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Abstract

Background/Objectives: Atrial fibrillation (AF) and chronic kidney disease (CKD) fre-
quently coexist and are associated with a high risk of cardiovascular complications. Pre-
vious studies have primarily focused on differences in clinical profiles by anticoagulant
therapy or arrhythmia. Only a limited number of studies have evaluated the impact of CKD
severity on patients’ clinical characteristics. Methods: This retrospective observational
study aimed to characterize the clinical profile of contemporary patients with AF and CKD
with an estimated glomerular filtration rate (eGFR) of 15–49 mL/min/1.73 m2. The analysis
included patients with AF from the CRAFT registry (NCT02987062). Patients were divided
into two groups according to eGFR: 15–49 mL/min/1.73 m2 and ≥50 mL/min/1.73 m2.
The groups were compared with respect to demographic characteristics, comorbidities, and
treatment patterns. Statistical analyses included the Mann–Whitney U test, the chi-square
test and multivariable logistic regression analysis. Results: A total of 3203 patients with AF
were included, of whom 1153 had eGFR < 50 mL/min/1.73 m2. Compared with patients
with eGFR ≥ 50 mL/min/1.73 m2, those with lower eGFR were significantly older, more
often female, and had a higher burden of comorbidities, including arterial hypertension,
heart failure, coronary artery disease, and diabetes mellitus. Direct oral anticoagulants
were the predominant anticoagulant therapy, irrespective of renal function. Conclusions:
Patients with AF and moderate-to-severe CKD present a distinct clinical profile character-
ized by advanced age and a higher burden of comorbidities. These findings improve the
understanding of the clinical profile of patients with AF and moderate-to-severe CKD and
may support risk assessment and clinical decision-making.

Keywords: atrial fibrillation; comorbidity; anticoagulation; renal insufficiency; chronic

1. Introduction
Atrial fibrillation (AF) is the most common arrhythmia in the general population,

affecting approximately 3% of individuals over 21 years of age [1].
The prevalence of AF is particularly high among patients with chronic kidney disease

(CKD). This may be related to electrolyte disturbances, abnormalities of calcium–phosphate
metabolism, and fluid overload, which are especially common in advanced stages of CKD.
AF is estimated to occur in 16–21% of patients with CKD, and in the dialysis population, this
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proportion increases to as much as 40% [2]. The coexistence of AF and CKD is associated
with a markedly increased risk of thromboembolic events, bleeding complications, and
all-cause mortality [3].

At the same time, lifestyle changes and ongoing societal development have con-
tributed to an increasing prevalence of overweight and obesity, which are closely associated
with hypertension and diabetes mellitus. These conditions are major risk factors for
both the development and progression of CKD, contributing to the growing number of
affected patients.

Most previous studies have focused on patients with AF, stratified by anticoagulant
therapy or arrhythmia subtype.

The aim of the present study was to provide a detailed characterization of the clin-
ical profile of patients with AF and to compare two populations: those with an esti-
mated glomerular filtration rate (eGFR) ≥ 50 mL/min/1.73 m2 and those with an eGFR of
15–49 mL/min/1.73 m2. Identifying differences between these groups may provide new
insights into patients with AF and coexisting renal dysfunction.

2. Materials and Methods
2.1. Study Description

This registry-based study uses data from the Polish CRAFT registry (MultiCen-
ter expeRience in AFib patients Treated with OAC), registered in the ClinicalTrials.gov
(NCT02987062). The registry comprises a retrospective analysis of hospital discharge
records of patients with AF treated with oral anticoagulants, including vitamin K antago-
nists (VKAs) and direct oral anticoagulants (DOACs). The diagnosis of atrial fibrillation
was established by the treating physicians according to the applicable ESC guidelines in
force at the time of hospitalization and documented in the hospital discharge records.

According to the applicable Polish regulations, ethics committee approval and in-
formed consent were not required due to the retrospective design of the study, which was
based on hospital discharge records.

Initially, all patients with AF, regardless of age, hospitalized at a metropolitan academic
center and a district hospital between 2011 and 2016 were included.

Exclusion criteria included anticoagulant therapy prescribed for indications other than
AF, such as venous thromboembolism or a mechanical heart valve.

The registry collected data on demographics, comorbidities, AF type (paroxysmal,
persistent, or permanent), selected laboratory parameters, and the treatment at hospital
discharge. Since 2017, the CRAFT registry has been conducted exclusively in the district
hospital. Although the CRAFT registry was initially conducted in two centers, the present
analysis was based exclusively on patients from the district hospital between 2014 and 2022.
Therefore, inter-center heterogeneity did not affect the present study.

2.2. Statistical Analysis

Statistical analysis was performed to compare clinical characteristics across eGFR
groups. eGFR was calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) formula. A total of 3203 patients with AF were included and divided into
two groups:

• eGFR ≥ 50 mL/min/1.73 m2 (n = 2050).
• eGFR of 15–49 mL/min/1.73 m2 (n = 1153).
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Analyses were performed using Statistica software, version 13 (TIBCO Software Inc.,
Palo Alto, CA, USA).

The distribution of continuous variables was assessed using the Kolmogorov–Smirnov
test with Lilliefors correction. Due to non-normal distribution, the Mann–Whitney U test
was used for comparisons.

Categorical variables were analyzed using the chi-square test of independence.
For statistically significant results, the strength of association was assessed using the

Phi coefficient and Cramér’s V.
A multivariable logistic regression analysis was performed to identify clinical variables

independently associated with eGFR category.
Before model construction, relationships between the explanatory variables were as-

sessed to evaluate potential collinearity. The strength of these associations was weak or very
weak; therefore, no variable was excluded from the initial model. The initial model included
age, sex, atrial fibrillation type, arterial hypertension, diabetes mellitus, heart failure, and
coronary artery disease. Categorical variables were coded as follows. For comorbidities, a
value of 1 indicated the presence of a given condition and 0 its absence. Sex was coded as
1 for women and 2 for men. The dependent variable was coded as 0 for patients with an
eGFR < 50 mL/min/1.73 m2 and 1 for those with an eGFR ≥ 50 mL/min/1.73 m2. Variables
that did not reach statistical significance in the initial model were removed, and the final
model was refitted using the remaining predictors. Consequently, atrial fibrillation type
was excluded from the final model. The goodness of fit of the final model was assessed
using the Hosmer–Lemeshow test. All statistical tests were conducted with an adopted
significance level of α = 0.05.

Detailed statistical results are presented in Table 1, and the distribution of clinical
variables in Table 2. Due to missing data, the number of patients included varied across
analyses. Analyses were performed using complete-case data for each variable, and the
number of missing values for each variable is presented in Table 2. The results of the
multivariable logistic regression analysis are presented in Table 3.

Table 1. Association between eGFR category and clinical variables.

Variable Test, Statistic df p-Value Effect Size (Φ/V)

Age U = 754,329.5 — p < 0.001 —

Sex χ2 = 94.42 1 p < 0.001 Φ = 0.17

Type of AF χ2 = 10.70 2 p = 0.005 V = 0.06

Diabetes mellitus χ2 = 31.18 1 p < 0.001 Φ = 0.10

Hypertension χ2 = 12.75 1 p < 0.001 Φ = 0.06

Coronary artery disease χ2 = 11.90 1 p < 0.001 Φ = 0.10

Alcohol or drug dependence χ2 = 10.70 1 p = 0.001 Φ = 0.10

Heart failure χ2 = 107.83 1 p < 0.001 Φ = 0.20

BMI χ2 = 5.52 3 p = 0.137 —

Hyperthyroidism χ2 = 0.16 1 p = 0.689 —

Anticoagulant type χ2 = 0.01 1 p = 0.81 —

Φ—phi coefficient, V—Cramer’s V, U—Mann–Whitney statistic, χ2—chi-square test. (Abbreviations: AF—Atrial
Fibrillation; BMI—Body Mass Index).
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Table 2. Baseline characteristics of patients.

eGFR 15–49 mL/min/
1.73 m2 (n = 1153)

eGFR ≥ 50 mL/min/
1.73 m2 (n = 2050) Missing Values (n)

Age (mean) 78.63 72.12 25

BMI, kg/m2 (mean) 28.79 28.65 992

Female sex 650 (57.27%) 806 (39.36%) 20

Type of AF

Paroxysmal 467 (41.18%) 873 (42.67%)

23Persistent 103 (9.08%) 252 (12.32%)

Permanent 564 (49.74%) 921 (45.01%)

Arterial hypertension 827 (72.86%) 1367 (66.75%) 20

Diabetes mellitus 465 (41.01%) 638 (31.17%) 22

Heart failure 887 (78.15%) 1229 (60.01%) 20

Coronary artery disease 431 (37.97%) 654 (31.93%) 20

Hyperthyroidism 116 (10.24%) 219 (10.69%) 22

Alcohol/drug dependence 16 (1.45%) 68 (3.46%) 129

CHA2DS2-VASc score (mean) 4.86 3.79 None *

Anticoagulant therapy

None **VKA 176 (18.59%) 320 (18.97%)

DOAC 771 (81.41%) 1367 (81.03%)
* For calculation of the CHA2DS2-VASc score, missing values for individual components were considered
as an indicator of the absence of the respective risk factor, while missing age values contributed 0 points to
the age component. ** Missing values refer to unavailable data for a given variable. Patients not receiving
oral anticoagulant therapy were not considered missing observations. (Abbreviations: AF—Atrial Fibrillation,
BMI—Body Mass Index, DOAC—Direct Oral Anticoagulant, eGFR—estimated Glomerular Filtration Rate, VKA—
Vitamin K Antagonist).

Table 3. Results of the multivariable logistic regression analysis.

Variable Reference Category OR 95% CI p-Value

Age (years) – 1.059 1.050–1.069 <0.001

Sex Female 1.683 1.430–1.981 <0.001

Hypertension Absent 0.830 0.699–0.987 0.035

Diabetes mellitus Absent 0.697 0.591–0.821 <0.001

Heart failure Absent 0.437 0.366–0.521 <0.001

Coronary artery disease Absent 0.783 0.663–0.924 0.004
(Abbreviations: CI—confidence interval; OR—odds ratio).

3. Results
Patients with eGFR 15–49 mL/min/1.73 m2 were older than those with

eGFR ≥ 50 mL/min/1.73 m2 (mean age 78.6 ± 9 vs. 72.1 ± 11.4 years). The predom-
inant age group was 80–90 years in the lower eGFR group and 70–80 years in the higher
eGFR group (Figures 1 and 2).

BMI (Body Mass Index) distribution was similar in both groups, with the majority of
patients being overweight or obese (Figures 3 and 4).
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Figure 1. Distribution of age data in the eGFR 15–49 mL/min/1.73 m2 group.

Figure 2. Distribution of age data in the eGFR ≥ 50 mL/min/1.73 m2 group.

Women predominated in the eGFR 15–49 mL/min/1.73 m2 group (57%), whereas
men were more frequent in the eGFR ≥ 50 mL/min/1.73 m2 group (61%). Permanent AF
was the most common arrhythmia subtype (~50%), followed by paroxysmal AF (~40%)
and persistent AF (~10%). Comorbidities—including hypertension, diabetes mellitus, heart
failure, and coronary artery disease—were more prevalent in patients with lower eGFR,
with the largest difference observed for heart failure (78% vs. 60%). Hyperthyroidism and
alcohol or drug dependence were rare and occurred at similar rates in both groups.

Patients with eGFR 15–49 mL/min/1.73 m2 had a higher mean CHA2DS2-VASc score
than those with eGFR ≥ 50 mL/min/1.73 m2 (4.86 vs. 3.79). Among all patients, 82.2%
received anticoagulant therapy. DOACs were the predominant treatment (81%) regardless
of eGFR, while VKAs were used in 19% of patients.
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Figure 3. Distribution of BMI data in the eGFR 15–49 mL/min/1.73 m2 group.

Figure 4. Distribution of BMI data in the eGFR ≥ 50 mL/min/1.73 m2 group.

Multivariable logistic regression analysis demonstrated that older age, female sex,
and the presence of arterial hypertension, diabetes mellitus, heart failure, and coronary
artery disease were independently associated with a higher likelihood of belonging to the
group with reduced renal function (eGFR < 50 mL/min/1.73 m2) (Table 3). The final model
showed good fit according to the Hosmer–Lemeshow goodness-of-fit test (p = 0.485).

4. Discussion
The aim of this study was to characterize the clinical profile of patients with AF

and concomitant CKD with an eGFR of 15–49 mL/min/1.73 m2 and to identify potential
differences compared with patients with preserved or mildly impaired renal function.

The eGFR cut-off of 50 mL/min/1.73 m2 was adopted in line with major randomized
trials, such as ROCKET-AF and RE-LY, in which this threshold is used to determine dose
reduction for rivaroxaban and dabigatran [4,5].
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Patients with reduced eGFR represent a distinct high-risk population, primarily due
to their advanced age and a greater burden of comorbidities.

Several previous studies and large AF registries have evaluated patients according
to renal function. However, these analyses primarily focused on anticoagulant treatment
strategies, treatment patterns, or clinical outcomes, including mortality, thromboembolic
events, and bleeding complications. The HERA-FIB registry is one of the few studies
presenting baseline clinical characteristics according to eGFR categories [6]. The primary
objective of the present study was to provide a detailed clinical characterization of patients
with AF and moderate-to-severe CKD in comparison with those with preserved or mildly
impaired renal function in a contemporary real-world cohort, thereby complementing the
existing evidence on patients with AF and CKD.

Across AF registries, patients aged 65 years and older predominate. In the study by
Salbach et al., patients with impaired renal function were significantly older than those
with normal renal function [6]. A similar relationship was observed in our analysis, where
patients with eGFR of 15–49 mL/min/1.73 m2 were on average 6.5 years older.

This association likely reflects the higher burden of comorbidities in older individuals,
particularly hypertension and diabetes mellitus, which are key risk factors for CKD devel-
opment and progression. Renal function typically declines progressively with age, at a rate
of approximately 1–2 mL/min/1.73 m2 per year, further explaining lower eGFR values in
older patients. Moreover, advanced age itself is associated with faster CKD progression.

Overweight and obesity predominated in our study population, consistent with global
trends observed in AF cohorts [7,8].

In line with previous studies, men predominated in the group of patients with
eGFR ≥ 50 mL/min/1.73 m2 [9,10]. However, women were more frequent in the group
with eGFR 15–49 mL/min/1.73 m2. A similar trend has been reported in an Italian study
of patients with stage G4 CKD [11]. In the HERA-FIB registry, men still constituted the ma-
jority among patients with reduced eGFR, although the proportion was more balanced [6].

Although male sex is generally considered a risk factor for both AF and CKD, the
increasing proportion of women observed in advanced CKD stages may indicate that sex-
related differences become less pronounced with disease progression. Given the limited
available data, these findings should be interpreted cautiously but support the need for
further studies evaluating sex-specific differences across CKD stages.

Permanent AF was the most common arrhythmia subtype in our study, which is
consistent with findings from the RECALL and the J-RYTHM registries [12,13]. In contrast,
other registries, including GLORIA-AF, POL-AF, and PAFF, reported a predominance of
paroxysmal AF [14–16].

These discrepancies may reflect differences in patient recruitment, particularly be-
tween inpatient and outpatient settings. In addition, the predominance of academic centers
in certain registries may influence the distribution of AF types. Previous analyses from
the CRAFT registry also demonstrated that patients treated in district hospitals were older,
more often female, had a higher comorbidity burden, and more frequently presented with
persistent AF compared with those treated in academic centers [17].

Heart failure and arterial hypertension were the most prevalent comorbidities among
patients with eGFR 15–49 mL/min/1.73 m2 (78% and 73%, respectively). These findings
are consistent with previous registries, including POL-AF and studies involving patients
with advanced CKD [11,15].

Hypertension is consistently reported as the most common comorbidity in AF popula-
tions, often exceeding 70% prevalence [8,18,19]. In the HERA-FIB registry, hypertension
was present in over 90% of patients with reduced eGFR [6].
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The high prevalence of both hypertension and heart failure reflects their bidirectional
relationship with CKD, where each condition contributes to the development and progres-
sion of the others.

The prevalence of diabetes mellitus in AF populations typically ranges from 12.5% to
33.6%. In our study, diabetes was present in 41% of patients with eGFR 15–49 mL/min/1.73 m2,
which is among the highest reported values. A similar pattern was observed in the HERA-
FIB registry [6].

This finding may be explained by the bidirectional relationship between diabetes and
CKD. Chronic hyperglycemia contributes to renal damage, while CKD may exacerbate
insulin resistance and impair glucose metabolism.

Coronary artery disease (CAD) followed a similar pattern, with a higher prevalence
in patients with reduced eGFR. A similar relationship was observed in the HERA-FIB
registry, where CAD prevalence increased with declining renal function [6]. CKD promotes
CAD development through mechanisms such as accelerated atherosclerosis, fluid overload,
anemia, and metabolic disturbances. In contrast, lower CAD prevalence reported in
Japanese and French registries may reflect differences in the studied populations and
healthcare systems [20–22].

These findings were also associated with a higher mean CHA2DS2-VASc score in
patients with impaired renal function.

In our study, hyperthyroidism occurred at a similar frequency regardless of eGFR
level and was more common than in other AF registries, including J-RHYTHM and EORP-
AF [13,23]. Although amiodarone use may influence the prevalence of thyroid dysfunction,
the higher rates observed in our population are more likely attributable to environmental
factors. This observation may be related to the historical iodine deficiency in the Polish
population, which has been associated with the development of autonomous thyroid
nodules and toxic nodular goiter in older individuals.

Alcohol and drug dependence were relatively uncommon. One possible explanation
is the more frequent healthcare contact among patients with advanced CKD, which may
encourage better adherence to medical recommendations and healthier lifestyle behaviors.

Regarding anticoagulation, DOACs were the predominant therapy (81%) regardless of
renal function. This is consistent with contemporary trends and reflects increasing evidence
supporting their efficacy and safety, as well as guideline recommendations [24–26].

Compared with earlier registries [18,27,28] where VKAs predominated, the high use
of DOACs in our study likely reflects temporal trends and local clinical practice.

This study has several limitations inherent to observational research. The analysis
is based on registry data and may be affected by incomplete documentation. Due to its
observational design, causal relationships cannot be established. Despite these limitations,
the study provides valuable real-world insights into the clinical profile of patients with AF
and reduced eGFR.

5. Conclusions
This analysis identified significant differences in clinical characteristics between pa-

tients with AF and eGFR 15–49 mL/min/1.73 m2 and those with eGFR ≥ 50 mL/min/1.73 m2.
A typical patient with AF and moderate-to-severe CKD in this cohort was an elderly

woman, often overweight or obese, with permanent AF and a high burden of comorbidities,
including heart failure, hypertension, diabetes mellitus, and coronary artery disease.

Hyperthyroidism and substance dependence were relatively uncommon. DOACs
were the preferred anticoagulant therapy and were used in most patients.

As this descriptive study did not evaluate anticoagulant dosing or clinical outcomes,
no conclusions can be drawn regarding the safety or effectiveness of anticoagulant therapy.
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Further multicenter studies are warranted to better define the characteristics and optimal
management of patients with AF and moderate-to-severe CKD.
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