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Introduction: Hyponatraemia has been suggested to be associated with morbidity and mortality among various medical disorders.
Evidence on the association between stable-state hyponatraemia and prognosis in patients with chronic obstructive pulmonary disease
(COPD) is lacking.

Methods: All COPD patients followed up in a regional hospital in year 2015 were included, with their clinical outcomes reviewed in
the subsequent eight years. Association between stable-state hyponatraemia and mortality was evaluated. Stable-state hyponatraemia is
defined as baseline serum sodium levels, at least 90 days away from the last AECOPD <135 mmol/L.

Results: There were 271 COPD patients included. Hyponatraemia was associated with shorter overall survival with adjusted hazard
ratio (aHR) 1.74 (95% CI = 1.07-2.65, p = 0.026). The median overall survival was 3.05 years (95% CI = 2.65-3.46) for patients in
the hyponatraemia group, in contrast to 3.35 years (95% CI = 2.86-3.83) for those without hyponatraemia. The highest baseline serum
sodium levels were significantly negatively associated with annual acute exacerbation of COPD (AECOPD) and annual hospitalized
AECOPD frequency in the follow-up period, with Pearson correlation coefficient of —0.16 (p = 0.011) and — 0.14 (p = 0.027),
respectively.

Conclusion: Stable-state hyponatraemia was associated with increased mortality and probably AECOPD frequency among patients
with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease that is associated with significant
morbidity and mortality. It is estimated that COPD causes three million deaths annually globally.! The reported poor
prognostic factors in COPD include low forced expiratory volume in one second (FEV,),” low body-mass index,’ male
sex” and history of acute exacerbation of COPD (AECOPD).” A multidimensional index, the BODE index, was also
developed to assess individual risk of death from COPD.%’

Hyponatraemia has been postulated to have prognostic value in patients with various diseases. The reported negative
outcomes associated with hyponatraemia include higher hospital readmission rates,® as well as increased mortality in
both hospitalized’ and non-hospitalized patients.'® The prognostic influence of hyponatraemia in patients with COPD has
also been studied, but mainly on the sodium level at the time of AECOPD, and its relationship with the outcome. In non-
hospitalized AECOPD, hyponatraemia was present in 22% of the patients and was found to be correlated with higher
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Charlson comorbidity index (CCI), higher leucocytes, lower hemoglobin, lower platelet, higher neutrophil-to-lymphocyte
ratio, lower eosinophilia, higher aspartate aminotransferase and C-reactive protein values (P < 0.001, for all), and higher
frequency of 1-month revisit.'' Hyponatraemia among hospitalized patients with AECOPD was also found to be
associated with poor outcomes.'>'* A sodium threshold lower than 129.7 mmol/L was demonstrated in one study to
exhibit better discriminatory power for death prediction.'> However, controversies occurred in the prognostic value of
this common electrolyte disturbance among patients with AECOPD as negative results were shown in other studies.'®!”

While the evidence of the prognostic role of hyponatraemia in AECOPD has been demonstrated in some studies, the
role of stable-state hyponatraemia among patients with COPD has not been studied. In view of the knowledge gap, this
study was set forth to investigate the impact of stable-state hyponatraemia in patients with COPD on the survival and

future exacerbation frequency.

Methods

We included all COPD patients seen in the respiratory outpatient clinic at Queen Mary Hospital, Hong Kong in year 2015
who had baseline spirometry performed and follow-up progress available in the subsequent eight years. The patients were
followed up until 31st December 2022. Patients with co-existing asthma, any history of malignancies, those who did not
have spirometry to confirm the diagnosis of COPD and patients with alternative causes of hyponatraemia (drug-induced
hyponatraemia, heart failure, hypothyroidism and adrenal insufficiency) were excluded. Clinical and laboratory data were
retrieved from the electronic patient records (ePR) of the Hospital Authority. The study was approved by the Institutional
Review Board (IRB number: UW 23-356). Patient informed consent was waived as it was a retrospective study without
active patient recruitment, and all retrieved clinical data were de-identified. Regular use of inhaled corticosteroid (ICS),
long-acting beta-agonists (LABA) and long-acting anti-muscarinic (LAMA) for at least 12 months was defined as
continuous use within the study period.

The baseline serum sodium levels, at least 90 days away from the last AECOPD, were retrieved from electronic
patient record (ePR). Normonatraemia, hyponatraemia and hypernatraemia were defined as serum sodium levels of
135-145 mmol/L, <135 mmol/L and >145 mmol/L on at least 2 measurements in year 2014 to 2015. Clinical stable state
was defined as exacerbation- and systemic corticosteroid-free for at least 90 days, and without any clinical evidence of
acute or subacute symptomatic deterioration.

Severity of hyponatraemia was further stratified into mild (130-134 mmol/L), moderate (121-129 mmol/L) and
severe (<120 mmol/L)."®

AECOPD was defined as an event characterized by dyspnea and/or cough and sputum that worsened over <14
days.'”?° Mild exacerbation was defined in patients treated with short-acting bronchodilators (SABD) only. Moderate
exacerbation was defined in patients who were treated with SABDs and oral corticosteroid + antibiotics. Severe
exacerbation was defined in patients that required hospitalization or a visit to the emergency room.'”

The primary outcome was overall survival. The secondary outcomes included the association between highest and
lowest blood sodium levels with annual frequency of AECOPD and hospitalized AECOPD in the follow-up period
among the normonatraemia and hyponatraemia groups, as well as the association with the highest and lowest blood
sodium levels. The results were also compared among patients with hyponatraemia corrected, hyponatraemia uncorrected
and patients with normonatraemia.

Statistical Analysis

Categorical variables were expressed as frequency and percentage and compared using Chi-square tests or Fisher’s Exact
tests. Continuous variables were expressed as mean (+ standard deviation [S.D.]) or median (Interquartile range [IQR])
and compared using Student’s t-tests or Mann Whitney U-tests between groups. Cox regression analysis was used to
assess overall survival. Kaplan—Meier analysis was used to estimate the cumulative death rates with stratified log-rank
statistics to assess the effects of hyponatraemia with respect to the composite end point. The relationship between
hyponatraemia and annual frequency of AECOPD and hospitalized AECOPD in the follow-up period was assessed by
using the Pearson’s correlation coefficient metrics. Multi-variate analysis was adjusted for potential confounders
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including age, gender, baseline FEV, baseline CCI, AECOPD frequency in the past 3 years before recruitment and other
factors that were significantly different at baseline.

The statistical significance was determined at the level of p<0.05 with two-sided test. All the statistical analyses were
done using the 28™ version of the SPSS statistical package.

Results

Patient Characteristics

A total of 371 patients with COPD were identified with 27 excluded as they did not have baseline serum sodium level
available, 47 excluded due to history of malignancies and 26 excluded due to history of heart failure (Figure 1). A total of
271 patients were included in the final analysis (Table 1).

A total of 228 (84.1%) were males, with a mean age of 80.0 £ 9.0 years. Forty-four (16.2%) patients had
hyponatraemia, and 227 (83.8%) never had hyponatraemia at clinically stable-state. Seven patients had moderate
hyponatraemia and 37 with mild hyponatraemia. The mean duration of the follow-up was 4.31 £+ 2.12 years. Among
the patients with hyponatraemia, 37 had syndrome of inappropriate secretion of antidiuretic hormone (SIADH) confirmed
by urine and serum osmolality, urine serum concentration as well as hydration status. Baseline serum sodium level was
not significantly associated with baseline lung function parameters, nMRC dyspnoea scale and past AECOPD numbers,
with a p-value of >0.05 in Pearson correlation.

Hyponatraemia and Overall Survival

All patients died during the 8 years of follow-up. The causes of death included pneumonia (41.7%), AECOPD (20.7%),
cardiovascular or cerebrovascular events (11.1%), malignancies that were newly developed in the follow-up period (10.0%),
gastrointestinal diseases (6.3%), renal failure (2.6%), and miscellaneous causes (7.7%). Patients in the hyponatraemia group
had shorter overall survival with a hazard ratio of 1.45 (95% confidence interval [CI] = 1.04-2.01, p = 0.029). The median
overall survival was 3.05 years (95% CI = 2.65-3.46) for patients in the hyponatraemia group, in contrast to 3.35 years (95%
CI = 2.86-3.83) for those without hyponatraemia. The adjusted HR (aHR) after adjusting for age, gender, baseline FEV,

371 patients with COPD
included

Patients excluded:

27 without baseline serum
sodium level available

47 had history of malignancies
26 had heart failure

271 patients included in final
analysis

Figure | Patient selection flow chart.
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Table | Baseline Clinical Characteristics of Patients with Chronic Obstructive Pulmonary Disease with or Without
Hospitalized Exacerbation in the Past | Year

Hyponatraemia | Normonatraemia | Whole p-values®
Group (n = 44) Group (n = 227) Cohort (n =271)

Age (years) 81.2£85 79.8 £ 9.1 81.0 £9.0 0.33
Gender 0.36

Male 35 (79.5%) 193 (85.0%) 228 (84.1%)

Female 9 (20.5%) 34 (15.0%) 43 (15.9%)
Smoking status 0.44

Current smoker 17 (38.6%) 74 (32.6%) 91 (33.6%)

Former smoker 27 (61.4%) 153 (67.4%) 180 (66.4%)
Medication

LABA 33 (75.0%) 162 (71.4%) 195 (72.0%) 0.62

LAMA 30 (68.2%) 142 (62.6%) 172 (63.5%) 0.27

ICS 44 (100%) 217 (95.6%) 261 (96.3%) 0.16
Baseline lung function parameters at
recruitment
FEV, (L) 0.91 £0.38 1.02 £0.44 1.02 £0.45 0.21
Baseline FEV, (% predicted) 39.7 £14.7 49.1 £19.8 48.9+£20.0 0.014*
Baseline FVC (L) 2.14 £0.73 2.23 +0.73 2.15 £0.76 0.62
Baseline FVC (% predicted) 723 %19.5 784 £25.1 74.8 £24.9 0.29
Baseline FEV,/FVC ratio 43.7 £17.0 494 £15.8 48.0 £14.7 0.32
Bronchodilator reversibility (mL) 163 £151 99 97 101 £100 0.22
Bronchodilator reversibility (%) 17.0 £14.4 11.8 £13.4 12.0 £13.2 0.28
Baseline laboratory parameters
Eosinophil count (x cells/uL) 217 209 255 +248 253 +247 0.35
Eosinophil % 3.09 +2.44 3.49 331 3.47 £3.30 0.43
Lowest sodium level (mmol/L) 132+£2 139 £2 138 + 4 <0.001*
Highest sodium level (mmol/L) 140 + 4 143 £ 3 142 £ 3 <0.001*
eGFR (mL/min/1.73m?) 109 £52 99.8 £52.3 105 £57 0.62
Charlson co-morbidity index 525+ 1.73 459 £ 1.72 4.90 + 1.83 0.024*
Influenza vaccination 26 (59.1%) 126 (55.5%) 152 (56.1%) 0.66
Pneumococcal conjugate vaccine 2 (4.5%) 25 (11.0%) 27 (10.0%) 0.19
Pneumococcal polysaccharide vaccine 2 (4.5%) 36 (15.9%) 38 (14.0%) 0.082

Notes: Data expressed as mean + S.D. ACompared between hyponatraemia and non-hyponatraemia groups. *Statistically significant.
Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital capacity; eGFR, estimated glomerular filtration rates; ICS, inhaled
corticosteroids; LABA, long-acting beta-agonists; LAMA, long acting anti-muscarinic.

baseline CCI, AECOPD frequency in the past 3 years before recruitment, influenza and pneumococcal vaccination status was
1.74 (95% CI = 1.07-2.65, p = 0.026) (Figure 2). After excluding the patients who died of malignancies, the OS was still
significantly different in the hyponatraemia group and normonatraemia subgroups. The aHR was 1.74 (95% CI = 1.06-2.84,
p=0.027), while the median OS was 3.09 years (95% CI =2.72-3.45) and 3.24 years (2.69-3.79) in hyponatraemia group and
normonatraemia subgroups, respectively.

Hyponatraemia and Annual AECOPD Frequency in the Follow-Up Period

The association between the highest and lowest blood sodium levels in the whole cohort with the annual AECOPD
and hospitalized AECOPD frequency in the follow-up period for the whole cohort. The highest baseline serum
sodium level was significantly negatively correlated with the annual AECOPD frequency in the follow-up period
with Pearson correlation coefficient () of — 0.16 (p = 0.011). The lowest baseline sodium level was negatively
correlated with the annual AECOPD frequency in the follow-up period with » of —0.11 (p = 0.071) which did not
reach statistical significance. The highest baseline sodium level was significantly negatively correlated with the
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Figure 2 Kaplan—Meier curve of on the overall survival among patients with or without hyponatraemia at stable state.

annual hospitalized AECOPD frequency with » of —0.14 (p = 0.027). The lowest baseline sodium level did not
significantly correlate with the annual hospitalized AECOPD frequency with » of —0.09 (p = 0.14). The annual
AECOPD frequency in the follow-up period was numerically higher in the hyponatraemia group than in the
normonatraemia group, with median of 1.71 [IQR 0.84-3.66] versus 1.13 [IQR = 0.41-2.79], respectively (p =
0.06). The annual hospitalized AECOPD frequency in the follow-up period was numerically higher in the hypona-
traemia group with a median of 1.46 [IQR 0.67-3.05] compared to those without hyponatraemia with a median of
1.00 [IQR = 0.34-2.25] (p = 0.18).

Analysis was performed to compare patients with hyponatraemia corrected, hyponatraemia uncorrected and patients
with normonatraemia. There were 8 patients with hyponatraemia uncorrected and 36 patients with hyponatraemia
corrected. Patients with hyponatraemia uncorrected had statistically shorter OS than those with normonatraemia, with
HR of 2.37 (95% CI = 1.16-4.83, p = 0.018), but not for those with hyponatraemia corrected, with HR of 1.27 (95% CI =
0.86—1.88, p = 0.24). The median OS was 1.76 years (95% CI = 1.04-2.48) in the uncorrected hyponatraemia group, 3.16
years (95% CI = 2.42-4.70) in the corrected hyponatraemia group and 3.35 years (95% CI = 2.86-3.83 years) in the
normonatraemia group. The aHR was 1.6 (95% CI = 1.01-3.82, p = 0.047) for the uncorrected hyponatraemia group and
2.08 (95% CI = 0.81-5.32, p = 0.13) in the corrected hyponatraemia group (Figure 3). The median annual AECOPD
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Figure 3 Kaplan—Meier curve of on the overall survival among patients with or without corrected hyponatraemia and normonatraemia at stable state.
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frequency was 4.26 [IQR = 0.28-9.19] in the uncorrected hyponatracmia group, 1.29 [0.70-2.48] in the corrected
hyponatraemia group and 1.06 [0.38-2.84] in the normonatraemia group, p = 0.002. The median annual hospitalized
AECOPD frequency was 3.85 [IQR = 0.25-6.31] in the uncorrected hyponatraemia group, 1.00 [0.50-2.00] in the
corrected hyponatraemia group and 1.00 [0.33-2.27] in the normonatraemia group, p = 0.017.

Degree of Hyponatraemia and Clinical Outcomes

There were 37 and 7 patients with mild and moderate hyponatraemia, respectively. The mild hyponatraemia subgroup had
a significantly shorter OS with HR of 1.58 (95% CI =1.09-2.28, p=0.016), while the HR was 1.06 (0.55-2.08, p=10.86) in
the moderate hyponatraemia subgroup. The aHR was 2.11 (95% CI =1.25-3.58, p=0.005) and 1.48 (95% CI = 0.62-3.50,
p = 0.44) in mild and moderate hyponatraemia subgroups, respectively. The annual AECOPD frequency in the follow-up
period was higher in the moderate hyponatraemia group than in the mild hyponatraemia group, with median of 2.78 [IQR
0.98—4.74] versus 1.60 [IQR = 0.74-2.78], respectively (p = 0.08). The annual hospitalized AECOPD frequency in the
follow-up period was higher in the moderate hyponatraemia group with a median of 2.00 [IQR 0.88—4.50] compared to
those mild hyponatraemia with a median of 1.25 [IQR = 0.50-2.33] (p = 0.24).

Discussion
Our study suggested a negative impact of baseline hyponatracmia among patients with COPD, which was associated with
shorter overall survival and probably increased AECOPD frequency. This concurred with previous findings of the
adverse effects from hyponatraemia in both COPD and other medical disorders.

It has been reported that water retention and hyponatracmia were observed in advanced stage of COPD.?' The

2225 and mortality has been demonstrated in the literature across different

association between hyponatraemia, morbidity
medical conditions.*>® Improvement of hyponatraemia was also observed to be associated with a reduced risk of overall
mortality.??° The negative impact of this electrolyte disturbance, even a mild one at stable state, should not be neglected
as there are numerous reports on its adverse outcomes.

In our study, the same phenomenon is observed again. To our best knowledge, this is the first report on the impact of
stable-state hyponatraemia as an independent predictor of mortality. The highest stable-state serum sodium level was also
shown to be correlated with subsequent AECOPD and hospitalized AECOPD frequency.

The findings of our study call for the attention to monitor electrolytes among patients with COPD. Indeed, it is not uncommon
to observe hyponatraemia in patients with COPD. Stable-state hyponatraemia was observed among 16.2% of patients, and the
majority of them were due to SIADH. The degree of hyponatraemia can be mild, in which some physicians might have
overlooked. In the hyponatraemia group, the mean lowest baseline serum sodium level was 132 + 2 mmol/L, which might be
taken as lowish level only in real-world clinical settings without the need of intervention. It is not surprising that some clinicians
may decide not to take further actions when the serum sodium level is just marginally low. However, the presence of such a low
serum sodium level already suggests ongoing physiological disturbances that lead to electrolyte disturbance, mostly through
SIADH. It is crucial to be alerted to even trivial hyponatraemia among patients with COPD at stable-state, as it is definitely an
abnormality that is associated with poor prognosis. Timely investigations and management of hyponatraemia is important as
previous studies have demonstrated the beneficial effect of correcting hyponatraemia. The possible alternative causes should not
be overlooked as our study also suggested that 7.7% of the patients without a documented history of malignancies eventually died
of a newly developed malignancies in the follow-up period. The possibility of an occult malignancy, in particular lung cancer,
should be aggressively investigated in this group of patients. Alternatively, smoldering and low-grade infections or infestations
could also be contributing to hyponatraemia in these patients. This is supported by the fact that the majority of patients in this
cohort died of pneumonia. Vaccination against various pathogens and evidence-based withdrawals of ICS cannot be over-
emphasized. Last but not least, monitoring of cardiac function, both left and right ventricular function should be advised as these
patients are prone to develop cardiovascular diseases including left heart failure as well as cor pulmonale from advanced COPD,
which could also be linked to the development of hyponatraemia.

Our study concurs with the literature that correction of hyponatraemia is beneficial, in terms of OS and AECOPD
frequency. While identifying the cause of hyponatraemia is important, correction of hyponatraemia by fluid restriction in
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SIADH, replacement with sodium chloride or other means depending on the underlying cause could be a simple and cost-
effective mean to prevent the adverse outcomes among patients with COPD.

We attempted to investigate the association between the degree of hyponatraemia and various clinical outcomes.
However, as there were no patients in the severe hyponatraemia group and only 7 in the moderate hyponatraemia group,
we could not draw a definite conclusion due to a small sample size, though the numbers point towards the possible role of
more severe hyponatraemia might be linked to increases in the number of subsequent AECOPD.

The limitations of this study include the single-centre retrospective nature and the relatively small number of patients.
Being retrospective in nature, the number of blood tests for serum sodium level and the timing of the tests were not
unified. Ideally, a protocolized regular monitoring of renal function in a prospective study could avoid this potential
selection bias. The relatively small sample size also limits the ability of this study to draw a definite conclusion and
having a study with larger scale shall be able to overcome this limitation. The cause of hyponatraemia was undetermined
in 6 out of the 44 patients. This might limit the assessment of the association between hyponatraemia and prognosis in
COPD. Patients included in this study were followed up in the respiratory specialty clinic, who represent mainly more
severe COPD. Lack of those patients with mild COPD who were managed in the primary care setting may lead to
selection bias. However, both hyponatraemia and mortality are expected to be seen in more severe COPD, thus unlikely
to have a major impact on the study findings even without including milder COPD patients.

Taken together, our present findings provide further evidence on the adverse outcomes from stable-state hypona-
traemia. Hyponatraemia is associated with both higher mortality and probably subsequent AECOPD frequency. This calls
for the regular monitoring of serum sodium level among patients with COPD. Aggressive management of hyponatraemia
is warranted in COPD.

Conclusions

Stable-state hyponatraemia is a common electrolyte disturbance in COPD, occurring in 16.2% of the patients. It is
associated with increased mortality and probably AECOPD frequency among patients with COPD. Monitoring of serum
sodium level with prompt correction would be beneficial in terms of mortality and exacerbation reduction.
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