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Abstract

Background Hyponatremia is an independent predictor of poor prognosis, including increased mortality and
readmission, in COPD patients. Identifying modifiable etiologies of hyponatremia may help reduce adverse events
in patients with AECOPD. Therefore, the aim of this study was to explore the risk factors and underlying etiologies of
hyponatremia in AECOPD patients.

Methods A total of 586 AECOPD patients were enrolled in this multicenter cross-sectional study. Finally, 323 had nor-
monatremia, and 90 had hyponatremia. Demographics, underlying diseases, comorbidities, symptoms, and laboratory
data were collected. The least absolute shrinkage and selection operator (LASSO) regression was used to select poten-
tial risk factors, which were substituted into binary logistic regression to identify independent risk factors. Nomogram
was built to visualize and validate binary logistics regression model.

Results Nine potential hyponatremia-associated variables were selected by LASSO regression. Subsequently, a binary
logistic regression model identified that smoking status, rate of community-acquired pneumonia (CAP), anion gap
(AG), erythrocyte sedimentation rate (ESR), and serum magnesium (Mg2+) were independent variables of hypona-
tremia in AECOPD patients. The AUC of ROC curve of nomogram was 0.756. The DCA curve revealed that the nomo-
gram could yielded more clinical benefits if the threshold was between 10% and 52%.

Conclusions Collectively, our results showed that smoking status, CAP, AG, ESR, and serum I\/lngr were indepen-
dently associated with hyponatremia in AECOPD patients. Then, these findings indicate that pneumonia, metabolic
acidosis, and hypomagnesemia were the underlying etiologies of hyponatremia in AECOPD patients. However, their
internal connections need further exploration.
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Introduction

Hyponatremia is a very common pathophysiologi-
cal conditions in people, both in general population
and hospitalized patients [1, 2]. In a population-based
study, including 5,179 subjects age>55 years old,
Liamis et al. showed that hyponatremia (7.7%) was
the most common electrolyte disorders in people
in the US [3]. Meanwhile, in a retrospective study, it
was found that the prevalence of hyponatremia was
3.37% in internal medicine in southeast of China [4].
Furthermore, hyponatremia was a common complica-
tion in chronic obstructive pulmonary disease (COPD)
patients [5, 6]. Garcia-Sanz et al. showed that 10.8%
hospitalized acute exacerbation of COPD (AECOPD)
were combined with hyponatremia [5]. Meanwhile,
Chalela et al. identified that the prevalence of hypona-
tremia was 15.8% in AECOPD patients [6].

Mounting evidence suggests that serum Na* disor-
ders, particularly hyponatremia, were associated with
poor outcomes, such as mortality, prolonged length of
hospital stay (LHS), and readmission within 30-days,
in patients with different illnesses, including bone
fractures, injuries, heart failure, and COPD, etc. [7—
10]. In a retrospective study on surgically treated hip
fracture patients, Madsen et al. showed that compared
with patients without serum Na* disorders (9.6%), the
30-day mortality was significantly increased in patients
with hyponatremia (12.2%) [7]. It was reported that
on-admission hyponatremia was an independent risk
factor for all-cause mortality and cardiovascular mor-
tality in hospitalized patients with acute heart failure
(AHF) [10]. Furthermore, hyponatremia was inde-
pendently associated with in-hospital mortality, pro-
longed LHS, and readmission in AECOPD patients
[5]. Meanwhile, Chalela et al. showed that compared
with AECOPD without hyponatremia, a longer LHS,
greater needs for ventilator support, and higher mor-
tality were observed in AECOPD with hyponatremia
[6].

Amount of risk factors, such as female gender, age,
diabetes, cancers, infectious diseases, COPD, heart
failure, renal failure, liver failure, thiazide diuretics,
benzodiazepines, were independently associated with
hyponatremia [1, 4, 11]. However, the risk factors for
hyponatremia in AECOPD patients are still not well
studied. Furthermore, identifying modifiable risk fac-
tors and etiologies of hyponatremia would potentially
reduce adverse events in patients with AECOPD.
Therefore, the aim of current study was to provide
information on which clinical features and factors
are independently associated with hyponatremia in
patients with AECOPD.
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Methods

Study design and population

This multicenter cross-sectional study was performed
at Respiratory Medicine and Critical Care Medicine of
Suining Central Hospital and Second Affiliated Hospital
of Chongqing Medical University from January 2019 to
December 2021. This study was approved by the Research
Ethics Committees of the Suining Central Hospital (NO.
LLSLH20220046) and Second Affiliated Hospital of
Chongqing Medical University (No. 2019-23) in accord-
ance with the Declaration of Helsinki. Written informed
consent was obtained from all the patients by the respon-
sible physician or an appropriately trained staff member.
According to current clinical guidelines [12—14], medical
care and treatments were provided in our study.

Sample size determinations

According to the previous studies [6, 15, 16], the ratio of
normonatremia to hyponatremia in AECOPD patients
ranged from 4:1 to 6:1. Meanwhile, based on our previ-
ous studies [17, 18], samples size was determined. Briefly,
a minimum of 404 participants (323 normonatremia
patients and 81 hyponatremia patients) were required to
detect at least a 35% difference in effect size with a power
of 80%, assuming a=0.05 and an allocation ratio of 4:1.
Furthermore, 20% more patients were recruited.

Inclusion and exclusion criteria

The inclusion criterion was an acute exacerbation
of COPD requiring hospitalization in patients with
age >40 years. Exclusion criteria were as follows: non-
respiratory failure patients without lung function test,
asthma, bronchiectasis, pneumoconiosis, active pulmo-
nary tuberculosis (TB), interstitial lung diseases (ILDs),
other chronic lung diseases, hospital-acquired pneu-
monia (HAP), pulmonary thromboembolism (PTE),
pulmonary edema, chronic cor pulmonale (CCP), hyper-
natremia, dysphagia/aspiration, dementia, serum Na®t
disorders-inducing drugs [such as diuretics, angioten-
sin-converting enzyme (ACE) inhibitors, angiotensin II
receptor blockers (ARBs), non-steroidal anti-inflamma-
tory drugs (NSAIDs), proton-pump inhibitors (PPIs),
etc.] within the last 2 weeks, system steroid use within
the last 2 weeks, immunocompromised status (organ
transplant and immunosuppressive agents use), his-
tory of malignant diseases, renal failure, and liver fail-
ure. A total of 586 patients with hospitalized AECOPD
were enrolled. And 173 were excluded. To the end, 323
had normonatremia (serum sodium 135-145 mmol/L),
and 90 had hyponatremia (serum sodium < 135 mmol/L)

(Fig. 1).
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Patients with AECOPD

Study design (n=586)

Eligible AECOPD patients
(n=413)
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« Non-respiratory failure patients without lung function test (n=35)
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« Pneumoconiosis (n=8)
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« History of malignant diseases (n=11)
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AECOPD with normonatremia
(n=323)

Data analysis

AECOPD with hyponatremia

(n=90)

Lasso regression model
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9 potential variables

l

Logistics regression model

l

5 hyponatremia associated variables:
Smoking status, CAP, AG, ESR, and Serum Mg

l

Visualized and validated by Nomogram,
Calibration curve, ROC curve, and DCA curve

Fig. 1 The flow diagram of the study

Definitions

According to GOLD guideline, the diagnosis of COPD
was confirmed by the pulmonologists, based on noxious
stimuli exposure history, risk factors, clinical symptoms,
and spirometry (FEV1/EVC%<0.7 after bronchodila-
tor inhalation) [12]. AECOPD was defined as an event

in the natural course of the disease characterized by
acute changes in clinical symptoms beyond normal
day-to-day variation, resulting in additional therapy
[12, 19]. Normonatremia was defined as serum Na™
135-145 mmol/L [1, 20]. Hyponatremia was defined as
serum Na' <135 mmol/L [1, 20]. Community-acquired
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pneumonia (CAP) was defined by the typical symptoms
and signs of systemic or acute lower respiratory tract
infection and with evidence compatible with a diagno-
sis of CAP on chest computed tomography (CT) [17,
21]. Participants were defined as ex-smokers if they had
abstained from smoking for>6 months [17, 18]. The
neutrophil-to-lymphocyte ratio (NLR) was defined as the
number of neutrophils divided by the lymphocytes in the
blood [17, 18].

Data collection

Demographic data, underlying diseases, comorbid con-
ditions, symptoms, arterial blood gas (ABG), serum
electrolytes, liver functions, renal functions, and inflam-
matory parameters were recorded and collected. The
blood samples for laboratory tests and lung function tests
were all collected and performed within 24 h after admis-
sion. However, for the safety reason and compliance con-
cerns, spirometry test was not performed in patients with
respiratory failure. All patients underwent chest HRCT
scans within 48 h of admission and the images were
reviewed by a radiologist and a pulmonologist indepen-
dently in each hospital.

Statistical analysis

Data were analyzed using R software version 4.1.2. The
distribution of continuous variables was analyzed by Kol-
mogorov—Smirnov test. Continuous variables with nor-
mal distribution were expressed as the Mean + standard
deviation (SD), continuous variables with abnormal dis-
tribution were presented as the Median and interquar-
tile range [Mean(Q1, Q3)], and categorical data were
expressed as the frequencies. Continuous variables with
abnormal distribution and ordinal variables were meas-
ured by Mann—Whitney U-test. Chi square test was
used to analyze categorical variables. Variable multicol-
linearities were assessed using variance inflation factor
(VIF). Variables with VIF>10 indicated high multicol-
linearity, which were excluded in following analysis. The
least absolute shrinkage and selection operator (LASSO)
regression was used to screen potential variables associ-
ated with hyponatremia. Subsequently, based on LASSO
regression-selected variables, binary logistic regression
was performed to investigate the independent variables
associated with hyponatremia in patients with AECOPD.
Additionally, nomogram, calibration curve, receiver
operating characteristic (ROC) curve, and decision curve
analysis (DCA) curve were used to visualize and validate
the logistic regression model (Fig. 1). Statistical signifi-
cance was set at p<0.05.
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Results

Baseline characteristics of AECOPD patients

This cross-sectional study enrolled 586 patients with
AECOPD. Ultimately, 323 (78.2%) patients had normo-
natremia, 90 (21.8%) patients had hyponatremia (Fig. 1).
Among them, 189 (45.76%) patients had CAP. The ratio
of hyponatremia in AECOPD was 3.59. The demographic
data of the patients are shown in Table 1. AECOPD
patients with hyponatremia had less smoking, and higher
rates of pleural effusion and CAP.

Clinical presentations and laboratory data of AECOPD
patients

Compared to AECOPD patients with normonatremia,
the rate of fever, WBC, NS, NS%, NLR, PCT, ESR, PH,
and AG were markedly higher, meanwhile, LYM, EOS,
LYM%, EOS%, serum Ca?*, serum Mg>", and ALB were
significantly lower in AECOPD patients with hypona-
tremia (Table 2).

LASSO regression analysis of potential variables associated
with hyponatremia in patients with AECOPD

LASSO regression, a shrinkage estimation method, was
used to reduce data dimension and select the potential
predictors, which were associated with hyponatremia in
AECOPD patients. Then, 9 variables with non-zero coef-
ficients, including non-smoking, IPPV, CAP, pleural eftu-
sion, AG, PCT, ESR, serum Ca”", and serum Mg>", were
identified (Fig. 2).

Binary logistic regression analysis of variables
independently associated with hyponatremia in AECOPD
patients

Subsequently, binary logistic regression model was
established using 9 LASSO regression-selected potential
variables. Then, our data revealed that smoking status
(ex-smoking), the rate of CAP, AG, ESR and serum Mg>"
were independently associated with hyponatremia in
AECOPD patients (Table 3).

Nomogram was used to visualize and validate the binary
logistics regression model

Based on our established binary logistics regression
model, nomogram was built. The total point of a specific
patient is the sum of individual variable points (Fig. 3A).
Calibration curve with 1000 bootstrap showed that both
Apparent line and Bias-corrected line were close to Ideal
line with mean absolute error (MAE)=0.018 (Fig. 3B).
AUC of ROC curve was 0.756 (95% CI 0.699-0.813)
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Table 1 Demographic data of patients with AECOPD (n=413)
Characteristics Normonatremia (n=323) Hyponatremia (n=90) Statistical values P value
Age (years) 70.6249.06 72024882 —1.30 0.193
Sex [Male n (%)] 251 (77.7%) 69 (76.7%) 0.04 0.834
Body mass index (BMI) 2225+338 22224361 0.06 0.954
Smoking —2.19 0.029
Non-smoking 108 (33.4%) 41 (45.6%)
Ex-smoking 76 (23.5%) 20 (22.2%)
Current-smoking 139 (43.1%) 29 (32.2%)
GOLD stages —1.15 0.251
Stage I: mild (> 80%) 24 (7.4%) 10 (11.1%)
Stage Il: moderate (50-79%) 115 (35.6%) 23 (25.5%)
Stage llI: severe (30-49%) 94 (29.1%) 25 (27.8%)
Stage IV: very severe (< 30%) without 26 (8.1%) 7 (7.8%)
respiratory failure
Respiratory failure 64 (19.8%) 25 (27.8%)
Underlying diseases/co-morbidities
Pleural effusion [n, (%)] 7 (2.2%) 9 (10.0%) 11.60 0.001
CAP [n, (%)] 124 (38.4%) 65 (72.2%) 3246 0.000
CAD [n, (%)] 56 (17.3%) 22 (24.4%) 232 0.128
Hypertension [n, (%)] 124 (38.4%) 38 (42.2%) 043 0.510
T2DM [n, (%)] 49 (15.2%) 19 (21.1%) 1.81 0.179
Af [n, (%)] 11 (3.4%) 8 (8.9%) 4.82 0.028
CTD [n, (%)] 2 (0.6%) 1(1.1%) 0.24 0.627
Pneumothorax [n, (%)] 2 (0.6%) 2 (2.2%) 1.89 0.170
Mechanical ventilation (MV) —1.89 0.058
Non-ventilation [n, (%)] 300 (92.9%) 78 (86.7%)
NIPPV [n, (%)] 23(7.1%) 11 (12.2%)
IPPV [n, (%)] 0 (0.0%) 1(1.1%)

AECOPD Acute exacerbation chronic obstructive pulmonary disease, BMI Body mass index, CAP Community-acquired pneumonia, CAD Coronary artery disease,
T2DM Type 2 diabetes mellitus, Af Atrial fibrillation, CTD Connective tissue disease, NIPPV Non-invasive positive pressure ventilation, IPPV Invasive positive pressure

ventilation

(Fig. 3C). The DCA curve revealed that when the thresh-
old ranged 10% to 52%, using our nomogram to predict
the hyponatremia probability yielded more net benefit
than the scheme, indicating well clinical applicability of
this nomogram (Fig. 3D).

Discussion

This multicenter cross-sectional study enrolled 586
AECOPD patients. In the end, 323 (78.2%) patients
with normonatremia and 90 (21.8%) patients with
hyponatremia were included. Demographics, under-
lying diseases, pulmonary function, and comprehen-
sive laboratory findings were collected. Firstly, LASSO
regression selected 9 variables, including non-smoking,
IPPV, CAP, pleural effusion, AG, PCT, ESR, serum Ca*,
and serum Mg?", which were potentially associated
with hyponatremia in AECOPD patients. Subsequently,
binary logistic regression model was established using
these 9 variables, which identified that smoking status

(ex-smoking), the rate of CAP, AG, ESR and serum Mngr
were independently associated with hyponatremia in
patients with AECOPD. Furthermore, nomogram and
its-associated curves were used to visualized and vali-
date logistics regression model. The AUC of ROC curve
was 0.756 (95% CI 0.699-0.813). The MAE of calibra-
tion curve was 0.018. Meanwhile, DCA curve revealed
that our nomogram had a good performance to predict
hyponatremia, when the threshold ranged 10% to 52%.
Therefore, the results of nomogram, calibration curve,
ROC curve, and DCA curve verified the accuracy, relia-
bility, and clinical values of our binary logistics regression
model. Collectively, our data suggest that pneumonia,
metabolic acidosis, and hypomagnesemia are the under-
lying etiologies and risk factors for hyponatremia in
patients with AECOPD.

Electrolyte disorders are common complications in
hospitalized patients, particular in critical illnesses
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Table 2 Clinical features and laboratory data of patients with AECOPD (n=413)

Normonatremia (n=323) Hyponatremia (n =90) Statistical values P value
Fever [n, (%)] 21 (6.5%) 13 (14.4%) 5.88 0.015
WBC (x 10%/L) 7.53+335 836+4.07 —1.99 0.047
NS (x 10%/L)* 4.96 (3.58,7.42) 5.6(4.21,8.03) —2.20 0.028
LYM (x 10°/L) 14740381 1.26 £0.56 2.24 0.026
EOS (x 10%/L)* 0.16 (0.07,0.31) 0.1(0.03,0.26) —221 0.027
NS% 7482+£11.59 7894+£10.72 —3.03 0.003
LYMO9%* 20.59 (14.36, 29.09) 18.19(10.77,22.62) —3.14 0.002
EOS%* 248 (0.86,5.09) 1.66 (0.33,3.82) —231 0.021
NLR* 3.64 (2.31,5.66) 4.31(3.33,8.15) —3.09 0.002
RBC (x 10'%/L) 447 £0.61 436£0.68 1.50 0.136
HB (g/L) 133.89+£15.83 130.82+£18.53 157 0.118
HCT (L/L) 40.73 £4.64 40.034+5.25 1.24 0217
PLT (x 10°/L) 198.65+69.98 208217946 —1.11 0.267
PCT (ng/ml)* 0.05 (0.03,0.08) 0.07 (0.04,0.15) —4.54 0.000
CRP (mg/ml) 22.08+3574 26.77 £38.68 —1.08 0.280
ESR (mm/first hour) 21.67£17.51 34.174+2345 —552 0.000
ABG
PH* 743 (741,7.45) 745 (7.42,747) —262 0.009
PaCO2 (mmHg)* 40 (37, 46) 38.5 (34, 46) —1.73 0.083
Pa02 (mmHg) 7591+£15.11 7589+ 16.04 0.01 0.992
AB (mmol/L) 28.11£5.14 28.05+5.62 0.10 0.920
SB (mmol/L) 27.39+£3.00 2756£325 — 046 0.648
AG 10.94 +4.89 1214471 —2.08 0.039
Serum Na™ (mmol/L)* 139.60 (137.90, 141.45) 131.75(129.43,133.57) —14.52 0.000
Serum K* (mmol/L) 395+£041 3.93£054 —0.68 0.500
Serum Ca’* (mmol/L) 225+0.14 221+0.18 2.24 0.026
Serum Mg?* (mmol/L) 0.86+£0.11 0.83£0.09 2.94 0.003
ALB (g/L)* 38.50(36.10,41.10) 36.9 (33.65,40.25) —2.80 0.005
BUN (mmol/L) 6.44+£231 6.36+2.66 0.26 0.793
Cr (umol/L) 7332£21.11 72.57£3093 0.27 0.790
ALT (U/L) 2238+£21.55 20.86£18.85 0.61 0.542
AST (U/L) 23.94+£19.80 24.78£19.95 —0.36 0.719
TBIL (umol/L) 10.58 +4.89 11.71£6.09 —1.84 0.067
IBIL (umol/L) 6.13+£3.14 6.69+3.57 —145 0.148
DBIL (umol/L) 4451254 502+£3.22 —1.77 0.077
RBG (mmol/L) 6.67+£248 7224267 —1.80 0.072

*Data presented as Median (Q1, Q3)

AECOPD Acute exacerbation chronic obstructive pulmonary disease, WBC White blood cells, NS Neutrophils, LYM Lymphocytes, EOS Eosinophils, NLR Neutrophil-
lymphocyte ratio, RBC Red blood cell, HB Hemoglobin, HCT Hematocrit, PLT Platelet, PCT Procalcitonin, CRP C-reactive protein, ESR Erythrocyte sedimentation rate, ABG
Arterial blood gas, AB Actual standard bicarbonate, SB Standard bicarbonate, AG Anion gap, Na* Sodium ions, K* Potassium ions, Ca®* Calcium ions, Mg?* Magnesium
ions, ALB Albumin, BUN Blood urea nitrogen, Cr Creatinine, ALT Alanine aminotransferase, AST Aspartate aminotransferase, TBIL Total bilirubin, IBIL Indirect bilirubin,

DBIL Direct bilirubin, RBG Random blood glucose

[20, 22-25] Hyponatremia was more frequent than
other electrolytes disturbances both in general popu-
lation and patients [1, 2, 20]. It was reported that the
prevalence of hyponatremia was 7.7% in people great
than or equal to 55 years of age in the US [3]. In a pop-
ulation-based cross-sectional study, enrolling 14,697
adults aged > 18 years, Mohan et al. showed that the

prevalence of hyponatremia was about 1.72% in the US
[26]. Simultaneously, Hao et al. found that the overall
prevalence of hyponatremia was 17.5% in hospitalized
patients in China [9]. They also noticed that only 0.26%
of cases were diagnosed. Furthermore, several studies
showed that the prevalence of hyponatremia was 10.8%
to 22.0% in patients with COPD [5, 6, 15]. In our study,
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C LASSO regression analysis of potential variables associated with
hyponatremia in patients with AECOPD (n=413).
Variable Coefficient
(Intercept) -1.3697971117
Non-smoking 0.0211450167
IPPV 0.0318497196
CAP 0.3867779772
Pleural Effusion 0.0935596440
AG 0.0095673697
PCT 0.0002899912
ESR 0.2667283000
Serum Ca2+ -0.0026556558
Serum Mg2+ -0.1519669118

Fig. 2 Potential variables associated with hyponatremia in AECOPD patients were selected by LASSO regression model. A LASSO coefficients
profiles for all variables. B Identification of the optimal penalization coefficient (A) in the LASSO model, which was carried out by tenfold
cross-validation by minimum criteria and 1-SE (standard error) criteria. Left line: the minimum error; Right line: the cross-validated error within 1
standard error of the minimum. C LASSO coefficient values of 9 potential variables

Table 3 Binary logistics regression analysis of independent
variables associated with hyponatremia in patients with AECOPD
(n=413)

OR OR95% ClI Pvalue
(Intercept) 58410 0.595-5730.099 0.082
Ex-smoking 0477 0.234-0.971 0.041
Current-smoking 0.630 0.346-1.148 0.131
NIPPV 1.272 0.525-3.085 0.594
IPPV 21,108,070.000 0.000-Infinite 0.985
CAP 2.202 0.678-7.150 0.000
Pleural effusion 1.276 0.864-1.886 0.189
AG 0.208 0.034-1.264 0.039
PCT 3458 1.948-6.141 0.221
ESR 1.020 1.008-1.033 0.002
Serum Ca’* 1.061 1.003-1.122 0.088
Serum Mg+ 0.015 0.001-0.288 0.005

AECOPD Acute exacerbation chronic obstructive pulmonary disease, CAP
Community-acquired pneumonia, NIPPV Non-invasive positive pressure
ventilation, IPPV Invasive positive pressure ventilation, AG Anion gap, Ca**
Calcium ions, Mg?* Magnesium ions, PCT Procalcitonin, ESR Erythrocyte
sedimentation rate, OR Odds ratio, C/ Confidence interval

the prevalence of hyponatremia was 21.8%, which was
consistently with the previous study [15]. Hypona-
tremia was an independent predictor of outcomes and
prognosis [5, 6, 15], such as prolonged LHS, death
during hospitalization, readmission within 1-month,
mechanical ventilation requirements, etc., in AECOPD
patients. Garcia-Sanz et al. revealed that hyponatremia
was independently associated with prolonged LHS in
AECOPD patients [5]. Chalela et al. showed that com-
pared with AECOPD patients with normonatremia,
LHS, mechanical ventilation requirements, in-hospi-
tal mortality, and all-cause mortality were markedly
increased in AECOPD patients with hyponatremia [6].
However, the etiologies and risk factors for hypona-
tremia were not well explored. Therefore, in our study,
comprehensive data including demographics, underly-
ing diseases, comorbidities, symptoms, lung function
(GOLD stages), extensive laboratory results, and chest
HRCT scans were recorded.

We noticed that 20 variables were significantly different
between the two groups by univariate analysis (Tables 1,
2). LASSO regression is effective in declining covari-
ance among multiple factors, which can decrease the
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possibility of over-fitting and remove unnecessary covari-
ates. Then, LASSO regression can minimize the multi-
collinearity in variables [27, 28]. In our study, 9 potential
variables were selected by LASSO regression (Fig. 2).
Subsequently, among these 9 variables, binary logistics
regression identified that smoking status, the rate of CAP,
AG, ESR and serum Mg*" were independently associated
with hyponatremia in patients with AECOPD.
Hyponatremia is not rare in infectious diseases [1,
29-31], such as Legionella pneumophila, pulmonary
tuberculosis (TB), leptospirosis, hantavirus, cryptococco-
sis, malaria, coronavirus disease 2019 (COVID-19), etc.
In a retrospective study, Gang et al. identified that chest
infection (31.94%), malignancy (10.84%), cardiac disease
(6.36%), liver cirrhosis (6.07%), and neurological disease
(5.20%) were the leading etiologies of hyponatremia in
internal medicine patients [4]. Furthermore, several stud-
ies reported that hyponatremia was also independently
associated with prognosis of CAP [22, 32]. Potasso et al.
found that hyponatremia at discharge was a predictor
of re-admission in hospitalized patients with CAP [32].
Ravioli et al. demonstrated that the prevalence of hypona-
tremia in CAP was 28.8% in emergency patients [22].
Meanwhile, they found that hyponatremia was markedly

associated with longer hospital stay in CAP patients. The
underlying mechanism of hyponatremia in infectious dis-
eases are very complicated [29, 33], which entailed Syn-
drome of Inappropriate Antidiuretic Hormone Secretion
(SIADH), hyperproteinemia, hyperlipidemia, hypergly-
cemia, increased catecholamines, glucagon, and corti-
sol, etc. Acute exacerbation is the most common cause
for admission and mortality of COPD, who were with
diverse risk levels, phenotypes, and clinical features [34,
35]. Concurrently, several studies revealed that CAP was
a major contributor of acute exacerbation and increased
the risk of mortality and readmission in COPD patients
[5, 36, 37]. In a prospective cohort study in Korea, Shin
et al. showed that CAP increased 180-day mortality
(HR=1.982, 95% CI 1.164-3.375) in AECOPD patients
[36]. Meanwhile, in a retrospective cohort in China, it
was found that CAP significantly increased in-hospital
mortality (HR=5.29, 95% CI 1.50-18.47) in patients with
AECOPD [37]. Furthermore, in a prospective cohort in
Spain, Garcia-Sanz et al. identified that both pneumo-
nia (HR=1.84, 95% CI 1.05-3.24) and hyponatremia
(HR=3.68, 95% CI 1.57-8.58) were independently asso-
ciated with readmission within 1 month in AECOPD
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patients [5]. They also presumed that SIADH was the
major underlying mechanism.

Simultaneously, infection, particularly respiratory
tract infection, is the most important risk factor of
acute exacerbation of COPD [12, 18, 35]. The ESR is a
commonly used parameter to evaluate the severity of
inflammation and infection in clinical practice, which
were increased in CAP and AECOPD [21, 38]. Fur-
thermore, Gao et al. revealed that increased ESR was
an independently predictor of CAP in patients with
AECOPD [21]. Infection-induced tissue hypoperfu-
sion and circulation failure are the major causes for
hyperlactacidemia in patients without renal failure and
ketoacidosis, which can lead to increased AG, even
metabolic acidosis (when AG>16). Wang et al. found
that metabolic acidosis was independently linked to
mortality in children with CAP [39]. Wilson et al. dem-
onstrated that metabolic acidosis was a maker of severe
CAP [40]. Consistently, our results identified that
ESR, AG, and the rate CAP were independently asso-
ciated with hyponatremia in patients with AECOPD.
Therefore, these results indicate that CAP is a critical
etiology and risk factor of hyponatremia in AECOPD
patients.

Magnesium is a critical cofactor of more than 300
enzymes, involving a number of physiological functions
[41], such as energy metabolism, myocardial contraction,
blood pressure, muscle contraction, airway bronchodila-
tion, mast cell stabilization, mucociliary clearance, etc.
Hypomagnesemia was also associated with poor prog-
nosis and adverse outcomes, such as frequent readmis-
sions, increased severity of the disease, and prolonged
LHS, in COPD patients [41-44]. In a prospective obser-
vational study, Gumus et al. revealed that serum mag-
nesium level during exacerbation period was the most
significant predictor of re-acute exacerbation in hospi-
talized patients with AECOPD [43]. Bhatt et al. showed
that serum magnesium was a predictor of frequent read-
missions of AECOPD patients [42]. Serum magnesium
and sodium metabolisms are profoundly and mutually
interacted [41, 45]. Na™/Mg®" exchanger (NME) plays a
hub role in serum sodium and magnesium homeostasis
[45]. Simultaneously, magnesium is a critical cofactor
for Nat/K*-ATPase, which also is driving force for NME
[41]. Collectively, magnesium deficiency (hypomagne-
semia) can lead to increase in intracellular Na™ (decrease
in extracellular Na™), as well as decreasing in intracellu-
lar K (increased in extracellular K*) [41]. Additionally,
mounting evidence identified that inadequate dietary
intake and its-induced malnutrition and weight loss were
prevalent in COPD patients, particularly in advanced
stage COPD [46], which also could account for hypona-
tremia and hypomagnesemia. Consistently, our data
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showed that hypomagnesemia was an independent pre-
dictor of hyponatremia in AECOPD patients. Otherwise,
lung function [forced vital capacity (FVC) and forced
expiratory volume (FEV)] was improved by dietary mag-
nesium intake [41, 47]. Meanwhile, magnesium supple-
ment was a promising and potential treatment for COPD
and asthma [48, 49]. Further studies with more focus on
the role of magnesium on the prognosis and treatment
of COPD is therefore suggested.

Additionally, we also identified that ex-smoking
(OR=0.477) was independently associated with
hyponatremia in AECOPD patients, suggesting that
quitting smoking reduces the probability of hypona-
tremia. However, the association between smoking and
hyponatremia and other electrolyte disorders remain
unanswered at present. Future studies on this topic are
therefore recommended.

Subsequently, a nomogram was established to visual-
ize and validate our binary logistics regression model.
Our data showed that AUC of ROC curve was 0.756.
Ideal line and Apparent line were very closed in calibra-
tion curve, with MAE =0.018. These results suggest the
high accuracy and uniformity of our nomogram. Con-
currently, DCA curve implies that our nomogram has
good clinical practical value. Meanwhile, nomogram
also showed that the contribution of ex-smoking was
smallest and serum magnesium was biggest to hypona-
tremia in patients with AECOPD, indicating a strong
association between serum sodium and serum magne-
sium. Therefore, it was necessary and critical to correct
hyponatremia and hypomagnesemia simultaneously.
Moreover, we presumed that appropriate magnesium
supplementary intake could potentially prevent and
help to correct hyponatremia in COPD patients. How-
ever, further studies should be carried out to validate
this hypothesis.

In our study, comprehensive data, including demo-
graphics, underlying diseases, comorbidities, symp-
toms, lung function, and laboratory data, were
collected, which was one of major strengths of our
study. Chest HRCT scan was performed in each
patient, which was useful to exclude other lung diseases
and to identify the co-morbidities and complications
of AECOPD, reducing confounders and promoting the
accuracy of our results. Furthermore, LASSO regres-
sion was performed to reduce the multicollinearity in
variables and select potential hyponatremia-associ-
ated variables, which is more accurate than univariate
analysis. Meanwhile, nomogram was used to visual-
ize and verify binary logistics regression model. How-
ever, owing to cross-sectional design, the associations
between hyponatremia and prognosis and outcomes
were not explored in AECOPD patients. The etiologies
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of acute exacerbation, which are potentially associ-
ated with hyponatremia, were not investigated, which
was the major limitation of our study. This study was
only performed in Chinese patients, which reduced
confounders in analysis. However, further studies need
be carried out in other ethnics and countries, making
them more generalizable. Additionally, the information
and data of therapies in stable phases of COPD were
not included.

Conclusions

In all, we found that smoking status (ex-smoking),
CAP, AG, ESR and serum Mg*" were independently
associated with hyponatremia in AECOPD patients.
These results indicate that infection, particularly CAP,
and its-induced tissue hypoperfusion, circulation
failure and metabolic acidosis are the major etiolo-
gies and risk factors of hyponatremia in patients with
AECOPD. Then, smoking potentially leads to hypona-
tremia in AECOPD patients. However, its underlying
mechanism needs further investigation. Additionally,
magnesium was essential for serum sodium metabo-
lism in AECOPD patients, implying hyponatremia
and hypomagnesemia should be treated concurrently.
Therefore, further studies should be implemented to
explore this hypothesis in future.
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