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B MAIN POINTS B ABSTRACT

Hyperchloremia in elderly septic
ICU patients was found to be an in-
dependent predictor of 28-day all-
cause mortality.

The frequency of hyperchloremia
was significantly higher in non-
survivors than in survivors.

In multivariate regression analysis,
hyperchloremia and the APACHE II
score were independently associ-
ated with mortality risk.

Routine chloride monitoring during
sepsis management may help iden-
tify high-risk patients earlier and
guide individualized fluid therapy.

Optimizing chloride balance could
improve prognosis and reduce mor-
tality in geriatric intensive care pa-
tients with sepsis.

Aim: This study aimed to examine whether serum chloride concentrations obtained within the
first 24 hours after intensive care unit (ICU) admission are associated with 28-day all-cause mor-
tality in elderly patients with sepsis, which was defined according to Sepsis-3 criteria (suspected
infection plus >2-point increase in SOFA score) and to explore their potential prognostic value.

Materials and Methods: This retrospective cohort study was conducted at a single center and
involved 221 patients aged 65 years and older who were hospitalized in the ICU with sepsis
between December 1, 2023 and May 31, 2024. Patient categorisation was based on serum chlo-
ride levels measured within the first 24 hours. Patients were categorised as hypochloremic (<95
mEq/L), normochloremic (95--110 mEq/L), or hyperchloremic (>110 mEg/L). Information on de-
mographics, laboratory results, and Acute Physiology and Chronic Health Evaluation || (APACHE
1) scores was collected. Data analysis involved the Mann-Whitney U test, the Chi-square test,
and logistic regression.

Results: A total of 221 patients were evaluated, with a mean age of 80.87 + 8.04 years. The 28-
day all-cause mortality rate was found to be 67.4%. The prevalence of hyperchloremia (62.4%)
was significantly higher than that of normochloremia (25.8%) and hypochloremia (11.8%). Mul-
tivariate logistic regression analysis showed that hyperchloremia was an independent predictor
of 28-day mortality (OR=4.95; 95% Cl, 1.51--16.21; p=0.008). A rise in the APACHE Il score was
found to be a highly significant predictor of mortality (p<0.001).

Conclusion: An independent association between elevated chloride levels and 28-day mortality
was observed in elderly septic patients requiring intensive care. Routine monitoring of serum
chloride levels and careful management of chloride load may contribute to an improved progno-
sis in this vulnerable patient population.
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B INTRODUCTION

Sepsis represents a condition in which an infection triggers a
dysregulated and maladaptive host immune response, leading
to widespread inflammation [1]. This aberrant response can
disrupt microcirculatory function, impair tissue perfusion
and ultimately progress to multi-organ dysfunction. Clini-
cally, a substantial proportion of affected individuals require
management in the intensive care unit, and sepsis continues to
be recognised as one of the primary contributors to mortality
among intensive care unit (ICU) patients [2]. In this study,
sepsis was defined according to the Sepsis-3 criteria, requir-
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ing suspected infection and a >2-point increase in the SOFA
score. Geriatric patients were defined as individuals aged >65
years [3].

Serum chloride represents the predominant extracellular an-
ion and is essential for multiple physiological processes, in-
cluding the regulation of acid-base homeostasis, osmotic
equilibrium, neuromuscular signalling and various enzyme
functions [4,5]. In addition, chloride channels have been
implicated in intracellular inflammatory pathways, which are
known to contribute substantially to the underlying mech-
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anisms of sepsis [6]. Notwithstanding chloride’s vital func-
tions, it is frequently not evaluated with the same rigour as
sodium or potassium in ICU practice, resulting in its clinical
importance being somewhat overlooked.

Recent evidence suggests that disturbances in serum chloride
concentrations can contribute to unfavourable clinical out-
comes. In septic patients, reduced chloride levels may lead
to metabolic alkalosis and may be associated with increased
mortality risk. Conversely, hyperchloremia has been shown to
induce hyperchloremic metabolic acidosis and renal vasocon-
striction, consequently impairing organ function and con-
tributing to mortality [7, 8].

We hypothesized that serum chloride levels measured during
the first 24 hours of ICU admission would be independently
associated with 28-day mortality in geriatric septic patients.

This study aimed to examine how serum chloride levels, ob-
tained during the first 24 hours of ICU admission, relate
to 28-day mortality in patients with sepsis. A secondary
aim was to explore whether different chloride categories
(hypochloremia, normochloremia, hyperchloremia) might be
useful as prognostic indicators in this population.

B MATERIALS AND METHODS
Study design and ethical approval

Ethical approval for the study was obtained from the Kartal
Kosuyolu High Specialization Training and Research Hospi-
tal Clinical Research Ethics Committee (Date: 20/05/2025,
Approval No: 2025/08/1128). The research was conducted
in accordance with the Declaration of Helsinki. This retro-
spective cohort investigation was performed at a single centre,
the Intensive Care Unit of Tuzla State Hospital, and covered
the period from 1 December 2023 to 31 May 2024.

Study population

A total of 221 individuals aged 65 years or older who were
admitted to the intensive care unit with a diagnosis of sep-
sis were included in the study population. Patient informa-
tion was retrospectively extracted from the electronic medical
records. Demographic variables included age and sex. Lab-
oratory parameters included white blood cell (WBC) count,
haemoglobin level, platelet count (PLT), red cell distribution
width (RDW), albumin, calcium, sodium, potassium, crea-
tinine, lactate, C-reactive protein (CRP), and procalcitonin.
In addition, the Acute Physiology and Chronic Health Eval-
uation II (APACHE II) score and serum chloride values ob-
tained during the first 24 hours after ICU admission were
recorded.

Inclusion and exclusion criteria

Patients were eligible for inclusion if they were 65 years of age
or older, had a documented diagnosis of sepsis, and had serum
chloride levels measured during the initial 24 hours of their
ICU stay. Individuals without chloride measurements within
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this timeframe, those discharged or deceased within the first
24 hours, and those presenting with acute kidney injury prior
to ICU admission were excluded from the analysis. To ensure
a homogeneous cohort of elderly patients admitted for medi-
cal reasons, postoperative and trauma-related admissions were
excluded.

Data collection and variables

Serum chloride levels were measured within the first 24 hours
after ICU admission and recorded for all patients. The
classification of patients was based on the following val-
ues: hypochloremia(<95 mEq/L),normochloremia(95-110
mEq/L), and hyperchloremia (>110 mEq/L). Each patient
was categorised according to the earliest measured chloride
value within the first 24 hours following admission to the
ICU.

At the conclusion of the ICU stay, patients were evalu-
ated according to two clinical outcomes: survivors and non-
survivors. The principal outcome of interest was overall mor-
tality within 28 days of ICU admission. In addition, co-
morbidities such as diabetes mellitus, hypertension, coronary
artery disease, heart failure, chronic obstructive pulmonary
disease, cerebrovascular disorders, and chronic kidney disease
were documented and evaluated to determine their relation-
ship with mortality.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statis-
tics 22 (IBM Corp., Armonk, NY, USA). The Kolmogorov-
Smirnov test indicated that the numerical variables were not
normally distributed. Accordingly, comparisons of con-
tinuous variables between groups were performed with the
Mann-Whitney U test. The Kruskal—Wiallis test was used for
comparisons of parameters among the chloride groups, with
Dunn’s test applied for post hoc analyses. Categorical vari-
ables were analysed using the Chi-square test, Fisher’s exact
test, the Fisher—Freeman—Halton exact test, or Yates’ conti-
nuity correction, when appropriate. Variables that were sig-
nificant in univariate analyses were further assessed using a
multivariable logistic regression model. The multivariable lo-
gistic regression model was adjusted for hyperchloremia, al-
bumin, calcium, creatinine, lactate, C-reactive protein, pro-
calcitonin, and APACHE I score. A p-value below 0.05 was
accepted as the threshold for statistical significance. Addition-
ally, a post-hoc power analysis for the observed association be-
tween hyperchloremia and 28-day mortality (o = 0.05, two-
tailed, confidence level 0.95) demonstrated an achieved power
(1-B) of 0.99.

B RESULTS

A total of 221 elderly patients diagnosed with sepsis and ad-
mitted to the ICU were included in the study, with ages rang-
ing from 66 to 97 years. Among them, 117 (52.9%) were
women and 104 (47.1%) were men. The overall mean age
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Figure 1. Distribution of survival and non-survival rates according to serum chloride levels.

Table 1. Distribution of serum chloride levels.

Chloride Level n %

Hypochloremia 26 11.8
Normochloremia 57 25.8
Hyperchloremia 138 62.4
Total 221 100

n = number.

of the study population was 80.87 £ 8.04 years. In total,
149 patients (67.4%) were non-survivors, while 72 (32.6%)
were survivors. As shown in Table 1, hypochloremia, nor-
mochloremia, and hyperchloremia were identified in 11.8%,
25.8%, and 62.4% of patients, respectively.

No significant differences were detected between the sur-
viving and non-surviving groups with respect to age or sex

(p>0.05).

Non-survivors  exhibited lower albumin
(p=0.001) and calcium levels (p=0.005), whereas creatinine
(p=0.011), lactate (p=0.002), CRP (p=0.033), procalci-
tonin (p=0.009), and APACHE II scores (p=0.001) were

significantly higher compared with survivors.

significantly

Serum chloride concentrations were strongly and significantly
associated with mortality (p=0.001).

Chronic obstructive pulmonary disease was observed more
frequently among survivors (35.4%) than non-survivors
(18.4%), a difference that reached statistical significance
(p=0.039).

Other comorbidities showed no significant relationship with
mortality (p>0.05) (Table 2).

Hyperchloremia was more common in patients who died
(76.5%) than in those who survived (33.3%) (Figure 1).
When patients were stratified according to serum chloride

levels, no significant difference in age was observed among

the chloride groups (p>0.05). Albumin (p=0.004) and cal-

cium levels (p=0.006) differed significantly among the groups;
both parameters were lower in the hyperchloremia group than
in the hypochloremia and normochloremia groups (p<0.05).
Sodium levels also varied significantly among the chloride
groups (p=0.001) and were highest in patients with hyper-
chloremia. Similarly, APACHE II scores diftered significantly
between groups (p=0.001), with higher scores observed in the
hyperchloremia group. No statistically significant differences
were detected among the chloride groups in terms of WBC,
hemoglobin, platelet count, RDW, potassium, creatinine, lac-
tate, CRP, or procalcitonin levels (p>0.05) (Table 4).

The prevalence of comorbidities differed significantly be-
tween chloride groups (p=0.048), with a higher preva-
lence in the hypochloremia group than the hyperchloremia
group. Chronic kidney disease was not observed in the
normochloremia group, but it was significantly more fre-
quent in patients with hypochloremia and hyperchloremia
(p=0.042). Mortality rates differed significantly among the
chloride groups (p=0.001), with the highest mortality ob-
served in the hyperchloremia group; no significant difference
in mortality was found between the hypochloremia and nor-
mochloremia groups (p>0.05).

In the backward stepwise logistic regression model con-
structed using variables that were significant in the univari-
ate analyses (hyperchloremia, albumin, calcium, creatinine,
lactate, CRP, procalcitonin, and APACHE II) the overall
model reached statistical significance (p=0.001; p<0.05) and
explained 83.2% of the variance (Nagelkerke R?). The ex-
planatory accuracy of the model was 92.8%. Hyperchloremia
and APACHE II score remained independent predictors of
mortality (p<0.05), with hyperchloremia increasing the odds
of mortality by approximately 4.952-fold and each unit rise in
APACHE II score being associated with a 1.335-fold higher
mortality risk. Although lactate was not statistically signifi-
cant (p>0.05), it remained in the model and was associated
with a 1.329-fold increase in mortality risk (Table 3).
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Table 2. Comparisons according to mortality.

Survivors (n=72)

Non-survivors(n=149)

Total (n=221)

Median (IQR) Median (IQR) Median (IQR) P

Age (years) 81.5 (73-88) 81 (75-87) 81 (74-88) 0.712
Sexn (%) 0.5432

Female 36 (50%) 81 (54.4%) 117 (52.9%)

Male 36 (50%) 68 (45.6%) 104 (47.1%)
WBC (x10%/L) 11.87 (9.04-16.05) 13.2 (9.72-18.44) 12.9 (9.55-18.07) 0.109"
HGB (g/dL) 10.6 (8.53-11.98) 9.7 (8.3-11) 9.9 (8.4-11.55) 0.066
PLT (x10%/L) 240 (148.75-297) 211 (128.5-300) 217 (135-299) 0.232"
RDW (%) 51.15 (46.9-55.15) 52.3 (48.35-59.25) 52 (47.75-57.7) 0.058"
Albumin (g/L) 29 (24.25-31) 25(21-29.5) 27 (22-30) 0.001%'
Calcium (mmol/L) 8.19 (7.81-8.51) 7.9(7.3-8.4) 8 (7.48-8.42) 0.005*1
Sodium (mEq/L) 140.5 (137-145) 141 (136.5-147) 141 (137-146) 0.839'
Potassium (mEq/L) 3.88 (3.54-4.47) 3.96 (3.52-4.6) 3.92 (3.53-4.54) 0.476"
Creatinine (mg/dL) 1.01(0.82-1.32) 1.3(0.82-2.07) 1.19(0.82-1.81) 0.011%1
Lactate (mmol/L) 1.95 (1.3-2.88) 2.5(1.6-4.2) 2.3 (1.453.6) 0,002*'
CRP (mg/L) 131.25 (65.33-182) 152.8 (89.1-219.5) 140.3 (80.9-215.01) 0.033+
Procalcitonin (ng/mL) 1.12(0.28-4.76) 2.71(0.71-10.15) 1.82 (0.57-9.2) 0.009*"
APACHE Il 26 (23-32.75) 52 (44.5-56.5) 45 (32-55) 0.001%1
Chloride level n (%) 0.001%*2

Hypochloremia 11(15.3%) 15(10.1%) 26 (11.8%)

Normochloremia 37 (51.4%) 20 (13.4%) 57 (25.8%)

Hyperchloremia 24 (33.3%) 114 (76.5%) 138 (62.4%)
Comorbidities n (%) 48 (66.7%) 98 (65.8%) 146 (66.1%) 0.895'
Diabetes mellitus n (%) 13 (27.1%) 31(31.6%) 44(30.1%) 0.7113
Hypertension n (%) 25 (52.1%) 55 (56.1%) 80 (54.8%) 0.6452
Coronary artery disease n (%) 8 (16.7%) 10 (10.2%) 18 (12.3%) 0.3973
Conjestive heart failure n (%) 8 (16.7%) 27 (27.6%) 35(24.0%) 0.2153
Chronic obstrructive pulmonary disease n (%) 17 (35.4%) 18 (18.4%) 35 (24%) 0.039*3
Cerebrovascular disease n (%) 9 (18.8%) 29 (29.6%) 38 (26.0%) 30.2293
Chronic kidney disease n (%) 3(6.3%) 9(9.2%) 12 (8.2%) 0.7514

Mann Whitney U Test, 2Chi-square test, *Continuity (yates) correction, *Fisher’s Exact test *p<0.05. Continuous variables are expressed as median (IQR); categorical
variables as n(%). WBC: white blood cells HGB: hemoglobin, PLT: platelet RDW:red cell distribution width CRP: C-reactive protein APACHE II: Acute Physiologic and

Chronic Health Evaluation II.

Table 3. Logistic regression analysis of factors associated with mortality.

. . ) 95% CI
Variables in the Equation OR Lower Upper p
Hyperchloremia 4.952 1.512 16.219 0.008*
Step 6a Lactate 1.329 0.939 1.88 0.109
APACHE Il 1.335 1.224 1.456 0.001*

OR = Odds Ratio, CI = Confidence Interval *p<0.05. Variable(s)entered on step 1: Hyperchloramia, Albumin, Calcium, Creatinine, Lactate, CRP, Procalcitonin,
APACHEII. APACHE II = Acute Physiology and Chronic Health Evaluation II CRP: C-reactive protein.

H DISCUSSION

This study analyzed the association between serum chloride
levels and 28-day mortality in elderly intensive care patients
with sepsis. This study demonstrated that hyperchloremia
was prevalent in the study population and significantly as-
sociated with mortality. Multivariate analysis demonstrated
that hyperchloremia was an independent risk factor for 28-
day mortality. This observation highlights the potential of hy-
perchloremia as an indicator of adverse outcomes in critically
ill septic individuals. The notably high 28-day mortality rate
observed in this study may be explained by the advanced age
of the cohort and the markedly elevated APACHE II scores
at ICU admission. Unlike previous studies that primarily in-
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cluded mixed adult ICU populations, our study focuses ex-
clusively on geriatric (> 65 years) septic ICU patients and eval-
uates serum chloride concentrations obtained within the first
24 hours after ICU admission, thereby providing incremen-
tal evidence on the prognostic significance of chloride distur-
bances in this high-risk group. This higher mortality rate dif-
fers from that reported in several previous studies and may
be partially explained by differences in patient characteristics.
Our study population consisted exclusively of elderly patients
admitted for medical conditions; postoperative and trauma-
related cases were excluded and therefore were not represented
in the cohort.

In 2011, a prospective cohort study was the first to demon-
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Table 4. Comparison of study parameters by chloride levels.

Hypochloremia

Normochloramia

Hyperchloremia

(n=26) (n=57) (n=138) p
Median (IQR) Median (IQR) Median (IQR)
Age (years) 81 (70-86.5) 82 (73-88.5) 80.5 (75-88) 0.517"
Sex n (%) 0.042*2
Female 15 (57.7%) 22 (38.6%) 80 (58%)
Male 11 (2.3%4) 35 (61.4%) 58 (42%)
WBC(x10°/L) 12,55 (9.4-15.8) 12.4 (8.8-15.4) 13.15(9.8-18.8) 0.287"
HGB (g/dL) 9.15 (8.4-10.9) 10.4 (8.9-11.7) 9.85(8.3-11.5) 0.292"
PLT(x10%/L) 269 (155.5-325.8) 221 (136-298.5) 207.5 (133.8-299) 0.4021
RDW(%) 52.3 (48.4-58.9) 50.5 (46.3-54.6) 52.3 (48.4-59.2) 0.105
Albumin (g/L) 29 (23.8-32.5) 28 (24-31) 25 (21-30) 0.004*1
Calcium (mmol/L) 8.225(7.8-8.7) 8.12 (7.8-8.6) 7.9(7.3-8.3) 0.006*'
Sodium (mEq/L) 136 (128.8-140.5) 139 (136-143) 143.5 (138-150) 0.007*1
Potassium (mEg/L) 4.015(3.54.7) 3.91(3.5-4.5) 3.905 (3.5-4.5) 0.782"
Creatinine (mg/dL) 1.235 (0.9-1.8) 1.11 (0.9-1.5) 1.25 (0.8-2.1) 0.473"
Lactate (mmol/L) 2.35(1.3-3.7) 2(1.3-3.3) 2.4(1.6-3.8) 0.385'
CRP (mg/L) 149.5 (115.2-197) 119 (52.1-208.7) 146.35 (87.2-217) 0.189"
Procalcitonin (ng/mL) 2.355 (0.6-9.4) 1.09 (0.3-5) 2.3(0.79.6) 0.108"
APACHE Il 42 (25-52) 33 (24-44) 48 (39.8-56) 0.007*1
Comorbidities n (%) 22 (84.6%) 40 (70.2%) 84 (60.9%) 0.048%2
Diabetes mellitus n (%) 7 (31.8%) 11(27.5%) 26 (31%) 0.9102
Hypertension n (%) 12 (54.5%) 24 (60%) 44 (52.4%) 0.7282
Coronary artery disease n (%) 0 (0%) 7(17.5%) 11 (13.1%) 0.112°
Conjestive heart failure n (%) 8 (36.4%) 7 (17.5%) 20 (23.8%) 0.2502
Chronic obstrructive pulmonary disease n (%) 7 (31.8%) 16 (40%) 12 (14.3%) 0.005*2
Cerebrovascular disease n (%) 3(13.6%) 8 (20%) 27 (32.1%) 0.1262
Chronic kidney disease n (%) 3(13.6%) 0 (0%) 9 (10.7%) 0.042%3
Mortality n (%) 15 (57.7%) 20 (35.1%) 114 (82.6%) 0.001%2

Kruskal Wallis Test, 2Chi-square test, >Fisher Freeman Halton Exact test *p<0.05. Continuous variables are expressed as median (IQR); categorical variables as n(%).

strate an association between hyperchloremia and poorer out-
comes in critically ill patients.The study reported a significant
relationship between increased serum chloride levels and mor-
tality among ICU patients [9]. Previous evidence also indi-
cates that increased serum chloride levels predict mortality in
both early and late phases. Supporting those observations, the
present results show a clear relationship between high chlo-
ride levels and 28-day mortality among geriatric septic pa-
tients [10].

Aggressive fluid therapy in sepsis management frequently in-
volves chloride-rich crystalloid solutions. However, beyond
achieving hemodynamic stabilization, this approach may lead
to metabolic disturbances associated with increased chloride
load. Recent observational data suggest that differences in the
content of resuscitation fluids may play a determining role in
patient outcomes.The administration of resuscitation fluids
containing low chloride or balanced crystalloids has been doc-
umented to resultin a reduction in mortality [11,12]. Overall,
the evidence indicates that fluid composition is an important
factor shaping prognosis in critical illness, while limiting chlo-
ride excess may positively affect patient outcomes. Although
we were unable to analyze specific fluid administration pat-
terns, the observed association suggests that minimizing chlo-
ride load may benefit geriatric septic patients, aligning aligns
with emerging evidence in fluid resuscitation research.

Multiple studies suggest that patients with low chloride lev-

els experience higher mortality during sepsis. Evidence from
one report further indicates that a moderate increase in chlo-
ride within 24 hours may be associated with better outcomes
in those initially presenting with hypochloremia. In addi-
tion, other studies have described an L-shaped relationship
between serum chloride levels and mortality, suggesting that
particularly low chloride levels may be linked to worse out-
comes [4]. A further study was conducted to compare the
mortality rates of patients with septic shock according to their
chloride status (hypochloremia, normochloremia, and hyper-
chloremia). Prior work has shown hypochloremia to be an
independent determinant of elevated in hospital mortality
[13]. In contrast, other investigators have linked early hyper-
chloremia with poorer outcomes, independent of metabolic
or renal variables [14]. Our current findings similarly demon-
strate a significant association between elevated chloride levels
and mortality among older patients with sepsis.This finding
suggests that both low and high chloride levels can disrupt
physiological balance; however, in elderly septic patients, el-
evated chloride levels appear to represent a more prominent
prognostic risk. The observed variations across studies may
be attributed to heterogeneity in patient populations and vari-

ability in fluid therapy practices.

The relationship between hyperchloremia and mortality can
be explained by several pathophysiological mechanisms. It has
been demonstrated that an elevation in chloride concentra-
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tion induces vasoconstriction at the macula densa, thereby
reducing renal blood flow. Additionally, elevated chloride
levels have been observed to induce vasoconstriction in re-
nal arterioles, thereby exerting a deleterious effect on renal
perfusion [15]. These mechanisms have been demonstrated
to contribute to renal hypoperfusion and acidosis. Hyper-
chloremic metabolic acidosis resulting from chloride overload
has been demonstrated to decrease myocardial contractility
and impair vasopressor responsiveness [16]. As demonstrated
by experimental sepsis models, elevated chloride levels have
been shown to trigger proinflammatory responses [17]. Col-
lectively, these mechanisms provide plausible physiological ex-
planations for the negative impact of hyperchloremia on mor-
tality.

Multivariate analysis in our study further suggested that
the detrimental effect of hyperchloremia on mortality might
be more pronounced in patients with higher APACHE II
scores. Concomitant hyperchloremia and elevated APACHE
IT scores are hypothesised to result in deleterious clinical out-
comes through mechanisms including an enhanced inflam-
matory response, renal hypoperfusion, and metabolic acido-
sis. This finding suggests that the prognostic impact of chlo-
ride imbalance may also be associated with disease severity.

Multiple studies involving heterogeneous ICU populations
have reached similar conclusions. Hyperchloremia consis-
tently emerged as a predictor of higher mortality in surgi-
cal and medical intensive care units and among patients with
cerebral bleeding [18-20]. Our data echo these observations,
adding further support to the growing recognition of serum
chloride as a prognostic indicator in critical illness.

Recent research on artificial-intelligence-based clinical deci-
sion support systems has also highlighted the potential of
serum chloride as a prognostic parameter. In one study, the
incorporation of baseline serum chloride levels into predictive
models resulted in enhanced prognostic accuracy [21]. This
finding underscores that chloride is not merely a biochemical
parameterbut also a clinically meaningful variable that should
be considered in decision-making processes.

A notable strength of this study is its focus on geriatric pa-
tients with sepsis. Given that electrolyte imbalances may have
distinct clinical consequences in elderly patients, this analysis
constitutes an original contribution to the literature. More-
over, incorporating multivariate analysis and the APACHEII
score into the model enhanced the reliability of evaluating in-
dependent effects on mortality.

Limitations

There are a few notable limitations to this research. Because
the analysis was conducted retrospectively, some degree of ob-
servational bias or the effects of variables not captured in the
dataset may persist. The absence of detailed data regarding
the type, duration, and amount of fluid therapy makes it chal-
lenging to ascertain whether hyperchloremia was a cause or a
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consequence. This limitation impairs the ability to determine
the extent to which hyperchloremia reflects underlying dis-
ease severity rather than iatrogenic factors. However, incor-
poration of clinical variables such as the APACHE II score,
lactate, and creatinine into the model was intended to min-
imise this effect.

Secondly, because this investigation was conducted at a sin-
gle institution, the external validity of the results may be lim-
ited. The limited sample size and relatively short data collec-
tion period may reduce the generalisability and statistical re-
liability of the findings; therefore, the results should be inter-
preted with appropriate caution. Moreover, disease severity
was evaluated solely through the APACHE II scoring system;
the omission of additional indices such as SOFA or SAPS II
might have limited a more multidimensional assessment of
disease severity.

Third, serum chloride concentrations were recorded only
during the initial 24 hours after ICU admission, which pre-
vented the analysis of temporal variations and their potential
prognostic implications.

Additionally, the wide confidence interval around the ad-
justed odds ratio for hyperchloremia indicates imprecision in
the effect estimate and therefore warrants cautious interpreta-
tion.

Lastly, because of the retrospective design, therapeutic deci-
sions regarding fluid administration and electrolyte correc-
tion were not entirely uniform across patients.This may rep-
resent a significant confounding factor influencing chloride
variability.

The absence of pathogen-specific data, detailed information
regarding antibiotic modification, and subgroup compar-
isons across chloride categories constitutes a methodological
limitation and should be considered when interpreting the

study’s findings.

§ CONCLUSION

Our findings indicate that elevated serum chloride levels cor-
relate strongly with 28-day mortality among elderly septic
patients in the ICU. Multivariate analysis revealed hyper-
chloremia as an independent predictor of death, with its ad-
verse impact becoming more evident as disease severity in-
creased. These findings suggest that routine monitoring of
serum chloride levels and careful management of chloride
load during fluid therapy may play an important role in im-
proving prognosis among elderly patients with sepsis.
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