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ABSTRACT

Background. Electrolyte abnormalities are common symptoms of chronic kidney disease (CKD), but previous studies
have mainly focussed on serum potassium and sodium levels. Chloride is an important biomarker for the prognosis of
various diseases. However, the relationship between serum chloride levels and atrial fibrillation (AF) in CKD patients is
unclear.

Objective. In this study, we sought to determine the association between serum chloride homeostasis and AF in CKD
patients.

Methods. In this retrospective cohort study, we included patients who met the diagnostic criteria for CKD in China
between 2000 and 2021. Competing risk regression for AF was performed. The associations of the baseline serum
chloride concentration with heart failure (HF) and stroke incidence were also calculated by competing risk regression.
The association of baseline serum chloride levels with all-cause death was determined by a Cox regression model.
Results. The study cohort comprised 20550 participants. During a median follow-up of 350 days (interquartile range,
123-730 days), 211 of the 20550 CKD patients developed AF. After multivariable adjustment, every decrease in the
standard deviation of serum chloride (5.02 mmol/l) was associated with a high risk for AF [sub-hazard ratio (sHR) 0.78,
95% confidence interval (CI) 0.65-0.94, P = .008]. These results were also consistent with those of the stratified and
sensitivity analyses. According to the fully adjusted models, the serum chloride concentration was also associated with
a high risk for incident HF (sHR 0.85, 95% CI 0.80-0.91, P < .001), a high risk for incident stroke (sHR 0.87, 95% CI 0.81-0.94,
P < .001), and a high risk for all-cause death [hazard ratio (HR) 0.82, 95% CI 0.73-0.91, P < .001].

Conclusion. In this CKD population, serum chloride levels were independently and inversely associated with the
incidence of AF. Lower serum chloride levels were also associated with an increased risk of incident HF, stroke, and
all-cause death.
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The relationship between serum chloride levels and incident atrial fibrillation (AF) in CKD is unclear.
We sought to determine the association of serum chloride homeostasis with incident AF in CKD.
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INTRODUCTION

Chronic kidney disease (CKD) is a vitally important public health
problem worldwide [1]. The global prevalence of CKD is ~13.4%
(11.7%-15.1%) [2]. Kidney disease is an important risk factor for
cardiovascular disease [3], which is the leading cause of death
in CKD patients [4]. Atrial fibrillation (AF) is a common arrhyth-
mia in the general population and is associated with the in-
cidence of cardiovascular events and death [5]. In adults, the
prevalence rate of AF is ~2%-4% [6]. Studies from a multicen-
tre adult population in the USA have shown that ~15%-20% of
patients with CKD develop AF [7-9]. The incidence of AF in CKD
patients is associated with decreased renal function. However,
the reason for the high incidence of AF in CKD patients is still
unclear [10].

Electrolyte disturbances are common complications in the
CKD population [1]. Sodium and potassium levels, which are
strong predictors of CKD, have been studied widely [11-14]. In
studies on a variety of diseases, hyponatraemia [15, 16] and hy-
pokalaemia or hyperkalaemia have been shown to be markers
of a poor prognosis [14, 17]. One study showed that decreased
serum chloride concentrations among people with chronic heart
failure (HF) are associated with a high risk of death [18]. In addi-
tion, low serum chloride levels in patients with HFpEF were in-
dependently related to cardiovascular and all-cause death [19],
independent of serum sodium and bicarbonate concentrations.
These studies revealed that serum chloride plays a key role in
cardiovascular disease and death. However, the role of serum
chloride homeostasis in the incidence of AF, especially in CKD
patients, is unclear. Therefore, we aimed to explore the associ-
ation between serum chloride concentration and incident AF in
CKD patients. We also explored the association of serum chlo-
ride with HF, stroke, and all-cause death. This study provides a
reference for the clinical prevention and treatment of electrolyte
disturbances in patients with CKD.

MATERIALS AND METHODS
Study population

The data of the participants in this study were collected from
the China Renal Data System (CRDS). The CRDS, a cooperative
network, includes 19 regional medical centres in China to facili-
tate clinical research on kidney disease [20-22]. The clinical data
included admission and discharge dates, division of each hospi-
talization, diagnosis codes, laboratory assay results, imaging and
histological reports, prescriptions, and medical records of both
inpatient and outpatient visits. This study cohort included 20550
patients with CKD diagnosed according to the K/DOQI guide-
lines [23] who were aged >18 years and admitted between 2000
and 2021; those receiving haemodialysis, peritoneal dialysis, or
renal transplantation, and those with HF, valvular heart dis-
ease, primary hypertrophic cardiomyopathy, stroke, acute coro-
nary syndrome, and previously documented AF were excluded.
Patients lacking serum creatinine and chloride levels and 12-
lead resting electrocardiogram (ECG) data were also excluded.
For patients with multiple hospitalizations, the first hospital-
ization after CKD diagnosis was regarded as the baseline anal-
ysis set. The ethics committees of the participating centres
approved the protocol of this study and waived patients’ in-
formed consent. This study complies with the Strengthening the
Reporting of Observational Studies in Epidemiology reporting
guidelines [24].

Serum chloride levels and AF risk in CKD patients | 3

Data collection and measurements

The baseline data collected included demographic information,
medical history, medication lists, blood pressure measurements,
and body measurements. Self-report questionnaires were used
to assess cardiovascular disease history, including hypertension,
diabetes, coronary artery disease, valvular heart disease, pri-
mary hypertrophic cardiomyopathy, HF, stroke, and peripheral
vascular disease. Blood samples were analysed for comprehen-
sive metabolic panels, and the eGFR was calculated using the
CKD Epidemiology Collaboration (CKD-EPI) creatinine equation
[25].

Exposure and outcomes

The primary exposure was baseline serum chloride levels, which
were measured at baseline in 20550 participants. The main out-
come was incident AF diagnosed between cohort entry (2000)
and 2021. According to a previously described approach, inci-
dent AF was defined by the first diagnosis of AF or >2 ambu-
latory visits for AF on the basis of ECG [26-28]. We also assessed
the AF-related outcomes after baseline in the diagnosis position:
HF, stroke, and all-cause death. All participants were followed up
until death, loss to follow-up, or 2021.

Statistical analysis

Descriptive statistics are summarized as the mean + standard
deviation (SD) or median and interquartile range for continu-
ous variables, and the frequency distribution is presented as
a percentage for categorical variables. Groups based on serum
chloride levels were compared with x? tests for categorical vari-
ables and ANOVA or Kruskal-Wallis tests for normally or non-
normally distributed continuous variables, respectively. We as-
sessed the association between serum chloride levels and the
risk of AF by evaluating serum chloride levels as a continuous
variable (per 1 SD increase) and as a categorical variable (the nor-
mochloraemia group was the reference group). Cumulative inci-
dence curves for AF, HF, stroke, and all-cause death in relation
to baseline serum chloride levels were evaluated. We used Fine-
Gray competing risk models to investigate the unadjusted and
multivariable-adjusted associations of serum chloride with AF,
HF, and stroke. A Cox proportional hazards regression model was
used to investigate the unadjusted and multivariable-adjusted
associations between serum chloride concentration and all-
cause death. We fitted a series of hierarchically adjusted mod-
els as follows: (i) Model 1 (unadjusted); (ii) Model 2 was strat-
ified by site and included age, sex, body mass index (BMI),
albumin, haemoglobin, total cholesterol, triglyceride, eGFR, cal-
cium, phosphorus, sodium, potassium, N-terminal pro-brain na-
triuretic peptide (NT-proBNP), hypertension, diabetes, coronary
artery disease, peripheral vascular disease, and history of med-
ications (renin-angiotensin system blockers, loop diuretics, thi-
azide diuretics, calcium channel blockers, B-blockers, statins,
and aspirin). We examined the possible nonlinear relationship
between serum chloride levels and clinical outcomes with re-
stricted cubic splines. Tests for nonlinearity used the likelihood
ratio test, comparing the model with only the linear term to the
model with the linear and quartic-spline terms [29]. Subgroup
analyses were also performed, stratifying by predefined vari-
ables: age [<65, >65 years], sex, eGFR [<60, >60 ml/min/1.73 m?],
sodium [<135, >135 mmol/l], potassium [<5, >5 mmol/l], the
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Year 2000-2021
Chronic kidney disease
N= 402525

4

Age = 18-year-old
With electrocardiographic examination
N= 210306

1. Excluding 36708 patients with heart failure, valvular
heart disease, primary hypertrophic cardiomyopathy,
stroke, acute coronary syndrome and documented AF
I~ | 2. Excluding 21890 patients receiving hemodialysis,
peritoneal dialysis and renal transplantation

3. Excluding 131158 patients who were lost to follow up

Y

N = 20550 patients
(the analysis set)

Figure 1: Flow chart of the study population selection process.

Table 1: Baseline characteristics according to chloride concentration

presence/absence of diabetes and hypertension and the use of
diuretic drugs. An interaction term was added to the Fine-Gray
hazards regression model to test for possible effect modification
by the grouping factors. All analyses were conducted using R
v.4.1.0; a two-sided P value of <.05 was considered to indicate
statistical significance for all analyses.

RESULTS
Baseline characteristics

The final analysis cohort included a total of 20550 participants
(Fig. 1). In our study cohort, the baseline chloride concentration
was normally distributed, with median and mean baseline chlo-
ride levels of 104.6 (101.6-107.3) and 104.26 + 5.02 mmol/l, re-
spectively. The prevalence rate of hypochloraemia (<96 mmol/l)
was 5.3%. The participants in this study had a mean age of 60.94
(16.53) years, and 57.5% were male. The group with lower chlo-
ride levels had lower eGFR levels and a higher prevalence of dia-
betes and peripheral vascular disease, along with a significantly
higher use of loop diuretics and aspirin. The baseline character-
istics across baseline serum chloride levels are shown in Table 1.

Chloride levels and clinical outcomes

During a median follow-up of 350 days, 211 (1.03%) patients de-
veloped AF. Over the same period, there were 1539 HF (7.49%),
1247 stroke (6.07%), and 510 all-cause deaths (2.48%). The

Chloride
<96 mmol/l 96-105 mmol/1 >105 mmol/l
Variable? (n = 1093) (n=11718) (n=7739) P value
Age (years) 62.40 (16.12) 60.85 (16.59) 60.87 (16.49) 011
Female patients, n (%) 454 (41.5) 4771 (40.7) 3504 (45.3) <.001
BMI (kg/m?) 22.38 (3.93) 23.36 (3.86) 23.39 (3.68) <.001
SBP (mmHg) 134.90 (24.41) 137.94 (23.45) 140.13 (23.87) <.001
DBP (mmHg) 80.16 (15.19) 81.82 (14.12) 81.80 (14.43) .001
Albumin (g/l) 35.04 (6.76) 37.08 (6.49) 34.57 (7.30) <.001
Haemoglobin (g/1) 114.67 (25.80) 120.28 (24.45) 111.52 (24.81) <.001
Total cholesterol (mmol/l) 4.49 (1.44) 4.76 (1.38) 4.77 (1.52) <.001
Triglyceride (mmol/l) 1.73 (1.27) 1.77 (1.24) 1.69 (1.16) <.001
Creatinine (umol/l) 116 (80.7-237) 101 (73-147) 117 (83-199.75) <.001
eGFR (ml/min/1.73 m2) 51.5 (34.76) 62.64 (33.66) 53.8 (33.2) <.001
Calcium (mmol/l) 2.21(0.23) 2.23(0.18) 2.17 (0.19) <.001
Phosphorus (mmol/l) 1.3(0.54) 1.22(0.33) 1.24 (0.32) <.001
Sodium (mmol/l) 132.1 (5.49) 139.15 (3.25) 141.5 (2.98) <.001
Potassium (mmol/l) 4.05 (0.76) 4.05 (0.56) 4.15 (0.61) <.001
NT-proBNP (pg/ml) 74.9 (32.1, 216) 63.4 (28.2, 164) 76.2 (31.9, 208.9) <.001
Hypertension, n (%) 471 (43.1) 5351 (45.7) 3620 (46.8) .047
Diabetes, n (%) 471 (43.1) 3664 (31.3) 1838 (23.7) <.001
Coronary heart disease, n (%) 137 (12.5) 1547 (13.2) 914 (11.8) .017
Peripheral vascular disease, n (%) 239 (21.9) 2309 (19.7) 1341 (17.3) <.001
RASBs, 1 (%) 87 (8) 905 (7.7) 619 (8) 770
Loop diuretics, n (%) 282 (25.8) 2155 (18.4) 1812 (23.4) <.001
Loop diuretic dose (mg, furosemide equivalents) 20 (20, 40) 20 (20, 40) 20 (20, 40) 170
Thiazide diuretics, n (%) 33(3) 265 (2.3) 251 (3.2) <.001
CCBs, n (%) 302 (27.6) 3349 (28.6) 2635 (34) <.001
B-blockers, n (%) 169 (15.5) 1653 (14.1) 1207 (15.6) .013
Statins, n (%) 179 (16.4) 1969 (16.8) 1278 (16.5) 840
Aspirin, n (%) 134 (12.3) 1377 (11.8) 818 (10.6) .024

2The results are presented as the means + SDs, interquartile ranges or numbers (percentages) for categorical variables.

SBP, systolic blood pressure; DBP, diastolic blood pressure; NT-proBNP, N-terminal pro-brain natriuretic peptide; RASBs, renin-angiotensin system blockers; CCBs,

calcium channel blockers.
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Figure 2: Cumulative incidence curves for AF (A), HF (B), stroke (C), and all-cause death (D) in relation to baseline serum chloride levels.

cumulative incidences of AF, HF, stroke, and all-cause death are
shown in Fig. 2. In restricted cubic splines, we observed a neg-
ative linear relationship between chloride levels and the inci-
dence of AF, HF, stroke, and all-cause death (Fig. 3). After mul-
tivariable adjustment, the association between serum chloride
levels and incident AF remained significant and inversely pro-
portional [sub-hazard ratio (sHR), per SD: 0.78; 95% CI: 0.65 to
0.94; P = .008] shown in Table 2. Adjusting for various factors,
including demographic variables, comorbid conditions, medica-
tions, and laboratory data, slightly attenuated the relationship
between the baseline serum chloride concentration and subse-
quent AF.

Next, we further explored the effects of chloride on HF and
stroke. In competing regression analysis, serum chloride levels
were associated with the risk of HF (sHR, per SD: 0.85; 95% CI: 0.80
to 0.91; P < .001) and the risk of stroke (sHR, per SD: 0.87; 95% CI:

0.81 to 0.94; P < .001) according to the multivariable adjustment
model shown in Table 2. Finally, Cox proportional hazards mod-
els were used to explore the association between serum chloride
concentration and all-cause death, as shown in Table 3. Serum
chloride levels were associated with the risk of all-cause death
[hazard ratio (HR), per SD: 0.82; 95% CI: 0.73-0.91, P < .001] ac-
cording to the multivariable adjustment model.

Analyses were stratified across different participant
subgroups

We conducted a comprehensive analysis to assess the relation-
ship between baseline serum chloride levels and the risk of
AF, considering various participant subgroups. These subgroups
were stratified on the basis of age, sex, eGFR, prevalent hyper-
tension, prevalent diabetes, sodium, potassium, and the use of
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Figure 3: Association between baseline serum chloride levels and clinical outcomes. After we adjusted for demographic variables, comorbid conditions, medications,
and laboratory data, a restricted cubic spline model was generated according to baseline serum chloride levels. Adjusted HRs for (A) AF, (B) HF, (C) stroke, and (D)

all-cause death.

diuretic drugs. The findings revealed that the association be-
tween baseline serum chloride and incident AF was consis-
tent across all subgroups, although some subgroup analyses had
wide confidence intervals (Fig. 4).

Sensitivity analyses

When we repeated the main analysis while excluding individu-
als who developed AF within 3 months after serum chloride test-
ing, the association between baseline serum chloride levels and

incident AF remained qualitatively unchanged. The sHR per SD
increase in serum chloride was 0.76 (95% CI: 0.62-0.94). Further-
more, excluding other baseline arrhythmias still showed an in-
verse association between serum chloride and incident AF, with
a sHR per SD of 0.74 (95% CI: 0.60-0.90).

DISCUSSION

In this study, we explored the importance of serum chloride
homeostasis for incident AF in CKD patients. There are two key
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Table 2: Fine-Gray competing models for the association of chloride levels with incident AF, HF and stroke accounting for competing risk of
death

SHR (95%CI) sHR (95%CI)

Chloride Cases/Total, No. Model 12 P value Model 2P P value
AF

Continuous (SD) 211/20550 0.84 (0.74-0.95) .006 0.78 (0.65-0.94) .008

Categorical

Chloride <96 21/1093 1.83 (1.15-2.92) .010 1.85 (1.06-3.23) .032

Chloride 96-105 121/11718 Ref Ref

Chloride >105 69/7739 0.87 (0.65-1.17) .360 0.81 (0.58-1.14) 220
HF

Continuous (SD) 1539/20550 0.92 (0.87-0.97) .003 0.85 (0.80-0.91) <.001

Categorical

Chloride <96 126/1093 1.60 (1.32-1.93) <.001 1.45 (1.16-1.8) .001

Chloride 96-105 855/11718 Ref Ref

Chloride >105 558/7739 0.98 (0.89-1.09) .770 0. 80 (0.71-0.90) <.001
Stroke

Continuous (SD) 1247/20550 0.87 (0.82-0.92) <.001 0.87 (0.81-0.94) <.001

Categorical

Chloride <96 84/1093 1.20 (0.95-1.51) 120 1.08 (0.83-1.40) 560

Chloride 96-105 750/11718 Ref Ref

Chloride >105 413/7739 0.84 (0.74-0.95) .004 0.89 (0.77-1.01) 0.074

aModel 1: unadjusted.
bModel 2: adjusted for age, sex, BMI, albumin, haemoglobin, total cholesterol, triglycerides, eGFR, NT-proBNP, calcium, phosphorus, sodium, potassium, hypertension,
diabetes, coronary artery disease, peripheral vascular disease, RASBs, loop diuretics, thiazide diuretics, CCBs, g blockers, statins, and aspirin.

Table 3: Cox regression models for the association between chloride levels and all-cause death

HR (95%ClI) HR (95%CI)
Chloride Cases/Total No. Model 12 { P value Model 2P P value
Continuous (SD) 510/20550 0.80 (0.74-0.87) <.001 0.82 (0.73-0.91) <.001
Categorical
Chloride < 96 59/1093 2.27 (1.72-3.01) <.001 1.53 (1.1 -2.13) .011
Chloride 96-105 281/11718 Ref Ref
Chloride > 105 170/7739 0.93 (0.77-1.12) 430 0.84 (0.68-1.04) 110

2Model 1: unadjusted.
PModel 2: adjusted for age, sex, BMI, albumin, haemoglobin, total cholesterol, triglycerides, eGFR, NT-proBNP, calcium, phosphorus, sodium, potassium, hypertension,

diabetes, coronary artery disease, peripheral vascular disease, RASB, loop diuretics, thiazide diuretics, CCB, g blocker, statins, and aspirin.

findings from this study of serum chloride in 20550 individ-
uals with CKD. Baseline serum chloride levels were indepen-
dently and inversely associated with incident AF in CKD pa-
tients. The associations between baseline serum chloride and
incident AF were found to be independent of various factors, in-
cluding sodium, potassium, calcium, phosphorus, medical his-
tory, and medications. These findings highlight the importance
of serum chloride in patients with CKD and emphasize the need
to investigate the underlying mechanisms through which low
serum chloride levels affect the development of AF. A better
understanding of these mechanisms could lead to the devel-
opment of more effective preventive measures and treatment
strategies for AF.

Much attention has been directed to sodium and potassium
as strong predictors in CKD patients with and without ESRD
[11-14]. However, serum chloride has not been included as a
very important covariate in the analyses, despite the common
use of serum chloride measurements in clinical practice in CKD
patients. Chloride plays a crucial role in various homeostatic
mechanisms, including the regulation of renin secretion [30],
tubuloglomerular feedback [31, 32], blood pressure response [33],
vascular inflammation [34], and altered acid-base homeostasis

[35]. Serum chloride levels have been recognized as a predic-
tor of adverse outcomes in different clinical scenarios. For in-
stance, a population-based study by De Bacquer et al. demon-
strated an association between low serum chloride levels and
adverse outcomes [36]. In acute decompensated HF patients,
low serum chloride was also found to be related to diuretic
resistance and increased mortality [37, 38]. Additionally, low
serum chloride levels were shown to be associated with an in-
creased risk of in-hospital mortality following ischaemic stroke
[39]. Furthermore, hypochloraemia has been associated with
both all-cause and cardiovascular mortality in hypertensive
patients [40].

There is also a study in which it was found that chloride ions
have a dual effect on acute kidney injury (AKI) and are protective
factors in patients with hypochloraemia [41]. Shintaro Mandai
et al. discovered the prognostic impact of serum chloride levels
among predialysis CKD patients [42]. Higher serum chloride lev-
els in patients with CKD were associated with a decreased risk of
eGFR decline, suggesting that it may serve as a useful biomarker
for predicting CKD progression [43]. In this study, we also found
that lower serum chloride levels were also associated with an
increased risk of incident stroke, HF, and all-cause death. There
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Figure 4: The multivariate association between baseline serum chloride concentration and incident AF was consistent across participant subgroups. The multivariate
association between baseline serum chloride levels and incident AF was investigated across various participant subgroups. sHR; 95% CI, 95% confidence interval.

remain relatively few studies on chloride ions within the field
of nephrology, indicating the need for increased attention and
investigation.

AF is the most prevalent sustained arrhythmia in the general
population, and its occurrence is particularly high among indi-
viduals with kidney disease. Among patients with ESRD under-
going dialysis, AF has been reported in 7%-20% of cases, which is
two to three times higher than the rate in the general population
[44-46]. Studies have also indicated a high incidence and preva-
lence of AF in nondialysis CKD patients [8, 9, 47]. Indeed, a meta-
analysis of three cohorts demonstrated significant associations
of areduced eGFR and an increased urine albumin-to-creatinine
ratio with an increased risk of AF [48]. CKD patients are suscepti-
ble to fluid and electrolyte imbalances, as well as metabolic aci-
dosis, compared to individuals with normal renal function [49].
Hypokalaemia (serum potassium <3.5 mmol/l) has been linked
to a higher risk of AF compared to normokalaemia [50]. Addition-
ally, elevated circulating phosphorus has been associated with
an increased risk of AF, while circulating calcium has not shown
a significant association [51]. Interestingly, a community-based
study observed a lower prevalence of AF in patients with higher
chloride levels [52]. However, the relationship between serum
chloride concentrations and the incidence of AF, especially in
CKD patients, remains unclear. Our study contributes to the lit-
erature by demonstrating a connection between serum chloride
levels and the occurrence of AF. Specifically, our findings suggest
that CKD patients with lower serum chloride levels have a higher
risk of developing AF. The group with lower chloride levels had

lower eGFR levels and higher prevalence of diabetes and periph-
eral vascular disease, along with a significantly higher utiliza-
tion of loop diuretics, which may partly explain the higher inci-
dence of AF in this population. Indeed, low serum chloride levels
may stimulate the activity of with-no-lysine kinases (WNKs) [53,
54], thereby enhancing the function of Na*-K*-2Cl~ and Na*-
Cl~ cotransporters [55, 56]. These cotransporters play a crucial
role in maintaining myocyte volume and pH homeostasis, which
are essential for normal cardiac rhythm and contractility [57,
58]. Dysregulation of intracellular pH in myocytes is known to
be arrhythmogenic [59] and impairs contractility [60]. Thus, ab-
normal chloride levels could affect cardiac rhythm and subse-
quently contribute to the development of AF. However, the pre-
cise mechanism by which serum chloride affects chloride chan-
nels or chloride-dependent cotransporters in humans remains
unknown. Rigorously designed randomized controlled trials in
CKD patients are needed to investigate whether chloride re-
placement could reduce the incidence of AF. Our study stands
out due to several significant strengths. First, it features a sub-
stantial sample size, providing robust statistical power for anal-
ysis. Second, the inclusion of multiple centres across China en-
hances the diversity and representation of the study population.
Furthermore, our study incorporates comprehensive data on po-
tential major confounders, allowing for meticulous adjustment
in the analysis. Considering these strengths, our study makes a
unique contribution to the literature by reporting, for the first
time, a retrospective association between baseline serum chlo-
ride levels and the incidence of AF in patients with CKD.



Limitations

There were several limitations to the present study. First, ex-
cluding patients without two follow-up visits may introduce se-
lection bias, potentially compromising the representativeness
of the study sample. Second, our study sample was selected
from a population of patients with CKD in the CRDS who re-
ceived follow-up care at one of the affiliated clinics. These pa-
tients might be sicker and have a higher rate of drug use than
those who were not hospitalized and those who did not re-
ceive follow-up care at one of the affiliated clinics. Third, even
after multivariable adjustment, residual confounding is always
a concern. Fourth, the study’s retrospective design raises con-
cerns about selection bias and reliance on historical data, po-
tentially affecting the accuracy and reliability of the results.
Finally, patients covered by the CRDS were predominantly Chi-
nese; whether there are ethnic differences in the influence of
serum chloride on incident AF in patients with CKD warrants
further research. Our findings need to be validated in other coun-
tries where guideline-based medical care is well documented.

CONCLUSIONS

In summary, our study demonstrates that baseline serum chlo-
ride levels appear to have an independent and inverse associa-
tion with the incidence of AF in patients with CKD. Lower serum
chloride levels were also associated with an increased risk of
incident HF, stroke, and all-cause death.
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