum uric acid levels in predicting stroke and
transient ischemic attacks among patients with paroxysmal AF.
Methods: We enrolled patients with paroxysmal AF. Clinical and demographic features of the patients were
recorded, and CHA2DS2VASC scores were calculated. Uric acid levels were also recorded from biochemistry
results. Patient groups with and without history of stroke and transient ischemic attack were compared for
their serum uric acid levels.
Results: A total of 180 patients were enrolled in this study, of whom 62 had a history of ischemic stroke/transient
ischemic attack (symptomatic group). CHA2DS2VASC score in the symptomatic group was 4.7 ± 1.2 while it
was 2.6 ± 1.4 in the asymptomatic group (b0.001). It was also shown that uric acid levels were higher in the
symptomatic group when compared to the asymptomatic group (7.64 ± 1.12 mg/dl vs 5.06 ± 1.16 mg/dl,
p b 0.001, respectively). Multivariate analysis revealed that a serum uric acid level higher than 6.35 mg/dl was
independently associated with having a history of stroke/transient ischemic attack.
Conclusion: Assessment of uric acid levels in addition to CHA2DS2VASC score might be useful in patients with
paroxysmal AF to select patients with higher risk of stroke/transient ischemic attack.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Atrial fibrillation (AF) is a major reason for cardioembolic stroke.
Since stroke has a poor prognosis among patients with AF, it is impor-
tant to recognize patients with high stroke risk. A common practice
to assess stroke risk in AF patients is CHA2DS2VASC score.1 However,
recent studies showed that patients with lower CHA2DS2VASC scores
might also have high risk for thromboembolism.2,3 Therefore, determi-
nation of additional risk factors is necessary to recognize patients with
true low risk.

Prospective studies have shown that uric acid is associated with
inflammation and oxidative stress, both of which also operate in the
pathogenesis of AF.4–6 It was reported that the risk for development of
stroke is high among AF patients with high serum uric acid (SUA) levels
and hyperuricemia was also associated with higher rates of early mor-
tality among stroke patients.2,7 In this study, we aimed to investigate

the usefulness of SUA assessment in paroxysmal AF patients in predict-
ing the risk for stroke and transient ischemic attack (TIA).

Methods

We enrolled non-rheumatismal paroxysmal AF patients who ap-
plied to and were diagnosed in our clinic between 2012 and 2015,
amongwhomnone had anticoagulant treatment. Baseline demographic
features were registered. PAF diagnosis was assigned based on 12-lead
ECG or Holter electrocardiography recordings. AF attacks terminating
spontaneously in a period shorter than 7 days were considered to be
PAF. Patients with heart failure, moderate to severe valvular disease
and thyroid dysfunction, which was not euthyroid, were excluded
from this study. Patients with inflammatory or metabolic diseases that
disturb uric acidmetabolism, electrolyte imbalance, previousmyocardial
infarction, collagen tissue disease, cardiomyopathy and congenital heart
diseases were also excluded from this study. Patients' CHA2DS2VASc
scores were calculated.8 Stroke was defined as brain, spinal cord or
retinal cell death attributable to ischemia based on neuropathological,
neuroimaging and/or clinical evidence of permanent injury. Transient
ischemic attacks are episodes of temporary and focal dysfunction of
vascular origin, which are variable in duration, commonly lasting from
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2 to 15 min, but occasionally lasting as long as a day (24 h).9 Patients
who had a history of stroke or TIA were defined as the symptomatic
group while those who did not have such history were defined as the
asymptomatic group. Participants gave their written informed consent.
Approval was obtained from the local ethics board for this study.

Electrocardiography (ECG) with 12 derivations (Nihon Kohden,
Tokyo, Japan) was performed for all patients. All patients were subject-
ed to 2-dimensional, M-mode, pulsed and color Doppler echocardio-
graphic examinations (Philips EPIQ 7 Cardiac Ultrasound) by the same
cardiologist who was incognisant concerning the history of stroke/TIA
of patients. During echocardiography, a single lead (D2) electrocardio-
gramwas recorded simultaneously. Data were recorded from the aver-
age of three cardiac cycles. M-mode and Doppler measurements were
performed by the same cardiologist according to the American Society
of Echocardiography guidelines.10 All measurements were recorded
over an average of at least 3 cycles.

CHA2DS2VASC scores were calculated to assess the risk of thrombo-
embolism.1 Venous bloodwaswithdrawn in themorning after an over-
night fast. Lipids, creatinine and other biochemical bloodmeasurements
were determined by standard laboratory procedures. SUA levels
were recorded from routine biochemical tests. In addition, neutrophil:
lymphocyte and platelet:lymphocyte ratios were calculated as inflam-
matory markers.

Statistical analysis

Data were analyzed with the SPSS software version 15.0 for
Windows (SPSS Inc., Chicago, IL, USA). Categorical variables were pre-
sented as frequency and percentage. The χ2 test and Fisher's exact
test were used to compare categorical variables. The Kolmogorov–
Smirnov testwas used to assess the distribution of continuous variables.
Student's t-test was used for variables with normal distribution and the
values were presented as mean ± SD. Continuous variables without
normal distribution were analyzed using Mann–Whitney U test and
obtained values were presented as median (50th) values and inter-
quantile ranges (25th and 75th). The odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated. A two-tailed p-value of b0.05
was considered statistically significant.

Results

Sixty-two out of 180 patients enrolled in this study had a history of
ischemic stroke/transient ischemic attack (symptomatic group). Mean
age was 63.3 ± 3.0 years in the symptomatic group while it was
61.4 ± 3.2 years in the asymptomatic group (p = 0.128) (Table 1).

CHA2DS2VASC score in the symptomatic groupwas4.7±1.2while it
was 2.6 ± 1.4 in the asymptomatic group (p b 0.001). However, when
2 pointswere subtracted fromCHA2DS2VASC scores in the symptomatic

group due to their stroke history, there was no significant difference be-
tween the two groups for CHA2DS2VASC score (2.7 ± 1.2 vs 2.6 ± 1.4,
p = 0.07, respectively).

There were no differences between two groups for conventional
echocardiographic parameters, including left ventricular ejection frac-
tion and left ventricular hypertrophy. However, the symptomatic
group had higher left atrial diameter, left ventricular end-diastolic and
end-systolic diameters (Table 2).

SUA level was higher in the symptomatic group as compared to
asymptomatic group (7.64 ± 1.12 mg/dl vs 5.06 ± 1.16 mg/dl,
p b 0.001, respectively). Multivariate logistic regression analysis re-
vealed that SUA levels higher than or equal to 6.35mg/dl were indepen-
dently associated with the history of stroke/transient ischemic attack
(OR = 81.623; 95% CI: 17.33–384.26, p b 0.001) (Table 3).

Discussion

In this study, we showed that SUA levels equal to or higher than
6.35 mg/dl were independently associated with the history of stroke/
transient ischemic attack among patients with paroxysmal AF. This
result indicates that SUA measurement might have an additional value
in recognizing paroxysmal AF patients with higher stroke risk.

AF is a major cause of ischemic strokes. AF-related strokes have a
dismal prognosis and more than 50% of survivors have severe deficits
with a recurrence rate as high as 12%.11 Therefore, it is important to
recognize high-stroke risk paroxysmal AF patients earlier. Actual guide-
lines recommend CHA2DS2VASC score to assess the risk of thrombo-
embolism among patients with AF.1 However, according to a Danish
nationwide cohort study, patients who had a CHA2DS2VASC score of
0 and did not have anticoagulant therapy had a stroke risk of 0.64%
per year.12 Another study investigated the echocardiographic findings
associated with higher risk of thromboembolism with transthoracic
echocardiography (TTE) among patients with AF, and 32 out of 113
patients with CHA2DS2VASC score of 0–1 had high TEE risk. In this low
CHA2DS2VASC group, there was a significant SUA level difference
between patients with TEE-positive and -negative risks.13 These results

Table 1
Clinical characteristics of the study population.

Variables Stroke/TIA (+)
(n = 62)

Stroke/TIA (−)
(n = 118)

P value

Age (years) 63.3 ± 3.0 61.4 ± 3.2 0.128
N65 years 19 (62) 24 (40%) 0.039
Male, n (%) 38 (61) 50 (42) 0.046
Body mass index (kg/m2) 23.5 ± 2.1 23.1 ± 2.8 0.381
Hypertension, n (%) 52 (84) 100 (85) 1.000
Diabetes mellitus, n (%) 20 (32) 28 (24) 0.455
Coronary artery disease, n (%) 38 (61) 40 (34) 0.015
Dyslipidemia, n (%) 30 (48) 42 (36) 0.265
Smoking, n (%) 18 (29) 28 (24) 0.617
CHA2DS2VASc score 4.7 ± 1.2 2.6 ± 1.4 b0.001
Serum uric acid, mg/dl 7.64 ± 1.12 5.06 ± 1.16 b0.001

Data are expressed as mean ± standard deviation for normally distributed data and
percentage for categorical variables.

Table 2
Conventionally transthoracic echocardiographic parameters of the study population.

Variables Stroke/TIA (+)
(n = 62)

Stroke/TIA (−)
(n = 118)

P value

LVEF, % 60 (58–64) 62 (60–65) 0.321
LVEDD, mm 49.3 ± 7.0 46.1 ± 4.4 0.009
LVESD, mm 32.9 ± 8.9 29.6 ± 6.4 0.050
LAD, mm 46 ± 6.1 41 ± 7.0 0.002
LVH presence, n (%) 34 (55) 70 (58) 1.000
Mitral E/A 0.84 (0.6–1.5) 1.4 (0.7–1.7) 0.019
Mitral EDT, ms 225 ± 70 213 ± 59 0.444
IVRT, ms 112 ± 16 108 ± 22 0.417
Aortic root, mm 32.7 ± 3.9 31.4 ± 4.6 0.225

The table shows a normal distribution mean ± SD, but does not show a normal distribu-
tion median (25th vs 75th percentile). EDT, E wave deceleration time; IVRT, isovolumic
relaxation time; LAD, left atrium diameter; parasternal long axis LVEF, left ventricular
ejection fraction; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular
end systolic diameter; LVH, left ventricular hypertrophy.

Table 3
Evaluation of factors affecting stroke/TIA history with multivariate logistic regression
analysis.

Variable OR (95% CI) P value

SUA ≥6.35 mg/dl 81.623 (17.33–384.26) b0.001
N65 years 0.707 (0.163–3.073) 0.644
Coronary artery disease 0.322 (0.071–1.461) 0.142
Male sex 0.847 (0.198–3.625) 0.823

SUA, serum uric acid.
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suggest that newer risk parameters that can be used in patients with
low CHA2DS2VASC score might be useful to detect patients with true
low risk.

Uric acid represents a marker of oxidative stress and inflammation,
but depending on the cellular environment, it may exert antioxidant
or pro-oxidant effects.4,14 Prior studies reported an association between
SUA level and stroke risk, indicating that stroke patients with hyperuri-
cemia had higher early-term mortality.7,15 Studies investigating the
association between SUA level and stroke risk reported controversial
results. In a study by Chao et al., patients with higher SUA levels
had higher stroke risk.2 Loffredo et al. conducted a study with 163 AF
patients, of whom 45 had paroxysmal AF, and showed that there was
no significant difference in terms of SUA level and ischemic stroke
history.16 In our cohort, which was composed entirely of paroxysmal
AF patients, we showed the independent association between SUA
level and stroke/transient ischemic attack.

Most of the thromboembolism cases observed in AF patients origi-
nate from left atrial appendegeal thrombus. It is widely accepted that
the presence of spontaneous echo contrast in the left atrium and de-
creased left atrial appendegeal velocity were associated with thrombus
formation in the left atrium and thromboembolic events.17,18 In an
experimental study, AF patients had 4.4 times higher XO enzymatic
activity in left atrial appendix when compared to a control group.19

Cellular damage caused by increased oxidative stress causes atrial
remodeling.20 Prior studies showed a correlation between the left atrial
diameter, which is accepted to be the conventional marker of atrial
structural remodeling, and SUA levels.21

In patients with AF, evidence that elevation of uric acid was asso-
ciated with the presence of SEC/thrombus and reduced functions of
left atrial appendage are available.22–24 In study conducted by Liao
et al., they reported that SUA value of 0.67 μmol/L and above associated
with presence of SEC in the left atrium in patients with atrial fibril-
lation.22 Also, in a study by Tang et al., it has been reported to associa-
tion with elevation of SUA and presence of thrombus in the left
atrium in patients with nonvalvular atrial fibrillation.23 Additionally,
in a study which followed 7601 patients with nonvalvular AF for three
years, it was reported that hyperuricemia is a significant risk factor for
stroke development by Chao et al.2 Letsas et al. showed an association
between high SUA levels and permanent AF, in addition to nonsignifi-
cant increase in SUA levels in paroxysmal AF group when compared
to controls. This difference between AF subgroups might in part be
explained by the structural nature of remodeling in permanent AF
as opposed to its electrical nature in paroxysmal form. Moreover, the
number of paroxysmal AF patients was low in this study, which might
explain the lack of significance between groups.21

Anticoagulant treatment started after the diagnosis of AF decreases
the risk of stroke by 40% as opposed to antiplatelet therapy alone.25

Therefore, recognizing AF patients with high stroke risk is important
to initiate maximal stroke preventive therapy. There are several papers
in the literature which reported paroxysmal AF patients developing
cerebral embolism despite low CHA2DS2VASC scores. Assessment of
SUA levelsmight be useful in those patients to predict the risk. Initiating
anticoagulant therapy in addition to XO inhibition with allopurinol
might decrease the risk of stroke among patients with hyperuricemia.

Limitations

The possible limitations of the present study include that it was
a single-center experience and included a small number of patients.
Furthermore, we could not obtain Holter ECG recordings in all patients
and we did not perform carotid artery Doppler investigation in all
patients. The use of diuretics for management of hypertension might
have affected SUA levels. Sincewe could not obtain data regarding num-
ber of attacks per year to determine AF load, we failed to demonstrate
the relationship between stroke risk and AF load.

Conclusion

Since the mortality and morbidity of stroke associated with AF is
high, recognizing paroxysmal AF patients with high stroke risk is
very important. Considering that it is an easy-to-use, cheap and
widely accessible measurement, SUA levels can be used to predict
thromboembolic risk in patients with paroxysmal AF in addition to
CHA2DS2VASC scores.
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