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A B S T R A C T

Background: Lower serum chloride is associated with a higher risk of mortality in the general population.
However, the association has received little attention in peritoneal dialysis patients. The study aimed to
examine the association between serum chloride and mortality in peritoneal dialysis patients.
Methods: In this multicenter retrospective cohort study, 2376 Chinese incident patients on peritoneal dialysis
between January 1, 2005, and March 31, 2020, were included. Patients were grouped according to quartiles
of serum chloride at baseline. The associations of baseline serum chloride and cardiovascular mortality and
all-cause mortality were evaluated using cause-specific hazards models.
Findings: Of 2376 patients, the mean age was 45.9 (45.3,46.5) years, 50.1% of patients were men. The median
serum chloride levels were 103.0 (99.0,106.9) mmol/L. During 9304.5 person-years of follow-up, 462 patients
died, of which 235 deaths were caused by cardiovascular disease. The highest quartile group was associated
with a higher risk of cardiovascular mortality (adjusted hazards ratio [HR], 2.95; 95% confidence interval [CI],
1.80 to 4.95) and all-cause mortality (adjusted HR, 2.03; 95% CI, 1.45 to 2.83) compared with the lowest quar-
tile. The similar trend was also found when serum chloride levels were deal as continuous variable.
Interpretation: Higher serum chloride at the initial of peritoneal dialysis was associated with a higher risk of
cardiovascular mortality and all-cause mortality in patients on peritoneal dialysis.
Funding: This work was supported by Shanghai Municipal Health Commission (2019SY018).
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Chloride is the principal anion in the extracellular fluid and has a
significant role in maintaining acid-base balance, osmolality, and
electro-neutrality of body fluids [1�3]. The principal dietary chloride
intake is in the form of salt, and thus nutritional deficiencies of chlo-
ride are rare. Dyschloremia is a result of therapeutic interventions or
represents a pathologic process. Renal losses of serum chloride ion
can develop in the clinical settings of diuretic use and gastrointestinal
losses, and hypochloremia can also occur with excess water gains
such as congestive heart failure [1,4,5]. Iatrogenic mechanisms,
including resuscitation with chloride-rich solutions, diuretic use, and
excessive water loss, are the main causes of hyperchloremia [6].
Numerous studies showed that serum chloride concentration
changes were associated with an increased risk of mortality in the
different population settings [7�11]. In a Belgian general population
cohort of 9106 patients free of symptomatic coronary heart disease
with 10-year follow-up, serum chloride <100 mmol/L was associated
with a 48% higher risk of all-cause mortality [11]. In a large retrospec-
tive study of non-cardiac surgery patients, preoperative hyperchlore-
mia and hypochloremia were associated with an increase in 90-day
mortality, and preoperative hypochloremia was associated with post-
operative acute kidney disease [9].

The kidney is the primary regulator of homeostasis of chloride,
and renal tubular reabsorption of chloride is essential for maintaining
the volume of extracellular fluid [12�14]. Multiple electrolyte
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Research in context

Evidence before this study

Dyschloremia is common in patients with chronic kidney dis-
ease (CKD) when the estimated glomerular filtration rate
declined to less than 20% to 25% of normal. We searched
PubMed in May 2021 with the terms “serum chloride [Title/
Abstract]” and “dialysis [Title/Abstract]”. There were 14 articles
listed, one was describing the serum chloride and pre-dialysis
CKD, others were irrelevant. Thus the association between
serum chloride and mortality in patients undergoing CAPD
need to be evaluated.

Added value of this study

We found that the highest quartile of serum chloride group was
associated with a higher risk of cardiovascular mortality
(adjusted hazards ratio [HR], 2.95; 95% confidence interval [CI],
1.80 to 4.95) and all-cause mortality (adjusted HR, 2.03; 95% CI,
1.45 to 2.83) compared with the lowest quartile. Each 1-mmol/
L higher baseline serum chloride was associated with 4.0% and
7.0% higher risk of cardiovascular mortality (adjusted HR, 1.07;
95% CI, 1.04 to 1.10) and all-cause mortality (adjusted HR, 1.04;
95% CI, 1.02 to 1.07), respectively. The risk posed by higher
serum chloride was independent of concomitant serum
sodium, potassium, or calcium levels.

Implications of all the available evidence

Serum chloride measurement is part of the routine clinical
screening of CAPD patients, but we usually pay attention to the
serum sodium, potassium, calcium or phosphatase levels, and
ignore the serum chloride. Our findings may be potentially
remind medical workers to keeps serum chloride in focus
simultaneously to identify high-risk patients on CAPD. Future
studies in CAPD patients should consider serum chloride as a
primary or secondary endpoint.
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disorders and metabolic acidosis, which have diverse deleterious
effects on organ function, are common in patients with chronic kid-
ney disease (CKD) when the estimated glomerular filtration rate
(eGFR) declines to less than 20% to 25% of normal [15,16]. A multicen-
ter, prospective, observational study with 923 Japanese pre-dialysis
CKD patients reported that low serum chloride was associated with
an increased risk of 3-year cardiovascular disease (CVD) events and
mortality [17]. After patients received long-term dialysis, electrolyte
imbalance, including serum chloride, was significantly improved
[18,19]. However, there to date is no data regarding the association
of these patients. Therefore, the aim of this study was to examine the
association between serum chloride and mortality in patients under-
going continuous ambulatory peritoneal dialysis (CAPD).

2. Methods

2.1. Study design and participants

The manuscript adhered to STROBE guidelines. This was a retro-
spective cohort study of 3566 incident patients who used CAPD as
the first renal replacement therapy in five tertiary hospitals in China
from January 1, 2005 to March 31, 2020. The previous studies
reported that patients with pre-existing CVD have a higher mortality
than those without pre-existing CVD [20�22]. In addition, diuresis
can affect chloride secretion [23]. Thus, we excluded those with pre-
existing CVD or using diuretics. Based on these criteria, exclusion cri-
teria included patients aged < 18 years, with < 3 months of follow-
up, pre-existing CVD, using diuretics, missing of baseline serum chlo-
ride or other baseline covariates. The study protocol complied with
the Declaration of Helsinki and had full approval from each Clinical
Research Ethics Committee. The data were anonymous and the need
for informed consent was therefore waived.

2.2. Data collection and measurements

Patients were advised to initiate dialysis with professional and
clinical evaluation from nephrologists. In all patients, thorough medi-
cal records were reviewed by trained nurses in each dialysis center at
study entry. Demographic data, comorbidities, and laboratory data at
baseline were recorded. Baseline variables included age at study
entry, sex, body mass index (BMI), diabetes mellitus (DM), hyperten-
sion, serum albumin, estimated glomerular filtration rate (eGFR),
serum cholesterol, high-density cholesterol (HDL), low-density cho-
lesterol (LDL), serum sodium, serum chloride, serum calcium, serum
potassium, and hypersensitive C-reactive protein (hs-CRP). In China,
the patient must receive the first dialysis in the hospital. Thus, most
of the patient’s data can be obtained within one week before the first
dialysis. In order to minimize missing of data, we defined baseline as
one month before the first CAPD (5.3 § 1.2 days). All laboratory
parameters from fasting blood samples were measured in the depart-
ment of each tertiary hospital's laboratory. All patients received CAPD
treatment. Conventional dialysis solutions (Dianeal 1.5%, 2.5%, or
4.25% dextrose; Baxter Healthcare, Guangzhou, China), Y sets, and
twin bag systems were used in all CAPD patients. No patients
received APD.

2.3. Follow-up and outcome measures

There was no exposure to all patients with any intervention.
Patients needed to return to each center at least quarterly for an
overall medical assessment. The trained nurses conducted monthly
face-to-face interviews or monthly telephone interviews to assess
their overall condition and related medications. The observation
period for each patient lasted for ten years, or from the date of study
entry to the date of death, transferring to hemodialysis, receiving
renal transplantation, loss of follow-up, transferring to other dialysis
centers, or the end of follow-up (31 May 2020). Patients who were
lost to follow-up were censored at the date of the last examination.

The primary and secondary outcome measures were cardiovascu-
lar and all-cause mortality, respectively. We determined death causes
based on medical files of admission. If patients died out of hospitals,
we determined death causes according to interviewing with family
members by telephone to acknowledge death's circumstances, com-
bining with information from medical records of peritoneal dialysis
centers. Cardiovascular mortality included death associated with an
acute myocardial ischemic event, heart failure, hemorrhagic or
thromboembolic stroke, malignant arrhythmia, and sudden cardiac
death, based on the International Classification of Diseases Clinical
Modification, 9th Revision. Sudden cardiac death is defined as unex-
pected, non-traumatic death occurring within 1 h of the onset of new
or worsening symptoms (witnessed arrest) or, if un-witnessed,
within 24 h of last being seen alive [24].

2.4. Statistical analysis

Means with 95% confidence interval (CI) were presented for nor-
mally distributed continuous variables and medians interquartile
ranges (IQR) for skewed continuous variables. The Shapiro-Wilk test
was used to assess the normality of the variables. Categorical varia-
bles were expressed as the number of patients. We use quartiles
instead of others as we think this may better present the patients
characteristics taking account into the sample size.



Fig. 1. Flow-chart of eligible and ineligible patients.
The numbers of potential and eligible patients were shown on the left side, and the

reasons for in ineligibility and the numbers of ineligible patients were shown on the
right side. CAPD, continuous ambulatory peritoneal dialysis; CVD, cardio-vascular
disease.
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To examine the association between serum chlorine and mortal-
ity, we primarily constructed cause-specific hazard models (stcox).
We then performed sub-distribution hazard (streg, distribution)
models to confirm the association in the primary analysis. Non-car-
diovascular mortality weas considered as a competing risk for cardio-
vascular mortality (stcrreg function). The main difference between
the two hazard models is that patients experiencing a competing risk
event remain in the risk settings in the sub-distribution hazard
model, but they are removed in the cause-specific hazard models
[25�27]. The results were presented as hazard ratios (HRs) and 95%
confidence interval (CI). Cumulative observed outcomes were derived
using the cumulative incidence function for a competing risk, and the
difference between curves was examined using the Gray test.
Restricted cubic splines (xblc) were used to examine the association
between serum electrolyte as a continuous variable and the risk of
mortality. In addition to the primary analysis, we further conducted
multiple imputation analyses (mi) in 2512 patients who had data for
serum chloride. Thus, chained equations were applied to fill in the
136 missing values of the co-variables at baseline.

We conducted subgroup analyses to evaluate subgroups' modifi-
cation effects on the relationship between serum chloride and mor-
tality. Subgroups were stratified by age (<60 or �60 years old), sex
(men or women), DM (with or without), hypertension (with or with-
out), malnutrition (with, albumin <36.0 or without, albumin �36.0 g/
L), and inflammation (with, hs-CRP �10.0 mg/L or without, hypersen-
sitive C-reactive protein [hs-CRP] <10.0 mg/L). Both malnutrition and
inflammation were defined according to the results of a large pro-
spective study [28]. Statistical analyses were performed using Stata
15.1. statistical software (StataCorp, College Station, TX), and a
pvalue < 0.05 was considered significant.

2.5. Role of the funding sources

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report. The
corresponding authors had full access to all the data in the study and
had final responsibility for the decision to submit for publication.

3. Results

3.1. Baseline characteristics

We excluded 55 patients aged < 18 years, 62 patients with less
than three months of follow-up, 368 patients with pre-existing CVD,
and 446 patients taking diuretics, 123 patients missing baseline
serum chloride, and 136 patients missing other baseline covariates.
Therefore, 2376 patients were finally included in the final primary
analysis (Fig. 1).

Table 1 presented the characteristic of patients according to quar-
tiles of serum chloride. The mean age was 45.9 (45.3, 46.5) years old,
50.1% were men, and 14.4% were diabetic. The median serum chlo-
ride levels were 103.0 (99.0, 106.9) mmol/L. Age was older when
serum chloride was higher. There were fewer patients with DM in
the lowest quartile than in higher quartiles. Levels of serum albumin,
eGFR, serum sodium, and potassium were higher, and serum choles-
terol, HDL, LDL, calcium, and hs-CRP were lower when serum chlo-
ride was higher. However, there was no difference in sex, body mass
index (BMI), and hypertension across the quartiles.

3.2. Serum chloride and mortality

During 9304.5 person-years of follow-up (median 39.3 [3.0, 66.5]
months), 462 (19.4%) patients died, 333 (14.0%) patients transferred
to hemodialysis, 182 (7.7%) patients received renal transplantation,
28 (1.2%) patients transferred to other dialysis centers, and 53 (2.2%)
patients had been the loss of follow-up. Of 462 deaths, 235 (50.9%)
deaths were caused by CVD, 75 (16.2%) deaths were caused by infec-
tious disease, 11 (2.3%) deaths were caused by malignancy, 82
(17.7%) deaths were caused by other reasons, and 59 (12.8%) deaths
had unknown reasons. Deaths occurred in 79 (30.2/1000 person-
years), 107 (40.4/1000 person-years), 127 (65.8/1000 person-years),
and 149 (70.6/1000 person-years) patients from the lowest to the
highest quartiles of serum chloride, respectively (Table 2).

Mortality was significantly higher in the highest quartiles
(p < 0.001) (Fig. 2). The cumulative incidence function of cardiovas-
cular mortality showed a similar pattern (Supplemental Fig S1.). The
unadjusted HRs (Model 1) for all-cause mortality in the cause-specific
hazards model were 2.23 (95%CI, 1.69 to 2.93), 1.86 (95%CI, 1.40 to
2.46), and 1.35 (95%CI, 1.01 to 1.80) for the fourth, third, and second
quartiles, respectively, compared with the first quartile (Table 3). The
result was similar after adjustments for variables in Model 2. The final
model (Model 3) revealed that the highest quartile of serum chloride
had a 2.03-fold (95%CI, 1.45 to 2.83) higher risk of all-cause mortality
than the lowest quartile. The association between serum chloride
and cardiovascular mortality also showed a similar pattern (Table 3).
In Model 3, the highest quartile had a 2.95-fold (95%CI, 1.80 to 4.95)
higher risk of cardiovascular mortality than the lowest quartile.

We also used the cause-specific hazard model to examine the
association between serum sodium, potassium, and calcium and mor-
tality, respectively (Supplemental Table S1, S2, and S3). We found
that lower baseline serum sodium was associated with a higher risk
of all-cause mortality (HR, 0.95; 95% CI, 0.93 to 0.98) and cardiovascu-
lar mortality (HR, 0.93; 95% CI, 0.90 to 0.97). Regression spline plots
in Supplemental Figure S2 contrasted the risk of all-cause and cardio-
vascular mortality attributable to different serum electrolytes, which
showed a relatively linear negative relationship between serum
sodium and risk of all-cause and cardiovascular mortality.
3.3. Sensitivity analyses

To substantiate our findings, we conducted additional analyses
using a multiple imputation method. After 136 missing values of
baseline co-variables were imputed, there was no difference in distri-
butions of baseline variables between the primary data and the
imputed data (Supplemental Table S4). We further analyzed 2512
patients and found a robust association between higher serum chlo-
ride and increased risk of all-cause mortality and cardiovascular mor-
tality (Supplemental Table S5). Distributions of baseline variables
between the primary data and those patients without serum chloride



Table 1
Baseline characteristics stratified by quartiles of serum chloride.

Variables Overall Q1(�99.0) Q2(99.1 to 103.0) Q3(103.1 to 106.9) Q4(�107.0)
N 2376 551 627 600 598
Age, years 45.9 (45.3 46.5) 44.1 (42.9 45.2) 44.9 (43.7 46.0) 45.2 (44.1 46.4) 49.5 (48.4 50.6)
Men, n (%) 1191 (50.1%) 262 (47.5%) 331 (52.8%) 312 (52.0%) 286 (47.8%)
BMI, kg/m2 21.9 (21.8 22.0) 21.6 (21.3 21.9) 22.0 (21.8 22.3) 21.9 (21.6 22.1) 22.1 (21.8 22.3)
DM, n (%) 341 (14.4%) 61 (11.1%) 94 (15.0%) 85 (14.2%) 101 (16.9%)
Hypertension, n (%) 1613 (67.9%) 353 (64.1%) 428 (68.3%) 420 (70.0%) 412 (68.9%)
Albumin, g/L 34.6 (34.4 34.8) 33.7 (33.3 34.2) 34.7 (34.3 35.1) 34.9 (34.5 35.3) 35.1 (34.7 35.6)
eGFR, mL/min/1.73m2 7.7 (7.6 7.8) 6.4 (6.2 6.7) 7.8 (7.6 8.1) 8.1 (7.9 8.4) 8.5 (8.2 8.8)
Cholesterol, mmol/L 4.1 (4.1 4.2) 4.2 (4.1 4.3) 4.2 (4.1 4.3) 4.1 (4.0 4.2) 4.0 (3.9 4.0)
HDL, mmol/L 1.1 (1.1 1.2) 1.2 (1.1 1.2) 1.2 (1.1 1.2) 1.1 (1.1 1.1) 1.1 (1.1 1.1)
LDL, mmol/L 2.3 (2.3 2.3) 2.4 (2.3 2.4) 2.4 (2.3 2.4) 2.3 (2.2 2.4) 2.2 (2.1 2.3)
Sodium, mmol/L 139.9 (139.8 140.1) 137.2 (136.8 137.6) 140.0 (139.8 140.2) 140.8 (140.6 141.1) 141.6 (141.3 141.8)
Calcium, mmol/L 2.0 (2.0 2.0) 2.1 (2.0 2.1) 2.0 (2.0 2.1) 2.0 (2.0 2.0) 1.9 (1.9 2.0)
Potassium, mmol/L 4.2 (4.2 4.2) 3.9 (3.8 4.0) 4.1 (4.0 4.2) 4.3 (4.2 4.3) 4.6 (4.5 4.6)
hs-CRP, mg/L 8.2 (7.7 8.7) 11.3 (9.8 13.0) 7.9 (6.9 8.9) 7.7 (6.8 8.6) 6.9 (6.2 7.7)
Centers
1 335 (14.1%) 122 (22.1%) 106 (16.9%) 66 (11.0%) 41 (6.9%)
2 424 (17.8%) 159 (28.9%) 109 (17.4%) 88 (14.7%) 68 (11.4%)
3 1203 (50.6%) 153 (27.8%) 274 (43.7%) 343 (57.2%) 433 (72.4%)
4 66 (2.8%) 5 (0.9%) 8 (1.3%) 20 (3.3%) 33 (5.5%)
5 348 (14.6%) 112 (20.3%) 130 (20.7%) 83 (13.8%) 23 (3.8%)

Continuous variates were showed as mean (95% CI). Q, quartile; BMI, body mass index; DM, diabetes mellitus; eGFR, estimated glomerular filtra-
tion rate; HDL, high-density cholesterol; LDL, low-density cholesterol; hs-CRP, high-sensitivity C-reactive protein.

Table 2
Incidence rate of death according to quartiles of serum chloride.

Outcomes Overall (mmol/L) Q1 (�99.0) Q2 (99.1 to 103.0) Q3 (103.1 to 106.9) Q4 (�107.0)
No. of patients 2376 551 627 600 598
Person-years 9304.5 2614.5 2650.1 1930.0 2109.9
All-cause mortality
Events 462 79 107 127 149
Events per 1000 person-years 49.7 30.2 40.4 65.8 70.6
Cardiovascular mortality
Events 235 30 46 75 84
Events per 1000 person-years 25.3 11.5 17.4 38.9 39.8

Q, quartile.

Fig. 2. Cumulative incidence of cardio-vascular and all-cause mortality according to baseline serum chloride.
Deaths occurred more as serum chloride was higher (p < 0.001, for the Gray test). Q, quartiles. Censured individual numbers in brackets.
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Table 3
Association between serum chloride and mortality using cause-specific hazard models.

Model 1 (n = 2376) Model 2 (n = 2376) Model 3 (n = 2376)
HR (95% CI) HR (95% CI) HR (95% CI) P for trend

All-cause mortality
Chloride per 1-mmol/L increase 1.05 (1.03, 1.06) 1.03 (1.02, 1.05) 1.04 (1.02, 1.07)
Quartiles of chloride, mmol/L
Q1, �99.0 1.00 1.00 1.00
Q2, 99.1 to 103.0 1.35 (1.01, 1.80) 1.33 (0.99, 1.78) 1.41 (1.03, 1.91)
Q3, 103.1 to 106.9 1.86 (1.40, 2.46) 1.80 (1.36, 2.39) 1.71 (1.24, 2.36)
Q4, �107.0 2.23 (1.69, 2.93) 1.82 (1.39, 2.40) 2.03 (1.45, 2.83)
Cardiovascular mortality
Chloride, per 1-mmol/L increase 1.07 (1.05, 1.10) 1.05 (1.03, 1.08) 1.07 (1.04, 1.10)
Quartiles of chloride, mmol/L
Q1, �99.0 1.00 1.00 1.00
Q2, 99.1 to 103.0 1.52 (0.96, 2.41) 1.51 (0.95, 2.39) 1.71 (1.08, 2.71)
Q3, 103.1 to 106.9 2.90 (1.90, 4.43) 2.82 (1.85, 4.31) 2.83 (1.77, 4.52)
Q4, �107.0 3.30 (2.18, 5.01) 2.71 (1.78, 4.11) 2.95 (1.80, 4.95)

Model 1: unadjusted crude HR. Model 2: adjusted for age, sex, BMI, DM, and hypertension. Model 3: model 2 plus albumin, eGFR, choles-
terol, HDL, LDL, sodium, calcium, potassium, hs-CRP, and centers. Q, quartile; BMI, body mass index; DM, diabetes mellitus; eGFR, esti-
mated glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein; hs-CRP, high-sensitivity C-reactive
protein; HR, hazards ratio; CI, confidence interval.
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(Supplemental Table S6) were not shown significance, which sug-
gested that serum chloride were missed randomly.

3.4. Subgroup analyses

In overall patients, each 1-mmol/L higher baseline serum chloride
was associated with 4.0% (95% CI, 1.02 to 1.07) higher risk of all-cause
mortality and 7.0% (95% CI, 1.04 to 1.10) higher risk of cardiovascular
mortality (Table 3). The associations of serum chloride and all-cause
and cardiovascular mortality among subgroups had similar patterns
(Fig. 3).

Since the study was a retrospective cohort design, we have col-
lected as many patients’ data as possible during the study period and
did not pre-estimate the sample size for this study. We made a post-
hoc power analysis based on the available sample size using Power
analysis based on cox regression method. An effect size of 2376 or
Fig. 3. Subgroup association of baseline continuous serum chloride with all-cause and cardio
The significant association between serum chloride and all-cause and cardiovascular mo

bles in Model 3, except for variable of subgroup. Malnutrition was defined as serum albumin
greater was considered to be clinically significant. A post hoc statisti-
cal power calculation confirmed that the sample size available for
this study provided in excess of 90% power to detect such clinically
significant differences (Supplemental Materials: A post hoc statistical
power calculation).
4. Discussion

In this study, we first reported that higher serum chloride at base-
line was associated with a significantly increased risk of 10-year all-
cause and cardiovascular mortality in patients undergoing CAPD. The
risk posed by higher serum chloride was independent of concomitant
serum sodium, potassium, or calcium levels, suggesting that this was
a chloride-specific finding and did not reflect risks associated with
other electrolyte disorders.
vascular mortality.
rtality was seen in all subgroups. Cause-specific hazard ratios were adjusted for varia-
<36 g/L; Inflammation was defined as hs-CPR �10 mg/L.
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Based on existing evidence, the association between serum chlo-
ride and mortality is inconsistent in different research participants.
In critically ill patients, numerous studies had reported that dyschlor-
emia was associated with an increase in short-term mortality
[29�31]. Another retrospective cohort study reported that a U-
shaped relationship between serum chloride and short-term mortal-
ity among 106,505 patients >20 years of age who were performed
noncardiac surgery [9]. In the general population settings, the large
BIRNH cohort of 9106 participants without coronary heart disease at
baseline with 10-year mortality follow-up observed a strong, inde-
pendent, graded, and inverse relationship between baseline serum
chloride levels and all-cause and cardiovascular mortality [11].
Another study of 12,968 hypertensive patients with follow up for
35 years also reported that low serum chloride (<100 mmol/L) is
associated with more significant cardiovascular mortality and all-
cause mortality risk independent of obvious confounders [32]. Con-
sistent findings were also observed in heart failure participants [33].
In patients with pre-dialysis CKD, a similar association of serum chlo-
ride and mortality also was observed. A prospective cohort study
with a median follow-up of 33 months from Japan reported that
lower baseline serum chloride was associated with higher mortality
and cardiovascular events in 923 pre-dialysis CKD patients [17]. The
authors of this study reported that when patients were stratified into
quartiles of serum chloride, the analysis showed the J-shaped associ-
ation between serum chloride and mortality. However, these findings
above were inconsistent with those in patients on CAPD in the pres-
ent study. We found that there was an increasing linear dose-
response relationship between baseline serum chloride levels and
long-term all-cause and cardiovascular mortalities. A previous study
showed that CKD patients were more prone to fluid and electrolyte
imbalance with metabolic acidosis, compared to those with normal
kidney function [15]. In more advanced CKD with high serum chlo-
ride, long-lasting therapy with sodium bicarbonate is extensively
used [23]. Thus, taking sodium bicarbonate may avoid the harm of
high chloride to PD patients. In addition, as all we have known,
patients undergoing CAPD are more likely to be older age, more
comorbidities, and disorders of laboratory variables. Therefore,
inconsistent findings may be that there was the significant difference
in the demographic and clinical characteristics and laboratory varia-
bles in the different population settings. Notably, the association
between baseline serum sodium and mortality in our study was con-
sistent with the findings of a large observational study, which also
reported that in 4687 incident peritoneal dialysis patients, lower
baseline serum sodium was independently associated with higher
death risk [34].

The findings of subgroup analyses highlight the consistency in the
association between serum chloride levels and risk of death from any
cause and cardiovascular disease across selected cardiovascular risk
factors. The strength in the association between serum chloride and
the risk of death from any cause and cardiovascular disease may
slightly vary by age, sex, diabetes mellitus, malnutrition, and inflam-
mation, with the range of HRs from 1.04 to 1.07 per 1-mmol/L
increase of serum chloride at the start of CAPD. These subgroup anal-
yses further supported the association of serum chloride and mortal-
ity, suggesting that the findings were robust in our study.
Nonetheless, there remained a question of whether serum chloride
directly affected the prognosis or just was a marker of adverse events
in CAPD patients. In addition, regression spline analyses suggested
linear relationships between mortality risk and serum chloride,
sodium, potassium and calcium but that this requires further investi-
gation and analysis. Notedly, the relationships between mortality risk
and both serum potassium and serum calcium cease to be significant
when serum chloride is added to the hazard models - but for serum
sodium. The opposite occurs whereby the previously non-significant
association with mortality risk becomes statistically significant when
sodium chloride is added to the hazard model. Thus, the relationship
between serum chloride and serum sodium merits further investiga-
tion.

The potential mechanisms underlying the association between
higher serum chloride and mortality remain to be determined. The
movement of chloride ions on the cell plasma membrane involves
regulating cell volume, smooth muscle cell contraction, transepithe-
lial fluid transport, and synaptic transmission [35]. In vitro cell mod-
els had demonstrated an increased pro-inflammatory response to
hyper-chloremic metabolic acidosis mediated by nitric oxide and
higher interleukin-6 (IL-6) to interleukin-10 (IL-10) ratio, compared
with lactic acidosis [36]. Another study also reported that hyper-
chloremic metabolic acidosis in a murine sepsis model increased cir-
culating interleukin-6, interleukin-10, and tumor necrosis factor [37].

Our study's strengths were its sizeable multicenter sample size,
the restricted inclusion and exclusion criteria of the sample, and rig-
orous multivariate regression analyses. Nonetheless, our study had
some limitations. First, as a retrospective observational study, this
study cannot necessarily prove causation between serum chloride
and mortality, and the exclusion of individuals (n = 123) without
baseline serum chloride from our analysis may have resulted in bias.
Second, although confounding variables were adjusted using rigorous
multivariate regression analyses, residual confounding by unmea-
sured covariates cannot have been eliminated completely. Third,
because only a single measurement of serum chloride was reported,
bias from regression toward the mean may underestimate the associ-
ations’ strength and whether changes in serum chloride levels over
time strength predictive value will need further study. Fourth, all eli-
gible patients were from China, suggesting our findings may lack gen-
eralization to other ethnic population settings. Fifth, serum
bicarbonate or sodium bicarbonate administration can influence both
serum chloride and outcomes but were not collected in the present
study. Changes in serum chloride occur with concurrent changes in
serum sodium, potassium, and bicarbonate [32], and it is difficult to
disentangle the independent effects of serum chloride on mortality.
Sixth, the "young" mean age of 45.9 years and the median follow-up
of 39 months may affect the precise of the association. Finally, deter-
mination of death causes based on medical files or family interviews
without biopsy may lead to incorrect death classification.

In conclusion, higher serum chloride at the initial of CAPD was
associated with a higher risk of all-cause and cardiovascular mortality
in patients undergoing CAPD. As serum chloride measurement is part
of the routine clinical screening, our findings may be potentially
translatable into clinical settings to identify high-risk patients on
CAPD. Future studies in CAPD patients should consider serum chlo-
ride as a primary or secondary endpoint.
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