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Abstract

Background Pulmonary hypertension (PH) secondary to left heart disease
(Group 2 PH) is characterized by difficult early diagnosis and high mortality.
While potassium channel dysfunction is a hallmark of PH, epidemiological data
remain unclear and the impact of potassium ions on pulmonary hypertension
is not yet well understood.

Objective To investigate the relationship between serum potassium levels and
myocardial markers, echocardiographic indices, and length of hospital stay in
patients with Group 2 PH, to evaluate the predictive value of serum potassium
levels for the severity of Group 2 PH, and to provide a theoretical basis for
clinical diagnosis and treatment.

Methods The clinical data of 400 adult inpatients diagnosed with Group 2 PH
at the First Hospital of Shanxi Medical University between January 2020 and
December 2021 were retrospectively collected: (1) General information: gen-
der, age, BMI, length of hospital stay, smoking status and smoking index (SI),
and alcohol consumption history. (2) Underlying diseases (diabetes mellitus,
hypertension). (3) Laboratory data: serum potassium, myocardial markers
(procalcitonin, N-terminal pro-B-type natriuretic peptide, troponin I, troponin
T, creatine kinase-MB), and echocardiographic indices (left atrial anteroposte-
rior diameter, right ventricular anteroposterior diameter, right atrial area, left
ventricular ejection fraction, fractional shortening, peak tricuspid regurgitation
velocity, and pulmonary artery systolic pressure). Based on serum potassium
levels, the included patients were divided into three groups: <3.5 mmol/L group
(n=57), 3.5-5.5 mmol/L group (n=340), and >5.5 mmol/L group (n=3). Spear-
man rank correlation analysis was used to explore the correlation between serum

chinarxiv.org/items/chinaxiv-202308.00048 Machine Translation


https://chinarxiv.org/items/chinaxiv-202308.00048
https://chinarxiv.org/items/chinaxiv-202308.00048

ChinaRxiv [$X]

potassium levels and myocardial markers and echocardiographic indices; the
Log-rank (Mantel-Cox) test was used to compare the discharge rates among
patients with different potassium levels; and receiver operating characteristic
(ROC) curve analysis was performed to evaluate the predictive value of serum
potassium for the severity of Group 2 PH.

Results The levels of procalcitonin and N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) in the >5.5 mmol/L group were higher than those in the
<3.5 mmol/L group (P<0.05). Correlation analysis showed that serum potas-
sium levels were positively correlated with NT-proBNP (rs=0.133), peak tricus-
pid regurgitation velocity (rs=0.017), and pulmonary artery systolic pressure
(rs=0.126) (P<0.05). Serum potassium levels were further stratified into <3.5
mmol/L, 3.0-3.5 mmol/L, 4.0-4.9 mmol/L, 5.0-5.5 mmol/L, and >5.5 mmol/L
to investigate the relationship between potassium levels and length of hospi-
tal stay. Log-rank (Mantel-Cox) test results demonstrated that, for Group 2
patients with hospital stays longer than the average, the cumulative hospital-
ization rates among patients with different potassium levels (<3.5 mmol/L,
3.5-3.9 mmol/L, 4.0-4.9 mmol/L, 5.0-5.5 mmol/L, >5.5 mmol/L) showed sta-
tistically significant differences (P=0.022). ROC curve analysis revealed that
the diagnostic value of serum potassium for non-mild PH [area under the ROC
curve (AUC) = 0.577, cutoff value = 3.91 mmol/L, sensitivity = 64.7%, speci-
ficity = 52.5%] was similar to that of NT-proBNP (AUC = 0.585, cutoff value
= 1,070.69 pg/mL, sensitivity = 78.1%, specificity = 39.6%), indicating that
serum potassium can effectively predict the severity of Group 2 PH.

Conclusion Serum potassium levels can predict the severity and length of hospi-
tal stay in patients with Group 2 PH, and intervention of potassium levels may
represent a novel therapeutic approach for the prevention and treatment of PH.
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Abstract

Background: Pulmonary hypertension (PH) is often caused by left heart dis-
ease (group 2 PH), which is difficult to diagnose early and carries a high mor-
tality rate. Potassium channel dysfunction is a hallmark of PH; however, the
epidemiological data of this condition remain unclear, and the effect of potas-
sium ions on PH is not well understood.

Objective: To investigate the relationship between serum potassium levels and
myocardial markers, echocardiographic indicators, and length of hospital stay
in patients with group 2 PH, and to evaluate the predictive value of serum
potassium levels for disease severity, thereby providing a theoretical basis for
clinical diagnosis and treatment.

Methods: Clinical data were retrospectively collected from 400 adult inpatients
diagnosed with group 2 PH at the First Hospital of Shanxi Medical University
between January 2020 and December 2021. Data included: (1) general infor-
mation: gender, age, BMI, length of hospital stay, smoking status, smoking
index (SI), and alcohol consumption history; (2) comorbidities (diabetes, hy-
pertension); and (3) laboratory data: serum potassium, myocardial markers
(procalcitonin, N-terminal pro-B-type natriuretic peptide, troponin I, troponin
T, creatine kinase-MB), and echocardiographic indicators (left atrial anteropos-
terior diameter, right ventricular anteroposterior diameter, right atrial area,
left ventricular ejection fraction, fractional shortening, peak tricuspid regurgi-
tation velocity, and pulmonary artery systolic pressure). Patients were divided
into three groups based on serum potassium levels: <3.5 mmol/L (n=>57), 3.5-
5.5 mmol/L (n=340), and >5.5 mmol/L (n=3). Spearman rank correlation
analysis was used to explore correlations between serum potassium levels and
myocardial markers/echocardiographic indicators. The Log-rank (Mantel-Cox)
test was used to compare discharge rates among patients with different potas-
sium levels. Receiver operating characteristic (ROC) curves were constructed
to evaluate the predictive value of serum potassium for group 2 PH severity.

Results: Patients in the >5.5 mmol/L group had significantly higher pro-
calcitonin and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels
compared to those in the <3.5 mmol/L group (P<0.05). Correlation anal-
ysis revealed that serum potassium level was positively correlated with NT-
proBNP (r =0.133), peak tricuspid regurgitation velocity (r =0.017), and pul-
monary artery systolic pressure (r =0.126) (P<0.05). To further investigate
the relationship between potassium levels and hospital stay, serum potassium
was reclassified into five categories: <3.5 mmol/L, 3.0-3.5 mmol/L, 4.0-4.9
mmol/L, 5.0-5.5 mmol/L, and >5.5 mmol/L. Log-rank (Mantel-Cox) test re-
sults showed that among group 2 PH patients with above-average hospitalization
duration, cumulative hospitalization rates differed significantly across potassium
level groups (<3.5 mmol/L, 3.5-3.9 mmol/L, 4.0-4.9 mmol/L, 5.0-5.5 mmol/L,
>5.5 mmol/L) (P=0.022). ROC analysis demonstrated that the diagnostic
value of serum potassium for non-mild PH (area under the curve [AUC]=0.577,
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cutoff value=3.91 mmol/L, sensitivity=64.7%, specificity=52.5%) was similar
to that of NT-proBNP (AUC=0.585, cutoff value=1,070.69 pg/mL, sensitiv-
ity=78.1%, specificity=39.6%), indicating that serum potassium can effectively
predict group 2 PH severity.

Conclusion: Serum potassium level can predict both the severity and length of
hospital stay in patients with group 2 PH. Intervening on serum potassium levels
may represent a novel therapeutic approach for PH prevention and treatment.

Keywords: pulmonary arterial hypertension; serum potassium; echocardiogra-
phy; hospital stay; predictive value

Introduction

Pulmonary hypertension (PH) refers to elevated pulmonary arterial pressure
resulting from structural or functional changes in pulmonary vessels caused by
various heterogeneous diseases and pathogenic mechanisms, which can progress
to right heart failure and death [1-2]. Early diagnosis of PH is challenging [3],
as clinical symptoms lack specificity, treatment is difficult and cannot achieve
complete cure [4-5], and both disability and mortality rates are high, with a
5-year survival rate of only 57% [6]. The pathogenesis of PH is complex and
remains incompletely understood. Research has shown that potassium channel
dysfunction in pulmonary artery smooth muscle cells is a hallmark of PH [7], and
that serum potassium levels are associated with heart failure [8-9], influencing
the development and progression of PH.

At the 5th World Symposium on Pulmonary Hypertension, PH was classified
into five groups, with PH due to left heart disease (group 2 PH) being the most
common form [10]; however, its epidemiological data remain unclear. Serum
potassium is a routine laboratory parameter that plays a crucial role in regu-
lating vascular smooth muscle cell membrane potential, intracellular calcium
concentration, and vascular tone [11]. Studies have demonstrated that potas-
sium channel dysfunction in pulmonary artery smooth muscle cells is a marker of
PH, and that serum potassium levels correlate with heart failure [7], affecting
PH pathogenesis [8-9]. Currently, N-terminal pro-B-type natriuretic peptide
(NT-proBNP) is an established biomarker for PH diagnosis [10], and length
of hospital stay has become a major concern for both hospitals and patients.
However, most studies on potassium in PH have focused on experimental mech-
anisms, with few population-based observational studies. It remains unclear
whether serum potassium levels affect hospital stay duration in PH or can pre-
dict PH severity. Therefore, this retrospective case-control study investigates
the relationship between serum potassium levels and severity /hospital stay in
group 2 PH patients, evaluates the predictive value of potassium for PH sever-
ity, and explores whether this readily available metric can enable early diagnosis
and severity assessment to provide a theoretical basis for clinical management.
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Methods

1.1 Study Population This study utilized data from patients hospitalized
at the First Hospital of Shanxi Medical University between January 2020 and
December 2021 who received a first-time PH diagnosis. Based on inclusion and
exclusion criteria, 400 patients were enrolled, including 144 with group 2 PH
due to heart failure with reduced ejection fraction, 15 due to heart failure with
preserved ejection fraction, 56 due to valvular heart disease, and 185 due to
congenital /acquired cardiovascular diseases causing post-capillary PH.

Inclusion criteria: (1) Age 18-90 years; (2) Diagnosis of group 2 PH accord-
ing to the Chinese Guidelines for the Diagnosis and Treatment of Pulmonary
Hypertension [1]; (3) Availability of serum potassium test results.

Exclusion criteria: (1) Pregnancy-related PH; (2) Malignant disease; (3)
Comorbid pneumoconiosis or silicosis; (4) Other PH groups (arterial PH, PH
due to lung disease and/or hypoxia, chronic thromboembolic PH and/or other
pulmonary artery obstructions, PH with unclear and/or multifactorial mecha-
nisms). The screening process is shown in [Figure 1: see original paper].

This study was approved by the Research Ethics Committee of the First Hospital
of Shanxi Medical University (approval number: K-138), which granted a waiver
of informed consent.

1.2 Data Collection Electronic medical records were reviewed at the time
of first PH diagnosis and before any PH-specific treatment, collecting: (1) Gen-
eral information: gender, age, BMI, length of hospital stay, smoking status,
smoking index (SI), and alcohol consumption history; (2) Comorbidities (dia-
betes, hypertension); (3) Laboratory data: serum potassium, myocardial mark-
ers (procalcitonin, NT-proBNP, troponin I, troponin T, creatine kinase-MB),
and echocardiographic indicators (left atrial anteroposterior diameter, right ven-
tricular anteroposterior diameter, right atrial area, left ventricular ejection frac-
tion, fractional shortening, peak tricuspid regurgitation velocity, pulmonary
artery systolic pressure). Myocardial markers reflect myocardial injury severity
[12], and echocardiography can assess PH; both correlate with PH severity. (4)
Definitions: Smoking was defined as $ $1 cigarette daily for $ $6 consecutive
or cumulative months; alcohol consumption as $ $30 g ethanol weekly for $ $1
year [13]; SI = daily cigarettes x years smoked. Normal physiological serum
potassium ranges from 3.5-5.5 mmol/L; >5.5 mmol/L indicates hyperkalemia,
and <3.5 mmol/L indicates hypokalemia. PH severity was classified based on
pulmonary artery systolic pressure (PASP) as mild (30 mmHg < PASP < 50
mmHg), moderate (50 mmHg < PASP < 70 mmHg), or severe (PASP > 70
mmHg) [14]. For this study, PH severity was dichotomized into mild (30 mmHg
< PASP < 50 mmHg) and non-mild (PASP > 50 mmHg) to analyze the impact
of potassium levels and their relationship with severity.
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Patients were divided into three groups based on serum potassium: <3.5
mmol/L (n=57), 3.5-5.5 mmol/L (n=340), and >5.5 mmol/L (n=3).

1.3 Statistical Analysis Data were analyzed using SPSS 25.0. Non-normally
distributed continuous variables are presented as median (Q1, Q3) and com-
pared using nonparametric rank-sum tests. Categorical variables are expressed
as percentages and compared using 2 tests. Spearman rank correlation anal-
ysis examined relationships between serum potassium and myocardial mark-
ers/echocardiographic indicators. The Log-rank (Mantel-Cox) test compared
discharge rates across potassium groups. ROC curves were constructed to evalu-
ate potassium’s predictive value for group 2 PH severity. P<0.05 was considered
statistically significant.

Results

2.1 Baseline Characteristics of Group 2 PH Patients Among the 400
enrolled PH patients, the median age was 70 years, median hospital stay was
11 days, 53.0% were male, 54.5% had hypertension, and median serum potas-
sium was 4.01 mmol/L. Hypokalemia was present in 14.2% and hyperkalemia in
0.8%. Procalcitonin and NT-proBNP levels were elevated, right atrial area was
enlarged, and PASP was high with a median of 53 mmHg. Results are shown
in .

2.2 Characteristics of Group 2 PH Patients by Serum Potassium Level
No significant differences were observed across potassium groups in gender, age,
BMI, hospital stay, smoking index, smoking status, alcohol consumption, hyper-
tension history, diabetes history, troponin I, troponin T, creatine kinase-MB,
left atrial diameter, right ventricular diameter, right atrial area, left ventricu-
lar ejection fraction, fractional shortening, peak tricuspid regurgitation veloc-
ity, or PASP (P>0.05). However, procalcitonin and NT-proBNP levels in the
>5.5 mmol/L group were significantly higher than in the <3.5 mmol/L group
(P<0.05). See .

2.3 Correlation Between Serum Potassium Level and Myocardial
Markers/Echocardiographic Indicators Serum potassium level was
positively correlated with NT-proBNP (r =0.133), peak tricuspid regurgitation
velocity (r =0.017), and PASP (r =0.126) (P<0.05). See .

2.4 Relationship Between Serum Potassium Level and Hospital Stay
As serum potassium is a continuous variable, it was further categorized into five
groups (<3.5 mmol/L, 3.0-3.5 mmol/L, 4.0-4.9 mmol/L, 5.0-5.5 mmol/L, >5.5
mmol/L) [15] to deeply examine its relationship with hospital stay. For group
2 PH patients with hospital stays exceeding the average, the Log-rank (Mantel-
Cox) test revealed significant differences in cumulative hospitalization rates
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across potassium groups ( 2=11.49, P=0.0216). Among patients with potas-
sium <5.5 mmol/L, cumulative discharge rates decreased as potassium levels
increased. Patients with potassium 5.0-5.5 mmol/L had the longest hospital
stays (median: 29 days), while those >5.5 mmol/L had the shortest (median:
15 days). See [Figure 2: see original paper].

2.5 Predictive Value of Potassium Levels for Non-Mild Group
2 PH NT-proBNP is an established PH biomarker [10]. ROC analysis
showed that serum potassium had similar diagnostic value for non-mild PH
(AUC=0.577, cutoff=3.91 mmol/L, sensitivity=64.7%, specificity=52.5%) as
NT-proBNP (AUC=0.585, cutoff=1,070.69 pg/mL, sensitivity=78.1%, speci-
ficity=39.6%), effectively predicting group 2 PH severity with higher specificity
than NT-proBNP. Results are shown in [Figure 3: see original paper| and .

Discussion

PH is a common cardiovascular disease, and echocardiography is currently
the most important clinical tool for PH diagnosis and screening [16], with
higher prevalence in individuals over 65 years [10]. The group 2 PH patients
in this study had a median age around 70 years. NT-proBNP is a cardiac
biomarker used to identify early myocardial dysfunction and is an established
PH biomarker correlated with disease severity [17-18]. Procalcitonin is a com-
monly used biomarker that typically rises during bacterial infection or systemic
inflammatory response [19]. Our findings that hyperkalemic patients had sig-
nificantly higher NT-proBNP and procalcitonin than hypokalemic patients sug-
gest that elevated potassium promotes inflammatory responses and exacerbates
myocardial injury, advancing PH progression. The positive correlations be-
tween potassium and NT-proBNP, peak tricuspid regurgitation velocity, and
PASP further indicate that hyperkalemia intensifies inflammation and myocar-
dial damage, accelerates tricuspid regurgitation, and increases pulmonary artery
pressure, promoting PH development.

Because serum potassium is continuous, we further categorized it into five
groups (<3.5 mmol/L, 3.5-4.0 mmol/L, 4.0-4.9 mmol/L, 5.0-5.5 mmol/L, >5.5
mmol/L) to thoroughly investigate its relationship with hospital stay and avoid
overlooking potential effects. Among patients with above-average hospital stays,
we found significant differences in cumulative hospitalization rates across potas-
sium groups. For potassium levels <5.5 mmol/L, cumulative discharge rates de-
creased as potassium increased, with 5.0-5.5 mmol/L patients having the longest
stays (median: 29 days). Conversely, >5.5 mmol/L patients had the shortest
stays (median: 15 days). This may be due to the small, unrepresentative hy-
perkalemia sample, patient transfers, early discharge, or treatment withdrawal.
If these factors are excluded, moderate hyperkalemia might benefit group 2 PH
treatment and recovery. Studies report that moderate hyperkalemia facilitates
cardiac diastole and reduces myocardial oxygen consumption. Whether cardiac
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damage from potassium follows an “n-shaped” pattern and whether this can
be leveraged clinically to improve group 2 PH outcomes warrants further inves-
tigation. ROC analysis showed potassium’s predictive value was comparable
to NT-proBNP’s, with much higher specificity, making it a useful predictor
for group 2 PH. Potassium testing is convenient, rapid, and widely applicable,
offering good clinical prospects.

In summary, serum potassium correlates with group 2 PH severity and can
predict both disease severity and hospital stay duration. Intervening on serum
potassium levels may represent a novel therapeutic approach for PH, giving new
meaning to this routine metric and reminding us not to overlook conventional
indicators. This provides a theoretical basis for clinical management. Since
hospital stay is the most direct indicator of clinical efficacy and potassium is
routinely measured, studying their relationship has practical significance for pa-
tients and clinicians. However, this was a retrospective single-center study with
potential bias; further research with larger samples and improved methodology
is needed to confirm potassium’s role in PH.
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