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AbsTrACT
background We aimed to assess the association 
between alterations in serum chloride levels during 
hospitalisation and mortality.
Methods We reviewed all adult patients admitted 
to our hospital from the year 2009 to 2013, who had 
at least two serum chloride measurements during 
hospitalisation. The serum chloride change during 
hospitalisation, defined as the absolute difference 
between the highest and lowest serum chloride levels, 
was categorised into seven groups; 0–2, 3–4, 5–6, 7–8, 
9–10, 11–12 and ≥13 mEq/L. Multivariable logistic 
regression was performed to assess the independent 
association between serum chloride change and in- 
hospital mortality, using the serum chloride change of 
0–2 mEq/L as the reference group.
results A total of 57 880 patients, with median serum 
chloride change of 5 (IQR 3–9) mEq/L, were studied. 
The in- hospital mortality was progressively increased 
with larger chloride change, from 0.6% in group of 0–2 
mEq/L to 5.9% in group of ≥13 mEq/L (p<0.001). In 
adjusted analysis, serum chloride change of ≥7 mEq/L 
was significantly associated with increased in- hospital 
mortality. For upward trend, serum chloride change of 
≥3 mEq/L was significantly associated with increased in- 
hospital mortality, whereas, for downward trend, serum 
chloride change was not consistently associated with 
in- hospital mortality.
Conclusion Alterations in serum chloride during 
hospitalisation were associated with increased hospital 
mortality. The association was more prominent with 
upward than downward trend of serum chloride.

bACkground
Chloride ions are the second most abundant extra-
cellular electrolytes in humans following sodium 
ions.1 Chloride ions play significant roles in acid- 
base haemostasis of the blood.2 3 Change in chloride 
levels can be seen in several medical conditions such 
as fluid overload, congestive heart failure, as well as 
renal, endocrine and metabolic disorders.4

The recent data suggest an association between 
change in serum chloride levels and elevated 
mortality.5–8 However, most of these studies were 
reported in critically ill patients.7 9 An increase in 
serum chloride level by chloride- rich fluids can 
result in hyperchloremic metabolic acidosis, asso-
ciated with poor outcomes in intensive care unit 
(ICU) patients, especially those with severe sepsis 
and septic shock.9–12 A recent large retrospective 
analysis of 18 825 patients demonstrated that an 

increase in serum chloride levels within 72 hours 
after ICU admission by 1 mmol/L was associated 
with 8% increased risk of 30- day mortality.7

The information on the effects of serum chloride 
level alterations on the clinical outcomes among 
hospitalised patients is scarce. Thus, we conducted 
this retrospective study to elaborate on the associ-
ation between serum chloride change and hospital 
mortality.

MATeriAl And MeThods
study population
We searched the patient database to identify all 
adult patients admitted to Mayo Clinic Hospital, 
Rochester, Minnesota, from 1 January 2009 to 31 
December 2013. Patients with at least two serum 
chloride measurements during hospital stay were 
included. Patients without research authorisation 
were excluded. If patients had recurring admis-
sions, only the first hospitalisation during the study 
period was included in the analysis.

data collection
Clinical information and laboratory data were 
obtained from Mayo Clinic's institutional electronic 
health record system using the Mayo Clinic Life 
Science System Database. This database contains 
demographic characteristics, hospital admission 
information, diagnosis and procedure codes, labo-
ratory test results and flow sheet data of inpatient 
admission. Serum chloride change during hospital-
isation, defined as the absolute difference between 
the highest and lowest serum chloride during the 
hospital stay, was the exposure of interest. Serum 
chloride change was categorised into seven groups; 
0–2, 3–4, 5–6, 7–8, 9–10, 11–12 and ≥13 mEq/L.

To further assess if the direction of serum chlo-
ride change was associated with patient outcomes, 
the timing of the highest serum chloride in relation 
to the lowest serum chloride was determined. If the 
highest serum chloride occurred before the lowest 
serum chloride, a downward trend of serum chlo-
ride change was assumed, and negative values for 
serum chloride change (the lowest—the highest 
serum chloride) were assigned. In contrast, if the 
highest serum chloride occurred after the lowest 
serum chloride, the upward trend of serum chlo-
ride change was assumed, and positive values for 
serum chloride change (the highest—the lowest 
serum chloride) were assigned. Chloride alterations 
with direction of change were categorised into 14 
groups; ≤–13, –12 to –11, –10 to –9, –8 to –7, –6 
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Table 1 Baseline clinical characteristics

Variables All

Change in serum chloride level during hospitalisation (meq/l)

0–2 3–4 5–6 7–8 9–10 11–12 ≥13 P

N 57 880 14 125 12 522 9524 6816 4683 3570 6640

Age (year) 63±17 62±17 64±17 64±18 64±17 64±17 63±17 62±16 <0.001

Male 30 976 (54) 7630 (54) 6695 (53) 4965 (52) 3572 (52) 2554 (55) 1977 (55) 3583 (54) 0.001

  Caucasian 53 856 (93) 13 257 (94) 11 732 (94) 8857 (93) 6329 (93) 4325 (92) 3283 (92) 6073 (91) <0.001

  Principal diagnosis                 <0.001

  Cardiovascular 14 810 (26) 2878 (20) 2754 (22) 2056 (22) 1673 (25) 1471 (31) 1315 (37) 2663 (40)

  Endocrine/metabolic 1694 (3) 302 (2) 339 (3) 293 (3) 200 (3) 146 (3) 122 (3) 292 (4)

  Gastrointestinal 5952 (10) 1171 (8) 1299 (10) 1151 (12) 910 (13) 504 (11) 330 (9) 587 (9)

  Haematology/oncology 7807 (13) 1904 (13) 1666 (13) 1422 (15) 1064 (16) 640 (14) 436 (12) 675 (10)

  Infectious disease 2259 (4) 239 (2) 370 (3) 368 (4) 326 (5) 270 (6) 217 (6) 469 (7)

  Respiratory 2744 (5) 609 (4) 650 (5) 516 (5) 346 (5) 211 (5) 142 (4) 270 (4)

  Genitourinary 1879 (3) 351 (2) 386 (3) 346 (4) 277 (4) 191 (4) 143 (4) 185 (3)

  Injury/poisoning 8853 (15) 2125 (15) 1981 (16) 1574 (17) 1075 (16) 696 (15) 495 (14) 907 (14)

  Other 11 882 (21) 4546 (32) 3077 (25) 1798 (19) 945 (14) 554 (12) 370 (10) 592 (9)

Charlson Score 2.0±2.4 1.7±2.3 2.0±2.5 2.1±2.5 2.2±2.5 2.1±2.5 1.9±2.4 1.9±2.3 <0.001

Comorbidity                 

  CAD 4907 (8) 1117 (8) 1086 (9) 833 (9) 584 (9) 427 (9) 314 (9) 546 (8) 0.35

  CHF 4810 (8) 812 (6) 967 (8) 850 (9) 653 (10) 469 (10) 325 (9) 734 (11) <0.001

  PAD 2111 (4) 348 (2) 455 (4) 373 (4) 270 (4) 203 (4) 150 (4) 312 (5) <0.001

  Stroke 4793 (8) 1018 (7) 1057 (8) 871 (9) 590 (9) 398 (8) 279 (8) 580 (9) 0.001

  DM 12 690 (22) 2657 (19) 2673 (21) 2197 (23) 1582 (23) 1099 (23) 855 (24) 1627 (25) <0.001

  COPD 5644 (10) 1117 (8) 1194 (10) 1033 (11) 708 (10) 488 (10) 356 (10) 748 (11) <0.001

  Cirrhosis 1690 (3) 320 (2) 341 (3) 299 (3) 218 (3) 163 (3) 102 (3) 247 (4) <0.001

eGFR (ml/min/1.73 m2) 75±29 80±25 77±28 74±30 72±31 71±31 71±31 70±32 <0.001

Admission serum chloride (mEq/L) 103±5 103±3 103±4 103±5 103±5 103±6 104±6 104±9 <0.001

Lowest serum chloride (mEq/L) 100±5 103±3 101±4 100±4 99±4 98±4 98±4 95±6 <0.001

Highest serum chloride (mEq/L) 106±5 104±3 105±4 106±4 106±4 108±5 109±5 112±6 <0.001

AKI in hospital 8964 (15) 716 (5) 1220 (9.7) 1383 (14.5) 1243 (18.2) 1032 (22.0) 910 (25.5) 2461 (37.1) <0.001

Number of serum chloride measurement 
in hospital

4 (2–7) 2 (2–3) 3 (2–4) 4 (3–6) 6 (4–8) 7 (5–10) 8 (6–12) 11 (7–21) <0.001

Length of hospital stay 5 (3–8) 3 (3–5) 4 (3–6) 5 (4–7) 6 (4–9) 7 (5–11) 8 (5–12) 10 (6–19) <0.001

Continuous data are presented as mean±SD or median (IQR) as appropriate; categorical data are presented as count (%).
AKI, acute kidney injury; CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; eGFR, estimated 
glomerular filtration rate; PAD, peripheral artery disease.

to –5, –4 to –3, –2 to 0, 1 to 2, 3 to 4, 5 to 6, 7 to 8, 9 to 10, 11 
to 12, ≥13 mEq/L.

Principal diagnoses were grouped based on the International 
Classification of Diseases, ninth revision codes. The Charlson 
comorbidity index13 was calculated to assess comorbid conditions 
at the time of admission. The comorbid conditions were deter-
mined using a previously validated data abstraction algorithm.14 
The baseline estimated glomerular filtration rate (eGFR) was 
calculated based on age, sex, race and serum creatinine, using the 
chronic kidney disease epidemiology collaboration equation.15 
Acute kidney injury (AKI) was defined as an increase in serum 
creatinine of ≥0.3 mg/dL or ≥1.5 times baseline value.16

In- hospital mortality was the outcome of interest. Death status 
was obtained from the institutional database.

statistical analysis
Continuous variables were presented as mean±SD or median 
with IQR, as appropriate. The differences in continuous vari-
ables between chloride change groups were tested using 
analysis of variance for parametric or Kruskal- Wallis test for non- 
parametric test. Categorical variables were presented as count 
with percentage. The differences in categorical variables between 

chloride change groups were tested using the Chi- squared test. 
Logistic regression analysis was performed to assess the associa-
tion between serum chloride change during hospitalisation and 
in- hospital mortality. The serum chloride change group of 0–2 
mEq/L was selected as the reference group for outcome compar-
ison. Several models were built to adjust for priori- defined vari-
ables. Model 1 was unadjusted; model 2 was adjusted for age, sex, 
race, principal diagnosis, Charlson comorbidity index, history 
of coronary artery disease, congestive heart failure, peripheral 
artery disease, stroke, diabetes mellitus, chronic obstructive 
pulmonary disease, cirrhosis, eGFR, AKI occurrence in hospital, 
the number of serum chloride measurements during hospitalisa-
tion and length of hospital stay; model 3 was adjusted for all 
variables in model 2, plus the index admission serum chloride; 
model 4 was adjusted for all variables in model 2, plus the lowest 
chloride during hospitalisation, and model 5 was adjusted for 
all variables in model 2, plus the highest chloride. A restricted 
cubic spline was constructed to demonstrate the non- linear asso-
ciation between serum chloride change with its direction and 
in- hospital mortality, using STATA (STATACorp LLC). Thirteen 
knots were placed at –12, –10, –8, –6, −2, 0, 2, 4, 6, 8, 10 and 
12 of serum chloride change. A similar analysis was performed 
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Table 2 The association between serum chloride change and in- hospital mortality

outcome

Change in serum chloride level during hospitalisation (meq/l)

0–2 3–4 5–6 7–8 9–10 11–12 ≥13 P trend

Hospital mortality 77 (0.6) 101 (0.8) 106 (1.1) 97 (1.4) 104 (2.2) 99 (2.8) 389 (5.9) <0.001

Mortality, OR (95% CI)       

  Model 1: unadjusted 1 (ref) 1.48
(1.10 to 2.00)

2.05
(1.53 to 2.76)

2.63
(1.95 to 3.56)

4.14
(3.08 to 5.57)

5.20
(3.85 to 7.02)

11.35
(8.87 to 14.52)

<0.001

  Model 2* 1 (ref) 1.12
(0.83 to 1.51)

1.26
(0.93 to 1.70)

1.41
(1.04 to 1.93)

2.05
(1.51 to 2.80)

2.46
(1.79 to 3.37)

3.52
(2.66 to 4.66)

<0.001

  Model 3: model 2, and 
admission serum chloride

1 (ref) 1.12
(0.83 to 1.51)

1.25
(0.93 to 1.69)

1.41
(1.03 to 1.92)

2.05
(1.51 to 2.79)

2.46
(1.79 to 3.37)

3.52
(2.66 to 4.66)

<0.001

  Model 4: model 2, and lowest 
serum chloride

1 (ref) 1.19
(0.88 to 1.61)

1.41
(1.04 to 1.90)

1.66
(1.21 to 2.26)

2.47
(1.80 to 3.37)

3.07
(2.22 to 4.23)

4.94
(3.69 to 6.63)

<0.001

  Model 5: model 2, and highest 
serum chloride

1 (ref) 1.06
(0.79 to 1.44)

1.13
(0.83 to 1.53)

1.20
(0.88 to 1.64)

1.61
(1.18 to 2.20)

1.81
(1.31 to 2.50)

2.15
(1.59 to 2.92)

<0.001

*Adjusted for age, sex, race, principal diagnosis, Charlson comorbidity score, history of coronary artery disease, congestive heart failure, peripheral artery disease, stroke, diabetes 
mellitus, chronic obstructive pulmonary disease, cirrhosis, eGFR, acute kidney injury, number of serum chloride measurement during hospitalisation, and length of stay.
eGFR, estimated glomerular filtration rate.

to assess the association between serum chloride change with its 
direction and in- hospital mortality. The serum chloride change 
group from −2 to 0 mEq/L was selected as the reference group 
for outcome comparison. Subgroup analysis was performed in 
patients with serum chloride within the normal range (96–108 
mEq/L) during hospitalisation. Two- tailed p value<0.05 was 
considered statistically significant. All analyses were performed 
using JMP statistical software V.10 (SAS Institute).

resulT
Clinical characteristics
A total of 57 880 eligible patients were included in the study. 
Fifty- four per cent of enrolled patients were male. The mean 
age was 63±17 years. The median number of serum chloride 
measurements during hospitalisation was 4 (2–5), and the length 
of hospital stay was 5 (3–8) days. The mean admission serum 
chloride was 103±5 mEq/L. The median serum chloride change 
during hospitalisation was 5 (IQR 3–9) mEq/L. 24%, 22%, 16%, 
12%, 8%, 6% and 11% had chloride change of 0–2, 3–4, 5–6, 
7–8, 9–10, 11–12 and ≥13 mEq/L, respectively. The clinical 
characteristics of patients based on serum calcium change groups 
were summarised in table 1.

serum chloride change and in-hospital mortality
Out of 57 880 patients included in the study, 973 (1.7%) died 
in the hospital. The in- hospital mortality was progressively 
increased with greater chloride change, from 0.6% in group of 
0–2 mEq/L to 5.9% in the group of ≥13 mEq/L (p for trend 
<0.001) (table 2). When adjusting for potential confounders 
(model 2), serum chloride change of 7–8, 9–10, 11–12 and 
≥13 mEq/L was significantly associated with increased in- hos-
pital mortality with adjusted OR of 1.41 (95% CI 1.03 to 1.93), 
2.05 (95% CI 1.51 to 2.80), 2.46 (95% CI 1.79 to 3.37) and 
3.52 (95% CI 2.66 to 4.66), respectively, when compared with 
serum chloride change group of 0–2 mEq/L. The association 
remained statistically significant when further adjustments were 
implemented for the admission serum chloride level (mean 
103±5 mEq/L) (model 3). When further adjustments for the 
lowest serum chloride (mean 100±5 mEq/L) were considered 
(model 4), serum chloride change of ≥5 mEq/L was significantly 
associated with increased in- hospital mortality. After accounting 
for the highest serum chloride (mean 106±5 mEq/L) (model 
5), serum chloride change of ≥9–10 mEq/L was significantly 

associated with increased in- hospital mortality. The subgroup 
analysis of patients with serum chloride within the normal range 
during hospitalisation consistently showed that the greater 
extent of serum chloride change was significantly associated with 
increased in- hospital mortality (online supplementary table S1)

direction of serum chloride change and in-hospital mortality
The lowest in- hospital mortality was observed in patients with 
serum chloride change from −2 to 0 mEq/L. Higher in- hospital 
mortality rates were observed in both downward and upward 
trend of serum chloride change (table 3, and figure 1). The asso-
ciation between the downward trend of serum chloride change 
varied across the adjusted models. In models 2 and 4 (addition-
ally adjusting for the lowest serum chloride), serum chloride 
change of ≤−9 mEq/L was associated with increased in- hospital 
mortality. In model 3 (additionally adjusting for the admission 
serum chloride), only serum chloride change of ≤−13 mEq/L 
was associated with increased in- hospital mortality. In model 
5 (additionally adjusting for the highest serum chloride), the 
downward trend of serum chloride change regardless of the 
degree was not significantly associated with increased in- hospital 
mortality.

The association between the upward trajectory of serum 
chloride level was consistent across the adjusted models. Serum 
chloride change of ≥3 mEq/L was significantly associated with 
increased in- hospital mortality in all adjusted models. The OR of 
in- hospital mortality associated with the upward trend of serum 
chloride change was higher than the OR of in- hospital mortality 
associated with the downward trend of serum chloride change. 
Similar results were observed in the subgroup analysis of patients 
with serum chloride within the normal range during hospitalisa-
tion (online supplementary table S2).

disCussion
In this study, we reported an association between in- hospital 
mortality and increased serum chloride alterations regardless 
of the principal diagnosis and comorbid conditions. While the 
upward trend of serum chloride change was significantly asso-
ciated with increased in- hospital mortality, the downward trend 
of serum chloride change was not consistently associated with 
in- hospital mortality.

Chloride ions are engaged in many physiological processes, 
including blood pressure, acid- base balance and glomerular 
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Table 3 The association between the direction of serum chloride change and in- hospital mortality

Chloride change (meq/l) n in- hospital mortality Model 1 Model 2 Model 3 Model 4 Model 5

≤−13 4394 134 (3.1) 6.83 (4.75–9.81) 1.92 (1.29–2.85) 1.66 (1.12–2.48) 2.77 (1.85–4.15) 1.13 (0.75–1.71)

−12 to −11 2304 34 (1.5) 3.25 (2.04–5.18) 1.63 (1.01–2.62) 1.46 (0.90–2.35) 2.07 (1.28–3.34) 1.16 (0.72–1.89)

−10 to −9 2795 40 (1.4) 3.15 (2.02–4.92) 1.64 (1.04–2.59) 1.51 (0.96–2.39) 2.01 (1.27–3.18) 1.27 (0.80–2.00)

−8 to −7 3730 38 (1.0) 2.23 (1.42–3.51) 1.19 (0.75–1.89) 1.14 (0.72–1.81) 1.44 (0.91–2.28) 1.01 (0.64–1.60)

−6 to −5 4971 33 (0.7) 1.45 (0.91–2.32) 0.91 (0.56–1.46) 0.88 (0.55–1.41) 1.03 (0.64–1.66) 0.81 (0.50–1.30)

−4 to −3 6477 39 (0.6) 1.31 (0.84–2.06) 1.00 (0.63–1.56) 0.98 (0.62–1.54) 1.08 (0.69–1.70) 0.94 (0.60–1.48)

−2 to 0 8285 38 (0.5) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1 to 2 5840 39 (0.7) 1.46 (0.93–2.28) 1.39 (0.88–2.18) 1.46 (0.93–2.28) 1.41 (0.90–2.21) 1.37 (0.88–2.16)

3 to 4 6045 62 (1.0) 2.25 (1.50–3.37) 1.62 (1.07–2.44) 1.75 (1.16–2.64) 1.75 (1.16–2.64) 1.53 (1.02–2.31)

5 to 6 4553 73 (1.6) 3.54 (2.39–5.24) 2.04 (1.37–3.05) 2.26 (1.51–3.38) 2.34 (1.57–3.50) 1.83 (1.22–2.74)

7 to 8 3086 59 (1.9) 4.23 (2.81–6.37) 2.16 (1.42–3.28) 2.45 (1.61–3.74) 2.59 (1.70–3.95) 1.81 (1.19–2.76)

9 to 10 1888 64 (3.4) 7.61 (5.08–11.41) 3.26 (2.15–4.95) 3.74 (2.45–5.70) 4.06 (2.66–6.19) 2.55 (1.67–3.89)

11 to 12 1266 65 (5.1) 11.75 (7.84–17.61) 4.48 (2.94–6.84) 5.29 (3.45–8.11) 5.92 (3.85–9.09) 3.34 (2.17–5.13)

≥13 2246 255 (11.4) 27.80 (19.70–39.22) 7.81 (5.38–11.32) 9.89 (6.77–14.45) 11.88 (8.09–17.45) 4.82 (3.27–7.12)

Model 1: unadjusted.
Model 2: Adjusted for age, sex, race, principal diagnosis, Charlson comorbidity score, history of coronary artery disease, congestive heart failure, peripheral artery disease, stroke, 
diabetes mellitus, chronic obstructive pulmonary disease, cirrhosis, eGFR, acute kidney injury, the number of serum chloride measurement during hospitalisation and length of 
stay.
Model 3: model 2 and the admission serum chloride.
Model 4: model 2 and the lowest serum chloride.
Model 5: model 2 and the highest serum chloride.
eGFR, estimated glomerular filtration rate.

Figure 1 The restricted cubic spline demonstrated the association 
between the direction of serum chloride change and in- hospital 
mortality.

filtration pressure regulation.17 18 Some data suggest that chlo-
ride may be associated with hypertension. For example among 
patients with Gordon’s syndrome pseudohypoaldosteronism 
type II are hypertensive while the main defect is increased chlo-
ride reabsorption from the distal convoluted tubules.19 In animal 
models of hypertension, only sodium loading that is accompa-
nied by chloride can increase blood pressure and while other 
sources of sodium loading only result in sodium retention and 
renin- angiotensin- aldosterone system suppression.20 Chloride 
also could increase blood pressure by directly acting on the 
vascular smooth muscle cells.21 High chloride concentration in 
the distal loop of Henle leads to tubular- glomerular feedback 
by chloride sensing mechanisms in the macula densa.1 This 
feedback results in renal afferent vasoconstriction and reduced 
glomerular filtration.22 23

A decrease in serum chloride may happen when total body 
chloride is depleted (ie, extrarenal loss in vomiting, bowel 
fistulas, nasogastric drainage, or burns, and also renal loss 
in diuretic use and salt- losing nephropathies) or diluted (ie, 

hypothyroidism, hyperglycaemia, syndrome of inappropriate 
antidiuretic hormone secretion (SIADH), or use of drug including 
barbiturates and chlorpropamide, or edematous states including 
heart failure, cirrhosis and nephrotic syndrome).4 24 25 Serum 
chloride can also decrease in setting of compensated respiratory 
acidosis and metabolic alkalosis.26–28 The main pathophysiology 
mechanisms for an increase in serum chloride include loss of 
electrolyte free water (ie, skin loss in fever and hypercatabolic 
states, inadequate water intake or renal losses in diabetes insip-
idus), loss of hypotonic fluids (ie, extrarenal in diarrhoea and 
burn or renal in osmotic diuresis, diuretic use or intrinsic kidney 
diseases), sodium gain (ie, salt- water drowning, hypertonic or 
large volume normal saline), non- anion gap metabolic acidosis 
(ie, renal tubular acidosis, small bowel diarrhoea, ureteral 
diversion, early AKI, primary hyperparathyroidism or during 
recovery from diabetic ketoacidosis) and compensated respira-
tory alkalosis.24 Similar to previous reports, we observed that 
the upward trajectory of serum chloride change could be signifi-
cantly associated with increased in- hospital mortality.29–31 In 
contrast, although the downward trajectory of serum chloride 
might be associated with increased in- hospital mortality when 
serum chloride change was ≤−9 mEq/L, the association was not 
consistently observed in all adjusted analysis.

Among general hospitalised patients, after adjusting for poten-
tial confounders, we demonstrated that only upward trend of 
serum chloride change was significantly associated with increased 
in- hospital mortality. An increase in serum chloride levels indi-
cates the presence or development of normal anion gap meta-
bolic acidosis or the use of chloride- rich infusion (eg, intravenous 
normal saline 0.9% solutions for large- volume fluid resuscita-
tion).32–36 Recently, among critically ill patients, a pragmatic, 
cluster- randomised, multiple- crossover trial of 15 802 patients 
in a single- centre demonstrated that the patients who received 
intravenous fluid resuscitation with balanced crystalloids had 
lower major adverse kidney events (ie, higher survival and lower 
rate of renal- replacement therapy, and chronic kidney disease 
development) than those who received intravenous saline.36 
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Main messages

 ► The greater alteration in serum chloride during hospitalisation 
was associated with increased in- hospital mortality.

 ► The upward trend of serum chloride change was significantly 
associated with increased in- hospital mortality.

 ► The association of the downward trend of serum chloride 
change and in- hospital was less prominent, and not 
consistent among different analyses.

Current research questions

 ► The association between change in serum chloride in other 
patient population, for example critically ill patients or 
surgical patients.

 ► The impact of serum chloride change on other patient 
outcomes, for example acute kidney injury or long- term 
mortality.

 ► The impact of acuity, variability and fluctuation of serum 
chloride change on patient outcomes.

What is already known on the subject

 ► Admission serum chloride is associated with mortality in 
hospitalised patients.

Among non- ICU adult patients, another single- centre, prag-
matic, multiple- crossover trial of 13 347 patients demonstrated 
that intravenous fluids (balanced crystalloids vs normal saline) in 
the emergency department found no difference in mortality (at 
hospital discharge or 30 days) among two groups.37 However, 
the investigators reported significantly similar lowering in major 
adverse kidney events within 30 days when patients received 
balanced crystalloids versus normal saline.37 While this study 
demonstrated increase in serum chloride within 24 hours after 
emergency department arrival among those who received saline 
than those who received balanced crystalloids, the differences 
among chloride levels among two groups decreased in 72 hours 
and the data on chloride change during hospitalisation were 
limited.37 While the data on type of fluid utilisation were limited 
in our large cohort study, with available information on serum 
chloride levels during hospitalisation, we were able to find that 
the upward trajectory of serum chloride levels of ≥3 mEq/L was 
significantly associated with increased in- hospital mortality in all 
models.

This study has several limitations. This is a single- centre retro-
spective cohort study. Hence, a causal relationship between 
serum chloride change and death could not be definitely estab-
lished. This study included all hospitalised patients. Therefore, 
the included patient population was quite heterogeneous. In 
addition, the data from this study were retrieved from the insti-
tutional database. Unfortunately, some clinical information such 
as fluid balance, the use of intravenous fluid and diuretics, was 
not available in our database, and, therefore, we were not able 
to report them. Although we extensively adjusted for potential 
confounders, the association between serum chloride change 
and mortality could have remained confounded by unmeasured 
or unknown factors. In addition, our study did not account for 
change in serum sodium (due to collinearity with change in 

serum chloride) and acid- base status (due to the missing data of 
arterial blood gas) in the analysis despite a potential interaction 
between serum chloride, serum sodium and acid- base status on 
patient outcomes. Future research in more homogenous patient 
population, such as critically ill or surgical patients, with use 
of more comprehensive clinical information may be needed to 
confirm this reported association. Finally, our investigation only 
addresses the impact of magnitude and direction of serum chlo-
ride change on in- hospital mortality, but other aspects of serum 
chloride change, such as acuity and variability, and the impact 
on other patient outcomes, such as AKI or long- term mortality, 
were not assessed. These factors are also important to the under-
standing of the relationship between serum chloride change with 
patient outcomes. The assessment of the trajectory of serum 
chloride during hospitalisation should be performed in future 
studies.

In conclusion, we demonstrated that regardless of principal 
diagnosis and comorbid conditions, patients with greater chlo-
ride change particularly on the upward trajectory during hospi-
talisation had higher mortality.
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