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Abstract
Background Electrolyte imbalances are commonly observed in individuals diagnosed with myocardial infarction 
(MI). The levels of serum sodium have been linked to unfavorable outcomes in relation to MI. Additionally, there exists 
a correlation between serum sodium and serum chloride, although the combined influence of these electrolytes 
on the prognosis of MI patients has not been extensively studied. Consequently, our study aimed to examine 
whether an autonomous association exists between the sodium-to-chloride (Na/Cl) ratio and mortality rates during 
hospitalization among patients admitted to intensive care unit (ICU) with MI.

Methods A retrospective cohort study analysis was conducted on the Na/Cl ratio within the ICU from 2008 to 
2019. Patients diagnosed with MI were divided into two groups based on a predetermined cutoff value for the Na/
Cl ratio. Various statistical models, including the Cox proportional hazard model, generalized additive model, and 
two-piecewise linear regression model, were employed to assess the relationship between the initial Na/Cl ratio upon 
admission and the likelihood of in-hospital mortality while accounting for other relevant covariates.

Results After adjusting for all other factors, the study revealed that the Na/Cl ratio exhibited an independent 
association with in-hospital mortality (HR = 1.28; 95% CI: 1.11–1.47, P < 0.001). Further analysis indicated a nonlinear 
relationship between the Na/Cl ratio and in-hospital mortality among patients with MI, with a threshold at 
approximately 1.37. Specifically, if the Na/Cl ratio exceeded 1.37, there was a significant and progressively increasing 
likelihood of mortality during hospitalization (HR = 1.46; 95% CI: 1.20–1.77).

Conclusion The in-hospital mortality of patients admitted to ICU with MI is predicted independently by the ratio of 
sodium to chloride (Na/Cl). A curvilinear correlation was observed between the Na/Cl ratio and in-hospital mortality, 
with a statistically significant threshold identified at 1.37.
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Introduction
Myocardial infarction (MI) is a prevalent and severe 
condition often observed in the intensive care unit 
(ICU), with a high mortality rate and significant finan-
cial burden [1]. Electrolyte imbalances are frequently 
encountered in patients with MI. Maintaining electro-
lyte stability is crucial for normal cellular metabolism, 
intracellular fluid osmolarity, acid‒base balance, and 
neuronal excitation. The presence of electrolyte imbal-
ances in patients with MI can lead to complications such 
as arrhythmias, reduced myocardial contractility, and 
myocardial remodeling and ultimately impact the prog-
nosis of these patients [2, 3]. Currently, serum electro-
lyte concentrations have been reported as indicators of 
prognosis in congestive heart failure (HF). Low serum 
sodium levels (hyponatremia) are recognized as adverse 
prognostic markers in patients with chronic HF [4, 5]. 
While chloride ions are the most important anions in 
plasma and tissue fluids, they have received less atten-
tion in cardiovascular diseases. To maintain charge bal-
ance and ensure normal cellular function, sodium and 
chloride, which are the primary cations and anions in the 
body, typically undergo simultaneous alterations. Studies 
indicate that there is a direct relationship between serum 
chloride and sodium levels in individuals diagnosed with 
HF [6]. Decreased serum chloride levels frequently align 
with reduced serum sodium concentrations, indicating 
more pronounced disruptions in electrolyte equilibrium 
[7]. Several studies have suggested a connection between 
hyponatremia and clinical results in univariate examina-
tion, although this correlation often vanishes when con-
sidering covariates, such as serum chloride levels [8–10]. 
Hence, taking into account both serum sodium and chlo-
ride levels may offer more comprehensive insight into the 
influence of electrolyte imbalances on disease prognosis.

Previous research has examined the ratio of sodium to 
chloride (Na/Cl) as a marker and observed its influence 
on the prognosis of patients with HF. It has been found 
that higher baseline Na/Cl ratios increase the risk of 
adverse outcomes [11]. However, no studies on the Na/
Cl ratio have been conducted in patients with MI. There-
fore, we conducted an analysis to evaluate the correlation 
between the Na/Cl ratio on admission and the prognosis 
of patients admitted to ICU with MI.

Materials and methods
Database
Data for this study were obtained from the MIMIC-IV 
database. Access to the MIMIC-IV database, containing 
real-time information on over 70,000 severely ill indi-
viduals who received treatment at Beth Israel Deacon-
ess Medical Center from 2008 to 2019 [12], was granted 
by the Massachusetts Institute of Technology and Beth 
Israel Deaconess Medical Center review committee 

after completing the collaborative institutional training 
initiative (CITI) course and passing the ethics exami-
nation (certification number 48693003). This access 
allows for downloading and utilization of the database. 
Data extraction was performed using PostgreSQL soft-
ware(version13.3). In consideration of local legislation 
and institutional requirements, no ethical review or 
approval was mandated for this study. The study followed 
the moral guidelines outlined in the 1964 Helsinki Decla-
ration and its subsequent revisions. Moreover, we carried 
out the investigation in accordance with the STROBE 
(STrengthening the Reporting of OBservational studies 
in Epidemiology) guidelines [13].

Study cohort
This study included patients who were diagnosed with 
MI from 2008 to 2019. Inclusion criteria were deter-
mined based on the codes 41,000–41,100 of the Inter-
national Classification of Diseases-9 (ICD-9) and codes 
I21-I23 of the International Classification of Diseases-10 
(ICD-10). Several exclusion criteria were utilized, specifi-
cally, individuals under 18 years old, those with an ICU 
stay duration of fewer than 24  h, and patients lacking 
complete or accessible serum sodium or serum chloride 
information. For patients who had multiple admissions 
to the ICU, only information from their initial admission 
was considered for the analysis.

Exposure variable
The primary variable of interest in our study was the Na/
Cl ratio. This ratio was calculated by dividing the serum 
sodium concentration by the serum chloride concentra-
tion using the blood samples obtained upon admission. 
The formula used for this calculation was serum sodium 
(mmol/L) divided by serum chloride (mmol/L).

Covariates
To extract the data, we utilized Structured Query Lan-
guage and Navicat software (version 15). Within the ini-
tial 24  h of admission to the ICU, we collected data on 
various baseline characteristics of the patients. These 
included demographics (age and sex), classification of 
MI, vital signs (heart rate, mean blood pressure, respira-
tory rate, temperature, and oxygen saturation of blood), 
laboratory parameters (serum creatinine, white blood cell 
counts, hemoglobin, platelet counts, glucose, calcium, 
chloride, sodium, potassium, N-terminal pro-brain natri-
uretic peptide [NT-proBNP], and estimated glomerular 
filtration rate [eGFR]), comorbidities (HF, chronic pul-
monary disease [COPD], liver disease, renal disease, and 
diabetes), scoring systems (Charlson comorbidity index 
[CCI] and Simplified Acute Physiology Score II [SAPSII]), 
and treatments and medications (percutaneous coronary 
intervention, mechanical ventilation, use of diuretics, 
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and use of vasopressors). Hyponatremia and hypochlo-
remia were delineated, whereby hyponatremia was char-
acterized by serum sodium levels below 135mmol/L, and 
hypochloremia was characterized by serum chloride lev-
els below 96mmol/L.

Outcomes
The primary result was mortality in the hospital due to 
any cause.

Statistical analysis
The patients were divided into two groups, namely, the 
low Na/Cl ratio group and the high Na/Cl ratio group, 
using the optimal cutoff value of the Na/Cl ratio deter-
mined by X-tile software (Version 3.6.1, Yale University 
School of Medicine) [14]. Mean and standard deviation 
were reported for continuous variables, whereas categor-
ical variables were presented as percentages. For param-
eters that had a skewed distribution, median values and 
interquartile ranges were computed. Pearson’s chi-square 
test was employed to compare categorical variables, while 
unpaired Student’s t test and Mann‒Whitney U test were 
utilized to compare continuous variables with normal 
distribution and those with skewed distribution, respec-
tively. The Kaplan-Meier (KM) method was used to plot 
unadjusted survival curves, and the log-rank test was 
used to compare differences between the two Na/Cl ratio 
groups. The hazard ratios (HRs) and their corresponding 
95% inter-confidence intervals (CIs) of in-hospital mor-
tality were estimated using multivariable Cox regression 
analysis. Multiple variables were adjusted for to evalu-
ate the independent role of the Na/Cl ratio. The selec-
tion of covariates was based on existing literature and 
clinical experience [15, 16].Four adjustment models were 
employed: Model I, which did not account for any vari-
ables; Model II, which accounted for age and sex; Model 
III, which accounted for Model II as well as HF, diabe-
tes, renal disease, liver disease, COPD, SAPSII, and CCI; 
and Model IV, which accounted for Model III in addi-
tion to heart rate, mean blood pressure, glucose, eGFR, 
white blood cell count, hemoglobin, and NT-proBNP. 
By utilizing a generalized additive model (GAM) [17, 
18], we investigated the nonlinear correlation between 
the two variables and identified the threshold through a 
two-step linear regression model. To conduct sensitiv-
ity analysis, the Na/Cl ratio was transformed into a cat-
egorical variable. Median values were then calculated for 
each group based on the Na/Cl ratio, and these values 
were used as continuous variables to determine linear 
trends [19]. In addition, we performed stratification and 
interaction investigations. R version 3.6.3 (R Founda-
tion, Vienna, Austria) and Free Statistics software (ver-
sion 1.8) were utilized for conducting statistical analyses. 

The determination of statistical significance was based on 
two-sided P values of 0.05.

Results
Participant selection
From a pool of 76,943 MIMIC-IV ICU admissions, a 
grand total of 7891 individuals diagnosed with MI were 
found. Figure  1 depicts the flowchart that illustrates 
the process of research. A total of 3,902 patients were 
included in the analysis after excluding individuals below 
the age of 18, patients with an ICU stay of less than 24 h, 
and those with incomplete data.

Baseline characteristics
The study population’s baseline characteristics are pre-
sented in Table  1. Two groups were formed with the 
enrolled patients: the low Na/Cl ratio group (Na/Cl 
ratio < 1.37) and the high Na/Cl ratio group (Na/Cl 
ratio ≥ 1.37). The cut-off value of 1.37 was determined by 
X-tile software and as the threshold based on the subse-
quent use of a two-piecewise linear regression model to 
explore the non-linear relationship between the Na/Cl 
ratio and in-Hospital Mortality. The average ratio of Na/
Cl for the entire group was 1.4 ± 0.1, with 2,631 patients 
(67.4%) categorized in the high Na/Cl ratio category. 
Of the study participants, 37.3% were women, with an 
average age of 70.2 ± 13.4 years, totaling 3,647 individu-
als. Significant disparities were noted between the two 
groups regarding gender (P = 0.038). The group with a 
greater Na/Cl ratio exhibited a higher incidence of spe-
cific coexisting conditions, including HF, liver disease, 
renal disease, diabetes, classification of MI type 2, and the 
use of diuretics and vasopressors. Furthermore, individu-
als belonging to the high Na/Cl ratio category exhibited 
elevated age, heart rate, respiratory rate, and tempera-
ture, along with increased scores in all the assessment 
systems. In addition, they showed increased platelet 
counts, glucose, serum creatinine, calcium, potassium, 
and NT-proBNP, as well as extended durations of hospi-
tal stay and ICU stay. Conversely, their chloride, sodium, 
and eGFR levels were lower.

Outcomes
During the initial hospital stay, a total of 455 individu-
als (11.7%) lost their lives, and it was observed that those 
with an elevated Na/Cl ratio had a higher probability of 
mortality while being hospitalized (16.1% compared to 
9.5%; P < 0.001).

Na/Cl ratio and in-hospital mortality
During hospitalization, the high Na/Cl ratio group exhib-
ited a notably reduced survival rate in comparison to the 
low Na/Cl ratio group, as indicated by Kaplan‒Meier 
analysis (P < 0.001) (Fig.  2). The dependent variable 
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chosen for investigation in the univariate analysis was in-
hospital mortality, which served as the outcome indicator 
of interest, to examine its correlation with different inde-
pendent variables. The examination revealed numerous 
elements that were strongly linked to mortality during 
hospitalization, such as age, liver disease, CCI, SAPSII, 
heart rate, mean blood pressure, respiratory rate, tem-
perature, oxygen saturation of blood serum creatinine, 
white blood cell count, calcium, chloride, NT-proBNP, 
eGFR, Na/Cl ratio, use of diuretics, use of vasopres-
sors, MV, MI type 2, acute MI, MI in anterior wall, and 
NSTEMI (Supplementary Table 1). In the unadjusted 
Cox hazard regression model, when the Na/Cl ratio was 
considered a continuous variable, a notable correlation 
was found between a higher Na/Cl ratio and a heightened 
likelihood of in-hospital death. In particular, for every 0.1 
increase in the Na/Cl ratio, there was a 25% increase in 
the rate of mortality during hospitalization (HR = 1.25, 
95% CI: 1.1–1.42). After accounting for all possible con-
founding factors, the connections were slightly strength-
ened and continued to be statistically significant, with 
an HR of 1.28 (95% CI: 1.11–1.47) (Table 2). In the fully 
adjusted model, when the Na/Cl ratio was considered as 
a categorized variable, individuals in the high Na/Cl ratio 
category experienced a 46% higher chance of in-hospital 
death compared to those in the low Na/Cl ratio category 
(Table  2). However, isolated serum sodium or serum 

chloride levels are not significantly associated with in-
hospital mortality (Supplementary Table 2).

Nonlinear relationship between Na/Cl ratio and in-hospital 
mortality
Figure  3 reveals the observation of a nonlinear correla-
tion between in-hospital mortality and the Na/Cl ratio 
after accounting for various covariates. Table  3 deter-
mined a threshold of 1.37 for the Na/Cl ratio using a 
two-piecewise linear regression model. After surpass-
ing the threshold, there was a significant increase in the 
risk of mortality during hospitalization (HR = 1.3; 95% CI: 
1.01–1.69; P = 0.046). Nevertheless, there was no notable 
correlation between dosage and response below the limit 
(HR = 0.78; 95% CI: 0.53–1.12; P = 0.18).

Subgroup analyses
The subgroup analysis, which categorized participants by 
age (< 65 and ≥ 65 years), sex (male and female), HF, renal 
disease, hypochlorhydria, and hyponatremia, revealed 
that the Na/Cl ratio consistently correlated with in-hos-
pital mortality. No notable interactions were witnessed 
(Fig. 4).

Fig. 1 Flowchart of patient selection. ICU, intensive care unit; MI, Myocardial Infarction; ICD, International Classification of Diseases; NA, Sodium; CL, 
Chloride
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Variables Total Quartile of Na/Cl ratio P
< 1.37 ≥ 1.37

N n = 3902 n = 2631 n = 1271
Demographics
Sex, n (%) 0.038
 Male 2448(62.7) 1680(63.9) 768(60.4)
 Female 1454(37.3) 951(36.1) 503(39.6)
Age, n (%) 70.2 ± 13.4 69.9 ± 13.3 70.8 ± 13.7 0.049
Classification of MI, n (%)
MI type 1 3066 (78.6) 2155 (81.9) 911 (71.7) < 0.001
MI type 2 829(21.2) 469(17.8) 360(28.3) < 0.001
Acute MI 938(24.0) 746(28.4) 192(15.1) < 0.001
MI in anterior wall 373(9.6) 260(9.9) 113(8.9) 0.324
NSTEMI 1693(43.4) 1128(42.9) 565(44.5) 0.351
Comorbidities, n (%)
Heart failure 1931(49.5) 1120(42.6) 811(63.8) < 0.001
COPD 100(2.6) 67(2.5) 33(2.6) 0.926
Liver disease 1226(31.4) 690(26.2) 536(42.2) < 0.001
Renal disease 1173(30.1) 750(28.5) 423(33.3) 0.002
Diabetes 554(14.2) 344(13.1) 210(16.5) 0.004
Scoring system
CCI 7.0 ± 2.7 6.6 ± 2.6 7.7 ± 2.7 < 0.001
SAPSII 38.6 ± 13.8 38.0 ± 13.6 39.8 ± 14.1 < 0.001
Vital signs
Heart rate(beats/minute) 82.6 ± 14.9 81.8 ± 14.3 84.4 ± 15.8 < 0.001
MBP(mmHg) 77.9 ± 10.2 77.4 ± 9.6 78.9 ± 11.1 < 0.001
RR(times/minute) 19.4 ± 3.5 19.1 ± 3.4 20.1 ± 3.7 < 0.001
Temperature(℃) 36.8 ± 0.5 36.8 ± 0.6 36.8 ± 0.5 0.016
SaO2(%) 96.9 ± 2.0 97.1 ± 2.0 96.5 ± 2.2 < 0.001
Laboratory parameters
White cell count(10^9/L) 9.9(7.4,13.0) 9.9(7.4,13.0) 9.9(7.4,13.1) 0.733
Hemoglobin(g/dL) 11.6 ± 2.2 11.6 ± 2.2 11.6 ± 2.3 0.954
Platelets (K/µL) 225.4 ± 102.0 219.8 ± 99.6 236.9 ± 105.9 < 0.001
Glucose(mg/dl) 135.6(118.5,170.5) 132.8(118.0,161.0) 145.7(119.6,192.6) < 0.001
Serum creatinine(mg/dl) 1.0(0.8,1.6) 1.0(0.7,1.4) 1.3(0.8,2.3) < 0.001
eGFR(ml/min/1.73m2) 71.5 ± 32.3 76.8 ± 29.6 60.5 ± 34.8 < 0.001
Calcium(mmol/L) 8.7 ± 0.8 8.6 ± 0.8 8.9 ± 0.9 < 0.001
Chloride(mmol/L) 105.1 ± 6.1 107.3 ± 4.9 100.6 ± 5.8 < 0.001
Sodium(mmol/L) 139.5 ± 4.7 139.8 ± 4.4 139.0 ± 5.3 < 0.001
Hypochlorhydria 578 (14.8) 64 (2.4) 514 (40.4) < 0.001
Hyponatremia 1047 (26.8) 604 (23) 443 (34.9) < 0.001
Potassium(mmol/L) 4.7 ± 0.8 4.7 ± 0.8 4.8 ± 0.9 0.001
NT-proBNP(pg/mL) 3678(1012,10156) 3364(903,9340) 4668(1431,11865) < 0.001
Na/Cl ratio 1.4 ± 0.1 1.3 ± 0.0 1.4 ± 0.1 < 0.001
Treatments and medications
PCI 658(16.9) 509(19.3) 149(11.7) < 0.001
MV 1050(26.9) 720(27.4) 330(26) 0.355
Use of diuretic 2486(63.7) 1604(61) 882(69.4) < 0.001
Use of vasopressor 387(9.9) 237(9) 150(11.8) 0.006
Use of antibiotic 3339 (85.6) 2229 (84.7) 1110 (87.3) 0.03
Outcomes
In-hospital mortality, n (%) 455(11.7) 250(9.5) 205(16.1) < 0.001

Table 1 Baseline characteristics of the study participants
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Fig. 2 Kaplan–Meier survival curves for in-hospital mortality of patients with myocardial infarction depending on the Na/Cl ratio. The numbers listed 
under the chart indicate the number of patients at risk at each time point. Na/Cl ratio, sodium-to- chloride ratio

 

Variables Total Quartile of Na/Cl ratio P
< 1.37 ≥ 1.37

Los hospital(days) 10.8 ± 10.6 10.3 ± 9.7 12.0 ± 12.2 < 0.001
Los ICU(days) 4.1 ± 5.1 3.9 ± 4.8 4.5 ± 5.8 < 0.001
Na/Cl ratio, sodium-to-chloride ratio; MI, Myocardial Infarction; NSTEMI, Non-ST-Segment Elevation Myocardial Infarction; COPD, Chronic obstructive pulmonary 
disease; CCI, Charlson comorbidity index; SAPSII, Simplified Acute Physiology Score II; MBP, Mean blood pressure; RR, respiratory rate; SaO2,oxygen saturation of 
blood; eGFR, Estimated Glomerular Filtration Rate; NT-proBNP, N-terminal pro-brain natriuretic peptide; PCI, Percutaneous Coronary Intervention; MV, mechanical 
ventilation; Los hospital, Length of stay in hospital; Los ICU, length of intensive care unit stay time

Table 1 (continued) 
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Discussion
In this retrospective study, we established a significant 
association between the Na/Cl ratio and the mortality 
rate of patients with MI who were admitted to ICU dur-
ing their hospital stay. As the Na/Cl ratio increased, we 
observed a corresponding increase in the rate of mor-
tality among patients during their hospital stay. Signifi-
cantly, this association remained meaningful even after 
accounting for potential confounding variables. Addi-
tionally, our examination uncovered a nonlinear correla-
tion and a point of impact between the Na/Cl ratio and 
the rate of mortality during hospitalization. We noticed 
a positive relationship between the two variables when 
the ratio of Na/Cl surpassed 1.37. In contrast, if the Na/
Cl ratio was less than 1.37, the association was not statis-
tically significant. To summarize, our results emphasize 
the separate factors that increase the risk of in-hospital 
death in patients admitted to ICU with MI, which include 
the Na/Cl ratio and an Na/Cl ratio of at least 1.37. The 
significance of monitoring and controlling electrolyte 
imbalances in these patients is emphasized by these 
findings.

Hyponatremia, a common electrolyte imbalance, is 
frequently observed in patients with MI. In previous 
research, it has been documented that the occurrence 
of hyponatremia in these individuals varies between 
12.5% and 23.2% [20]. In our study, we found a slightly 
higher incidence of 26.8%, which can be attributed to our 
focus on patients admitted to ICU with MI cases. These 
patients often have underlying diseases or more severe 
conditions, increasing their susceptibility to developing 
hyponatremia. In contrast to serum sodium, the report-
ing of serum chloride levels in patients with MI is limited. 
Only one study by João Pedro Ferreira and colleagues 
reported that 35.1% of patients with MI had serum 
chloride levels below 100 mmol/L [16]. In our study, we 
observed a similar proportion of 33.9% of patients with 
serum chloride levels below 100 mmol/L, indicating a 
comparable occurrence. The development of hyponatre-
mia in MI is multifactorial. First, ischemia and hypoxia 

lead to neuroendocrine changes, resulting in increased 
cell membrane permeability and accelerated excretion 
of sodium ions, potassium ions, and chloride ions [21]. 
Additionally, the activation of the renin-angiotensin 
system promotes renal vascular constriction, reducing 
endogenous creatinine clearance. This, in turn, leads 
to decreased water excretion in the diluting segment of 
the renal unit [22]. Moreover, MI triggers an elevation 
in arginine vasopressin levels, causing the insertion of 
aquaporin-2 water channels into the cell membrane of 
the renal collecting duct [23, 24]. As a result, there is an 
increase in the re-absorption of unbound water, which 
ultimately leads to a reduction in the levels of sodium 
and chloride in the blood serum due to the expansion of 
blood volume. In summary, low sodium levels are com-
monly seen in individuals who have experienced an MI, 
and the presence of this condition is affected by multiple 
factors. Having knowledge of the fundamental processes 
can assist in the control and therapy of this imbalance in 
bodily fluids.

Researchers have investigated the correlation between 
serum sodium levels and the outlook of individuals diag-
nosed with MI. Several research studies have discovered 
a correlation between low sodium levels (hyponatre-
mia) and higher rates of both short-term and long-term 
death in individuals who have experienced an MI [15, 25, 
26]. However, contrasting findings have been reported 
in other studies, with one study indicating that hypo-
natremia might not autonomously forecast mortality 
in these patients with MI [27]. On the other hand, the 
significance of serum chloride levels in MI prognosis 
is not yet clear, as no specific studies have been con-
ducted in this area. However, recent studies have found 
that low levels of chloride in the body at the beginning 
are linked to an increased chance of death in the short 
and long term for individuals with acute or chronic HF 
[6, 28]. Furthermore, a study discovered that in individu-
als with MI and compromised heart function, decreased 
levels of chloride in the blood were linked to death only 
when combined with reduced levels of sodium, whereas 

Table 2 Association between Na/Cl ratio and in-hospital mortality in multiple regression model
Model I Model II Model III Model IV
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Na/Cl ratio as Continuous variables per 0.1 increase
In-hospital mortality 1.25 (1.1 ~ 1.42) 0.001 1.26 (1.11 ~ 1.43) < 0.001 1.3 (1.14 ~ 1.48) < 0.001 1.28 (1.11 ~ 1.47) 0.001
Na/Cl ratio as categorical variables
In-hospital mortality Na/Cl ratio < 1.37 1(Ref ) 1(Ref ) 1(Ref ) 1(Ref )

Na/Cl ratio ≥ 1.37 1.46 (1.21 ~ 1.75) < 0.001 1.46(1.22 ~ 1.76) < 0.001 1.53 (1.27 ~ 1.86) < 0.001 1.46 (1.20 ~ 1.78) < 0.001
Model I: didn’t adjusted for confounders. Model II: adjusted for age and sex

Model III: Model II + heart failure, diabetes, renal disease, liver disease, chronic obstructive pulmonary disease, Charlson comorbidity index, SAPSII

Model IV: Model III + heart rate, mean blood pressure, glucose, eGFR, white cell counts, hemoglobin, NT-proBNP, use of antibiotic

Na/Cl ratio, sodium-to-chloride ratio; HR, hazard Ratio; CI, Confidence interval; SAPSII, Simplified Acute Physiology Score II;

eGFR, Estimated Glomerular Filtration Rate; NT-proBNP, N-terminal pro-brain natriuretic peptide
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there was no connection when sodium levels in the blood 
were within the normal range or increased [16]. It is cru-
cial to take into account the correlation between serum 
sodium and chloride based on these discoveries. Hence, 
our research aimed to examine the correlation between 
the ratio of Na/Cl and the mortality rate during hospital-
ization among individuals diagnosed with MI. The results 

of our study indicated that a greater ratio of Na/Cl was 
linked to a heightened likelihood of mortality. Moreover, 
the high Na/Cl ratio group exhibited a greater prevalence 
of hyponatremia (34.9% vs. 23%) and a significantly ele-
vated occurrence of hypochloremia (40.4% vs. 2.4%) in 
comparison to the low Na/Cl ratio group. This suggests 
that individuals with an elevated Na/Cl ratio experience 

Fig. 3 Nonlinear dose-response relationship between Na/Cl ratio and in-hospital mortality. The red line and salmon pink area represent the estimated 
values and their corresponding 95% confidence intervals, respectively. The blue bars represent the cases where in-hospital mortality did not occur and 
red bars represent the cases where in-hospital mortality did occur. HRs are adjusted for age, sex, failure, diabetes, renal disease, liver disease, chronic 
obstructive pulmonary disease, Charlson comorbidity index, SAPSII, heart rate, mean blood pressure, glucose, eGFR, white cell counts, hemoglobin, 
NT-proBNP, use of antibiotic. SAPSII, Simplified Acute Physiology Score II; eGFR, Estimated Glomerular Filtration Rate; NT-proBNP, N-terminal pro-brain 
natriuretic peptide
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a greater incidence of reduced levels of both sodium and 
chloride in their blood, which has a detrimental effect on 
the prognosis of the patient. Hence, an elevated Na/Cl 
ratio could potentially indicate a more advanced condi-
tion in patients with MI.

In the high Na/Cl ratio group, we observed a higher 
proportion of elevated NT-proBNP levels and lower oxy-
gen saturation, indicating more severe congestion in the 
body. Additionally, in the high Na/Cl ratio group, eGFR 
was lower, possibly due to impaired cardiac function after 
MI, leading to compromised renal blood flow and poorer 
re-absorption function in the kidneys. These patho-
logical factors contribute to low serum sodium and low 
serum chloride levels. The exact reasons for the poorer 
prognosis in hyponatremia are not fully understood, but 

potential mechanisms include significantly suppressed 
calcium channel currents resulting from decreased 
extracellular sodium concentration, which can signifi-
cantly impair myocardial contractility [29]. Hyponatre-
mia can also cause arrhythmias, conduction blockages 
[30], and even trigger apical ballooning syndrome [31]. 
Additionally, activation of neurohormones caused by 
hyponatremia can lead to fibroblast proliferation in the 
myocardium, resulting in irreversible structural changes 
[32], ultimately leading to HF. Similarly, low serum chlo-
ride is also associated with neurohormonal activation, 
leading to various adverse outcomes and an increased 
risk of death [33]. Recent research has explored the rela-
tionship between the sodium-chloride difference (SCD) 
and 30-day mortality risk in patients with AMI under-
going PCI, revealing that low SCD is associated with an 
increased risk of mortality during the 30-day follow-up 
[34]. While both studies investigated the impact of elec-
trolyte imbalance on outcomes in this patient population, 
our study took a more comprehensive approach by quan-
titatively assessing the imbalance between serum sodium 
and serum chloride, as represented by the sodium-to-
chloride ratio (Na/Cl ratio). This allowed us to explore 
the specific effects of this electrolyte disparity on organ 
function, particularly cardiac and renal function, which 

Table 3 Threshold effect analysis of Na/Cl ratio on in-hospital 
mortality
Threshold of Na/Cl ratio HR 95% CI P value
< 1.37 0.78 0.53,1.12 0.18
≥ 1.37 1.3 1.01,1.69 < 0.046
Log-likelihood ratio test 0.018
Adjuested for age, sex, failure, diabetes, renal disease, liver disease, chronic 
obstructive pulmonary disease, SAPSII, Charlson comorbidity index, heart rate, 
mean blood pressure, glucose, eGFR, white cell counts, hemoglobin, NT-proBNP, 
use of antibiotic. SAPSII, Simplified Acute Physiology Score II; eGFR, Estimated 
Glomerular Filtration Rate; NT-proBNP, N-terminal pro-brain natriuretic peptide

Fig. 4 Risk of the primary outcome for Na/Cl ratio in different subgroups of patients. Hazard ratio (HR) was adjusted for age, sex, failure, diabetes, renal 
disease, liver disease, chronic obstructive pulmonary disease, Charlson comorbidity index, SAPSII, heart rate, mean blood pressure, glucose, eGFR, white 
cell counts, hemoglobin, NT-proBNP, use of antibiotic. SAPSII, Simplified Acute Physiology Score II; eGFR, Estimated Glomerular Filtration Rate; NT-proBNP, 
N-terminal pro-brain natriuretic peptide
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have important implications for clinical outcomes among 
patients admitted to ICU diagnosed with MI.

In cases of pathological conditions, the rise in the ratio 
of Na/Cl is primarily caused by the decrease in levels of 
both sodium and chloride in the bloodstream, with a 
more significant decline in chloride levels. Why is lower 
serum chloride associated with higher mortality risk? 
Perhaps chloride levels can provide more prognostic 
information than sodium levels. Chloride, a vital elec-
trolyte, plays a pivotal role in maintaining optimal fluid 
balance and is intricately linked to the heart, renal, and 
neurohormonal systems, widely acknowledged as the 
primary drivers of HF’s development and progression. 
Despite the historical emphasis on sodium’s role in HF 
by clinicians and guidelines, recent evidence has under-
scored the more substantial contribution of chloride to 
the pathophysiology and prognosis of HF. Hypochlore-
mia, independently predicting adverse outcomes in both 
acute and chronic HF, further emphasizes the critical role 
of chloride in managing HF [35] .A survival analysis was 
performed, examining the occurrence of hypochloremia 
and hyponatremia upon admission. The findings revealed 
that serum chloride exhibited a more significant predic-
tive role in determining mortality among patients with 
acute decompensated HF compared to serum sodium. 
Furthermore, the predictive effect of serum chloride on 
mortality in HF patients remained unaffected by serum 
sodium levels [36]. A separate study conducted in China 
also confirmed that lower levels of serum chloride upon 
admission were independently linked to short-term 
all-cause mortality and readmission, with no observed 
interaction with serum sodium levels [37]. This implies 
that a decrease in serum chloride levels may offer supple-
mentary predictive data for individuals with HF. In our 
study, we found that after adjusting for covariates, the 
Na/Cl ratio was associated with in-hospital mortality in 
patients admitted to ICU diagnosed with MI, while indi-
vidual sodium or chloride levels did not show significant 
correlation. Thus, it can be concluded that the sodium/
chloride ratio has better predictive capacity than sodium 
or chloride levels alone. Evaluating patient prognosis 
by combining chloride and sodium ion concentrations 
improves the predictive ability compared to using only 
sodium ion concentration, but the specific mechanisms 
behind this require further research.

This research presents the initial findings regarding 
the inverse correlation between the ratio of Na/Cl and 
the mortality rate during hospitalization among patients 
admitted to ICU with MI. By employing restricted cubic 
spline analysis, we achieved a heightened level of accu-
racy in depicting the L-shaped curve correlation between 
the Na/Cl ratio and the likelihood of in-hospital fatal-
ity among these individuals. Our calculations yielded a 
threshold value of approximately 1.37, below which and 

above which the effects were markedly different. On the 
other hand, a distinct study investigated the correla-
tion between the ratio of Na/Cl and the rate of mortality 
after six months in individuals with HF [11]. The study 
revealed that the mortality rate showed an upward trend 
when the Na/Cl ratio dropped below 1.3 or surpassed 1.4. 
These findings differ slightly from our own, possibly due 
to variations in the study population. Our study primar-
ily examined patients admitted to ICU with MI in the 
United States, whereas their research primarily concen-
trated on patients with HF from China.

For this research, we evaluated the Na/Cl ratio both 
as a continuous factor and by dividing it into groups for 
multivariate adjusted Cox regression and K‒M survival 
analysis. Furthermore, we conducted stratified analy-
ses considering the occurrence of hyponatremia and 
hypochloremia and performed sensitivity analyses, all of 
which consistently reinforced strong findings. Assessing 
the Na/Cl ratio to evaluate the likelihood of in-hospital 
mortality in patients admitted to ICU with MI can aid 
doctors in improving their predictive skills for unfavor-
able outcomes and developing suitable treatment strate-
gies. According to our research, it is typically observed 
that patients admitted to ICU with MI who have a Na/
Cl ratio higher than 1.37 often experience congestion and 
impaired kidney function, which can result in electrolyte 
reabsorption disorders. In light of this, it is important to 
prioritize fluid control, enhance urine production, and 
promptly provide electrolyte supplements for managing 
these situations. Additionally, our study emphasizes a 
possible correlation between sodium and chloride levels, 
where low chloride levels may have a significant impact 
on the outcome of individuals with MI. In a clinical set-
ting, it is essential to recognize and take proactive mea-
sures to handle hypochloremia. Therefore, it becomes 
essential to evaluate patient prognosis by considering 
both serum sodium and chloride levels together.

This study also has several limitations that should be 
acknowledged. First, we only assessed serum sodium 
and chloride levels at admission, without considering 
their temporal changes. Unfortunately, our study did not 
report the hormone levels that are known to be signifi-
cant contributors to the development of hyponatremia 
and hypochloremia following MI. Additionally, it is cru-
cial to mention that this research is of a retrospective 
nature, which brings about the potential for unmeasured 
confounding variables. In conclusion, to improve the 
dependability and applicability of our results, it would be 
advantageous to have a larger number of participants.

Conclusion
The results of our study indicate that a high ratio of Na/
Cl is strongly linked to a higher likelihood of mortal-
ity during hospitalization in patients admitted to ICU 
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diagnosed with MI. Furthermore, there seems to be a 
possible correlation between serum sodium and chloride 
concentrations, underscoring the significance of assess-
ing both factors simultaneously when assessing patient 
outlook and directing treatment approaches in a medical 
environment.
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