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Abstract

Aim: Atrial fibrillation (AF) is a supraventricular tachyarrhythmia characterized by uncontrolled atrial electrical activity. Hyperuricemia is a
metabolic disease caused by an imbalance in purine metabolism and the production and excretion of uric acid. Although some studies report a
significant association between hyperuricemia and AF, few studies have examined this relationship in the elderly population. This study aimed
to investigate the relationship between hyperuricemia and atrial fibrillation in elderly individuals and to compare the other risk factors and
mortality status in people of the same age group without AF.

Methods: The study included patients over the age of 65 who had not been previously diagnosed with hypertension, non-alcoholic fatty liver
disease, clinical/subclinical hyperthyroidism, or heart failure and had not used antihypertensive medications, along with a control group of the
same number of individuals without these conditions.

Results: Patients with AF had higher uric acid levels. Unlike previous studies, this study conducted in an elderly population found that women
had a higher prevalence of AF compared to men. It was also identified that predisposition to inflammation is an independent risk factor for the
development of AF. In the very elderly group (over 85 years), the mortality rate was higher, and GFR was lower in patients with AF.

Conclusion:

In the normotensive elderly population, individuals with hyperuricemia had a significantly higher risk of AF. Hyperuricemia may be a marker
of AF in normotensive elderly individuals. Moreover, closer monitoring for AF is recommended in elderly women, during infections, or in cases
of renal failure.
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Introduction

Atrial fibrillation (AF) is a supraventricular tachyarrhythmia
characterized by uncontrolled atrial electrical activity. Its average
global prevalence is 2-4%." AF is the most common arrhythmia
among patients with various cardiovascular comorbidities and
becomes more frequent with age.?

By 2050, the number of people aged 65 and older is expected to
double to 1.5 billion, while the number of individuals aged 80 and
older is projected to triple to 0.4 billion.*> In the European Union,
the number of elderly AF patients aged 65 and older is expected
to increase by 89% by 2060. Very elderly AF patients aged 80
and older represented 51.2% of the total AF population in 2016,
expected to rise to 65.2% by 2060.*

Known risk factors for AF include advanced age, male sex, smoking,
hypertension, heart failure, diabetes, obesity, valvular heart
disease, myocardial infarction, and cardiac surgery.®

Hyperuricemia (HUA) is a metabolic disease caused by an imbalance
in purine metabolism and the production and excretion of uric acid.
Several studies have reported a significant association between
hyperuricemia and AF.®” However, limited research has explored
the association between elevated uric acid levels (hyperuricemia)
and AF in older adults, where AF is known to be more prevalent.

In this context, the purpose of this research was to examine
the relationship between HUA and AF in elderly individuals and
compare other risk factors and mortality status in individuals of
the same age group without AF.

Materials and Methods

Patient Selection

Patients registered in the Turkish Ministry of Health data
screening system between 2022 and 2023 were retrospectively
reviewed. The study included patients over 65 years of age who
had not been previously diagnosed with hypertension or heart
failure and had not used antihypertensive medications. Research
has previously established an association between non-alcoholic
fatty liver disease (NAFLD) and both a higher occurrence of AF
and elevated uric acid levels.® Therefore, patients diagnosed with
NAFLD or hyperthyroidism from one year before four years after
the diagnosis date were excluded based on ICD codes. The age
of individuals when they were first diagnosed with AF and their
blood test results at that time were recorded. Of these patients,
the ones who died within the following 4 years were recorded
to determine the mortality rates. A total of 500 patients who
received a first-time diagnosis of AF were included in the study.
A comparison group consisting of 500 participants of the same
age group without a chronic disease diagnosis was also recorded.
Blood test results and mortality data for the control group over the
same four-year period were analysed.

Determination of Hyperuricemia
Uric acid levels higher than 7.0 mg/dL in men and 6.0 mg/dL in
women were considered indicative of hyperuricemia.’

Detection of Atrial Fibrillation

Patients with an ICD code of AF in the database of the Turkish
Ministry of Health’'s national database and in whom this diagnosis
was made for the first time were identified. The date of first
diagnosis was reviewed. Patients with this diagnosis at least 3
episodes since this date were included in the study.

Clinical and Laboratory Characteristics of Patients
Laboratory data obtained at the time of diagnosis in patients
with AF and the control group were recorded from the system.

Age, gender, uric acid, glucose, creatinine, total cholesterol, low-
density lipoprotein cholesterol (LDL), c-reactive protein (CRP),
estimated glomerular filtration rate (eGFR), and mortality status
were analysed at the time of diagnosis in both AF patients and the
healthy group.

Ethical Approval
This study was approved by the Ethics Committee of Turkish Ministry
of Health (Date: 10.08.2023, Decision No: 953413442-020).

Statistical Analysis

The data were determined using IBM SPSS 26 (IBM Corp,
Released 2019). The Kolmogorov-Smirnov test was used to assess
the normality of the distribution. The Mann-Whitney U test was
employed for comparing quantitative variables that did not follow
a normal distribution between groups. Pearson’s chi-square test
was used to compare categorical variables between groups, and
multiple comparisons were evaluated with the Bonferroni-corrected
Z test. Factors affecting AF within age groups were analysed with
multivariate logistic regression analysis. Factors influencing AF
were examined using logistic regression analysis. The results of
the analyses were presented as median (minimum-maximum)
for quantitative variables and as frequency (percentage) for
categorical variables. The significance level was set at “P < .05".

Reporting Guidelines
This study was reported according to the STROBE guidelines.

Results

Our study included 500 elderly participants with AF and 500 with
normal sinus rhythm (NSR). Among the elderly participants, the
mean age of those with AF was 75.35, while the mean age of

Table 1. Comparison of laboratory and clinical features of patients
with atrial fibrillation and normal sinus rhythm

(n = 500)
Variables i P value
Normal sinus -, .| fibrillation

ﬁ.ge & 72 (66-112) 74 (66-100)  <0.001™

iagnosis, y
65-74 330 (66)* 275 (E52)F
75-84 142 (28.4)2 148 (29.6)2 < 0.001*
> 85 28 (5.6)* 76 (15.2)°
Gender
F | 2 17 2

emale 65 (53) 6 (35.2) <0.001"
Male 235 (47) 324 (64.8)
Uric acid -
(mg/dL) 5(1-8) 6 (2-10.6) < 0.001
Glucose -
(me/dL) 104 (12-441) 104 (55-448) 771
Creatinine -
(mg/dL) 0.8 (0.1-7.5) 1(0.3-2.7) 124
eGFR N
(ml/dk/1 73m?) 70 (55-85) 63 (40-85) < 0.001
Total choles- N
terol (mg/dL) 213 (140-272) 185(114-325) < 0.001
LDL-C i
(mg/dL) 111 (35-292) 99 (46-209) 0.040
CRP (mg/L) 4.3 (0-302) 7.5 (0-301) <0.001™
Mortality
No 471 (94.2) 397 (79.4) <0.001*
Yes 29 (5.8) 103 (20.6)

m: Mann-Whitney U test, x: Pearson chi-square test, a-b: There is no difference between
groups with the same letter (Z test with Bonferroni correction), median (min.-max.), n (%)
Abbreviations: DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; LDL-C, low-
density lipoprotein cholesterol; CRP, C-reactive protein
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those with NSR was 73.14. Women constituted 35.2% of the AF
group, whereas 53% of the NSR group were women. When elderly
participants in the AF group were further divided based on the
presence of hyperuricemia, 179 patients (35.8%) were found to
have hyperuricemia. While 47% of the participants with NSR were
male, 64.8% of the AF group were male.

Comparison of Patients with and without Atrial Fibrillation
There is a statistically relevant difference between the uric acid
values of the patients according to the groups (P < .001). The
median uric acid value of patients in normal sinus rhythm is 5,
while AF patients had a higher median uric acid value of 6.

Our study results showed that in individuals with AF, as opposed
to those with normal sinus rhythm (NSR), AF increased with
advancing age (P < .001). A significant difference was observed in
the diagnosis age distributions between the groups (P <.001). The
median age at diagnosis was 72 for the NSR group and 74 for the

Table 2. Comparison of the characteristics of patients in the AF
group with and without hyperuricemia

Normal uric acid Hyperuricemia P

L n = 321 (n=179 value
Age 73 (66-100) 74 (66-98) 251m
Age at Diagnosis
65-74 182 (56.7) 94 (52.5)
75-84 94 (29.3) 54 (30.2) .544x
> 85 45 (14) 31(17.3)
Gender
Female 95 (29.6) 81 (45.3)

<.001*
Male 226 (70.4) 98 (54.7)
Glucose 103 (55-448) 108 (65-420)  .223m
Creatinine 0.8 (0.3-2.7) 0.9 (0.49-2) <.001m
eGFR 69 (45-85) 55 (40-71) <.001m
Total
cholesterol 183 (114-325) 195 (120-325) .233m
LDL-C 101 (46-209) 97.5 (46-209) .078™
CRP 7 (0-301) 9 (1-250) .008™
Mortality
No 258 (80.4) 139 (77.7) 471
Yes 63 (19.6) 40 (22.3)

m: Mann Whitney U test, x: Pearson chi-square test, median (min.-max.), n (%)

Table 3. Evaluation of factors affecting atrial fibrillation regression
analysis

Univariate Multivariate

Variables P

OR (95% CI) OR (95% ClI)

value

Age at Diagnosis (Ref: 65-74)

1.246

1.326

75-84 (0.942-1.649) 124 (0.761-2.311) 319
RS (2.034?;15) il (1.1537-2.3355) s
(GReenf(:j?;male) (0.3%2.2621) i (o.sgﬁ?ees) kil
LINE &eld (1.6;.28—3?084) =0a1 (0.84;?15.298) B84
eGFR (0.8248-?).5887) <001 (0,8(5)%8—(8)?921) <001
Ir?:)?elzsterol (0.9%-9(33.396) =001 (0,95(3)69-%.1997) £02
LDL-C (0.9(9)39-?).6999) 018 (0.9839-??005) BT8R
e (11-ic.)838) s (11-i98174) R

OR: Odds ratio, Cl: confidence interval, Accuracy = 0.700

AF group. A significant difference was observed between the age
at diagnosis distributions of the patients between the groups (P <
.001). This difference was determined between the proportions of
patients aged 65-74 years and patients aged 85 years and over.
While 66% of patients with normal sinus rhythm were between 65-
74 years of age, this rate was 55.2% in AF patients. While 5.6% of
patients in normal sinus rhythm were 85 years and older, this rate
was 15.2% in AF patients. Statistically significant variations were
also observed in gender distribution between the two groups (P <
.001). While 47% of patients with normal sinus rhythm were male,
64.8% of AF patients were male. Furthermore, uric acid, CRP, and
mortality rates were higher, and GFR was lower in the AF group
(Table 1).

Comparison of Hyperuricemia Presence in Patients with Atrial
Fibrillation

No differences were detected in the ages of patients with and
without hyperuricemia. A statistically significant relationship was
found between gender and hyperuricemia status (P < .001). The
ratio of women with hyperuricemia was 46%, compared to 30.2%
in men. In the hyperuricemia group, creatinine and CRP levels were
statistically higher, while eGFR levels were statistically decreased.
No differences in mortality were observed between normal and
elevated uric acid levels in patients with AF (Table 2)

Factors Affecting Atrial Fibrillation
Factors affecting AF were examined using univariate and
multivariate logistic regression models.

In the univariate analysis, patients aged 85 and above were at a
higher risk of AF compared to those aged 65-74 (OR: 3.245, P
< .001). Women had a higher risk of AF compared to men (OR:
0.482, P <.001). As UA and CRP levels increased, the risk of AF also
increased (OR: 1.855, P < .001; OR: 1.004, P = .037). Conversely,
as GFR, LDL, and total cholesterol levels increased, the risk of
developing AF decreased (OR: 0.865, P <.001; OR: 0.996, P = .018;
OR:0.993, P <.001). In the multivariate logistic regression analysis,
patients aged 85 and above had a significantly higher risk of AF
(OR: 2.753, P =.018). As GFR and total cholesterol levels increased,
the risk of AF decreased (OR: 0.889, P <.001; OR: 0.991, P = .002).
However, as CRP levels increased, the risk of AF increased (OR:
1.007, P = .048). The model generated from the multivariate
analysis correctly classified 70% of cases (Table 3).

Discussion

Main Findings

Our study revealed several key findings. Uric acid levels were
higher in patients with AF. Unlike previous studies, this study
conducted in an elderly population found that women had a higher
prevalence of AF compared to men. It was also identified that
predisposition to Inflammation acts as an independent contributor
to AF development. In the very elderly group (over 85 years), the
mortality rate was higher, and GFR was lower in patients with AF.
Finally, our study demonstrated an inverse relationship between
high cholesterol levels and the development of AF.

Hyperuricemia and AF

Similar studies have indicated that hyperuricemia increases risk
due to its association with inflammation, fibrosis progression,
apoptosis activation, calcium homeostasis impairment, and
immune regulation.’® A key mechanism underlying the detrimental
cellular effects of uric acid is the heightened activity of xanthine
oxidoreductase (XOR), a critical enzyme in UA metabolism. XOR
contributes to the generation of reactive oxygen species (ROS),
a process further amplified by elevated nicotinamide adenine
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dinucleotide phosphate oxidase (NADPH) activity."" Taufiq et al.
found that uric acid triggers electrical remodelling by altering
action potential repolarization and reducing action potential
duration. This effect is mediated by the upregulation of Kv1.5
protein, a key player in the electrophysiological function of
atrial myocytes.”” In our study, hyperuricemia was markedly
significantly higher in AF patients than in individuals with normal
uric acid levels. Cross-sectional studies conducted have reported
a positive association between hyperuricemia and AF prevalence.
Furthermore, population-based prospective cohort studies have
shown that hyperuricemia is associated with a higher risk of AF.'®

Age and Atrial Fibrillation

According to the 50-year follow-up of the Framingham Heart
Study, advancing age is the most significant risk factor for the
development of AF.' Large-scale European studies also report a
significant increase in AF incidence in men after age 50 and in
women after age 60." The “Consensus of the French Society of
Geriatrics and Gerontology and the French Society of Cardiology,”
which analysed AF prevalence classified by age and gender
across studies published between 1991 and 2011, indicates that
70% of AF patients are over 75 years old, suggesting that this
arrhythmia predominantly affects the elderly. Aging is associated
with the continuously increasing prevalence and incidence of AF.'®
Similarly, in our study, individuals in the NSR group were younger
compared to those with AF, and advancing age was identified as
an independent risk factor for AF.

Gender and Atrial Fibrillation

In a study of 1,544 patients (821 men and 723 women) with
newly diagnosed AF, Schnabel et al. found that women with
AF were older, had a higher rate of hypertension medication
prescriptions, and exhibited a poorer blood pressure profile.'®
European Observational Research Program on Atrial Fibrillation
(EORP-AF) corroborated recent reports stating that Women tended
to be older, exhibited more symptoms, and were more frequently
affected by non-ischemic heart failure. EORP-AF also noted
that women were prescribed fewer antiarrhythmic treatments,
primarily involving rate-controlling medications, although they
were more symptomatic than men. Furthermore, women had
a higher overall risk of stroke and had a higher rate of oral
anticoagulation use (95.3% vs. 76.2%)."” Although the incidence of
AF is typically lower in women, studies indicate that in populations
over 75, the gender distribution of AF becomes similar due to
women’s longer life expectancy. Benjamin et al. reported that 55%
of AF patients are women. Although SUA is higher in men than
in women before menopause, it also increases in women after
menopause. Considering that the incidence of AF increases with
age in both groups, the fact that SUA increases with age in women
can be attributed to the higher incidence of AF in older women
compared to men.'® In our study, which included elderly patients,
the percentage of women with AF was higher.

Inflammation and Atrial Fibrillation

Studies found that CRP significantly enhances inward L-type
calcium (Ca?*) currents in atrial myocard cells. This suggests that
the primary mechanism by which CRP promotes AF is through
increased calcium currents, rather than affecting pro-collagen
gene expression in atrial fibroblasts or altering other ionic currents.
Highlighted the crucial role of inflammation in AF development
and progression.” CRP can act as an indicator of inflammatory
states that potentially promote the ongoing persistence of AF
through structural and/or electrical changes in the atrial tissue.
Inflammatory pathways could form the basis for AF treatments,
highlighting the necessity for randomized trials involving anti-

inflammatory drugs and/or other medications that reduce CRP
levels.2® Similarly, in our study, CRP levels were found to be higher
in patients with AF, consistent with the studies. Both univariate
and multivariate analyses revealed that as CRP levels increased,
the risk of AF also rose.

Renal Function and Atrial Fibrillation

The presence of cardiovascular disease, as well as traditional
cardiovascular risk factors such as smoking, hypertension,
dyslipidaemia, and diabetes, is more prevalent in individuals with
impaired kidney function. Other factors linked to kidney dysfunction,
such as elevated inflammatory signalling molecules, elevated
oxidative stress, and impaired endothelial function, disturbances in
calcium-phosphate balance, proteinuria, and high uric acid levels,
also contribute to accelerated atherosclerosis and cardiovascular
risk.?! Both renal dysfunction and AF are associated with elevated
levels of asymmetric dimethylarginine (ADMA), a potent endogenous
nitric oxide synthase inhibitor. ADMA is a recognized risk factor
for oxidative stress, impaired vascular function, and heart failure,
as well as a strong predictor of poor cardiovascular prognosis
and increased mortality. Moreover, AF has been demonstrated to
impact renal function through various mechanisms, such as the
downregulation of renal neutral endopeptidase expression and
the activation of pro-fibrotic cascade. These factors may explain
the observed changes in renal function.?? In our study, patients with
AF had lower GFR levels compared to the NSR group, and regression
analysis identified reduced GFR as an independent risk factor for AF.

Mortality and Atrial Fibrillation

AF is a major contributor to mortality due to stroke and
cardiovascular disorders, and it is independently associated with
a 1.5- to 2-fold increase in the risk of all-cause mortality, stroke,
and heart failure-related morbidity. In our study, the mortality rate
was significantly greater in AF patients compared to individuals in
the NSR group.

Limitations

Among the limitations of our study, there were limitations in the
physical examination and evaluation of additional diseases of the
patients because our study was a cross-sectional study.

Scientific Responsibility Statement: The authors declare that they
are responsible for the article’s scientific content, including study
design, data collection, analysis and interpretation, writing, some
of the main lines, or all of the preparation and scientific review of
the contents and approval of the final version of the article.

Animal and Human Rights Statement: All procedures performed in
this study were in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or comparable
ethical standards.

Conclusion

Studies have confirmed that hyperuricemia is independently
related to the incidence of AF. A key factor in uric acid elevation
is the heightened activity of xanthine oxidoreductase (XOR), a
critical enzyme in uric acid metabolism. XOR drives the production
of reactive oxygen species (ROS), a process further amplified by
increased nicotinamide adenine dinucleotide phosphate oxidase
(NADPH) activity. Reduction of oxidative stress through inhibition
of xanthine oxidase using allopurinol or another similar drug, of
NADPH-oxidase using apocynin, or the use of N-acetylcysteine,
might be beneficial. Hyperuricemia may be a marker of AF
in normotensive elderly individuals. The mortality rate was
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significantly greater in AF patients compared to individuals in the
NSR group. We would like to emphasize the importance of rhythm
control and medication use in elderly patients with AF.
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AF: Atrial fibrillation

CRP: C-reactive protein

eGFR: Estimated glomerular filtration rate
GFR: Glomerular filtration rate

HUA: Hyperuricemia

LDL-C: Low-density lipoprotein cholesterol
NAFLD: Non-alcoholic fatty liver disease
NSR: Normal sinus rhythm

OR: Odds ratio

UA: Uric acid
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