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BACKGROUND: Consensus lacks concerning a bidirectional association between kidney function and atrial fibrillation (AF), but
this is crucial information for prevention/treatment efforts for both chronic kidney disease and AF. Therefore, we investigated
the bidirectional association between kidney function and AF.

METHODS AND RESULTS: This study was a prospective cohort study including 9228 participants (mean age, 64.9 years; 57.2%
women) with information on kidney function (estimated glomerular filtration rate [eGFR] based on serum creatinine [eGFR-
creat], cystatin C [eGFRcys], or both [eGFRcreat-cys], and urine albumin-to-creatinine ratio) and AF. Reduced kidney func-
tion was defined as eGFRcreat <60 mL/min per 1.73 m?. Cox proportional-hazards, logistic regression, linear mixed, and
joint models were used to investigate the association of kidney function with AF and vice versa. During follow-up (median of
8.0 years), 780 events of incident AF occurred. Lower eGFRcys and eGFRcreat-cys were associated with increased AF risk
(hazard ratio [HR], 1.08 [95% CI, 1.03-1.14] and HR, 1.07 [95% ClI, 1.01-1.14], respectively, per 10 mL/min per 1.73 m? eGFR
decrease). For eGFRcys and eGFRcreat-cys, 10-year cumulative incidence of AF was 16% (eGFR <60) and 6% (€GFR >60).
Prevalent AF (versus no prevalent AF) was associated with 2.85 mL/min per 1.73 m? lower eGFRcreat and with a faster decline
of eGFRcreat with age. Prevalent AF was associated with a 1.3-fold increased risk of incident reduced kidney function.

CONCLUSIONS: Kidney function, especially eGFRcys, and AF are bidirectionally associated. There are currently no targeted
prevention efforts for AF in patients with mild chronic kidney disease and vice versa. Our results could provide the first step to
improve prediction/prevention of both conditions.
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both diseases. However, despite efforts to prevent AF

(CKD) are highly prevalent diseases."?> More spe-

cifically, an estimated number of 5 million new AF
cases occur annually worldwide' and CKD is affecting
~11% to 13% of the global population.? Furthermore,
both diseases are associated with substantial morbid-
ity and mortality from cardiovascular and cerebrovas-
cular disease.>® Moreover, AF and CKD share several
important and potential modifiable risk factors, such
as hypertension and diabetes,®° and management of
these risk factors is a cornerstone in the prevention of

Atrial fibrillation (AF) and chronic kidney disease

and CKD mainly by managing traditional risk factors,
the prevalence of both is expected to increase in the
upcoming years.'®' This highlights the need for iden-
tifying additional risk factors to improve the prediction
and prevention of AF as well as of CKD.

Interestingly, a bidirectional association between the
2 diseases may exist, revealing the potential of kidney
function to be a modifiable risk factor for AF and vice
versa. However, the presence of a bidirectional asso-
ciation between kidney function and AF in the general
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CLINICAL PERSPECTIVE

What Is New?

e This population-based cohort study sheds light
on the currently incompletely understood bidirec-
tional association between kidney function and
atrial fibrillation (AF) in the general population.

e Anincreased risk of incident AF with lower kid-
ney function is revealed, especially when kidney
function is assessed by estimated glomerular
filtration rate based on serum cystatin C.

e Prevalent AF is associated with lower kidney
function at baseline as well as with a lower and
faster decline of kidney function with the aging
of the participants.

What Are the Clinical Implications?

e The current findings suggest that kidney func-
tion might be a potential modifiable risk factor
for AF and vice versa, knowledge that could im-
prove the prediction and prevention of both AF
and chronic kidney disease.

Nonstandard Abbreviations and Acronyms

ACR
eGFRcreat

albumin-to-creatinine ratio
eGFR based on serum
creatinine

eGFR based on serum
creatinine and cystatin C
eGFR based on serum
cystatin C

eGFRcreat-cys

eGFRcys

population is incompletely understood. Only a small
number of studies have investigated a possible bidi-
rectional association between kidney function and AF
in the general population, and conflicting results were
reported.’>'® Moreover, previous population-based
studies investigating the association between kidney
function and AF have several limitations, including
calculating estimated glomerular filtration rate (eGFR)
based on serum creatinine only (eGFRcreat). Currently,
serum creatinine is widely used in clinical practice as a
marker of kidney function, although it is suggested that
eGFR based on cystatin C (eGFRcys) might be a stron-
ger predictor of cardiovascular events.'* Therefore, it
is worth investigating both markers of kidney func-
tion (i.e., eGFRcreat and eGFRcys) to investigate the
potential of both in determining AF risk. Furthermore,
previous studies relied on a single assessment of kid-
ney function by which potential variation and transient
declines in kidney function over time are not taken into
account, which could lead to misclassification bias.

J Am Heart Assoc. 2022;11:€025303. DOI: 10.1161/JAHA.122.025303

Kidney Function and Atrial Fibrillation

Therefore, in this study, we aimed to investigate the
bidirectional association between different assess-
ments of kidney function and AF within the general
population. Moreover, we included both single and
multiple assessments of kidney function to reduce the
potential bias that can occur when including single as-
sessments of kidney function only.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Design

The Rotterdam Study is a prospective, population-
based cohort study designed to investigate the occur-
rence and determinants of age-related diseases in the
general population. Details regarding the design and
rationale of the Rotterdam Study have been described
in detail previously.' In summary, the Rotterdam Study
is ongoing since 1990 and includes 14 926 partici-
pants aged 45 years and older, living in Ommoord, a
district in Rotterdam, the Netherlands. The study con-
sists of 3 independent cohorts: RS-I (Rotterdam Study
cohort 1), RS-l (Rotterdam Study cohort 2), and RS-l
(Rotterdam Study cohort 3). The original cohort, RS-,
comprised 7983 participants aged 55 years and older.
In 2000, this cohort was extended with RS-II, includ-
ing 3011 participants who had become 55 years old
or moved into Ommoord since the start of the study.
In 20086, the cohort was further enlarged with RS-l
including 3392 participants aged 45 years and older
who had not been invited to participate previously.
Follow-up examinations are planned every 3 to 6 years
and the participants are continuously monitored for
relevant outcomes, including cardiovascular disease.
The Rotterdam Study complies with the Declaration of
Helsinki and has been approved by the Medical Ethics
Committee of the Erasmus Medical Center (registra-
tion number MEC 02.1015) and by the Dutch Ministry
of Health, Welfare, and Sport (Population Screening
Act [WBQ], license number 1071272-159521-PG).
The Rotterdam Study Personal Registration Data
collection is filed with the Erasmus Medical Center
Data Protection Officer under registration number
EMC1712001. The Rotterdam Study has been entered
into the Netherlands National Trial Register (www.trial
register.nl) and into the World Health Organization
International Clinical Trials Registry Platform (www.
who.int/ictrp/network/primary/en/) under shared cat-
alogue number NTR6831. All participants provided
written informed consent to participate in the study
and to have their information obtained from treating
physicians.


http://www.trialregister.nl
http://www.trialregister.nl
http://www.who.int/ictrp/network/primary/en/
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Study Population

Participants were eligible for inclusion if they had
measurements of serum creatinine and serum cysta-
tin C available at baseline, which was defined as the
third visit of RS- (1997-1999), the first visit of RS-II
(2000-2001), and the first visit of RS-l (2006-2008).
In addition, information on prevalent and incident AF
had to be available at baseline and during follow-up.
All participants were followed up from the day of base-
line laboratory measurement to the date of incident AF,
date of death, loss to follow-up, or to the end of data
collection on January 1, 2014, whichever came first.

Assessment of Kidney Function

eGFR was calculated for serum creatinine (eGFRcreat),
serum cystatin C (eGFRcys), or both (eGFRcreat-cys),
according to the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula.’®'” Serum creatinine
was measured using an enzymatic assay method and
expressed in micromoles per liter (umol/L)."® Serum
cystatin C was measured using a particle-enhanced
immunonephelometric assay and expressed in mil-
ligrams per liter (Mg/L). We categorized eGFRcreat
using a cut-off of 60 mL/min per 1.73 m?, because eG-
FRcreat <60 mL/min per 1.73 m? is a well-accepted
definition for reduced kidney function in population-
based research settings.' The same cut-off was used
for the categorization of eGFRcys and eGFRcreat-cys.
Assessments of eGFRcreat from the Rotterdam Study
were supplemented with those of the Star-MDC data-
base, which is a database from a center for medical
diagnostics for outpatients in the city of Rotterdam,
providing multiple assessments of eGFRcreat over
time."” In this database, serum creatinine was deter-
mined by using an enzymatic assay method as well.
Incident reduced kidney function was defined as the
first time eGFRcreat dropped below 60 mL/min per
1.73 m?. Baseline urine albumin and creatinine were
determined in timed overnight urine by a turbidimetric
method and measured by a Hitachi Modular P analyzer
(Roche/Hitachi Diagnostics, Mannheim, Germany).2%!
The urine albumin-to-creatinine ratio (ACR) was cal-
culated by dividing urine albumin by urine creatinine

(mg/g).

Assessment of AF

Ascertainment of prevalent and incident AF within the
Rotterdam Study has been reported elsewhere in de-
tail.?? In short, AF ascertainment is in accordance with
the European Society of Cardiology guidelines® and
cases were determined using 3 methods. First, ECGs
that were obtained at baseline and during follow-up ex-
aminations at the research center were stored digitally
and processed by the Modular ECG Analysis System
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(MEANS).242% As verification of the AF diagnosis, all
ECGs with a MEANS diagnosis of AF, atrial flutter,
or any other rhythm disorder were independently re-
viewed by 2 research physicians who were blinded to
the MEANS diagnosis. In case of a persisting disagree-
ment between the coding physicians, the judgement
of a cardiologist was sought and taken as decisive.
Second, additional information on AF was obtained
from general practitioners’ records, including their own
results and the results from other physicians practicing
in hospitals and outpatient clinics. Finally, information
was obtained from a national registry of all hospital dis-
charge diagnoses as well. The occurrence of AF during
a serious disease resulting in death, during myocar-
dial infarction, or during cardiac operative procedures
of patients who recovered during the hospital admis-
sion was not considered as a case. These participants
were censored on the date of the detection of AF. We
did not distinguish between AF and atrial flutter when
identifying cases, because both conditions are similar
with respect to risk factors and consequences.?%27

Assessment of Other Covariates

Body mass index was calculated as weight in kilo-
grams divided by height in meters squared. Information
on educational level, alcohol intake, tobacco smoking,
and medication use was collected during home inter-
views. Educational level was categorized into 4 catego-
ries: primary education, lower or intermediate general
and lower vocational education, higher general and in-
termediate vocational education, and higher vocational
education or university. The highest achieved educa-
tional level was taken as a proxy for socio-economic
status. Alcohol intake was measured in grams per day
and tobacco smoking was categorized into never, past,
and current smokers. The World Health Organization’s
Anatomical Therapeutic Chemical code CO1 was used
to define cardiac medication use. Physical activity lev-
els were assessed with a validated adapted version of
the Zutphen Physical Activity Questionnaire and the
(LASA) Longitudinal Aging Study Amsterdam Physical
Activity Questionnaire, and expressed in total meta-
bolic equivalent hours per week. Systolic and diastolic
blood pressure were measured twice on the right arm
using a random-zero sphygmomanometer and the
mean of these measurements was taken as the final
measurement. Hypertension was defined as a systolic
blood pressure of at least 140 mm Hg, a diastolic blood
pressure of at least 90 mm Hg, or the use of antihy-
pertensive drugs prescribed for hypertension. Serum
cholesterol levels were measured by the department
of Clinical Chemistry of the Erasmus Medical Center
using standard laboratory techniques. Diabetes cases
were defined by a previous diagnosis of the disease,
a fasting serum glucose level >7.0 mmol/L (126 mg/
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dL), a non-fasting serum glucose level >11.1 mmol/L
(200 mg/dL; when fasting samples were absent), or
the use of blood glucose-lowering medication. History
of coronary heart disease (CHD) was defined as a his-
tory of myocardial infarction or a history of a coronary
revascularization procedure.?® Heart failure (HF) was
defined in accordance with the European Society of
Cardiology guidelines as a combination of the pres-
ence of typical symptoms and signs of HF (such as
shortness of breath at rest or during exertion, ankle
edema, or pulmonary crepitation), confirmed by objec-
tive evidence of cardiac dysfunction or a positive re-
sponse to the initiated treatment, 2829

Statistical Analysis

To assess the potential bidirectional association be-
tween Kkidney function and AF, we investigated the
association between kidney function and incident AF,
as well as the association between prevalent AF and
kidney function. To account for missing values in the
covariates (missingness for all covariates <2%, except
for physical activity and alcohol use, which was <20%),
multiple imputation using the Multivariate Imputation
by Chained Equations package in R®° was performed.
Data were imputed using Bayesian linear regression/
predictive mean matching for continuous covariates,
binary logistic regression for binary categorical covari-
ates, polytomous logistic regression for unordered cat-
egorical covariates with >2 levels, and a proportional
odds model for ordered categorical covariates with >2
levels. Five imputed data sets were generated and re-
sults for each data set were pooled to obtain single
estimates. Statistical significance was considered at
a two-sided P value <0.05. Statistical analyses were
performed using R statistical software version 3.6.3
(R-project, Institute for Statistics and Mathematics, R
Core Team [2013], Vienna, Austria).

Kidney Function and Incident AF

Cox proportional-hazards models were used to obtain
hazard ratios (HRs) with their 95% confidence intervals
(Cls) for the associations of continuous and catego-
rized baseline eGFRcys, eGFRcreat, and eGFRcreat-
cys with incident AF. The same approach was used to
study the association between urine ACR and incident
AF. ACR was not normally distributed and therefore, a
natural log-transformation was used. We added 1 mg/g
to the nontransformed values to account for zero val-
ues of ACR. All HRs were reported per 10 mL/min per
1.73 m? decrease in eGFR and per 1 unit increase in
log ACR (mg/g). The proportional-hazards assumption
was checked using the Schoenfeld test and by as-
sessing the Schoenfeld plot. We repeated the analyses
using non-transformed ACR and HRs were reported
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per 1 mg/g increase in ACR. Participants with preva-
lent AF were excluded in the analyses regarding inci-
dent AF. Primary models were adjusted for age, sex,
and Rotterdam Study cohort. We additionally adjusted
for the potential confounders, educational level, body
mass index, smoking, alcohol, serum total cholesterol,
diabetes, physical activity, and cardiac medication use
in a second model, and for the potential confound-
ers that could also act as mediators, hypertension,
history of CHD, and history of HF in a third model.
Age- and sex-adjusted cumulative incidences for cat-
egorized (cut-off 60 mL/min per 1.73 m?) eGFRcys and
eGFRcreat-cys were extracted from standardized Cox
proportional-hazards models. Joint models were used
to study the association between repeated assess-
ments of eGFRcreat only and the risk of incident AF,
because no repeated measurements of serum cysta-
tin C were available. The longitudinal submodel was
defined as a linear mixed effects model. The fixed ef-
fects in the longitudinal submodel included age, sex,
and Rotterdam Study cohort, and the random effects
included a random intercept and linear random slopes
(i.e. of time). The survival submodel was defined as a
Cox proportional-hazards model and analyses were
performed using the same models to adjust for con-
founders as described above. The joint model was fit
under a maximum likelihood approach. Pre-defined
stratification by age and sex was performed and in-
teraction terms of these variables with the 3 GFR es-
timates were used to assess effect modification. A P
value for interaction <0.10 was considered to be statis-
tically significant.

In sensitivity analyses, we added age, body mass
index, and smoking as time-varying covariates to the
abovementioned models instead of only the baseline
assessments of these covariates. In addition, we re-
stricted the analyses to participants with eGFRcreat
<120 mL/min per 1.73 m? and excluded participants
with prevalent CHD and HF. We also excluded par-
ticipants with both prevalent and incident CHD and
HF, and as a separate sensitivity analysis, we added
CHD and HF as time-varying covariates to the sec-
ond model. Furthermore, we excluded the first 2 and
4 years of follow-up to assess the possibility of reverse
causality.

Prevalent AF and Kidney Function

Linear regression models were used to study the as-
sociations between prevalent AF and baseline levels
of eGFRcys, eGFRcreat, and eGFRcreat-cys, and lin-
ear mixed models were used to investigate the trajec-
tories of eGFRcreat in participants with and without
prevalent AF. The same 3 models to adjust for covari-
ates as described for the analyses regarding kidney
function and incident AF were used. Age was used
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as the time variable in the linear mixed models. First,
all linear mixed models included prevalent AF as de-
terminant and no interaction term between prevalent
AF and age. Second, the analyses were repeated
and an interaction term between prevalent AF and
age was added to the models. The association be-
tween prevalent AF and eGFRcreat on average with
age is presented by the effect estimate of prevalent
AF, whereas the association between prevalent AF
and change in eGFRcreat with age is represented
by the effect estimate of the interaction term. Cox
proportional-hazards models were used to study
the association between prevalent AF and reduced
kidney function, and cases with prevalent reduced
kidney function were excluded for these analyses. In
a sensitivity analysis, we excluded participants with
incident AF during follow-up.

RESULTS

Kidney Function and Incident AF

For the incident AF analyses, we included 9288 par-
ticipants with a mean age of 64.9 years, of whom
57.2% were women (Table 1). A total of 780 cases of
incident AF occurred during a median follow-up time
of 8.0 years (interquartile range, 6.1-13.3 years), with
an incidence rate of 8.9 per 1000 person-years. The
total number of repeated assessments of eGFR of all
participants included in the analyses regarding inci-
dent AF was 55 917, with a median of 4 assessments
per participant. Lower levels of baseline eGFRcys and
eGFRcreat-cys were associated with an increased risk
of incident AF, with an adjusted HR of 1.08 (95% ClI,
1.03-1.14) and an adjusted HR of 1.07 (95% CI, 1.01-
1.14), respectively, per 10 mL/min per 1.73 m? decrease
in eGFR (Table 2). Additional adjustment for hyperten-
sion, CHD, and HF did not substantially change the
results (Table S1). There was no association between
baseline eGFRcreat and incident AF, and similar re-
sults were reported when using repeated assessments
of eGFRcreat over time (Table 2). Adding age, body
mass index, and smoking as time-varying covariates
to the model, restricting the analyses to participants
with eGFRcreat <120 mL/min per 1.73 m?, excluding
participants with prevalent CHD and HF, excluding
participants with prevalent and incident CHD and HF,
adding CHD and HF as time-varying covariates to the
second model, and excluding the first 2 and 4 years of
follow-up did not change the risk estimates substan-
tially (Table S2). Stratification analyses for age and sex
did not show differential risks (P for interaction for all
analyses >0.35, Table S3). Assessments of urine ACR
were available in a subset of 3065 participants. No
association between urine ACR and incident AF was
shown (Table S4).
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Categories of eGFR and Incident AF
Categorization of eGFRcys using a cutoff of 60 mL/
min per 1.73 m? was associated with an increased risk
of incident AF in participants with eGFRcys <60 mL/
min per 1.73 m? (HR, 1.37 [95% CI, 1.14-1.64]), com-
pared with participants with eGFRcys >60 mL/min
per 1.73 m? (Table 2). Similar results were reported
for eGFRcreat-cys (HR, 1.27 [95% CI, 1.04-1.55]). In
addition, cumulative incidences were higher for par-
ticipants with eGFRcys <60 mL/min per 1.73 m? com-
pared with participants with eGFRcys >60 mL/min per
1.73 m? (Figure 1). For eGFRcys, 10-year cumulative
incidence of AF was 9.5% (95% CI, 8.1-10.9) for par-
ticipants with eGFR <60 mL/min per 1.73 m? and 6.8%
(95% Cl, 5.4-7.9) for participants with eGFR >60 mL/
min per 1.73 m?, with a cumulative incidence ratio of
1.40 (95% ClI, 1.38-1.49). The absolute risk difference
at 15 years was 5.4% (95% Cl, 5.3-5.4). Categorization
of eGFRcreat using a cutoff of 60 mL/min per 1.73 m?
was not significantly associated with an increased risk
of incident AF in participants with eGFRcreat <60 mL/
min per 1.73 m? (HR, 1.22 [95% Cl, 0.99-1.50]). When
additionally adjusting for hypertension, CHD, and HF,
only the association between categorized eGFRcys
and incident AF remained statistically significant (data
not shown).

Prevalent AF and Kidney Function

For analyses regarding the association between preva-
lent AF and kidney function, we included 9697 par-
ticipants, of whom 409 had prevalent AF at baseline
(mean age, 65.3 years; 56.7% women). In a cross-
sectional analysis, eGFRcys was 4.24 mlL/min per
1.73 m? (95% Cl, -=5.68 to —2.81 mL/min per 1.73 m?)
lower in participants with prevalent AF compared with
participants without prevalent AF (Table 3). In addi-
tion, eGFRcreat and eGFRcreat-cys were 1.93 mL/
min per 1.73 m? (95% ClI, —3.23 to —0.63 mL/min per
1.73 m?) and 3.36 mL/min per 1.73 m? (95% Cl, —-4.64
to —2.07 mL/min per 1.73 m?) lower in participants
with prevalent AF compared with participants without
prevalent AF, respectively (Table 3). The total number
of repeated assessments of eGFRcreat of all partici-
pants included in the analyses with prevalent AF was
70 687, with a median of 5 assessments per partici-
pant. When studying the trajectories of eGFRcreat with
age in participants with and without prevalent AF, eG-
FRcreat was 2.85 mL/min per 1.73 m? (95% Cl, —4.10
to —1.60 mL/min per 1.73 m? lower in participants
with prevalent AF compared with participants without
prevalent AF (Table 3). Inclusion of an interaction term
between AF and age also revealed a faster decline of
eGFRcreat with aging in participants with prevalent
AF compared with participants without prevalent AF
(Figure 2). Furthermore, prevalent AF was associated
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Table 1. Baseline Characteristics of the Study Population

Kidney Function and Atrial Fibrillation

Participants without prevalent AF, Participants with prevalent AF,

Baseline characteristics n=9288 n=409
Age, y, n=9288, n=409 64.9+9.7 73.0+10.0
Sex, women, n (%), Nn=9288, n=409 5317 (57.2) 185 (45.2)
Educational level, n=9205, n=406

Primary education, n (%) 1145 (12.4) 69 (17.0)

Lower/intermediate general and lower vocational education 3718 (40.4) 174 (42.9)

Higher general and intermediate vocational education 2688 (29.2) 105 (25.9)

Higher vocational education and university 1654 (18.0) 58 (14.3)
BMI, kg/m?, n=9165, n=392 27.2+4.2 27.4+4.2
Systolic blood pressure, mm Hg, n=9235, n=405 140+21 142423
Diastolic blood pressure, mm Hg, n=9235, n=405 79+11 77+13
Hypertension, n (%), n=8955, n=403 5871 (62.0) 349 (86.6)
History of diabetes, n (%), n=9288, n=409 1101 (11.9) 77 (18.8)
History of CHD, n (%), n=9240, n=405 514 (5.6) 56 (13.8)
History of HF, n (%), n=9288, n=409 184 (2.0) 87 (21.3)
Smoking, n (%), n=9190, n=402

Current smoking 1796 (19.5) 52 (12.9)

Past smoking 4377 (47.6) 223 (65.5)

Never smoking 3017 (32.8) 127 (31.6)
Alcohol use, g/d, n=7531, n=347 5.7 (0.5-14.6) 5.1 (0.3-14.3)
eGFRcreat, mL/min per 1.73 m?, n=9288, n=409 81.1£14.7 70.6+18.8
eGFRcys, mL/min per 1.73 m?, n=9288, n=409 77.3+18.8 61.9+19.5
eGFRcreat-cys, mL/min per 1.73 m?, n=9288, n=409 79.0+16.2 66.2+18.1
Serum cholesterol, mmol/L, n=9239, n=400 5.7+1.0 5.4+1.0
Cardiac medication use, n (%), n=9015, n=387 508 (5.6) 166 (42.9)

Data are presented as number (%), number (valid %), mean+SD, or median (interquartile range). Values are shown for non-imputed data. For variables with
missing data, valid % is given. AF indicates atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate;
eGFRcreat, eGFR based on serum creatinine; eGFRcreat-cys, eGFR based on serum creatinine and serum cystatin C; eGFRcys, eGFR based on serum cystatin

G; and HF, heart failure.

with an increased risk of incident reduced kidney func-
tion, with an adjusted HR of 1.33 (95% ClI, 1.12-1.58;
Table 3). Excluding participants with incident AF during
follow-up did not change the risk estimates substan-
tially (Table S5).

DISCUSSION

In the current study, lower levels of eGFRcys and
eGFRcreat-cys were associated with an increased risk
of incident AF. The direction of the association with eG-
FRcreat suggests an increased risk of incident AF with
lower levels of eGFRcreat as well, although the asso-
ciation was less strong and not statistically significant.
In cross-sectional and longitudinal analyses, prevalent
AF was associated with lower levels of all 3 GFR esti-
mates and a faster decline of eGFRcreat with age was
revealed in participants with prevalent AF.

Our findings strongly suggest the presence of a bidi-
rectional relationship between kidney function and AF
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in middle-aged and elderly individuals from the general
population. Previous studies that have investigated this
bidirectional association within the general population
have shown conflicting results and did not include dif-
ferent and multiple assessments of kidney function.'?'3
One study was conducted in participants taking part
in a voluntary health checkup program in Japan and
reported a potential bidirectional association between
kidney function assessed by eGFRcreat and AF, that
is, kidney dysfunction increased the risk of incident
AF and vice versa.” Conversely, the second study,
which included participants from a population-based
cohort of ambulatory elderly, reported no association
between kidney dysfunction and both prevalent and
incident AF when kidney dysfunction was defined as
eGFRcreat <60 mL/min per 1.73 m2."® They did report
an association of serum cystatin C with prevalent AF,
but not with incident AF. In the current study, we report
that prevalent AF is associated with reduced kidney
function. The availability of a high number of eGFR-
creat assessments over time allowed us to investigate
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Table 2. Association Between Continuous and Categorized eGFRcys, eGFRcreat, and eGFRcreat-cys and the Risk of

Incident AF (n=9288)

eGFR

AF events/Total N

HR (95% CI), Model 1 HR (95% CI), Model 2

Continuous, baseline assessment

eGFRcys, mL/min per 1.73 m? 780/9288 111 (1.06-1.17)* 1.08 (1.03-1.14)
eGFRcreat, mL/min per 1.73 m? 780/9288 1.05 (0.99-1.11) 1.04 (0.98-1.10)
eGFRcreat-cys, mL/min per 1.73 m? 780/9288 110 (1.04-1.16) 1.07 (1.01-1.14)*
Continuous, repeated assessments’
eGFRcreat, mL/min per 1.73 m? 780/9288 1.03 (0.97-1.09) 1.02 (0.97-1.09)
Categorical, baseline assessment
Categories of eGFRcys
eGFRcys >60 mL/min per 1.73 m? 545/7599 Reference Reference
eGFRcys <60 mL/min per 1.73 m? 235/1689 1.45 (1.21-1.73) 1.37 (1.14-1.64)*
Categories of eGFRcreat
eGFRcreat >60 mL/min per 1.73 m? 657/8422 Reference Reference
eGFRcreat <60 mL/min per 1.73 m? 123 /866 1.27 (1.03-1.56)* 1.22 (0.99-1.50)
Categories of eGFRcreat-cys
eGFRcreat-cys >60 mL/min per 1.73 m? 624/8186 Reference Reference
eGFRcreat-cys <60 mL/min per 1.73 m? 156/1102 1.35 (1.11-1.64) 1.27 (1.04-1.55)

Model 1 is adjusted for age, sex and Rotterdam Study cohort. Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol,
diabetes, physical activity, and use of cardiac medication. HRs are given per 10 mL/min per 1.73 m? decrease in eGFR. Cox proportional-hazards models were
used to investigate the associations between continuous/categorical eGFR at baseline and incident AF. Joint models were used to investigate the association
between repeated assessments of eGFRcreat and incident AF. AF indicates atrial fibrillation; BMI, body mass index; eGFR, estimated glomerular filtration rate;
eGFRcreat, eGFR based on serum creatinine; eGFRcreat-cys, eGFR based on serum creatinine and serum cystatin C; eGFRcys, eGFR based on serum cystatin

G; and HR, hazard ratio.
*P<0.05.

Total of 55 917 repeated assessments of eGFR (median of 4 repeated assessments).

the trajectories of eGFRcreat with age in participants
with and without prevalent AF. Our eGFRcreat trajec-
tories revealed that eGFRcreat was lower and declined
faster in participants with prevalent AF compared with
participants without prevalent AF. These findings re-
veal that prevalent AF could be a modifiable risk factor
for kidney function decline. Potentially, further studies
might investigate whether early treatment of prevalent
AF with appropriate drugs could prevent further deteri-
oration of kidney function over time.

As previously mentioned, there are only a few stud-
ies investigating the bidirectional association of kidney
function and AF in the general population. Several
other studies investigating the association of kidney
function with AF in the general population®'-3¢ were
unidirectional and did not include multiple assess-
ments of kidney function, which could have resulted in
misclassification bias. Furthermore, some were limited
in generalizability because they included only women
or predominantly younger participants,®'23% although
AF and CKD are typically diseases of older age. In ad-
dition, previous studies adjusted for different sets of
confounders, which complicates an accurate compar-
ison of their findings. In the current study, we included
different and multiple assessments of kidney function
and report that reduced kidney function increases the
risk of incident AF in middle-aged and elderly men and

J Am Heart Assoc. 2022;11:€025303. DOI: 10.1161/JAHA.122.025303

women. Moreover, the direction of the association of
all 3 GFR estimates with the risk of incident AF was the
same, with the strongest association reported for eG-
FRcys and no significant association reported for eG-
FRcreat. A possible explanation for our results can be
found in the differences between serum cystatin C and
serum creatinine, because serum cystatin C has been
suggested to be a better marker of kidney function®”
and a stronger predictor of cardiovascular events and
mortality risk™ when compared with serum creatinine.
The mechanism behind this phenomenon is not com-
pletely understood, but cystatin C appears to be less
affected by age, sex, and muscle mass than serum
creatinine.'*%8-40 |n addition, serum cystatin C may be
more sensitive for detecting small changes in eGFR.#!
One of the mechanisms explaining the bidirectional
relationship between kidney function and AF could be
the presence of shared cardiovascular risk factors.
However, adjusting the analyses for various cardiovas-
cular risk factors, including in a time-varying fashion,
did not alter our risk estimates, suggesting that other
and potentially more causal mechanisms could under-
lie the reported associations. Potential other mecha-
nisms might be captured by the cardiorenal syndrome,
an umbrella term that is used to describe the patho-
logical interplay between the cardiovascular system
and the kidneys.*? The pathological mechanisms
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Figure 1.
eGFRcreat-cys.

Cumulative incidence of incident AF by eGFRcys, eGFRcreat, and

Cumulative incidence by eGFRcys, eGFRcreat, and eGFRcreat-cys at baseline,
adjusted for age and sex. AF indicates atrial fibrillation; eGFR, estimated glomerular
filtration rate; eGFRcreat, eGFR based on serum creatinine; eGFRcreat-cys, eGFR
based on serum creatinine and serum cystatin C; and eGFRcys, eGFR based on serum

cystatin C.
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Table 3. Association Between Prevalent AF and eGFRcys, eGFRcreat, and eGFRcreat-cys at Baseline, eGFRcreat With

Age, and Incident Reduced Kidney Function (n=9697)

Total N

B (95% Cl), Model 1

(3 (95% Cl), Model 2

Outcome: eGFR at baseline, cross-sectio

nal

eGFRcys

No prevalent AF 9288 Reference Reference

Prevalent AF 409 -5.46 (-6.89 to —4.03) -4.24 (-5.68 to -2.81)"
eGFRcreat

No prevalent AF 9288 Reference Reference

Prevalent AF 409 —-2.80 (-4.07 to —1.53) -1.93 (-8.23 to -0.63)*
eGFRcreat-cys

No prevalent AF 9288 Reference Reference

Prevalent AF 409 -4.46 (-5.72 to —3.19)* —-3.36 (-4.64 to —2.07)

Outcome: eGFRcreat with age, longitudin

t

a

No prevalent AF

9288

Reference

Reference

Prevalent AF

409

—-4.08 (-5.29 to -2.86)"

~2.85 (~4.10 to —1.60)"

Events/ total n

HR (95% Cl), Model 1

HR (95% Cl), Model 2

Outcome: incident reduced kidney function, longitudinal*

No prevalent AF

2535/8422

Reference

Reference

Prevalent AF

157/306

1.50 (1.27 to 1.77)*

1.33 (112 to 1.58)*

Model 1 is adjusted for age, sex, and Rotterdam Study cohort. Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol,
diabetes, physical activity, and use of cardiac medication. Linear regression models were used to investigate the associations between prevalent AF and eGFR
at baseline. Linear mixed models were used to investigate the association between prevalent AF and eGFRcreat with age. Cox proportional-hazards models
were used to investigate the associations between prevalent AF and incident reduced kidney function. AF indicates atrial fibrillation; BMI, body mass index;
eGFR, estimated glomerular filtration rate; eGFRcreat, eGFR based on serum creatinine; eGFRcreat-cys, eGFR based on serum creatinine and serum cystatin

C; eGFRcys, eGFR based on serum cystatin C; and HR, hazard ratio.
*P<0.05.

Total of 70 687 repeated assessments of eGFR (median of 5 repeated assessments).
*Participants with prevalent reduced kidney function were excluded from the analysis (n=969).

involved in the cardiorenal syndrome are compre-
hensive and include 2 important mechanisms that
could also explain the reported bidirectional associa-
tion: inflammation and renin-angiotensin aldosterone
system activation. First, reduced kidney function in-
duces a pro-inflammatory state with a central role for
inflammatory cytokines.***> Moreover, an increase
in inflammatory markers and thus an inflammatory
state was also shown to be related to a decrease in
eGFR in the general population.*® Increased levels
of pro-inflammatory cytokines have also been asso-
ciated with an increased risk of AF¥~50 and AF itself
can also promote inflammation.®' Second, increased
renin-angiotensin aldosterone system activity is often
reported in CKD,% which could promote structural and
electrical atrial remodeling.5?-54 In addition, the expres-
sion of the angiotensin-converting enzyme®® and the
levels of plasma aldosterone®-8 are increased in pa-
tients with AF, suggesting an increased activity of the
renin-angiotensin aldosterone system in patients with
AF as well. In turn, this increased activity could have
pathological consequences for the kidneys, because
especially excessive levels of aldosterone and angio-
tensin Il could have pro-inflammatory and pro-fibrotic
effects on the kidneys.%®

J Am Heart Assoc. 2022;11:€025303. DOI: 10.1161/JAHA.122.025303

Our study has several strengths. First, the
population-based design of the Rotterdam Study
including a high number of participants with a high
participation rate provides sufficient statistical power
to study our research questions and makes the re-
sults generalizable to the general population of
middle-aged and elderly individuals. Second, a high
number of meticulously adjudicated AF events were
included in the study, due to the long follow-up time
and the extensive evaluation of AF cases. Third, the
high number of eGFRcreat assessments over time
allowed us to study the association between kid-
ney function and AF in more detail and reduced the
potential bias that can occur when including only a
single assessment of kidney function. Although not
every participant had the same number of repeated
eGFRcreat assessments available, we were still able
to provide valid results by using statistical methods
that can handle such unbalanced data. Several lim-
itations should be mentioned as well. First, residual
confounding cannot be excluded, even though we
adjusted for a wide variety of confounders. Second,
eGFRcys and eGFRcreat-cys were determined only
at baseline and therefore changes in these assess-
ments over time could not be analyzed. Third, data
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Figure 2. Longitudinal changes in eGFRcreat according to prevalent AF.

Figure is based on an unadjusted model. P for interaction <0.001.

Linear mixed models were used to investigate the association

between prevalent AF and eGFRcreat with age. AF indicates atrial fibrillation; eGFR, estimated glomerular filtration rate; and

eGFRcreat, eGFR based on serum creatinine.

on urine ACR were only available in a subset of the
population and only a low number of incident AF
events occurred in this population. Therefore, the
power to detect an association between urine ACR
and incident AF could have been limited. Fourth, part
of the included participants had missing values in one
or more confounders, although the missingness was
expected to be at random and was <2% for most
confounders. Furthermore, we performed multiple
imputation to account for missing values in the co-
variates. Finally, the Rotterdam Study includes mainly
White middle-aged and elderly subjects, which limits
the generalizability of our results to other races, eth-
nicities, and younger populations.

In conclusion, we report an increased risk of inci-
dent AF with lower levels of eGFRcys and eGFRcreat-
cys. This reveals that kidney function, especially when
assessed by eGFRcys, could be a modifiable risk fac-
tor for incident AF. In addition, we report that prevalent
AF is associated with reduced kidney function, both
at baseline and over time, which reveals that prevalent
AF could be a modifiable risk factor for decreased kid-
ney function. Because the prevalence of both AF and

J Am Heart Assoc. 2022;11:€025303. DOI: 10.1161/JAHA.122.025303

CKD is expected to increase in the upcoming years
despite efforts to prevent both diseases by managing
traditional risk factors, our findings may be highly clin-
ically relevant because they could improve the predic-
tion and prevention of both AF and CKD. In addition,
it could also change the preferred treatment strategy
when both conditions are present simultaneously.
Although our findings suggest a bidirectional associa-
tion between kidney function and AF, future studies are
needed to investigate the causality of this association,
for example with Mendelian randomization analyses.
In addition, future studies are needed to investigate
potential underlying mechanisms, first focusing on
whether cardiovascular risk factors mediate the asso-
ciation between kidney function and AF and vice versa.
Prediction studies are needed to explore whether add-
ing eGFR, and especially eGFRcys, to screening mod-
els for incident AF could improve these models and
vice versa.
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Supplemental Material



Table S1. Association between eGFRcys, eGFRcreat, and eGFRcreat-cys at baseline and the

risk of incident AF.

eGFR AF events / HR (95% ClI), HR (95% ClI), HR (95% CI),
Total N Model 1 Model 2 Model 3
eGFRcys, ml/min per 1.73m?2 | 780/ 9,288 1.11 (1.06-1.17)* | 1.08 (1.03-1.14)* | 1.07 (1.02-1.13)*
eGFRcreat, ml/min per 1.73 m2 | 780/ 9,288 1.05(0.99-1.11) | 1.04 (0.98-1.10) | 1.02 (0.96-1.08)
eGFRcreat-cys, 780/ 9,288 1.10 (1.04-1.16)* | 1.07 (1.01-1.14)* | 1.07 (1.02-1.13)*

ml/min per 1.73 m2

Model 1 is adjusted for age, sex, and Rotterdam Study cohort.

Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol, DM,

physical activity, and use of cardiac medication.

Model 3 is additionally adjusted for hypertension, history of CHD, and history of HF.

Hazard ratios given per 10 ml/min per 1.73 m2decrease in eGFR.

Cox proportional-hazards models were used to investigate the associations between eGFR at baseline

and the risk of incident AF.
*P < 0.05.

AF = atrial fibrillation, BMI = body mass index, CHD = coronary heart disease, Cl = confidence

interval, DM = diabetes mellitus, eGFRcreat = estimated glomerular filtration rate (eGFR) based on

serum creatinine, eGFRcreat-cys = eGFR based on serum creatinine and serum cystatin C, eGFRcys

= eGFR based on serum cystatin C, HF = heart failure, HR = hazard ratio, N = number




Table S2. Sensitivity analyses for the association between eGFRcys, eGFRcreat, and

eGFRcreat-cys at baseline and the risk of incident AF.

Sensitivity analysis

AF events /
Total N

HR (95% CI),
Model 1

HR (95% CI),
Model 2

Correcting for time-varying effects

of age, BMI, and smoking

eGFRcys, ml/min per 1.73 m? 780/9,288 | 1.11 (1.06-1.17)* | 1.09 (1.03-1.15)*
eGFRcreat, ml/min per 1.73 m? 780/9,288 | 1.05(0.99-1.12) 1.04 (0.99-1.11)
eGFRcreat-cys ml/min per 1.73 m2 | 780/9,288 | 1.10 (1.04-1.17)* | 1.08 (1.02-1.14)*

Restricting to participants with eGFRcreat below 120 ml/min per 1.73 m?

eGFRcys, ml/min per 1.73 m? 780/9,281 | 1.11(1.06-1.17)* | 1.08 (1.03-1.14)*
eGFRcreat, ml/min per 1.73 m? 780/9,281 | 1.05 (0.99-1.11) 1.04 (0.98-1.10)
eGFRcreat-cys ml/min per 1.73 m? | 780/9,281 | 1.10 (1.04-1.16)* | 1.07 (1.01-1.14)*

Excluding participants with prevalent CHD and HF**

eGFRcys, ml/min per 1.73 m?2 664 /8,596 | 1.09 (1.03-1.16)* | 1.07 (1.01-1.14)*
eGFRcreat, ml/min per 1.73 m? 664 /8,596 | 1.04 (0.98-1.11) 1.04 (0.97-1.10)
eGFRcreat-cys ml/min per 1.73 m? | 664 /8,596 | 1.08 (1.02-1.16)* | 1.07 (1.00-1.14)

Excluding participants with prevalent and incide

nt CHD and HF**

eGFRcys, ml/min per 1.73 m? 546 /7,618 | 1.08 (1.01;1.15)* 1.06 (0.99;1.13)
eGFRcreat, ml/min per 1.73 m? 546 /7,618 | 1.02 (0.95;1.09) 1.01 (0.94;1.01)
eGFRcreat-cys ml/min per 1.73 m? | 546/7,618 | 1.06 (0.99;1.96) 1.04 (0.96;1.12)

Correcting for time-varying effects

of CHD and HF®

eGFRcys, ml/min per 1.73 mZ 780/9,288 | NA 1.05 (1.00;1.10)*
eGFRcreat, ml/min per 1.73 m2 780/9,288 | NA 1.02 (0.97;1.07)
eGFRcreat-cys ml/min per 1.73 m2 | 780/9,288 | NA 1.04 (0.99;1.10)
Excluding first 2 years of follow-up

eGFRcys, ml/min per 1.73 m? 697 /8,965 | 1.13 (1.07-1.20)* [ 1.10 (1.04-1.17)*
eGFRcreat, ml/min per 1.73 m? 697 /8,965 | 1.07 (1.00-1.13)* 1.05 (0.99-1.12)
eGFRcreat-cys ml/min per 1.73 m2 | 697 /8,965 | 1.12 (1.06-1.19)* | 1.09 (1.03-1.16)*
Excluding first 4 years of follow-up

eGFRcys, ml/min per 1.73 m? 597 /8,554 | 1.12 (1.05-1.19)* | 1.09 (1.02-1.16)*
eGFRcreat, ml/min per 1.73 m? 597 /8,554 | 1.07 (1.01-1.15)* 1.06 (1.00-1.14)*
eGFRcreat-cys, ml/min per 1.73 m? | 597/8,554 | 1.12 (1.05-1.19)* | 1.09 (1.02-1.17)*

Model 1 is adjusted for age, sex and Rotterdam Study cohort.

Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol, DM,

physical activity, and use of cardiac medication.

NA = not applicable.

Hazard ratios given per 10 ml/min per 1.73 m2decrease in eGFR.




Cox proportional-hazards models were used to investigate the associations between eGFR at baseline
and the risk of incident AF.

*P < 0.05.
** The non-imputed data is used to exclude the participants with CHD and HF at baseline.

$ Model 2 is additionally adjusted for the time-varying effect of CHD and HF.

AF = atrial fibrillation, BMI = body mass index, CHD = coronary heart disease, Cl = confidence
interval, DM = diabetes mellitus, eGFRcreat = estimated glomerular filtration rate (eGFR) based on
serum creatinine, eGFRcreat-cys = eGFR based on serum creatinine and serum cystatin C, eGFRcys

= eGFR based on serum cystatin C, HF = heart failure, HR = hazard ratio, N = number



Table S3. Stratified analyses by age and sex for the association between eGFRcys, eGFRcreat,

and eGFRcreat-cys at baseline and the risk of incident AF.

Stratification eGFR AF events / HR (95% CI), HR (95% ClI),
variable Total N Model 1 Model 2
Age eGFRcys, ml/min per 1.73 m?2
<65 225/5,226 | 1.12 (1.02-1.23)* | 1.08 (0.98-1.19)
=265 555/4,062 | 1.11 (1.04-1.18)* | 1.09 (1.02-1.16)*
P for interaction 0.97 0.93
eGFRcreat, ml/min per 1.73 m2
<65 225/5,226 | 1.06 (0.95-1.18) | 1.06 (0.95-1.19)
265 555/4,062 | 1.04(0.98-1.12) | 1.03 (0.96-1.10)
P for interaction 0.92 0.92
eGFRcreat-cys, ml/min per 1.73
m2
<65 225/5,226 | 1.11 (1.00-1.24) | 1.08 (0.97-1.21)
>65 555/ 4,062 | 1.10 (1.02-1.17)* | 1.07 (1.00-1.15)*
P for interaction 0.82 0.69
Sex eGFRcys, ml/min per 1.73 m?
Men 399/3,971 | 1.12(1.04-1.20)* | 1.10 (1.03-1.19)*
Women 381/5,317 | 1.10(1.02-1.19)* | 1.06 (0.98-1.15)
P for interaction 0.42 0.65
eGFRcreat, ml/min per 1.73 m2
Men 399/3,971 | 1.05(0.97-1.14) | 1.05(0.97-1.14)
Women 381/5,317 | 1.05(0.97-1.14) | 1.03 (0.95-1.12)
P for interaction 0.46 0.58
eGFRcreat-cys, ml/min per 1.73
m2
Men 399/3,971 | 1.11(1.03-1.20)* | 1.10 (1.01-1.19)*
Women 381/5,317 | 1.09 (1.00-1.18)* | 1.05 (0.97-1.14)

P for interaction

0.38

0.36

Model 1 is adjusted for age, sex and Rotterdam Study cohort.

Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol, DM,

physical activity, and use of cardiac medication.

Hazard ratios given per 10 ml/min per 1.73m?decrease in eGFR.

Cox proportional-hazards models were used to investigate the associations between eGFR at baseline
and the risk of incident AF.




*P < 0.05.

AF = atrial fibrillation, BMI = body mass index, Cl = confidence interval, DM = diabetes mellitus,
eGFRcreat = estimated glomerular filtration rate (eGFR) based on serum creatinine, eGFRcreat-cys =
eGFR based on serum creatinine and serum cystatin C, eGFRcys = eGFR based on serum cystatin C,
HR = hazard ratio, N = number



Table S4. Association between the urine ACR at baseline and the risk of incident AF (n = 3,065).

AFevents/ | HR (95% CI), HR (95% Cl), HR (95% ClI),
Total N Model 1 Model 2 Model 3
Log-transformed ACR 71/ 3,065 1.10(0.88;1.38) | 1.08 (0.86-1.37) | 1.06 (0.83-1.34)
(mg/g)
ACR, mg/g 71/ 3,065 1.00 (1.00;1.00) | 1.00 (1.00;1.00) | 1.00 (1.00;1.00)

Model 1 is adjusted for age and sex.

Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol, DM,

physical activity, and use of cardiac medication.

Model 3 is additionally adjusted for hypertension, history of CHD, and history of HF.

Hazard ratios given per 1 unit increase in the log ACR.

Cox proportional-hazards models were used to investigate the association between urine ACR at

baseline and the risk of incident AF.

*P < 0.05.

ACR = albumin-to-creatinine ratio, AF = atrial fibrillation, BMI = body mass index, CHD = coronary

heart disease, Cl = confidence interval, DM = diabetes mellitus, HF = heart failure, HR = hazard ratio,

N = number




Table S5. Association between prevalent AF and 1) eGFRcys, eGFRcreat, and eGFRcreat-cys at

baseline, 2) eGFRcreat with age, and 3) incident reduced kidney function (n = 9,697), excluding

participants with incident AF during follow-up.

Total N Beta (95% CI), Beta (95% CI),
Model 1 Model 2

Outcome: eGFR at baseline (cross-sectional)
eGFRcys

No prevalent AF 8,508 Reference Reference

Prevalent AF 409 -5.53 (-6.96;-4.09)* | -4.09 (-5.54;-2.65)*
eGFRcreat

No prevalent AF 8,508 Reference Reference

Prevalent AF 409 -2.83 (-4.11;-1.56)* | -1.79 (-3.09;-0.48)*
eGFRcreat-cys

No prevalent AF 8,508 Reference Reference

Prevalent AF 409 -4.46 (-5.72;-3.19)* | -3.20 (-4.49;-1.90)*

Outcome: eGFRcreat

with age (longitudinal)

Total N Beta (95% ClI), Beta (95% CI),
Model 1 Model 2
No prevalent AF 8,508 Reference Reference
Prevalent AF 409 -2.51 (-3.89;-1.15)* | -1.53 (-2.95;-0.11)*

Outcome: incident re

duced kidney function’ (longitudinal)

Events / HR (95% CI), HR (95% ClI),

total N Model 1 Model 2
No prevalent AF 2,169/7,765 Reference Reference
Prevalent AF 157 / 306 1.53 (1.30-1.81)* 1.36 (1.14;1.62)*

Model 1 is adjusted for age, sex and Rotterdam Study cohort.

Model 2 is additionally adjusted for educational level, BMI, smoking, alcohol, serum cholesterol, DM,

physical activity, and use of cardiac medication.

Linear regression models were used to investigate the associations between prevalent AF and eGFR
at baseline. Linear mixed models were used to investigate the association prevalent AF and
eGFRcreat with age. Cox proportional-hazards models were used to investigate the associations

between prevalent AF and incident reduced kidney function.

*P < 0.05.



T Participants with prevalent reduced kidney function were excluded from the analysis (n = 969).

AF = atrial fibrillation, BMI = body mass index, Cl = confidence interval, DM = diabetes mellitus,
eGFRcreat = estimated glomerular filtration rate (eGFR) based on serum creatinine, eGFRcreat-cys =
eGFR based on serum creatinine and serum cystatin C, eGFRcys = eGFR based on serum cystatin C,
HR = hazard ratio, N = number



