
Clinical Kidney Journal , 2024, vol. 17, no. 8, sfae137 

https:/doi.org/10.1093/ckj/sfae137
Advance Access Publication Date: 13 May 2024 
Original Article 

ORIGINAL  ARTICLE  

Inverse association between serum chloride levels 

and the risk of atrial fibrillation in chronic kidney 

disease patients 

Yangang Gan 

1 ,∗, Sheng Nie 

2 ,∗, Mingzhen Pang2 , Rong Huang1 , 
Hong Xu 

3 , Bicheng Liu 

4 , Jianping Weng5 , Chen Chunbo 

6 , Huafeng Liu7 , 
Hua Li8 , Yaozhong Kong9 , Guisen Li10 , Qijun Wan 

11 , Yan Zha12 , Ying Hu13 , 
Gang Xu14 , Yongjun Shi15 , Yilun Zhou16 , Guobin Su17 , Ying Tang18 , 
Mengchun Gong19 ,20 , Fan Fan Hou2 and Qiongqiong Yang1 

1 Department of Nephrology, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, Guangzhou, China, 
2 Division of Nephrology, Nanfang Hospital, Southern Medical University; National Clinical Research Center for 
Kidney Disease; State Key Laboratory of Organ Failure Research; Guangdong Provincial Institute of 
Nephrology; Guangdong Provincial Key Laboratory of Renal Failure Research, Guangzhou, China, 3 Children’s 
Hospital of Fudan University, Shanghai, China, 4 Institute of Nephrology, Zhongda Hospital, Southeast 
University School of Medicine, Nanjing, China, 5 Department of Endocrinology, The First Affiliated Hospital of 
USTC, Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei, China, 
6 Department of Critical Care Medicine, Maoming People’s Hospital, Maoming, China, 7 Key Laboratory of 
Prevention and Management of Chronic Kidney Disease of Zhanjiang City, Institute of Nephrology, Affiliated 

Hospital of Guangdong Medical University, Zhanjiang, China, 8 Sir Run Run Shaw Hospital, Zhejiang University 
School of Medicine, Hangzhou, China, 9 Department of Nephrology, the First People’s Hospital of Foshan, 
Foshan, Guangdong, China, 10 Renal Department and Institute of Nephrology, Sichuan Provincial People’s 
Hospital, School of Medicine, University of Electronic Science and Technology of China, Sichuan Clinical 
Research Center for Kidney Diseases, Chengdu, China, 11 The Second People’s Hospital of Shenzhen, Shenzhen 

University, Shenzhen, China, 12 Guizhou Provincial People’s Hospital, Guizhou University, Guiyang, China, 
13 The Second Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, China, 14 Division of 
Nephrology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, 
China, 15 Huizhou Municipal Central Hospital, Sun Yat-Sen University, Huizhou, China, 16 Department of 
Nephrology, Beijing Tiantan Hospital, Capital Medical University, Beijing, China, 17 Department of Nephrology, 
Guangdong Provincial Hospital of Chinese Medicine, The Second Affiliated Hospital, The Second Clinical 
College, Guangzhou University of Chinese Medicine, Guangzhou, China, 18 The Third Affiliated Hospital of 
Southern Medical University, Guangzhou, China, 19 Institute of Health Management, Southern Medical 
University, Guangzhou, China and 

20 Digital Health China Technologies Co. Ltd., Beijing, China 

∗These authors contributed equally. 
Correspondence to: Qiongqiong Yang; E-mail: yangqq@mail.sysu.edu.cn; Fan Fan Hou; E-mail: ffhouguangzhou@163.com

R

©
C
a

eceived: 5.11.2023; Editorial decision: 11.4.2024
The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
ommons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/) , which permits non-commercial re-use, distribution, 
nd reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1 

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae137
https://orcid.org/0000-0003-0121-5348
https://orcid.org/0000-0002-8267-7909
https://orcid.org/0000-0002-2956-7436
https://orcid.org/0000-0002-4584-1853
https://orcid.org/0000-0001-5662-497X
https://orcid.org/0009-0008-0273-1364
mailto:yangqq@mail.sysu.edu.cn
mailto:ffhouguangzhou@163.com
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


2 Y. Gan et al.

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 20 550 participants. During a median follow-up of 350 days ( interquartile range, 
123–730 days) , 211 of the 20 550 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. 

GRAPHICAL ABSTRACT 

Keywords: atrial fibrillation, chronic kidney disease, electrolyte imbalances, serum chloride 
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NTRODUCTION 

hronic kidney disease ( CKD) is a vitally important public health 
roblem worldwide [1 ]. The global prevalence of CKD is ∼13.4%
 11.7%–15.1%) [2 ]. Kidney disease is an important risk factor for
ardiovascular disease [3 ], which is the leading cause of death
n CKD patients [4 ]. Atrial fibrillation ( AF) is a common arrhyth-
ia in the general population and is associated with the in-
idence of cardiovascular events and death [5 ]. In adults, the
revalence rate of AF is ∼2%–4% [6 ]. Studies from a multicen-
re adult population in the USA have shown that ∼15%–20% of
atients with CKD develop AF [7 –9 ]. The incidence of AF in CKD
atients is associated with decreased renal function. However,
he reason for the high incidence of AF in CKD patients is still
nclear [10 ]. 
Electrolyte disturbances are common complications in the 

KD population [1 ]. Sodium and potassium levels, which are
trong predictors of CKD, have been studied widely [11 –14 ]. In
tudies on a variety of diseases, hyponatraemia [15 , 16 ] and hy-
okalaemia or hyperkalaemia have been shown to be markers 
f a poor prognosis [14 , 17 ]. One study showed that decreased
erum chloride concentrations among people with chronic heart 
ailure ( HF) are associated with a high risk of death [18 ]. In addi-
ion, low serum chloride levels in patients with HFpEF were in-
ependently related to cardiovascular and all-cause death [19 ],
ndependent of serum sodium and bicarbonate concentrations.
hese studies revealed that serum chloride plays a key role in
ardiovascular disease and death. However, the role of serum 

hloride homeostasis in the incidence of AF, especially in CKD
atients, is unclear. Therefore, we aimed to explore the associ-
tion between serum chloride concentration and incident AF in 
KD patients. We also explored the association of serum chlo-
ide with HF, stroke, and all-cause death. This study provides a
eference for the clinical prevention and treatment of electrolyte 
isturbances in patients with CKD. 

ATERIALS AND METHODS 

tudy population 

he data of the participants in this study were collected from
he China Renal Data System ( CRDS) . The CRDS, a cooperative 
etwork, includes 19 regional medical centres in China to facili-
ate clinical research on kidney disease [20 –22 ]. The clinical data
ncluded admission and discharge dates, division of each hospi- 
alization, diagnosis codes, laboratory assay results, imaging and 
istological reports, prescriptions, and medical records of both 
npatient and outpatient visits. This study cohort included 20550 
atients with CKD diagnosed according to the K/DOQI guide- 
ines [23 ] who were aged ≥18 years and admitted between 2000
nd 2021; those receiving haemodialysis, peritoneal dialysis, or 
enal transplantation, and those with HF, valvular heart dis- 
ase, primary hypertrophic cardiomyopathy, stroke, acute coro- 
ary syndrome, and previously documented AF were excluded.
atients lacking serum creatinine and chloride levels and 12- 
ead resting electrocardiogram ( ECG) data were also excluded.
or patients with multiple hospitalizations, the first hospital- 
zation after CKD diagnosis was regarded as the baseline anal-
sis set. The ethics committees of the participating centres 
pproved the protocol of this study and waived patients’ in-
ormed consent. This study complies with the Strengthening the 
eporting of Observational Studies in Epidemiology reporting 
uidelines [24 ]. 
ata collection and measurements 

he baseline data collected included demographic information,
edical history, medication lists, blood pressure measurements,
nd body measurements. Self-report questionnaires were used 
o assess cardiovascular disease history, including hypertension,
iabetes, coronary artery disease, valvular heart disease, pri-
ary hypertrophic cardiomyopathy, HF, stroke, and peripheral 
ascular disease. Blood samples were analysed for comprehen-
ive metabolic panels, and the eGFR was calculated using the
KD Epidemiology Collaboration ( CKD-EPI) creatinine equation 
25 ]. 

xposure and outcomes 

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

tatistical analysis 

escriptive statistics are summarized as the mean ± standard
eviation ( SD) or median and interquartile range for continu- 
us variables, and the frequency distribution is presented as
 percentage for categorical variables. Groups based on serum
hloride levels were compared with χ2 tests for categorical vari-
bles and ANOVA or Kruskal–Wallis tests for normally or non-
ormally distributed continuous variables, respectively. We as- 
essed the association between serum chloride levels and the
isk of AF by evaluating serum chloride levels as a continuous
ariable ( per 1 SD increase) and as a categorical variable ( the nor-
ochloraemia group was the reference group) . Cumulative inci-
ence curves for AF, HF, stroke, and all-cause death in relation
o baseline serum chloride levels were evaluated. We used Fine–
ray competing risk models to investigate the unadjusted and
ultivariable-adjusted associations of serum chloride with AF,
F, and stroke. A Cox proportional hazards regression model was
sed to investigate the unadjusted and multivariable-adjusted 
ssociations between serum chloride concentration and all- 
ause death. We fitted a series of hierarchically adjusted mod-
ls as follows: ( i) Model 1 ( unadjusted) ; ( ii) Model 2 was strat- 
fied by site and included age, sex, body mass index ( BMI) ,
lbumin, haemoglobin, total cholesterol, triglyceride, eGFR, cal- 
ium, phosphorus, sodium, potassium, N-terminal pro-brain na- 
riuretic peptide ( NT-proBNP) , hypertension, diabetes, coronary 
rtery disease, peripheral vascular disease, and history of med-
cations ( renin–angiotensin system blockers, loop diuretics, thi- 
zide diuretics, calcium channel blockers, β-blockers, statins,
nd aspirin) . We examined the possible nonlinear relationship
etween serum chloride levels and clinical outcomes with re-
tricted cubic splines. Tests for nonlinearity used the likelihood
atio test, comparing the model with only the linear term to the
odel with the linear and quartic-spline terms [29 ]. Subgroup
nalyses were also performed, stratifying by predefined vari-
bles: age [ < 65, ≥65 years], sex, eGFR [ < 60, ≥60 ml/min/1.73 m2 ],
odium [ < 135, ≥135 mmol/l], potassium [ < 5, ≥5 mmol/l], the
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Figure 1: Flow chart of the study population selection process. 
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Table 1: Baseline characteristics according to chloride concentration 

Variable a 
< 96 mmol/l 
( n = 1093) 

Age ( years) 62.40 ( 16.12) 
Female patients, n ( %) 454 ( 41.5) 
BMI ( kg/m2 ) 22.38 ( 3.93) 
SBP ( mmHg) 134.90 ( 24.41) 
DBP ( mmHg) 80.16 ( 15.19) 
Albumin ( g/l) 35.04 ( 6.76) 
Haemoglobin ( g/l) 114.67 ( 25.80) 
Total cholesterol ( mmol/l) 4.49 ( 1.44) 
Triglyceride ( mmol/l) 1.73 ( 1.27) 
Creatinine ( μmol/l) 116 ( 80.7–237) 
eGFR ( ml/min/1.73 m2 ) 51.5 ( 34.76) 
Calcium ( mmol/l) 2.21 ( 0.23) 
Phosphorus ( mmol/l) 1.3 ( 0.54) 
Sodium ( mmol/l) 132.1 ( 5.49) 
Potassium ( mmol/l) 4.05 ( 0.76) 
NT-proBNP ( pg/ml) 74.9 ( 32.1, 216) 
Hypertension, n ( %) 471 ( 43.1) 
Diabetes, n ( %) 471 ( 43.1) 
Coronary heart disease, n ( %) 137 ( 12.5) 
Peripheral vascular disease, n ( %) 239 ( 21.9) 
RASBs, n ( %) 87 ( 8) 
Loop diuretics, n ( %) 282 ( 25.8) 
Loop diuretic dose ( mg, furosemide equivalents) 20 ( 20, 40) 
Thiazide diuretics, n ( %) 33 ( 3) 
CCBs, n ( %) 302 ( 27.6) 
β-blockers, n ( %) 169 ( 15.5) 
Statins, n ( %) 179 ( 16.4) 
Aspirin, n ( %) 134 ( 12.3) 

a The results are presented as the means ± SDs, interquartile ranges or numbers ( perc
SBP, systolic blood pressure; DBP, diastolic blood pressure; NT-proBNP, N-terminal pr
calcium channel blockers. 
resence/absence of diabetes and hypertension and the use of 
iuretic drugs. An interaction term was added to the Fine–Gray 
azards regression model to test for possible effect modification 
y the grouping factors. All analyses were conducted using R 
.4.1.0; a two-sided P value of < .05 was considered to indicate 
tatistical significance for all analyses. 

ESULTS 

aseline characteristics 

he final analysis cohort included a total of 20550 participants 
 Fig. 1 ) . In our study cohort, the baseline chloride concentration 
as normally distributed, with median and mean baseline chlo- 
ide levels of 104.6 ( 101.6–107.3) and 104.26 ± 5.02 mmol/l, re- 
pectively. The prevalence rate of hypochloraemia ( ≤96 mmol/l) 
as 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- 
ide levels had lower eGFR levels and a higher prevalence of dia- 
etes and peripheral vascular disease, along with a significantly 
igher use of loop diuretics and aspirin. The baseline character- 
stics across baseline serum chloride levels are shown in Table 1 .

hloride levels and clinical outcomes 

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

96–105 mmol/l 
( n = 11718) 

> 105 mmol/l 
( n = 7739) P value 

60.85 ( 16.59) 60.87 ( 16.49) .011 
4771 ( 40.7) 3504 ( 45.3) < .001 
23.36 ( 3.86) 23.39 ( 3.68) < .001 

137.94 ( 23.45) 140.13 ( 23.87) < .001 
81.82 ( 14.12) 81.80 ( 14.43) .001 
37.08 ( 6.49) 34.57 ( 7.30) < .001 

120.28 ( 24.45) 111.52 ( 24.81) < .001 
4.76 ( 1.38) 4.77 ( 1.52) < .001 
1.77 ( 1.24) 1.69 ( 1.16) < .001 

101 ( 73–147) 117 ( 83–199.75) < .001 
62.64 ( 33.66) 53.8 ( 33.2) < .001 
2.23 ( 0.18) 2.17 ( 0.19) < .001 
1.22 ( 0.33) 1.24 ( 0.32) < .001 

139.15 ( 3.25) 141.5 ( 2.98) < .001 
4.05 ( 0.56) 4.15 ( 0.61) < .001 

63.4 ( 28.2, 164) 76.2 ( 31.9, 208.9) < .001 
5351 ( 45.7) 3620 ( 46.8) .047 
3664 ( 31.3) 1838 ( 23.7) < .001 
1547 ( 13.2) 914 ( 11.8) .017 
2309 ( 19.7) 1341 ( 17.3) < .001 
905 ( 7.7) 619 ( 8) .770 

2155 ( 18.4) 1812 ( 23.4) < .001 
20 ( 20, 40) 20 ( 20, 40) .170 
265 ( 2.3) 251 ( 3.2) < .001 

3349 ( 28.6) 2635 ( 34) < .001 
1653 ( 14.1) 1207 ( 15.6) .013 
1969 ( 16.8) 1278 ( 16.5) .840 
1377 ( 11.8) 818 ( 10.6) .024 

entages) for categorical variables. 
o-brain natriuretic peptide; RASBs, renin–angiotensin system blockers; CCBs, 
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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. 
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umulative incidences of AF, HF, stroke, and all-cause death are
hown in Fig. 2 . In restricted cubic splines, we observed a neg-
tive linear relationship between chloride levels and the inci- 
ence of AF, HF, stroke, and all-cause death ( Fig. 3 ) . After mul-
ivariable adjustment, the association between serum chloride 
evels and incident AF remained significant and inversely pro- 
ortional [sub-hazard ratio ( sHR) , per SD: 0.78; 95% CI: 0.65 to
.94; P = .008] shown in Table 2 . Adjusting for various factors,
ncluding demographic variables, comorbid conditions, medica- 
ions, and laboratory data, slightly attenuated the relationship 
etween the baseline serum chloride concentration and subse- 
uent AF. 
Next, we further explored the effects of chloride on HF and

troke. In competing regression analysis, serum chloride levels 
ere associated with the risk of HF ( sHR, per SD: 0.85; 95% CI: 0.80
o 0.91; P < .001) and the risk of stroke ( sHR, per SD: 0.87; 95% CI:
.81 to 0.94; P < .001) according to the multivariable adjustment
odel shown in Table 2 . Finally, Cox proportional hazards mod-
ls were used to explore the association between serum chloride
oncentration and all-cause death, as shown in Table 3 . Serum
hloride 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-
ording to the multivariable adjustment model. 

nalyses were stratified across different participant 
ubgroups 

e conducted a comprehensive analysis to assess the relation-
hip between baseline serum chloride levels and the risk of
F, considering various participant subgroups. These subgroups 
ere stratified on the basis of age, sex, eGFR, prevalent hyper-
ension, 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. 
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iuretic drugs. The findings revealed that the association be- 
ween baseline serum chloride and incident AF was consis- 
ent across all subgroups, although some subgroup analyses had 
ide confidence intervals ( Fig. 4 ) . 

ensitivity analyses 

hen we repeated the main analysis while excluding individu- 
ls who developed AF within 3 months after serum chloride test- 
ng, the association between baseline serum chloride levels and 
ncident AF remained qualitatively unchanged. The sHR per SD 

ncrease in serum chloride was 0.76 ( 95% CI: 0.62–0.94) . Further- 
ore, excluding other baseline arrhythmias still showed an in- 
erse association between serum chloride and incident AF, with 
 sHR per SD of 0.74 ( 95% CI: 0.60–0.90) . 

ISCUSSION 

n this study, we explored the importance of serum chloride 
omeostasis 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 

Chloride Cases/Total, No. 
sHR ( 95%CI) 
Model 1 a P value 

sHR ( 95%CI) 
Model 2 b 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 

a Model 1: unadjusted. 
b Model 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, β blockers, statins, and aspirin. 

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

Chloride Cases/Total No. 
HR ( 95%CI) 
Model 1 a † P value 

HR ( 95%CI) 
Model 2 b 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 

a Model 1: unadjusted. 
b Model 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, β blocker, statins, and aspirin. 
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ndings from this study of serum chloride in 20550 individ-
als with CKD. Baseline serum chloride levels were indepen- 
ently and inversely associated with incident AF in CKD pa-
ients. The associations between baseline serum chloride and 
ncident AF were found to be independent of various factors, in-
luding sodium, potassium, calcium, phosphorus, medical his- 
ory, and medications. These findings highlight the importance 
f serum chloride in patients with CKD and emphasize the need
o investigate the underlying mechanisms through which low 

erum chloride levels affect the development of AF. A better
nderstanding of these mechanisms could lead to the devel- 
pment of more effective preventive measures and treatment 
trategies for AF. 

Much attention has been directed to sodium and potassium 

s strong predictors in CKD patients with and without ESRD
11 –14 ]. However, serum chloride has not been included as a
ery important covariate in the analyses, despite the common 
se of serum chloride measurements in clinical practice in CKD
atients. Chloride plays a crucial role in various homeostatic 
echanisms, including the regulation of renin secretion [30 ],

ubuloglomerular feedback [31 , 32 ], blood pressure response [33 ],
ascular inflammation [34 ], and altered acid–base homeostasis 
35 ]. Serum chloride levels have been recognized as a predic-
or of adverse outcomes in different clinical scenarios. For in-
tance, a population-based study by De Bacquer et al . demon-
trated an association between low serum chloride levels and
dverse outcomes [36 ]. In acute decompensated HF patients,
ow serum chloride was also found to be related to diuretic
esistance and increased mortality [37 , 38 ]. Additionally, low
erum chloride levels were shown to be associated with an in-
reased risk of in-hospital mortality following ischaemic stroke
39 ]. Furthermore, hypochloraemia has been associated with
oth all-cause and cardiovascular mortality in hypertensive 
atients [40 ]. 
There is also a study in which it was found that chloride ions

ave a dual effect on acute kidney injury ( AKI) and are protective
actors in patients with hypochloraemia [41 ]. Shintaro Mandai
t al . discovered the prognostic impact of serum chloride levels
mong predialysis CKD patients [42 ]. Higher serum chloride lev-
ls in patients with CKD were associated with a decreased risk of
GFR decline, suggesting that it may serve as a useful biomarker
or predicting CKD progression [43 ]. In this study, we also found
hat lower serum chloride levels were also associated with an
ncreased 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. 
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emain relatively few studies on chloride ions within the field 
f nephrology, indicating the need for increased attention and 
nvestigation. 

AF is the most prevalent sustained arrhythmia in the general 
opulation, and its occurrence is particularly high among indi- 
iduals with kidney disease. Among patients with ESRD under- 
oing dialysis, AF has been reported in 7%–20% of cases, which is 
wo to three times higher than the rate in the general population 
44 –46 ]. Studies have also indicated a high incidence and preva- 
ence of AF in nondialysis CKD patients [8 , 9 , 47 ]. Indeed, a meta- 
nalysis of three cohorts demonstrated significant associations 
f a reduced eGFR and an increased urine albumin-to-creatinine 
atio with an increased risk of AF [48 ]. CKD patients are suscepti- 
le to fluid and electrolyte imbalances, as well as metabolic aci- 
osis, compared to individuals with normal renal function [49 ].
ypokalaemia ( serum potassium < 3.5 mmol/l) has been linked 
o a higher risk of AF compared to normokalaemia [50 ]. Addition- 
lly, elevated circulating phosphorus has been associated with 
n increased risk of AF, while circulating calcium has not shown 
 significant association [51 ]. Interestingly, a community-based 
tudy observed a lower prevalence of AF in patients with higher 
hloride levels [52 ]. However, the relationship between serum 

hloride concentrations and the incidence of AF, especially in 
KD patients, remains unclear. Our study contributes to the lit- 
rature by demonstrating a connection between serum chloride 
evels and the occurrence of AF. Specifically, our findings suggest 
hat CKD patients with lower serum chloride levels have a higher 
isk of developing AF. The group with lower chloride levels had 
ower eGFR levels and higher prevalence of diabetes and periph- 
ral vascular disease, along with a significantly higher utiliza- 
ion of loop diuretics, which may partly explain the higher inci- 
ence of AF in this population. Indeed, low serum chloride levels 
ay stimulate the activity of with-no-lysine kinases ( WNKs) [53 ,
4 ], thereby enhancing the function of Na+ -K+ -2Cl− and Na+ - 
l− cotransporters [55 , 56 ]. These cotransporters play a crucial 
ole in maintaining myocyte volume and pH homeostasis, which 
re essential for normal cardiac rhythm and contractility [57 ,
8 ]. Dysregulation of intracellular pH in myocytes is known to 
e arrhythmogenic [59 ] and impairs contractility [60 ]. Thus, ab- 
ormal chloride levels could affect cardiac rhythm and subse- 
uently contribute to the development of AF. However, the pre- 
ise mechanism by which serum chloride affects chloride chan- 
els or chloride-dependent cotransporters in humans remains 
nknown. Rigorously designed randomized controlled trials in 
KD patients are needed to investigate whether chloride re- 
lacement could reduce the incidence of AF. Our study stands 
ut due to several significant strengths. First, it features a sub- 
tantial sample size, providing robust statistical power for anal- 
sis. Second, the inclusion of multiple centres across China en- 
ances the diversity and representation of the study population.
urthermore, our study incorporates comprehensive data on po- 
ential major confounders, allowing for meticulous adjustment 
n the analysis. Considering these strengths, our study makes a 
nique contribution to the literature by reporting, for the first 
ime, a retrospective association between baseline serum chlo- 
ide levels and the incidence of AF in patients with CKD. 
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imitations 

here were several limitations to the present study. First, ex-
luding patients without two follow-up visits may introduce se- 
ection bias, potentially compromising the representativeness 
f the study sample. Second, our study sample was selected
rom a population of patients with CKD in the CRDS who re-
eived follow-up care at one of the affiliated clinics. These pa-
ients might be sicker and have a higher rate of drug use than
hose who were not hospitalized and those who did not re-
eive follow-up care at one of the affiliated clinics. Third, even
fter multivariable adjustment, residual confounding is always 
 concern. Fourth, the study’s retrospective design raises con- 
erns about selection bias and reliance on historical data, po-
entially affecting the accuracy and reliability of the results.
inally, patients covered by the CRDS were predominantly Chi- 
ese; whether there are ethnic differences in the influence of
erum chloride on incident AF in patients with CKD warrants
urther research. Our findings need to be validated in other coun-
ries where guideline-based medical care is well documented. 

ONCLUSIONS 

n summary, our study demonstrates that baseline serum chlo- 
ide levels appear to have an independent and inverse associa-
ion with the incidence of AF in patients with CKD. Lower serum
hloride levels were also associated with an increased risk of
ncident HF, stroke, and all-cause death. 
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