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Abstract

Aims Chronic kidney disease (CKD) has a complicated relationship with the heart, leading to many adverse outcomes. The
aim of this study was to evaluate the relationship between CKD and the incidence of atrial fibrillation (AF) and heart failure
(HF) along with mortality as a competing risk in general population cohorts. We also included an assessment of baseline
biomarkers of inflammation, myocardial injury, and left ventricular dysfunction with risk of AF and HF, respectively, to shed
light on the potential underlying pathophysiology.
Methods and results This study was conducted within the BiomarCaRE project using harmonized data from 12 European
population-based cohorts (n = 48 518 participants). Renal function was assessed by glomerular filtration rate estimated using
the combined Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation with standardized serum creatinine (Cr)
and non-standardized serum cystatin C (CysC). Incidence of AF and HF respectively, during a median follow-up of 8 years was
recorded. Cox proportional hazards models were used to determine hazard ratios (HRs) for the incidence of AF and HF in CKD
and the competing risk of mortality after adjustment for covariates. The mean age at baseline was 51.4 (standard deviation
12.1) years, 49% were men. Overall, 4.3% of subjects had CKD at baseline. The rate for AF was 3.8 per 1000 person-years dur-
ing follow-up. The HR for AF in patients with CKD compared with patients without CKD was 1.28 (95% confidence interval
1.07–1.54) after adjustment for covariates. The rate for incident HF was 4.1 per 1000 person-years and the HR of CKD for
HF was 1.71 (95% confidence interval 1.45–2.01. In subjects with CKD, N-terminal-pro-brain natriuretic peptide (NT-proBNP)
showed an association with AF, whereas NT-proBNP and C-reactive protein were associated with HF.
Conclusions Chronic kidney disease is an independent risk factor for subsequent AF and is even more closely associated with
HF. In these relatively young participants with CKD, NT-proBNP was strongly associated with subsequent risk of AF. For HF, in
addition, elevated levels of hs-C-reactive protein at baseline were related to incident events.

Keywords Cohort study; Chronic kidney disease; Atrial fibrillation; Heart failure; General population; Biomarkers

Received: 2 July 2021; Revised: 29 September 2021; Accepted: 29 October 2021
*Correspondence to: Dietrich Rothenbacher, Institute of Epidemiology and Medical Biometry, University of Ulm, Helmholtzstr. 22, D-89081 Ulm, Germany. Phone: +49 731
5031060; Fax: +49 731 5031069. Email: dietrich.rothenbacher@uni-ulm.de
Martin Rehm and Dietrich Rothenbacher contributed equally to this study.

ORIG INAL ART ICLE

© 2021 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

ESC HEART FAILURE
ESC Heart Failure (2021)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13699

https://orcid.org/0000-0002-3563-2791
mailto:dietrich.rothenbacher@uni-ulm.de
http://creativecommons.org/licenses/by/4.0/


Background

Chronic kidney disease (CKD) affects a large proportion of the
adult population worldwide and is a global public health
problem.1 Hypertension and diabetes are among the most
important risk factors for CKD and account for much of the
disease burden. CKD is also an independent risk factor for
cardiovascular disease (CVD) and all-cause mortality in both
low-risk and high-risk cohorts.2

Chronic kidney disease has a complicated relationship with
the heart, leading to many adverse consequences. Various
pathophysiological interactions may occur, leading to haemo-
dynamic and cardiac structural changes. These also predis-
pose to atrial fibrillation (AF) and heart failure (HF).3 Both,
AF4 and HF are associated with increased health care costs
and mortality and, in combination with CKD, may complicate
the disease course and worsen the risk for adverse outcomes.5

Given the ageing population and the increase in common risk
factors for CKD, AF, and HF, such as hypertension, diabetes,
and obesity, the prevalence of CKD and related heart disease
will increase in the future. However, a better understanding
of the shared pathophysiology, particularly in low-risk popula-
tions, may help to further develop preventive strategies. Data
from large population-based initiatives with harmonized in-
formation and centrally measured biomarkers, and thus low
study-induced heterogeneity, may therefore be particularly
valuable to investigate associations with sufficient power.

The aim of the study was to assess the relationship
between CKD and the incidence of AF and HF along
with mortality as a competing risk in participants of the
MORGAM/BiomarCaRE consortium representing general
population cohorts. We also included an assessment of estab-
lished biomarkers of inflammation, myocardial injury, and left
ventricular dysfunction to shed light on the potential underly-
ing pathophysiology.

Methods

Study populations and study design

The present study was conducted as part of the MORGAM/
BiomarCaRE projects with harmonized data from 12 popula-
tion-based cohorts from 4 European countries for which infor-
mation on AF and HF during follow-up was prospectively
collected. Harmonized data included baseline information on
age, sex, body mass index, smoking status, hypertension (de-
fined as systolic blood pressure >140 mmHg, diastolic blood
pressure >90 mmHg, or self-reported use of blood pressure
medication), and history of diabetes (defined as self-report
or antidiabetic medication). 48,518 subjects without a docu-
mented or self-reported history of AF or HF at baseline and
with complete information on baseline characteristics and lab-
oratory measurements were included in the analysis. Details

of the study cohorts are in Supporting information Tables S1
and S2, Box S1 and can be found elsewhere.6–8 All studies were
carried out according to the Declaration of Helsinki. Each of
the included contributing studies had previously obtained
ethics approval from their respective institutional review
boards, and all participants provided informed consent.

Laboratory measurements

In the population-based cohorts of the MORGAM/
BiomarCaRE study, systolic blood pressure and total choles-
terol were measured locally using standardized methods.
Data quality was assessed retrospectively.9

Creatinine (Cr) was measured by the kinetic alkaline
picrate Jaffe method using the isotope dilution mass spec-
trometry (IDMS) traceable (NIST SRM 967) Abbott Architect
assay CREATININE on the Architect c8000. Cystatin C (CysC)
was measured with the immunoassay Cystatin C on an Ab-
bott Diagnostics ARCHITECT. All measurements were per-
formed at the BiomarCaRE central laboratory in Mainz and,
after the relocation of the lab, at the University Heart and
Vascular Centre Hamburg-Eppendorf in Hamburg.

Intra-assay and inter-assay coefficients of variation (CVs)
were measured with samples of medium concentrations
(creatinine: medium = 1.39–2.44 mg/dL; high = 2.25–
7.3 mg/dL; cystatin C: high = 2.95–4.77 mg/L). Intra-assay
CVs for creatinine ranged from 0.09% to 5.2% and for cystatin
C from 0.78% to 4.0%. The inter-assay CV for creatinine
ranged from 2.3% to 8.1% and for cystatin C from 1.8% to
12.5% for measurements in the population-based cohorts.

Hs-C-reactive protein (CRP) was measured with a latex im-
munoassay on an Abbott Architect c8000 system. Troponin I
levels were measured with an hs-cTnI assay (Abbott Diagnos-
tics; ARCHITECT i2000SR). N-terminal-pro-brain natriuretic
peptide (NT-proBNP) was measured on the ELECSYS 2010
platform using an electrochemiluminescence immunoassay
(ECLIA, Roche Diagnostics).

Assessment of chronic kidney disease

Renal function was assessed by glomerular filtration rate
(eGFR) estimated using the combined Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation with stan-
dardized serum creatinine (Cr) and non-standardized serum
cystatin C (CysC).10

eGFR ¼ 177:6� Cr�0:65 � CysC�0:57 � age�0:20

� 0:82 if femaleð Þ � 1:11 if blackð Þ

In the equation, Cr is given in mg/dL, CysC in mg/L, age in
years, and eGFR in mL/min/1.73 m2. CKD stage 3–5 was
defined as eGFR of less than 60 mL/min/1.73 m2.
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Outcome definitions

The following outcomes were included in the analysis:

1 AF: Individuals with self-reported and/or physician-
diagnosed history of AF/atrial flutter and/or prior coding
for AF/atrial flutter at baseline were excluded from analy-
ses. During follow-up, the diagnosis of AF was based on
study ECG tracings, questionnaire information, national
hospital discharge registry data, including data on ambula-
tory visits to specialized hospitals. Additionally, causes of
death registry data were screened for incident AF as a co-
morbidity of individuals that died from other causes.
When routine clinical and death certificate diagnoses are
used, the relevant International Classification of Diseases
(ICD) codes are usually as follows: ICD-8th Revision,
427.4; ICD-9th Revision, 427.3; and ICD-10th Revision, I48.

2 HF: Subjects with prevalent HF were also excluded from
the analyses. For follow-up assessment, each study centre
was asked to decide on the exact definition of HF for their
cohorts. The relevant ICD codes are usually as follows:
ICD-8th Revision, 427.0, 427.1, and 428; ICD-9th Revision,
428; and ICD-10th Revision, I50 (HF), I11.0 (hypertensive
heart disease with HF), I13.0 (hypertensive heart and renal
disease with HF), and I13.2 (hypertensive heart and renal
disease with both HF and renal failure), which were ad-
justed according to local coding practices. In all cohorts,
the follow-up for HF was based on record linkage with hos-
pital data and death registers and in FINRISK also with the

national drug reimbursement register. The codes used, of-
ten based on national modifications of the ICD revisions,
are specified in the MORGAM e-publication.

3 Total mortality: Total mortality as an endpoint was
defined as death due to any cause during the follow-up
time. More details of the event classification are
provided elsewhere7,11 and in the MORGAM manual.8

The follow-up started at the date of baseline examinations.
The duration of follow-up in each cohort is described in
Table S1.

Statistical analysis

Baseline characteristics of the pooled study cohorts are pre-
sented as absolute and relative frequencies for categorical
variables and means (standard deviations) or medians
(25th, 75th percentiles) for continuous variables. Cumulative
incidences and incidence rates per 1000 person-years were
calculated for AF, HF, and death as competing risks.
Cumulative incidence curves were calculated using the
Aalen–Johansen method.

The association of reduced renal function with AF, HF, and
with death modelled as a competing risk was assessed using
separate Cox proportional hazards regression models for
each endpoint. Time since baseline was used as the time
scale and eGFR category at baseline as the exposure
(≥90, 60 to <90, and <60 mL/min/1.73 m2). The models
were adjusted for age, sex, and cohort (Model 1) along with

Table 1 Baseline characteristics of the study population by eGFR category

eGFR, mL/min/1.73 m2

≥90
(n = 27 556)

60 to <90
(n = 18 866)

<60
(n = 2096)

Total
(n = 48 518)

Age, years 46.7 (10.6) 56.8 (10.9) 64.6 (12.1) 51.4 (12.1)
0–44, n (%) 12 011 (43.6) 2588 (13.7) 139 (6.6) 14 738 (30.4)
45–54, n (%) 9129 (33.1) 5113 (27.1) 267 (12.7) 14 509 (29.9)
55–64, n (%) 5014 (18.2) 6434 (34.1) 546 (26.0) 11 994 (24.7)
65+, n (%) 1402 (5.1) 4731 (25.1) 1144 (54.6) 7277 (15.0)

Men, n (%) 14 613 (53.0) 8201 (43.5) 968 (46.2) 23 782 (49.0)
BMI, kg/m2 26.5 (4.5) 28.1 (4.8) 28.9 (5.1) 27.2 (4.7)

30+, n (%) 5146 (18.7) 5599 (29.7) 783 (37.4) 11 528 (23.8)
Smoking, n (%) 8660 (31.4) 4787 (25.4) 437 (20.8) 13 884 (28.6)
Hypertension, n (%) 9820 (35.6) 11 092 (58.8) 1608 (76.7) 22 520 (46.4)
History of diabetes, n (%) 863 (3.1) 1093 (5.8) 275 (13.1) 2231 (4.6)
SBP, mmHg 131.6 (18.7) 141.5 (21.4) 149.9 (23.8) 136.2 (20.8)
Total cholesterol, mmol/L 5.8 (1.2) 5.8 (1.2) 5.7 (1.3) 5.8 (1.2)
Creatinine, mg/dL 0.8 (0.1) 0.9 (0.2) 1.5 (0.9) 0.8 (0.3)
Cystatin C, mg/L 0.8 (0.1) 1.0 (0.1) 1.4 (0.5) 0.9 (0.2)
eGFR, mL/min/1.73 m2 108.4 (15.4) 78.6 (7.8) 49.9 (9.0) 94.3 (21.4)
hs-CRP, mg/L 1.1 [0.5, 2.3] 1.7 [0.9, 3.5] 2.6 [1.3, 5.5] 1.4 [0.7, 2.9]
hs-cTnI, ng/L 2.1 [1.3, 3.8] 2.8 [1.8, 4.5] 4.7 [3.0, 7.3] 2.5 [1.5, 4.3]
NT-proBNP, ng/L 36.7 [17.9, 67.7] 56.3 [27.9, 106.2] 114.8 [54.3, 241.6] 44.8 [21.8, 85.7]

Baseline characteristics of the pooled study cohorts are presented as absolute and relative frequencies for categorical variables and means
(standard deviations) or medians [25th, 75th percentiles] for continuous variables. BMI, body mass index; SBP, systolic blood pressure;
eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein; hs-cTnI, high-sensitivity cardiac troponin I; NT-
proBNP, N-terminal pro B-type natriuretic peptide.
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cardiovascular risk factors at baseline (body mass index,
smoking status, diabetes, and systolic blood pressure) in
Model 2. In a further analysis, an incremental adjustment
for log-transformed biomarker concentrations (hs-CRP, hs-
cTnI, and NT-proBNP) was performed based on Model 2.
Non-detectable biomarker measurements were set to half
of the lower limit of detection of the assay. Subjects were
censored at the end of follow-up, upon death, or at the time

of their cardiovascular event in the respective analyses.
Scaled Schoenfeld residuals against follow-up time were plot-
ted for each covariate to verify the proportional hazards
assumption.

Finally, in subjects with CKD, restricted cubic spline regres-
sion curves were used to visualize the association between
eGFR and AF/HF and the association between log-trans-
formed biomarker concentrations and AF/HF. Statistical

Table 2 Association of reduced kidney function with AF and death before AF as competing risk

eGFR, mL/min/1.73m2

≥90
(n = 27 556)

60 to <90
(n = 18 866)

<60
(n = 2096)

Total
(n = 48 518)

AF, n (%) 924 (3.4) 906 (4.8) 169 (8.1) 1999 (4.1)
IR (95% CI) 2.8 (2.6–2.9) 5.4 (5.1–5.8) 9.6 (8.3–11.2) 3.8 (3.7–4.0)
HR (95% CI)
Model 1 1.00 (Reference) 1.18 (1.06–1.31) 1.44 (1.20–1.72)
Model 2 1.00 (Reference) 1.10 (0.99–1.22) 1.28 (1.07–1.54)
Model 3a 1.00 (Reference) 1.07 (0.97–1.19) 1.22 (1.02–1.47)
Model 3b 1.00 (Reference) 1.03 (0.93–1.15) 1.10 (0.91–1.32)
Model 3c 1.00 (Reference) 0.98 (0.88–1.09) 0.89 (0.74–1.07)

Death before AF, n (%) 2416 (8.8) 1843 (9.8) 352 (16.8) 4611 (9.5)
IR (95% CI) 7.2 (6.9–7.5) 11.0 (10.5–11.5) 20.0 (18.0–22.2) 8.9 (8.6–9.1)
HR (95% CI)
Model 1 1.00 (Reference) 1.09 (1.02–1.17) 1.56 (1.38–1.76)
Model 2 1.00 (Reference) 1.07 (1.00–1.14) 1.45 (1.28–1.63)
Model 3a 1.00 (Reference) 1.02 (0.96–1.10) 1.34 (1.18–1.51)
Model 3b 1.00 (Reference) 1.00 (0.93–1.07) 1.25 (1.10–1.41)
Model 3c 1.00 (Reference) 0.98 (0.92–1.05) 1.16 (1.03–1.32)

AF, atrial fibrillation; IR, incidence rate per 1000 person-years; HR, hazard ratio; CI, confidence interval.
Model 1: Adjusted for age, sex, and cohort. Model 2: Adjustment as in Model 1 plus adjustment for BMI, smoking, diabetes, and systolic
blood pressure. Model 3a: Adjustment as in Model 2 plus adjustment for log-transformed concentrations of hs-CRP. Model 3b: Adjust-
ment as in Model 2 plus adjustment for log-transformed concentrations of hs-CRP and hs-cTnI. Model 3c: Adjustment as in Model 2 plus
adjustment for log-transformed concentrations of hs-CRP, hs-cTnI, and NT-proBNP.

Table 3 Association of reduced kidney function with HF and death before HF as competing risk

eGFR, mL/min/1.73m2

≥90
(n = 27 556)

60- < 90
(n = 18 866)

<60
(n = 2096)

Total
(n = 48 518)

HF, n (%) 806 (2.9) 1084 (5.7) 250 (11.9) 2140 (4.4)
IR (95% CI) 2.4 (2.2–2.6) 6.4 (6.1–6.8) 14.3 (12.6–16.1) 4.1 (3.9–4.3)
HR (95% CI)

Model 1 1.00 (Reference) 1.41 (1.27–1.57) 2.07 (1.76–2.43)
Model 2 1.00 (Reference) 1.27 (1.15–1.41) 1.71 (1.45–2.01)
Model 3a 1.00 (Reference) 1.21 (1.09–1.34) 1.55 (1.31–1.82)
Model 3b 1.00 (Reference) 1.16 (1.05–1.29) 1.36 (1.16–1.61)

Death before HF, n (%) 2331 (8.5) 1683 (8.9) 304 (14.5) 4318 (8.9)
IR (95% CI) 6.9 (6.7–7.2) 10.0 (9.5–10.5) 17.3 (15.5–19.4) 8.3 (8.0–8.5)
HR (95% CI)

Model 1 1.00 (Reference) 1.04 (0.97–1.12) 1.42 (1.25–1.61)
Model 2 1.00 (Reference) 1.03 (0.96–1.10) 1.34 (1.18–1.52)
Model 3a 1.00 (Reference) 0.99 (0.92–1.06) 1.25 (1.10–1.43)
Model 3b 1.00 (Reference) 0.97 (0.90–1.04) 1.18 (1.03–1.34)

HF, heart failure; IR, incidence rate per 1000 person-years; HR, hazard ratio; CI, confidence interval.
Model 1: Adjusted for age, sex, and cohort. Model 2: Adjustment as in Model 1 plus adjustment for BMI, smoking, diabetes, and systolic
blood pressure. Model 3a: Adjustment as in Model 2 plus adjustment for log-transformed concentrations of hs-CRP. Model 3b: Adjust-
ment as in Model 2 plus adjustment for log-transformed concentrations of hs-CRP and hs-cTnI.
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analysis was performed with SAS version 9.4 (SAS Institute,
Cary, NC, USA) and R version 4.0.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results

Baseline characteristics of the 48 518 subjects included in the
final analysis from 12 population-based cohorts are shown in
total and by eGFR category in Table 1. The mean (standard
deviation) age at baseline was 51.4 (12.1) years, and 49.0%
were men. In the 2096 (4.3%) subjects with CKD Stage 3–5
(eGFR <60 mL/min/1.73 m2) at baseline, the prevalence of
hypertension, age, and serum levels of biomarkers reflecting
inflammation, myocardial injury, and left ventricular dysfunc-
tion (i.e. hs-CRP, hs-cTnI, and NT-proBNP, respectively) were
higher when compared to subjects with higher glomerular fil-
tration rates. Further details on the included cohorts and

their main baseline characteristics are presented in Tables
S1 and S2.

The median follow-up time was 8.0 years, with a mortality
of 10.9% (5299 subjects died, mortality rate 10.0 per 1000
person-years). As displayed in Table 2 1999 (4.1%, rate 3.8
per 1000 person-years) subjects were diagnosed with AF dur-
ing the follow-up period. In subjects with CKD, the HR for AF
was 1.28 [95% confidence interval (CI) 1.07–1.54] after ad-
justment for covariates and decreased after biomarkers were
included in the model (probable intermediate factors).

When both, CKD and HF at baseline, were assessed as var-
iables in Model 2 (after HF at baseline was added to the data
set only for these analyses), the HR for subsequent AF in the
group with HF (n = 184) was 3.85 (95% CI 2.88–5.15) and the
HR for subsequent AF in the presence of both HF and CKD
(n = 35) was 3.50 (95% CI 1.95–6.29) (data not shown in ta-
bles). Unfortunately, a similar calculation was not possible
for the combination of CKD with AF because no one had
CKD and AF at baseline.

Figure 1 Restricted cubic spline regression curves [95% confidence interval (CI)] for the association between estimated glomerular filtration rate
(eGFR) and atrial fibrillation (AF) or heart failure (HF) with death as competing risk adjusted for age, sex, cohort, body mass index (BMI), smoking, di-
abetes, and systolic blood pressure.
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Table 3 displays the risk for HF with reduced kidney func-
tion. The HR was 1.71 (95% CI 1.45–2.01) after adjustment
for covariates and only decreased slightly, after adjustment
for hs-CRP and thereafter hs-cTnI. The C-statistic for the
Model 2 for incident AF was 0.81 (95% CI 0.80–0.82),
whereas the C-statistic for the Model 2 for incident HF was
0.84 (95% CI 0.83–0.85) (data not in tables).

Restricted cubic spline regression curves for the associa-
tion between eGFR and AF/HF incidence with death as a com-
peting risk revealed a stronger association with a higher risk
of HF than AF below an eGFR of 90 mL/min/1.73 m2, whereas
no further risk change was observed above 90 mL/min/
1.73 m2 (Figure 1).

The cumulative incidence curves with death as a compet-
ing risk are shown in Figure 2. A slightly higher incidence
for men compared with women was evident for both AF
and HF, although the curves for AF and HF did not differ
significantly.

Figure 3 shows restricted cubic splines of the adjusted
model in subjects with CKD (Model 2) when biomarkers were
added to the model. Interestingly, only NT-proBNP was asso-

ciated with the risk of subsequent AF, whereas for the risk of
HF, hs-CRP was additionally predictive.

Figure S1 shows the cumulative incidence of AF and HF in
age categories and patients with CKD and diabetes. In partic-
ular, the risk of HF was significantly increased in patients with
CKD as well as diabetes.

Discussion

In this large prospective population-based study conducted
as part of the MORGAM/BiomarCaRE consortium, CKD was
associated with the incidence of AF and even more strongly
with HF, independent of other risk factors. The comorbidity
of CKD and HF considerably increased the risk of AF. The
study also suggested that in CKD, increased serum levels of
NT-proBNP, a well-established biomarker for left ventricular
dysfunction and haemodynamic stress, may play a role as
an intermediate risk marker in the development of subse-
quent AF. Notably, in subjects with CKD, besides NT-proBNP,

Figure 2 Cumulative incidence curves [95% confidence interval (CI)] for atrial fibrillation (AF) and heart failure (HF) with death as competing risk.
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inflammation as assessed by hs-CRP might also play a role in
the risk of subsequent HF.

Incidence of atrial fibrillation and heart failure in
general population-based studies

Atrial fibrillation is the most common arrhythmia in adults
and the estimated prevalence in the general population aged
20 years and older is about 3%.11,12 Chronic conditions such
as hypertension, obesity, coronary heart disease, HF, and dia-
betes further increase the risk of AF. The burden of AF ap-
pears to be lower in women than in men, but mortality is
similar, a finding supported by our data. A detailed
sex-specific analysis within the BiomarCaRE consortium sug-
gests that the observed differences in AF incidence may be
explained by the sex-specific distribution of risk factors.13

The prevalence of HF in the adult population in developed
countries is about 1–2%, rising to over 10% in people aged
70 years or older.14 The underlying cause is multifactorial,

but many patients with HF have a history of myocardial
infarction or coronary heart disease.

The cardio-renal syndrome: pathophysiological
and clinical consequences

Subjects with CKD are already at increased risk for non-fatal
CVD events and death.2 Not only do CKD and AF share many
common risk factors, such as older age, obesity, hypertension,
diabetes, and smoking,15 there are also specific effects of CKD
on cardiac structure, endothelial function, and vascular
calcification.17 The chronic fluid overload and increased
afterload due to arterial stiffness can lead to left ventricular
hypertrophy with marked myocardial fibrosis, and conse-
quently to left ventricular diastolic dysfunction and left atrial
enlargement.17 In particular, chronic interactions (so-called
type 4 subtype) of cardio-renal syndromes may further be
characterized by haemodynamic changes due to low cardiac
output and altered venous return. In addition, neurohormonal
mechanisms triggering the renin–angiotensin–aldosterone
system (RAAS) leading to further fluid overload, inflammatory
changes, renal and cardiac fibrotic remodelling processes, and
finally organ degeneration play an important role.16

As seen in our general low-risk study population, elevated
levels of a marker of left ventricular dysfunction and haemo-
dynamic stress (NT-proBNP) at baseline were associated with
the development of AF in subjects with CKD, whereas markers
of inflammation (hs-CRP) and myocardial damage (hs-cTnI)
were not. While only left ventricular dysfunction was associ-
ated with future risk of AF, the pattern was different in HF,
for which hs-CRP and NT-proBNP were both strong predictors.
These differences most likely reflect differences in cardiovas-
cular pathology rather than impaired renal clearance.17

In addition, diabetes is an important risk factor especially
for HF, as can also be seen in our data.

Implications

From a public health perspective, treatment strategies of
early stages of a cardio-renal syndrome include preventive
measures and management of risk factors and concomitant
diseases.18 Lifestyle changes such as weight reduction, ade-
quate control of blood pressure and atherogenic lipoproteins,
glycaemic status, and smoking cessation are crucial elements
of an early treatment strategy.16 In addition, patients with
CKD and AF are at particular risk for stroke and need oral an-
ticoagulation. Therefore, stroke bleeding risk reassessment at
periodic intervals is recommended.14,18 However, because
the population with CKD, AF, and especially HF will increase
in the near future, more studies are needed to inform a deci-
sion about beneficial therapies in the early stages of these co-
morbid diseases.

Figure 3 Restricted cubic spline regression curves [95% confidence inter-
val (CI)] for the association between log-transformed biomarker concen-
trations and atrial fibrillation (AF)/heart failure (HF) in subjects with
chronic kidney disease (CKD) mutually adjusted for age, sex, cohort, body
mass index (BMI), smoking, diabetes, and systolic blood pressure.
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Strengths and limitations

We included a large number of general population-based
studies, used harmonized data, and could rely on centralized
measurements for creatinine and cystatin C. We also used
creatinine and cystatin C in combination, to define glomeru-
lar filtration as it strengthened the association between CKD
and outcomes.19 Limitations include that we relied on one
single measurement only to define CKD. Unfortunately, we
also could not include measurements of albumin in urine as
it was not available in a standardized manner in all included
studies. As CKD and the heart have a bidirectional
relationship, increased levels of a cardiac biomarker such as
NT-proBNP might also be a consequence of CKD. To minimize
this potential source of bias and to assure that exposure pre-
ceded the new occurrence of AF, or respectively HF, subjects
with prevalent AF or HF at baseline were excluded from the
analyses. In addition, the association between biomarker
concentrations and AF/HF (as displayed in Figure 3) was only
analysed in subjects with CKD. Notably, other adverse se-
quelae of the cardio-renal syndrome such as anaemia and
bone and mineral disorders (e.g. osteoporosis) have to be
considered also but had not been investigated in the context
of this study.

Conclusions

Chronic kidney disease is a risk factor for the subsequent oc-
currence of AF and even more so for HF. The risk for AF is par-
ticularly high when CKD and HF are comorbid conditions. In
these general relatively young and low-risk populations, only
left ventricular dysfunction/myocardial stress together with
CKD was associated with the occurrence of AF, even after ad-
justment for covariates. However, concerning the risk of sub-
sequent HF, inflammation, as reflected by increased serum
levels of hs-CRP, played a significant role in addition to NT-
proBNP.
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