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Abstract
Aim: To assess the hypothesis that chronic kidney disease (CKD) may affect the incidence of AF, the present study investigated the influence of renal impairment 
and CKD on the new onset of AF in this population.

Methods: A cohort of inividuals received standard therapy for treatment of sinus node disease (SND), and second- or third-degree atrioventricular block (AVB), 
DDDR pacemaker implantation. The maximum follow-up period was 6 years after the implantation procedure. 

Results: CKD, age, hypertension, smoking, left ventricular mass index (LVMI), left atrial diameter (LAD), and pacemakers implanted due to 2nd or 3rd degree 
AVB were significantly different (defined as P<0.1) between the no CKD and CKD population in the univariate Cox logistic regression model. All of them except 
hypertension were significant (P<0.05) in the multivariate Cox logistic regression model. Independent predictors of AF incidence were re-examined by stepwise 
regression analysis including all clinical and echocardiographic variables as possible independent factors. The presence of CKD as well as age, smoking, LVMI, LAD, 
and AVB was an independent predictor of new-onset AF (age, hazard ratio (HR): 1.031, 95% confidence interval (CI): 1.023 – 1.038, P<0.0001; smoking, HR: 1.315, 
95%CI: 1.110 - 1.558, P=0.0020; LVMI, HR:1.017, 95%CI: 1.013 – 1.020, P=0.0020; LAD, HR: 1.281, 95%CI: 1.241 - 1.322, P<0.0001; AVB, HR: 1.240, 95%CI: 
1.087 – 1.415, P=0.0010; and CKD, HR: 2.073, 95% CI: 1.616 – 2.660, P<0.0001). The association of CKD stages with the incidence of AF was lastly evaluated by the 
univariate Cox analysis, the occurrence of new-onset AF was significantly increased in the participant groups with CKD stage 3, 4 and 5 before and after adjustment 
for confounding factors, being significantly associated with the increased incidence of AF.

Conclusions: The present study demonstrated that CKD was associated with an increased risk of new onset AF in patients with pacemakers and that the impact 
of CKD on the incidence of AF was independent of LV hypertrophy and LA dilatation. In particular, moderate to later stages of CKD were strongly related to the 
increasing occurrence of AF. 
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Introduction
Atrial fibrillation (AF) disturbs around 2% of the people 

worldwide, and this percentage will rise in the following 50 years [1,2]. 
The prevalence of AF is greater in elder people, reaching 0.5% at 40 
to 50 years old and fluctuating from 5% to 15% at 80 years old [1-5]. 
Men usually progress AF more recurrently than do women. By 40 years 
old, the lifetime danger of rising AF is almost 25% [6]. AF commonly 
complicates chronic kidney disease (CKD) and is related to adversative 
outcomes. Progression of end-stage renal disease is a main problem of 
CKD, and the occurrence of AF is related to a higher risk of developing 
the end-stage renal disease in patients with CKD [7]. Older age, blood 
pressure levels, especially ambulatory systolic blood pressure, increased left 
ventricular (LV) mass and increased left atrial (LA) size have been known 
to be risk factors for the onset of AF in hypertensive patients [8–11].

Renal damage is a potent predictor of cardiovascular projection. 
Decreased estimated glomerular filtration rate (eGFR) is clearly 
associated with the increase in future cardiovascular events [12]. 
Proteinuria, even microalbuminuria, also increases the risk of 
cardiovascular events and death [13]. Thus, the involvement of renal 
impairment in the development of cardiovascular disease has recently 
been noticed. However, no study has shown the association between 
the onset of AF and renal impairment in patients with a pacemaker. To 
assess the hypothesis that chronic kidney disease (CKD) may affect the 

incidence of AF, the present study investigated the influence of renal 
impairment and CKD on the new onset of AF in this population.

Methods
Study design

This observational, forthcoming evaluation was shepherded at 
the Divison of Cardiac Pacing of the Hospital e Clínica São Gonçalo. 
A cohort of inividuals received standard therapy for treatment of 
SND, and second- or third-degree atrioventricular block (AVB), 
DDDR pacemaker implantation. The maximum follow-up period 
was 6 years after the implantation procedure. The study inclusion 
criteria were as follows: (i) patients did not have electrocardiogram-
documented AF or a previous history of paroxysmal AF; (ii) patients 
provided documentation of no cardiac ischemia before pacemaker 



Kiuchi MG (2017) Predictors for atrial fibrillation onset in CKD patients with pacemaker

Nephrol Renal Dis, 2017         doi: 10.15761/NRD.1000125  Volume 2(3): 2-6

implantation as proven by a myocardial scintigraphy at rest and 
during stress, a cardiac magnetic resonance imaging at rest and during 
stress, or pharmacological stress echocardiography; (iii) patients 
had a left ventricular ejection fraction (LVEF) ≥50% as measured 
by echocardiography; (iv) tests showing that the patients had SND 
(symptomatic bradycardia; documented sino-atrial block or sinus 
arrest with pauses >3 s or sinus bradycardia <40 bpm for >1 min while 
awake) or  tests showing that patients had second- or third-degree AVB 
before pacemaker implantation; (v) Absence or presence of CKD, which 
was defined as decreased estimated glomerular filtration rate (eGFR) 
less than 60 ml/min/1.73m2 and/or the presence of albuminuria/
proteinuria. The classification of CKD stages was performed according 
to the guidelines of the National Kidney Foundation classification of 
CKD [14] as follows; eGFR ≥90 ml/min/1.73m2 with proteinuria (stage 
1), eGFR between 60 and 89 ml/min/1.73m2 with proteinuria (stage 2), 
and stages 3, 4, and 5 were classified by the levels of eGFR (30–59, 15–
29, and <15 ml/min/1.73m2, respectively), regardless of the presence of 
proteinuria.

Exclusion criteria were as follows: (i) ischemic heart disease; (ii) 
an LVEF <50%; (iii) heart valvar disease that may lead to AF; and (iv) 
symptoms suggestive of AF.

Enrolment of patients started in January 2009 and was terminated 
in January 2015. Patients were followed up until January 2017, and they 
were identified at our offices. The study was conducted in accordance 
with the Helsinki Declaration and was approved by the Ethics 
Committee of our hospital. All of the patients gave written informed 
consent before inclusion.

Implantation and programing of pacemakers

As a routine practice in our department, bipolar leads were implanted 
in the appendage of the right atrium and in the high septal region of 
the right ventricle. DDDR pacemakers from St. Jude Medical (St. Jude 
Medical, St. Paul, Minnesota, USA) and Medtronic (Medtronic, Palo 
Alto, CA, USA) were used. The rate adaptive function was activated in 
all of the pacemakers and programed with a lower rate of 60 bpm and 
an upper rate of 120 bpm In all of the pacemakers, we programed the 
paced atrioventricular interval to 140–220 ms and turned on the AV 
delay management algorithm that automatically searches for intrinsic 
conduction to prevent unnecessary right ventricular pacing for the 
individuals with SND. The maximum tracking rate was individualized, 
and the auto mode switch (AMS) function was activated. AMS occurred 
when the atrial rate exceeded 170–180 bpm for a specific number of 
beats or period of time. The atrial tachycardia/atrial fibrillation (AT/
AF) diagnostic suite provided detailed historical data, allowing us to 
identify and evaluate therapy for improved management of patients. 
Atrial sensitivity was programed to 0.5 mV.

Definition of atrial fibrillation

AF was defined as at least one episode of atrial irregular activity 
recorded by the atrial channel lasting ≥30 s.

Patients’ follow-up
Patients were evaluated 15 days after pacemaker implantation to 

assess the pocket, the site of the surgical incision, and to adjust the 
programing of the pacemaker. Fifteen days later, the patients returned 
for reassessment (1 month after pacemaker implantation). Data were 
obtained from the pacemaker at 1 month post implant. Thereafter, 
patients were assessed every 6 months up to 6 years of follow-up. At 
each follow-up visit, we obtained a record (stored on a USB stick and 

then transferred to a computer) of the pacemaker memory data that 
had accumulated since the previous resetting of the memory. The 
occurrence and duration of AMS events were recorded. The onset of 
the first AF episode was also registered in each patient’s data record. 
Time to AF onset was defined as the number of days from baseline 
to the first recorded episode of AF lasting ≥30 s. Patients were 
censored due to death, loss to follow-up, or 6 years post-implant. 
According to our standard of care, all of the patients underwent 
echocardiography at baseline. Blood and urine samples collected 
for evaluating renal function, twenty-four-hour ABPM, and a 
transthoracic echocardiogram was performed at to distinguish CKD 
patients from those ones without CKD.

Twenty-four-hour ABPM
The ABPM was performed for 24 hours with a clinically validated 

device (CardioMapa; Cardios, São Paulo, Brazil) at baseline. The device 
was designed to measure every 15 minutes during daytime (from 6 to 
22 hours) and every 30 minutes during the night (from 22 to 6 hours). 
The patients were instructed to continue their regular activities during 
recording and go to bed not later than 23:00 hours. The wakefulness 
ranged from 8 to 22 hours and the sleep period from midnight till 6:00 
am [15]. All subjects were trained to record in a diary the hours during 
which they took their meals, as well as periods of sleep and wakefulness, 
ingestion of drugs, in addition to symptoms and events that could 
influence blood pressure during this period. The measurements were 
transferred to a computer for analysis. The monitoring was repeated 
as necessary until ≥70% of the day and night values measured were 
satisfactory [16].

Transthoracic Echocardiography
The transthoracic echocardiography was performed at baseline 

using the ultrasound system Vivid I (General Electric, Frankfurt, 
Germany) equipped with a transducer multi-frequency and tissue 
Doppler with image software, according to the Guidelines of the 
American Society of Echocardiography [17]. The data were analyzed 
and interpreted by an experienced echocardiographer, who was 
unaware of the state of treatment and the sequence of images. The left 
ventricular mass (LVM) was calculated from the linear dimensions 
of the LV, using the formula of Devereux [17, 18]. The LV mass 
was indexed to body surface area [17, 19]. The LV hypertrophy was 
considered present when the LV mass has exceeded 115 g/m2 for men 
and 95 g/m2 for women [17].

Statistical Analysis
All enrolled patients were included in the analyses. Variables were 

compared between two groups using analysis of variance (ANOVA) for 
continuous measures and the χ2 test or Fisher’s exact test for categorical 
variables. Correlations between two variables were performed by 
Pearson in the case of a Gaussian distribution or, alternatively, with 
the Spearman correlation test. AF event-free curves were derived by 
means of the Kaplan–Meier method and were compared by log-rank 
test. Possible predictors of new-onset AF were tested by univariate Cox 
proportional hazards regression analysis. Then, a multivariate analysis 
was applied to identify independent predictors and their predictive 
power. Independent predictors of AF incidence were also evaluated by 
using a stepwise regression analysis. All statistical tests were two-tailed, 
and a P value of <0.05 was considered to indicate statistical significance. 
All statistical analyses were performed using SPSS v 18.0.
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Results
Patient’s features

The 2,262 patients who presented the inclusion criteria were 
included in the study. The baseline characteristics, like age, body mass 
index, gender, ethnicity and other features of the patients in the two 
groups, divided by CKD status are disposed of in detail in Table 1.

Effect of CKD on the incidence of AF

The mean time of follow-up for all subjects  was 4.6±1.9 years, 
for the no CKD patients this period was 5.3±1.5 years, while in CKD 
individuals it was 3.9±1.4 years (P<0.0001 for no CKD vs. CKD 
patients), as shown in Table 2. The percentage of incidence of AF 
during the follow up, as well as, the percentage of incidence of AF per 
year were higher in CKD population, and are also displayed in Table 2. 
Figure 1 shows the percentage of AF event-free rate during the follow-
up period, presenting 69% of AF event-free rate in no CKD subjects vs. 
34% in CKD ones, P<0.0001 by log-rank test.

Predictors of new-onset atrial fibrillation

As shown in Table 4, CKD, age, hypertension, smoking, left 
ventricular mass index (LVMI), left atrial diameter (LAD), and 
pacemakers implanted due to 2nd or 3rd degree AVB were significantly 
different (defined as P<0.1) between the no CKD and CKD population 
in the univariate Cox logistic regression model.  All of them except 
hypertension were significant (P<0.05) in the multivariate Cox logistic 
regression model. Independent predictors of AF incidence were re-
examined by stepwise regression analysis including all clinical and 
echocardiographic variables as possible independent factors. The 
presence of CKD as well as age, smoking, LVMI, LAD, and AVB was an 
independent predictor of new-onset AF (age, hazard ratio (HR): 1.031, 
95% confidence interval (CI): 1.023 – 1.038, P<0.0001; smoking, HR: 
1.315, 95%CI: 1.110 - 1.558, P=0.0020; LVMI, HR:1.017, 95%CI: 1.013 
– 1.020, P=0.0020; LAD, HR: 1.281, 95%CI: 1.241 - 1.322, P<0.0001; 

AVB, HR: 1.240, 95%CI: 1.087 – 1.415, P=0.0010; and CKD, HR: 2.073, 
95%CI: 1.616 – 2.660, P<0.0001).

CKD stages and the incidence of AF

The significant correlation between eGFR and years for AF onset 
is presented in Figure 2, r=0.7686, 95% confidence interval=0.7430 – 
0.7920, and P<0.0001, by Pearson’s method. The association of CKD 
stages with the incidence of AF was lastly evaluated by the univariate Cox 
analysis, the occurrence of new-onset AF was significantly increased 
in the participant groups with CKD stage 3, 4 and 5 before and after 
adjustment for confounding factors, being significantly associated with 
the increased incidence of AF (Figure 3 A and B, respectively).

Discussion
Our results showed that CKD presence is longitudinally related 

with the incidence of new-onset AF in patients with pacemakers. This 
finding indicates that previous existing CKD has an important effect on 
new-onset AF in this population.

Recently, Watanabe and colleagues reported that decreased 
baseline eGFR was associated with an increased risk of subsequent new 
onset AF in a large scale of community-based cohort [20]. The findings 
of Horio and colleagues study [21] are fundamentally consistent 
with these observations, in agreement with our data. In hypertensive 
patients, it has been revealed that age, systolic blood pressure, LV 
mass, and LA size are related to the incidence of AF [8–11, 22]. Thus, 
there was the possibility that some of these factors might mediate the 
association between CKD and AF incidence observed in our and other 

Parameters Overall No CKD CKD P value
N 2,262 1,178 1,084 ---
Age, years 67±13 63±12 71±13 <0.0001
Body mass index, kg/m2 27.1±4.8 27.2±4.1 26.9±5.4 0.1350
Female gender (%) 1,389 (61%) 756 (64%) 633 (58%) 0.0050
White ethnicity (%) 1,675 (74%) 873 (74%) 784 (72%) 0.3421
Dual chamber pacemaker 2,262 (100%) 1,178 (100%) 1,084 (100%) 1.0000
Hypertension 717 (32%) 294 (25%) 423 (39%) <0.0001
Smoking 810 (36%) 292 (25%) 518 (48%) <0.0001
Type 2 Diabetes Mellitus 560 (25%) 297 (25%) 263 (24%) 0.6259
Coronary artery disease 646 (29%) 276 (23%) 370 (34%) <0.0001
2nd or 3rd degree AVB 926 (41%) 346 (29%) 580 (54%) <0.0001
Creatinine, mg/dL 0.85±0.18 0.72±0.61 1.48±0.20 <0.0001
eGFR, mL/min/1.73 m2 80.5±32.5 100.0±13.5 59.4±33.8 <0.0001
Albumin:creatinine ratio, 
mg/g 54.3±23.9 10.0±13.0 98.5±30.4 <0.0001

Echocardiographic 
parameters
     Left atrial diameter, mm 40.1±6.5 38.0±6.1 42.3±6.2 <0.0001
     LVEF, Simpson (%) 63.7±7.9 63.4±7.2 64.0±7.5 0.0695
     LVEDD, mm 56.9±6.7 56.7±5.2 57.2±8.0 0.0759
     LV mass index, g/m2 108.7±29.2 99.1±26.0 119.1±28.9 <0.0001
Values are expressed as mean ± SD or n (%);AVB, atrioventricular block; CKD, chronic 
kidney disease; eGFR, estimated glomerular filtration rate; LV, left ventricular; LVEDD, 
left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction.

Table 1. General features of patients at baseline.

Variables No CKD CKD P value
Mean time of follow-up, years 5.3±1.5 3.9±2.1 <0.0001

Incidence of AF during the follow up (%) 31% 66% <0.0001
Incidence of AF per year (%) 5.8% 16.9% <0.0001

AF, atrial fibrillation.

Table 2.Incidence of atrial fibrillation during the follow-up (%).

Variables P value Hazard ratio
95% Confidence Interval

Lower Upper
Univariate analysis

CKD <0.0001 3.2000 2.8110 3.6440
Age <0.0001 1.0170 1.0090 1.0250

Gender 0.4620 0.9520 0.8340 1.0860
Hypertension 0.0560 0.8640 0.7450 1.0040

Smoking <0.0001 1.6750 1.3970 2.0070
Coronary artery 

disease 0.6870 121.509 0.0001 165.224

Type 2 Diabetes 
Mellitus 0.6610 0.0005 0.0001 734.590

LV mass index <0.0001 1.0150 1.0110 1.0180
LAD <0.0001 1.2790 1.2360 1.3230

2nd or 3rd degree AVB 0.0013 1.4710 1.0830 1.9980
Multivariate 

analysis
CKD <0.0001 2.7530 2.4380 3.1080
Age <0.0001 1.0300 1.0220 1.0370

Smoking <0.0001 1.3980 1.1740 1.6640
LV mass index <0.0001 1.0170 1.0130 1.0200

LAD <0.0001 1.2850 1.2450 1.3270
2nd or 3rd degree AVB <0.0001 1.9960 1.5500 2.5690
AVB, atrioventricular block; LAD, left atrial diameter; LV, left ventricular. 

Table 3. Predictors of new-onset a trial fibrillation by univariate and multivariate Cox 
regression analysis.
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studies, because GFR generally decreases with age, and sympathethic 
activity [21] augmented by renal dysfunction directly increases LV 
mass and LA size. In fact, the present patients with CKD had older 
age, greater LVMI, LAD, pacemakers implanted due to 2nd or 3rd 
degree AVB compared with those without CKD. In addition, age, 
hypertension, smoking, pacemakers implanted due to 2nd or 3rd 

degree AVB, LVMI, and LAD, as well as CKD, were relating factors 
to the incidence of AF in the univariate Cox regression analysis of this 
study. By the multivariate analysis, however, the association of CKD 
with new-onset AF was warranted to be still significant independently 
of these confounders, although the adjusted hazard ratio of CKD for 
AF incidence was diminished compared to the crude risk ratio before 
adjustment. Therefore, the present study has also demonstrated that 
the existence of CKD in patients with pacemakers is an independent 
predictor of new-onset AF, apart from the effects of aging, smoking, 
LVMI, LAD, and AVB. An enlarged LAD might be due to augment 
intracavitary pressure and probable scar tissue areas on the left atrium

Horio and colleagues reported that the incidence of new-onset AF 
was clearly associated with the decrease in eGFR [21]. In fact, CKD 
stages 3, 4 and 5 were a significant predictor of incident AF before and 
after adjustment for confounding factors by the uni and multivariate 
analysis, respectively. The increased risk of developing AF in CKD is 
multifactorial; one of them may be related in part to activation of signaling 
pathways of inflammation, because previous studies have shown that 
renal insufficiency is associated with elevations of inflammatory markers 
such as C-reactive protein [23] and that C-reactive protein predicts 
increased risk for developing future AF [24]. Possible involvement 
of oxidative stress and endothelial dysfunction in the development of 
AF has also been shown [25,26]. Since the patients with chronic renal 
failure have increased levels of oxidative stress markers and impaired 
endothelial function [27], oxidative stress and endothelial dysfunction 
caused by renal impairment may be involved in the augmented danger 
of new-onset AF in CKD people. In addition, these mechanisms 
might be also involved in the association between smoking habit and 
incident AF observed in the present study, because smoking is known 
to increase oxidative stress and deteriorate endothelial function. 
We can speculate as the second mechanism may be the sympathetic 
overactivity of CKD contributing from the premature clinical stage 
of the disease, showing a direct relationship with the severity of the 
condition of renal failure [28-31]. As the decrease in the glomerular 
filtration rate occurs, there is also an increase in cardiovascular events 
and mortality in patients with CKD [32], especially due to arrhythmias 
and their consequences. Kidney disease induces cardiac remodeling, 
including left ventricular hypertrophy (LVH), and cardiac fibrosis, 
showing an independent association between CKD and LVH [33-36]. 
Specifically, there is a progressive increase in the prevalence of LVH 
and increased left ventricular mass when the glomerular filtration rate 
decreases. In addition, among participants with CKD most advanced 
dialysis, magnetic resonance imaging (MRI) contrast exhibits a diffuse 
pattern image with gadolinium uptake, suggestive of fibrosis and non-
ischemic cardiomyopathy [37]. The pathogenesis of these conditions 
is considered manifold [38-40]. CKD is also associated with vascular 
disease, including calcification and inurement of the blood vessels 
[41-44]. The decrease in glomerular filtration rate and endothelial 
dysfunction are inter-related processes that reduce vascular elasticity 
and subsequently increase ischemic events. Human studies have 
shown that impaired vasodilation, which is dependent on endothelium 
is associated with mild renal insufficiency [45, 46]. If untreated, these 
conditions progress independently and establish a cyclical relationship 
that results in vascular and renal damage. Subsequently, remodeling and 
sclerosis of the vessels can compromise perfusion reserve and increase 
the risk of ischemic events [47] that are common triggering factors 
for the onset of arrhythmias. Further, structural changes can alter the 
electrophysiological properties of the myocardium. The myocardial 
fibrosis disrupts the normal architecture and results in a decrease in 

Figure 1. Atrial fibrillation (AF) event-free Kaplan–Meier curves in the two groups 
without and with chronic kidney disease (CKD). AF event-free rates in the non-CKD group 
and CKD group were 69 and 34%, respectively (log–rank test, P<0.0001).

Figure 2. The significant correlation between estimated glomerular filtration rate (eGFR) 
and years for atrial fibrillation (AF) onset, r=0.7686, 95% confidence interval=0.7430 – 
0.7920, and P<0.0001, by Pearson’s method. 

Figure 3. Relation of chronic kidney disease (CKD) stages to the incidence of atrial 
fibrillation (AF) ssessed by univariate (A) and multivariate (B) Cox regression analysis. 
Respective data present hazard ratios and the 95% confidence intervals (vertical lines) in 
the groups without CKD (n=1178) and with CKD stages 1 (n=452), 2 (n=201), 3 (n=79), 
4 (n=44), and 5 (n=308). In the multivariate analysis, all variables that had a significant 
association in the univariate analysis were included as confounding factors. *P<0.0001 
vs. No CKD.
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conduction velocity through the diseased tissue [48]. This condition 
can custom heterogeneous areas of conduction and depolarization that 
can sustain some arrhythmias, such as atrial fibrillation [41]. In the 
dependent reentrant arrhythmias scars, heterogeneous areas forming 
electrical conduction, renal failure also increases the risk of automatic 
arrhythmia or triggered by other trigger points [49]. 

The third mechanism for the increased incidence of AF should 
be the higher ventricular pace (VP) % in subjects having pacemakers 
implanted due to 2nd or 3rd degree AVB, and its remnants uncertain. 
Nonetheless, hemodynamics are thought to be tangled. Right VP leads 
to LV remodeling, intensifications mitral regurgitation, and discreetly 
reduces ejection fraction [50]. Moreover, changing the relationship 
between atrial and ventricular timing, as can occur with VP, increases 
atrial pressure and causes stretch-related changes. This may increase 
the incidence of AF [51].

Limitations
The occurrence of AF may sometimes lead to under-sensing in 

the atrium and thus inappropriate AP. Moreover, some comorbid 
conditions, such as the predictive ones aforementioned contribute to 
the onset of AF, and there was a possibility that the obtained findings 
in this study might be limited to the Brazilian people. Further studies 
are needed to validate our results in other populations.

Conclusion
In conclusion, the present study demonstrated that CKD was 

associated with an increased risk of new onset AF in patients with 
pacemakers and that the impact of CKD on the incidence of AF was 
independent of LV hypertrophy and LA dilatation. In particular, 
moderate to later stages of CKD were strongly related to the increasing 
occurrence of AF. 
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