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Abstract

Background: Hyponatremia has been associated with adverse out-
comes in several cardiovascular diseases; however, its independent
prognostic value in patients with acute pulmonary embolism (APE)
remains uncertain.

Methods: We conducted a single-center retrospective observational
study of 105 hospitalized patients with confirmed APE between Janu-
ary 2020 and June 2025. Baseline clinical characteristics were com-
pared between 1-year survivors and non-survivors. Serum sodium
levels at the time of APE diagnosis were assessed, and hyponatremia
was defined as a serum sodium level < 135 mmol/L. Univariable and
multivariable Cox proportional hazards regression analyses were per-
formed to evaluate the association of serum sodium and other poten-
tial prognostic factors with 1-year mortality.

Results: Among 105 hospitalized patients with confirmed APE, 41
(39.0%) died within 1 year. Non-survivors had a higher prevalence of
active cancer (61.0% vs. 15.6%, P < 0.001) and chronic obstructive
pulmonary disease (COPD) (21.9% vs. 1.6%, P = 0.001), lower sys-
tolic blood pressure (108.9 +25.9 vs. 130.8 +£21.6 mm Hg, P<0.001),
and higher Pulmonary Embolism Severity Index (PESI) scores (157.3
+ 56.0 vs. 91.0 = 32.7, P < 0.001) than survivors. Serum sodium at
diagnosis was significantly lower in non-survivors than in survivors
(130.6 + 5.9 vs. 136.4 £ 4.4 mmol/L, P < 0.001), and hyponatrem-
ia was more frequent among non-survivors (78.1% vs. 35.9%, P <
0.001). In univariable Cox regression, hyponatremia was associated
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with increased 1-year mortality (univariable hazard ratio (uHR), 4.20;
95% confidence interval (CI), 2.00-8.81; P<0.001). After adjustment
for disease severity and relevant clinical risk factors, serum sodium
at diagnosis remained independently associated with 1-year mortality
(multivariable hazard ratio (mHR) per 1-mmol/L increase, 0.92; 95%
CI, 0.86-0.99; P =0.043).

Conclusions: Lower serum sodium at diagnosis was independently
associated with increased 1-year mortality in hospitalized patients
with APE. Hyponatremia may represent a simple and readily avail-
able prognostic marker for early risk stratification in APE. Larger
prospective studies are needed to confirm these findings.

Keywords: Acute pulmonary embolism; Hyponatremia; Serum so-
dium; Mortality; Prognosis; Survival analysis

Introduction

Acute pulmonary embolism (APE) is the third leading cause
of cardiovascular mortality after myocardial infarction and
stroke, with an estimated annual incidence of 39115 cases per
100,000 population and a 30-day mortality rate ranging from
7% to 32% [1-4]. To improve clinical risk assessment and
guide management decisions, several prognostic models have
been developed, most notably the Pulmonary Embolism Se-
verity Index (PESI) and its simplified version (sPESI). These
tools incorporate clinical variables such as age, vital signs, co-
morbidities, and oxygen saturation to estimate 30-day mortal-
ity risk [1, 5]. However, they do not account for laboratory bio-
markers, which may provide additional prognostic information
and enhance the precision of risk stratification.

Hyponatremia—defined as a serum sodium concentra-
tion below 135 mmol/L—is a well-recognized predictor of
poor outcomes in various cardiovascular conditions, includ-
ing heart failure, acute myocardial infarction, pulmonary arte-
rial hypertension, and right ventricular dysfunction [6—8]. The
pathophysiology involves neurohormonal activation—includ-
ing increased levels of vasopressin, norepinephrine, renin, and
angiotensin II—resulting in impaired water excretion and di-
lutional hyponatremia [9, 10]. In left-sided heart failure, for in-
stance, hyponatremia reflects advanced disease and correlates
with worse clinical outcomes, including increased hospitaliza-
tion and mortality rates.
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Given the hemodynamic stress and neurohormonal dys-
regulation seen in APE—especially in cases with right ven-
tricular dysfunction—hyponatremia may similarly serve as a
marker of disease severity. Several small-scale studies have
suggested an association between admission hyponatremia and
poorer outcomes in pulmonary embolism (PE), such as higher
mortality and longer hospital stays [3, 4]. Meta-analyses have
further shown that hyponatremia is associated with increased
in-hospital and 30-day mortality [11, 12]. However, most
available evidence has focused primarily on short-term out-
comes, while data regarding the independent prognostic value
of serum sodium for longer-term mortality remain limited.
Therefore, this study aimed to evaluate whether serum sodium
at the time of APE diagnosis is independently associated with
1-year mortality in a cohort of hospitalized patients with APE.

Materials and Methods

Study design and patients

A retrospective observational cohort study was conducted at
Burapha University Hospital, Chonburi, Thailand, involving
hospitalized patients diagnosed with APE between January
1, 2020, and June 30, 2025. Burapha University Hospital is a
regional, internationally accredited teaching institution, com-
parable in capability to tertiary care centers. It maintains high
clinical standards, qualified personnel, and standardized treat-
ment protocols under national healthcare quality accreditation.
Eligible patients were identified through electronic medi-
cal records using the International Classification of Diseases,
10th Revision (ICD-10) codes 126.0 (PE with acute cor pul-
monale) and 126.9 (PE without mention of acute cor pulmo-
nale). Inclusion criteria were: (1) age > 18 years; (2) confirmed
diagnosis of APE based on at least one of the following: (a)
computed tomography pulmonary angiography (CTPA), (b)
transthoracic echocardiography findings consistent with APE
as defined by the European Society of Cardiology (ESC)
guidelines [1], or (c) ventilation-perfusion (V/Q) lung scan-
ning; and (3) documented serum sodium measurements either
during hospitalization or within the early postdiagnostic pe-
riod. Patients were excluded if they had isolated subsegmen-
tal PE, chronic thromboembolic pulmonary hypertension, or
were lost to follow-up within 30 days of diagnosis. Patients
referred to another hospital within this period, for whom sub-
sequent follow-up data were unavailable, were considered lost
to follow-up. The study protocol was approved by the Burapha
University Institutional Review Board in accordance with the
Declaration of Helsinki (Approval No. IRB1-019/2567).

Clinical data collection

All relevant clinical and laboratory data—including demo-
graphics, comorbidities, initial vital signs and hemodynamic
parameters, PESI scores and risk classifications, serum sodium
levels at the time of APE diagnosis, and high-sensitivity car-
diac troponin T (hs-cTnT)—were extracted from the hospital’s

electronic medical record system by AP and PK using a stand-
ardized data collection form. Diagnoses and imaging findings
were cross-checked against the hospital radiology informa-
tion system, while laboratory results were verified using the
laboratory information system. Serum sodium at the time of
APE diagnosis was defined as the serum sodium measurement
obtained during the initial diagnostic evaluation and early
management of the APE episode. Because of the retrospec-
tive study design, the exact timing of blood sampling relative
to confirmation of APE was not prospectively standardized.
Statistical analyses were performed by JP and PK, and data
visualization was performed by JP. Because of the retrospec-
tive nature of the study, data collection and analysis were not
performed under blinded conditions.

Hyponatremia was defined using the conventional thresh-
old of serum sodium < 135 mmol/L. Patients were stratified
into two groups based on serum sodium levels at the time of
APE diagnosis (hyponatremia group: sodium < 135 mmol/L
and normonatremia group: sodium > 135 mmol/L). The in-
stitutional laboratory reference range for serum sodium was
135-145 mmol/L. The primary outcome was all-cause mortal-
ity within 1 year after the diagnosis of APE. Among patients
included in the final cohort, vital status at 1 year after APE
diagnosis was successfully ascertained for all patients. Pa-
tients who died within 1 year were classified as non-survivors,
whereas those who remained alive at 1 year were classified as
Survivors.

Statistical analysis

Continuous variables were summarized as mean + standard
deviation (SD), or median with interquartile range (IQR), de-
pending on data distribution. Categorical variables were pre-
sented as frequencies and percentages. Comparisons between
survivors and non-survivors were conducted using the Mann—
Whitney U test for continuous variables and Fisher’s exact test
for categorical variables. Univariable and multivariable Cox
proportional hazards regression analyses were performed to
evaluate the association between clinical variables and mortal-
ity outcomes. Variables with a P value < 0.25 in univariable
analysis were considered candidate variables for inclusion in
the multivariable Cox proportional hazards regression model,
using a relatively liberal screening threshold to reduce the like-
lihood of prematurely excluding potentially relevant covari-
ates [13]. Results were reported as univariable hazard ratios
(uHRs) or multivariable hazard ratios (mHRs) with corre-
sponding 95% confidence intervals (CIs). A two-tailed P value
< 0.05 was considered statistically significant. All statistical
analyses were performed using Stata version 19.0 BE (Stata-
Corp LLC, College Station, TX, USA).

Results

Baseline characteristics

A total of 172 patients were initially identified using the
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Figure 1. Study flow diagram of patient selection and follow-up. ICD-10: International Classification of Diseases, 10th Revision;

CTPA: computed tomography pulmonary angiography.

prespecified ICD-10 codes 126.0 and 126.9 during the study
period. Of these, 136 patients had a confirmed diagnosis of
PE, including 132 diagnosed by CTPA and four diagnosed by
echocardiography. Thirty-one patients were subsequently ex-
cluded: nine with chronic thromboembolic pulmonary hyper-

tension, 18 with isolated subsegmental PE, and four who were
lost to follow-up within 30 days after referral to another hos-
pital. The final study cohort therefore comprised 105 patients,
all of whom had available 1-year vital status, with no loss to
follow-up between 30 days and 1 year (Fig. 1). Among the 105
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hospitalized patients with confirmed APE, 41 (39.0%) died
within 1 year and 64 survived. Age and sex distribution did
not differ significantly between non-survivors and survivors
(age: 66.9 £ 12.8 vs. 61.6 + 20.6 years, P = 0.143; male sex:
41.5% vs. 31.3%, P =0.303). Non-survivors had significantly
lower body mass index (BMI) (23.1 £ 5.1 vs. 25.8 £ 6.0 kg/m?,
P = 0.020) and body weight (58.9 + 14.8 vs. 67.8 + 20.7 kg, P
=0.020). Active cancer was substantially more common among
non-survivors than survivors (61.0% vs. 15.6%, P < 0.001), as
was chronic obstructive pulmonary disease (COPD) (21.9%
vs. 1.6%, P = 0.001). In contrast, diabetes (24.4% vs. 29.7%,
P = 0.657), heart failure (12.2% vs. 14.1%, P = 1.000), hyper-
lipidemia (61.0% vs. 51.6%, P=0.422), cerebrovascular disease
(14.6% vs. 9.4%, P = 0.532), coronary artery disease (4.9% vs.
6.3%, P=1.000), and previous venous thromboembolism (4.9%
vs. 4.7%, P = 1.000) were not significantly different between
groups. Recent surgery and trauma were documented in 13
(12.4%) and seven (6.7%) patients, respectively, with no signifi-
cant differences between non-survivors and survivors (Table 1).

Non-survivors demonstrated more adverse hemody-
namic profiles, including higher heart rate (109.1 + 20.5 vs.
99.9 + 20.3 beats/min, P = 0.026), lower systolic blood pres-
sure (108.9 £ 25.9 vs. 130.8 + 21.6 mm Hg, P < 0.001), and
lower mean arterial pressure (83.1 + 17.8 vs. 96.5 = 15.0 mm
Hg, P < 0.001). They also had markedly higher PESI scores
than survivors (157.3 £ 56.0 vs. 91.0 = 32.7, P < 0.001). The
overall distribution of PESI classification also differed signifi-
cantly between groups (P < 0.001), with a greater proportion
of non-survivors classified as PESI class V (65.9% vs. 7.8%).
Similarly, the overall distribution of APE severity differed
significantly between groups (P < 0.001), with high-risk APE
occurring more frequently among non-survivors (39.0% vs.
3.2%) (Table 1).

Serum sodium at diagnosis was significantly lower in
non-survivors than in survivors (130.6 + 5.9 vs. 136.4 + 4.4
mmol/L, P < 0.001). Accordingly, hyponatremia was signifi-
cantly more common among patients who died within 1 year
(78.1% vs. 35.9%, P < 0.001). Serum troponin levels did not
differ significantly between non-survivors and survivors (me-
dian (IQR), 66.6 (36.2-89.5) vs. 41.2 (12.0-81.9), P = 0.946).
Length of hospital stay was also comparable between groups
(median (IQR), 12.0 (6-21) vs. 12.0 (8-19) days, P = 0.659)
(Table 1).

Univariable predictors of 1-year mortality

In univariable Cox proportional hazards regression analysis,
active cancer (UHR, 4.38; 95% CI, 2.32-8.27; P < 0.001) and
COPD (uHR, 3.80; 95% CI, 1.78-8.11; P = 0.001) were as-
sociated with increased 1-year mortality. Hemodynamic pa-
rameters were also associated with mortality; a higher heart
rate was associated with an increased hazard of death (uHR
per 1-beat/min increase, 1.02; 95% CI, 1.00-1.03; P =0.021),
whereas higher systolic blood pressure (uHR per 1-mm Hg in-
crease, 0.96; 95% CI, 0.95-0.97; P < 0.001), diastolic blood
pressure (uHR, 0.96; 95% CI, 0.94-0.98; P=0.001), and mean
arterial pressure (uHR, 0.96; 95% CI, 0.94-0.97; P < 0.001)

were associated with lower hazard (Table 2).

The PESI score was significantly associated with mortal-
ity (uHR per 1-point increase, 1.01; 95% CI, 1.01-1.02; P <
0.001). Compared with low-risk APE, high-risk APE was as-
sociated with a markedly higher hazard of death, although the
CI was wide (uHR, 13.53; 95% CI, 1.79-102.48; P = 0.012).
Serum sodium at diagnosis was inversely associated with
1-year mortality (uHR per 1-mmol/L increase, 0.86; 95% ClI,
0.81-0.91; P < 0.001), while hyponatremia was associated
with more than a fourfold higher hazard of death (uHR, 4.20;
95% CI, 2.00-8.81; P < 0.001). Serum troponin was not sig-
nificantly associated with mortality (Table 2).

Multivariable predictors of 1-year mortality

Variables with a P value < 0.25 in univariable analysis were
considered for inclusion in the multivariable Cox proportional
hazards regression model. PESI classification was excluded
because it was directly derived from the continuous PESI
score. BMI was also excluded because of its strong correlation
with body weight (Pearson’s r = 0.89, P < 0.001); body weight
was retained in the multivariable model. In the multivariable
model including age, body weight, active cancer, COPD, heart
rate, blood pressure parameters, PESI score, and serum sodium
at diagnosis, only PESI score and serum sodium remained sig-
nificantly associated with 1-year mortality.

Each 1-point increase in the PESI score was associated
with a higher hazard of death (mHR, 1.01; 95% CI, 1.00-1.02;
P =0.015). Conversely, each 1-mmol/L increase in serum so-
dium was associated with a lower hazard of death (mHR, 0.92;
95% ClI, 0.86-0.99; P = 0.043) (Table 3).

Independent association of PESI score and serum sodium
with mortality hazard

Fractional polynomial plots illustrated the adjusted associa-
tions of the PESI score and serum sodium with the estimated
mortality hazard. The estimated hazard of death increased pro-
gressively with higher PESI scores, with a steeper increase ob-
served at higher score ranges (P = 0.015) (Fig. 2).

For serum sodium, the adjusted hazard of death was high-
er at lower serum sodium levels and gradually declined as se-
rum sodium increased toward the normal range. An apparent
increase in the estimated hazard was observed at higher serum
sodium levels, suggesting a possible U-shaped relationship (P
=0.043) (Fig. 3). However, no patients had hypernatremia (>
145 mmol/L), and observations at the upper end of the sodium
distribution were limited. When serum sodium was analyzed
as a categorical variable, hyponatremia was associated with
a higher hazard of death (uHR, 4.20; 95% CI, 2.00-8.81; P <
0.001).

Discussion

In this single-center retrospective cohort of hospitalized pa-
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Table 1. Patient Characteristics

Characteristics Non-survivors (1 year) (n=41) Survivors (1 year) (n=64) P value
Male, n (%) 17 (41.5%) 20 (31.3%) 0.303
Age (year), mean + SD 66.9 + 12.8 61.6 +20.6 0.143
BMI (kg/m?), mean + SD 23.1+5.1 25.8+6.0 0.020
BW (kg), mean + SD 58.9+14.8 67.8+20.7 0.020
Active cancer, n (%) 25 (61.0%) 10 (15.6%) <0.001
Comorbidity, n (%)

Diabetes 10 (24.4%) 19 (29.7%) 0.657

Heart failure 5(12.2%) 9 (14.1%) 1.000

Hyperlipidemia 25 (61.0%) 33 (51.6%) 0.422

Cerebrovascular disease 6 (14.6%) 6 (9.4%) 0.532

Coronary artery disease 2 (4.9%) 4 (6.3%) 1.000

Previous VTE 2 (4.9%) 3 (4.7%) 1.000

COPD 9 (21.9%) 1 (1.6%) 0.001
Recent surgery/trauma status, n (%)

Trauma 1 (2.4%) 6 (9.4%) 0.162

Recent surgery 3 (7.3%) 10 (15.6%) 0.242
Hemodynamic data, mean + SD

Heart rate 109.1 £20.5 99.9 +20.3 0.026

SBP 108.9+£25.9 130.8 £21.6 <0.001

DBP 70.2+15.5 79.3 £ 14.6 0.003

MAP 83.11+17.8 96.5+15.0 <0.001
PESI score, mean = SD 157.3 £56.0 91.0+32.7 <0.001
PESI classification, n (%)

Class I 0 10 (15.6%) <0.001

Class II 3(7.3%) 14 (21.9%)

Class III 6 (14.6%) 24 (37.5%)

Class IV 5(12.2%) 11 (17.2%)

Class V 27 (65.9%) 5(7.8%)
Serum sodium at APE diagnosis®, mean + SD 130.6 £5.9 136.4+4.4 <0.001
Hyponatremia (Na < 135), n (%) 32 (78.1%) 23 (35.9%) <0.001
Serum troponin, median (IQR) (n = 27,50) 66.6 (36.2-89.5) 41.2 (12.0-81.9) 0.946
Severity of APE, n (%)

Low 1(2.4%) 7 (10.9%) <0.001

Intermediate-low 10 (24.4%) 23 (35.9%)

Intermediate-high 14 (34.2%) 32 (50.0%)

High 16 (39.0%) 2 (3.2%)
LOS (day), median (IQR) 12.0 (6-21) 12.0 (8-19) 0.659
Follow-up time (day, median) (IQR) 25.0 (10-63) 785.5 (475-1,363) <0.001

aThe institutional reference range for serum sodium was 135-145 mmol/L. APE: acute pulmonary embolism; BMI: body mass index; BW: body
weight; COPD: chronic obstructive pulmonary disease; DBP: diastolic blood pressure; IQR: interquartile range; LOS: length of stay; MAP: mean arte-
rial pressure; PESI: Pulmonary Embolism Severity Index; SBP: systolic blood pressure; VTE: venous thromboembolism.

tients with APE, lower serum sodium at diagnosis was associ-
ated with increased 1-year mortality. Non-survivors had more
severe clinical profiles, including a higher burden of active

cancer and COPD, more adverse hemodynamic parameters,
higher PESI scores, and greater APE severity. Hyponatremia
was associated with a markedly higher hazard of mortality in
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Table 2. Univariable Hazard Ratio (UHR) for 1-Year Mortality in Acute Pulmonary Embolism

Prognostic factors uHR 95% CI P value
Male 1.39 0.75,2.60 0.294
Age (year) 1.01 0.99, 1.03 0.216
BMI (kg/m?) 0.93 0.87,0.98 0.017
BW (kg) 0.98 0.96, 0.99 0.024
Active cancer 4.38 232,827 <0.001
Comorbidity
Heart failure 0.87 0.34,2.21 0.762
Diabetes 0.82 0.40, 1.68 0.597
Cerebrovascular disease 1.45 0.61,3.44 0.404
Coronary artery disease 0.90 0.22,3.72 0.881
Previous VTE 1.08 0.26, 4.48 0.913
COPD 3.80 1.78, 8.11 0.001
Hemodynamic data
Heart rate 1.02 1.00, 1.03 0.021
SBP 0.96 0.95,0.97 <0.001
DBP 0.96 0.94, 0.98 0.001
MAP 0.96 0.94,0.97 <0.001
PESI score 1.01 1.01, 1.02 <0.001
PESI classification® Non-estimable
Serum sodium at APE diagnosis (mmol/L) 0.86 0.81,0.91 <0.001
Hyponatremia (Na < 135 mmol/L) 4.20 2.00, 8.81 <0.001
Serum troponin 1.0 0.99, 1.0 0.969
Severity of APE
Low Reference — —
Intermediate-low 2.50 0.32,19.53 0.383
Intermediate-high 2.54 0.33,19.37 0.367
High 13.53 1.79, 102.48 0.012

2Non-estimable due to zero n in reference category. APE: acute pulmonary embolism; BMI: body mass index; BW: body weight; COPD: chronic ob-
structive pulmonary disease; DBP: diastolic blood pressure; MAP: mean arterial pressure; PESI: Pulmonary Embolism Severity Index; SBP: systolic
blood pressure; VTE: venous thromboembolism; Cl: confidence interval; uHR: univariable hazard ratio.

Table 3. Multivariable Hazard Ratios (mHRs) for 1-Year Mortality in Acute Pulmonary Embolism

Prognostic factors mHR 95% CI P value
Age (per year) 0.98 0.95, 1.01 0.203
BW (per kg) 0.99 0.97, 1.01 0.172
Active cancer 1.73 0.75,3.95 0.196
COPD 0.75 0.29, 1.98 0.565
Heart rate 0.99 0.98, 1.01 0.596
Systolic blood pressure (per mm Hg) 0.99 0.97, 1.02 0.840
Diastolic blood pressure (per mm Hg) 0.99 0.95,1.02 0.404
PESI score (per 1-point increase) 1.01 1.00, 1.02 0.015
Serum sodium at APE diagnosis (per mmol/L) 0.92 0.86, 0.99 0.043

The Cox proportional hazards regression model was adjusted for age, body weight, active cancer, chronic obstructive pulmonary disease, heart rate,
systolic blood pressure, diastolic blood pressure, Pulmonary Embolism Severity Index score, and serum sodium at APE diagnosis. PESI classification
was excluded because it was directly derived from the PESI score. BMI was excluded because of its strong correlation with body weight. APE: acute
pulmonary embolism; BW: body weight; COPD: chronic obstructive pulmonary disease; PESI: Pulmonary Embolism Severity Index; Cl: confidence
interval; mHR: multivariable hazard ratio.
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Figure 2. Effect of PESI score on hazard ratio of death within 1 year. PESI: Pulmonary Embolism Severity Index.

univariable analysis, while serum sodium remained indepen-
dently associated with 1-year mortality after adjustment for
disease severity and relevant clinical risk factors.

These findings are clinically relevant given the substan-
tial mortality burden associated with APE. Previous studies
have reported 30-day all-cause mortality rates ranging from
approximately 7% to 32%, depending on clinical severity and
comorbidity burden [3, 4], while longer-term mortality rates,

° Observed

304
p=0.043

°
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assessed at 1 year or beyond, have ranged from approximately
16% to 38% [4, 14]. In this context, our findings suggest that
serum sodium at the time of APE diagnosis may provide ad-
ditional prognostic information and may serve as a simple ad-
junctive marker when interpreted alongside established clini-
cal severity parameters.

The association between hyponatremia and adverse out-
comes in APE is biologically plausible [15-21]. Hyponatremia

Trend (fractional polynomial)

2
3
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Figure 3. Effect of serum sodium on hazard ratio of death within 1 year.
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in cardiovascular disease is commonly related to neurohor-
monal activation, including non-osmotic vasopressin release,
activation of the renin—angiotensin—aldosterone system, and
sympathetic nervous system stimulation. These mechanisms
impair free-water clearance and may lead to dilutional hypona-
tremia, particularly in patients with reduced effective arterial
circulating volume or hemodynamic compromise [10, 22].
In the setting of APE, acute right ventricular pressure over-
load may reduce left ventricular preload and systemic cardiac
output. This may trigger neurohormonal responses and water
retention, contributing to lower serum sodium levels. In our
cohort, non-survivors had higher heart rates, lower systolic
and mean arterial pressures, higher PESI scores, and more
frequent high-risk APE, suggesting that hyponatremia may
partly reflect the severity of cardiopulmonary compromise.
However, hyponatremia in APE is unlikely to be explained by
hemodynamic factors alone. Non-survivors also had a mark-
edly higher prevalence of active cancer and COPD. These co-
morbidities may contribute to hyponatremia through multiple
mechanisms, including systemic inflammation [23-25], poor
oral intake [23], medication use [23], renal dysfunction [23],
inappropriate antidiuretic hormone secretion [23, 24, 26], and
malignancy-related processes [23, 27]. Therefore, hypona-
tremia may represent an integrated marker of APE severity,
comorbidity burden, and systemic illness rather than a direct
causal factor for mortality [16, 28]. Although several relevant
comorbidities and biomarkers were evaluated, some were not
retained in the multivariable model based on the prespecified
variable-selection criteria, and residual confounding cannot
therefore be completely excluded.

The fractional polynomial analysis suggested a possible
nonlinear relationship between serum sodium and mortality,
with an apparent increase in the estimated hazard at the up-
per end of the normal sodium range. However, no patients had
hypernatremia (> 145 mmol/L), and only a small number had
serum sodium > 140 mmol/L. Therefore, this apparent upturn
should be interpreted cautiously and cannot be considered evi-
dence of an adverse prognostic effect of hypernatremia in APE.

The PESI score remained significantly associated with
1-year mortality, reinforcing its established role in APE risk
stratification. Serum sodium at diagnosis also showed an in-
verse association with mortality and remained significantly
associated with 1-year mortality after adjustment for disease
severity and relevant clinical risk factors. Because serum sodi-
um is routinely measured, inexpensive, and rapidly available,
it may provide additional prognostic information during early
assessment of patients with APE. Nevertheless, serum sodium
should not be interpreted in isolation or used as a replacement
for standard risk stratification tools. Rather, hyponatremia
should be considered an adjunctive marker within the broader
clinical context, particularly alongside PESI score, hemody-
namic status, right ventricular assessment, cardiac biomarkers,
and comorbidity burden.

This study also has several limitations. First, this was a
retrospective single-center cohort study, which may limit
generalizability. Second, the modest sample size and limited
number of events may have affected the precision of the mul-
tivariable estimates. Although a relatively liberal univariable

screening threshold was used for covariate selection [13], some
clinically relevant variables may not have been retained in the
multivariable model. Therefore, residual confounding from
variables not included in the final model cannot be completely
excluded. Third, serum sodium was measured only at the time
of APE diagnosis, and serial changes were not evaluated. In
addition, because the timing of serum sodium measurement
relative to intravenous fluid administration was not standard-
ized, the potential influence of fluid-related changes in serum
sodium could not be completely excluded. Finally, because the
outcome was all-cause mortality, PE-related deaths could not
be distinguished from deaths due to comorbid conditions or
other causes.

Conclusions

Serum sodium at the time of APE diagnosis was independently
associated with 1-year mortality and may provide simple ad-
junctive prognostic information during early risk assessment.
However, serum sodium should be interpreted within the
broader clinical context and not as a replacement for estab-
lished risk stratification tools, particularly PESI score. Future
prospective studies are needed to validate these findings and
evaluate whether serum sodium can improve existing prognos-
tic models for APE.
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