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Abstract 

Background: COPD is a heterogeneous lung condition characterized by chronic respiratory 

symptoms (dyspnea, cough, sputum production, exacerbations) due to abnormalities of the airways 

(bronchitis, bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive 

airflow obstruction. Acute exacerbations of COPD (AECOPD) are important episodes in the natural 

history of the disease as they adversely affect health status, rate of hospitalization, and disease 

progression. 

 

Materials and Methods: A total number of 160 patients were included in the study. This includes 

80 patients of stable COPD and 80 patients of AECOPD of age group of 30 to 60 years. COPD 

diagnosis was based on history, clinical examination, chest x-ray findings and pulmonary function 

tests. 5 ml venous blood was drawn from patients; under aseptic precautions with a clot activator 

tube. Serum was separated by centrifugation and used for the following biochemical analysis. 

Serum Sodium, Serum Potassium, Serum Chloride, Serum Ionic Calcium were estimated using 

Electrolyte Analyzer and Serum Magnesium was estimated using automated biochemistry analyser. 

Two views of chest X-ray (PA and lateral) were performed in each patient. Statistical analysis was 

analyzed using Student’s t-test and Chi-Square test for the correlation of serum electrolyte levels 

with the severity of disease.  

 

Results: There were significant decrease in the levels of serum sodium, chloride, ionized calcium, 

and magnesium in acute exacerbation (AE) COPD patients as compared to stable COPD patients (p 

< 0.001). We did not find statistically significant difference in the levels of serum electrolytes with 
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the severity of the disease. Most common Chest Xray finding in COPD Patient was hyperinflated 

lungs with low flattened diaphragm. 

 

Discussion and conclusion: The present study evaluated the levels of serum electrolytes, calcium 

and magnesium in Stable and AECOPD patients and they were further classified based on severity 

into mild, moderate, severe and very severe using GOLDs Criteria. Abnormal levels of electrolytes 

such as sodium, potassium, chloride, ionized calcium and magnesium have been linked to higher 

mortality rates in COPD patients. We found significantly decreased levels of sodium, chloride, 

magnesium and ionized calcium in AECOPD patients compared to stable COPD patients.  

Therefore, the present study suggested that serum electrolyte levels help in assess the severity of the 

disease and provide appropriate treatment. The limitation of the present study is that there may be a 

correlation between serum electrolyte levels and disease severity; it may not necessarily imply 

causality. Other factors may be contributing to both the electrolyte imbalance and the disease 

severity. It is recommended that there should be continuous monitoring of the electrolytes in stable 

as well as in acute exacerbation (AE) COPD patients and especially in the patients with 

comorbidities that increases the risk of electrolyte imbalances. Chest X-ray finding like 

hyperinflated lungs with flattened diaphragm can help support the diagnosis of COPD, but chest X-

ray lacks sensitivity in mild COPD cases.   

 

Keywords: chronic obstructive pulmonary disease, GOLD criteria, hyponatremia, hypocalcemia, 

hypomagnesemia, Chest X-ray. 

 

MANUSCRIPT 

INTRODUCTION 

 

Chronic obstructive pulmonary disease (COPD) in general terms pertains to the chronic outflow 

obstruction that develops due to various reasons, most commonly due to chronic tobacco smoking. 

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023 has defined COPD as 

follows: “COPD is a heterogeneous lung condition characterized by chronic respiratory symptoms 

(dyspnea, cough, sputum production, exacerbations) due to abnormalities of the airways (bronchitis, 

bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive airflow 

obstruction” [1]. Acute exacerbations of COPD (AECOPD) are important episodes in the natural 

history of the disease as they adversely affect health status, rate of hospitalization, and disease 

progression. Various metabolic disorders have been associated with patients of COPD, especially 

AECOPD. These disorders include hyponatremia, hypokalemia, hypocalcemia, hypomagnesemia, 

hypophosphatemia, elevated liver enzymes, and uric acid levels, and amongst them, hyponatremia 

and hypokalemia are the most commonly reported. While hyponatremia develops due to causes like 

chronic hypoxia, hypercapnia, heart failure, or syndrome of inappropriate antidiuretic hormone 

secretion (SIADH), hypokalemia primarily develops due to metabolic alkalosis or long-term beta-2 

agonist and steroid use [2-4]. Although these are mostly correctible, they are usually overlooked, 

thus confusing the diagnosis and adding to overall morbidity and mortality. The target of 

assessment of COPD is to determine the airflow limitation level, its effect on the health of the 

patient, and risk of future procedures like hospital admissions, the patient’s death, or exacerbations, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10208846/#REF1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10208846/#REF2
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to select the right therapy for management. The following things are considered in the assessment of 

COPD [5-8]. 

1. Severity of the abnormalities of the spirometry 

2. Signs and symptoms of the patient 

3. Proper history of patients of moderate and severe exacerbations 

4. Comorbidities 

Based on FEV1 post-bronchodilator, COPD is divided into four stages. 

         

Table No 1: Shows the Classification of COPD stages based on severity [6]. 

GOLD Stage Severity Spirometry 

I Mild FEV1/FVC <0.7 and FEV1 ≥80% predicted 

II Moderate FEV1/FVC <0.7 and FEV1 ≥50% but <80% 

predicted 

III Severe FEV1/FVC <0.7 and FEV1 ≥30% but <50% 

predicted 

IV Very 

Severe 

FEV1/FVC <0.7 and FEV1 <30% predicted 

 

OBJECTIVES OF THE STUDY:  

 

The objectives of our study include, 

a) To estimate and compare the serum electrolyte levels in stable COPD and acute exacerbation 

(AE) COPD patients. 

b)  To correlate the serum electrolyte levels with the severity of COPD using GOLD criteria (2023). 

c) To identify the common chest X-ray findings in COPD patients. 

 

METHODOLOGY 

a. Source of Data and Study Design: It is a case control study, conducted in the Department of 

Respiratory Medicine in collaboration with radiology department of our tertiary care hospital (Shri 

Balaji Institute of Medical Science, Raipur, CG). 

Cases: Patients with a diagnosis of AECOPD as defined by a case with a prior diagnosis of COPD 

who presents with an increase in respiratory symptoms (cough, expectoration, or breathlessness), 

who require a change in medications and/or hospital admission. 

Controls: Patients with stable COPD defined as patients with a prior diagnosis of COPD who did 

not have any exacerbations in the last four weeks. 

We included a total of 160 patients with stable (no=80) and AECOPD (n=80) who were previously 

diagnosed. The diagnosis of COPD was based on history, clinical examination, chest-X-ray findings 

and pulmonary function tests. 

b. Inclusion Criteria: 

 Clinically diagnosed stable and AECOPD patients. 

 Age between 30 to 60 years (both male and female). 

 Patients who are willing to participate in the study. 
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c. Exclusion Criteria: Patients with Diabetes Mellitus (DM), Hypertension, Cardiovascular 

Disease, Thyroid Dysfunction, Renal Disease (such as acute renal failure, chronic kidney 

disease), Pregnant and lactating women, Alcoholic were excluded from the study. 

d. Sample Collection: 5 ml venous blood was drawn from patients; under aseptic precautions with 

a clot activator tube. Serum was separated by centrifugation and used for the following 

biochemical analysis. Serum Sodium, Serum Potassium, Serum Chloride, Serum Ionic Calcium 

were estimated using Unicorn Lyte 5 Analyzer and Serum Magnesium was estimated using 

Dimension EXL 200. Two views of chest X-ray (PA and lateral) were performed in each patient 

in both controls and cases. 

e. Statistical Analysis: All the data was presented in number % percentage. Mean and Standard 

Deviation were used to determine the data. Student’s t-test was used for the comparison of serum 

electrolyte levels in stable and acute exacerbation (AE) COPD patients. Chi-square test was used 

for the correlation of serum electrolyte levels in stable COPD patients. A p-value less than 0.05 

were considered statistically significant. 

 

RESULTS 

 

A total number of 160 patients were included in the study. This includes 80 patients of stable COPD 

and 80 patients of AECOPD of age group of 30 to 65 years. The stable COPD group included 58 

males and 22 females and in AECOPD group, 60 were males and 20 were females. 

 

Table No 2: Shows Distribution of Variables in Stable and AECOPD Patients. 

Variables Stable COPD AECOPD P- Value 

Age (years) 59.2 ± 5.68 61.23 ± 3.76 NS 

Sodium (mmol/L) 143.14 ± 2.41 134.3 ± 4.86 HS 

Potassium (mmol/L) 3.98 ± 0.47 4.3 ± 0.52 NS 

Chloride (mmol/L) 106.62 ± 3.61 98.4 ± 5.77 HS 

Ionized Calcium 

(mmol/L) 

1.22 ± 0.17 0.69 ± 0.2 
HS 

Magnesium (mg/dL) 2.14 ± 0.27 1.64 ± 0.36 HS 

Not significant (p > 0.05) and Highly significant (p < 0.001) 

It is evident form the table no 1 that there were decreased levels of sodium, chloride, ionized 

calcium and magnesium levels in AECOPD patients compared to stable COPD patients, which were 

statistically highly significant (p-value < 0.00001). There were no statistically significant 

differences in the levels of potassium between the two groups. 

 

Table No 2: Shows Correlation of Serum Electrolyte Levels with the Severity of Disease. 

Variables Mild Moderate Severe Very 

Severe 

P – 

Value 

Hyponatremia 0 2 0 0  

 

0.23116 

Normal 3 33 30 8 

Hypernatremia 0 2 1 1 

Hypokalemia 1 1 1 1  
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Normal 2 36 30 8  

0.17545 Hyperkalemia 0 0 0 0 

Hypochloremia 0 2 1 0 

0.55708 Normal 4 34 31 8 

Hyperchloremia 0 0 0 0 

Hypocalcemia 1 13 7 6 

0.63616 Normal 4 21 22 6 

Hypercalcemia 0 1 0 0 

Hypomagnesemia 0 2 1 0 

0.55708 Normal 4 30 31 12 

Hypermagnesemia 0 0 0 0 

#Not significant (p > 0.05) 

 

It is evident from the table 2 that levels of serum electrolytes did not show statistically significant 

correlation with the severity of COPD as per GOLD criteria (p > 0.05). 

 

Table no.3: Chest X-ray findings in COPD patients 

Chest X-ray finding No. of patients Percentage 

Hyperinflated lungs and low flattened 

diaphragm 

        104         65 

Pruning of peripheral vasculature           32         20 

Obtuse costophrenic angle           80         50 

Tubular shaped heart           40         25 

Increased retrosternal air space           77         48 

Normal           32         20 

   

As in table no.3, it was observed in current study that hyperinflated lungs with flattened diaphragm 

was the most common chest X-ray finding, present in 65% of patients. Obtuse costophrenic angle 

and increased retrosternal air space were common findings too (observed in 50% and 48% patients 

respectively).  Less common findings were pruning of peripheral vasculature and tubular shaped 

heart. Even, normal chest X-ray was observed in 20% of patients. 

 

DISCUSSION 

 

In the present study, we included a total of 160 patients based on inclusion and exclusion criteria. 

These patients were divided into 80 stable COPD group and 80 AECOPD group.  The mean age 

(years) in stable COPD and AECOPD patients was 54.2 ± 5.68 years and 56.23 ± 6.74 years 

respectively. The ratio of males was high as compared to females in stable COPD and AECOPD 

patients. Das P et al (2010) also showed the high ratio of males as compared to females in 

AECOPD (47: 17) and control group (15: 5) [9].  

We evaluated serum levels of sodium, potassium, chloride and ionized calcium in both the groups. 

The normal reference ranges used for these parameters were serum sodium is 135 – 145 mmol/L, 

potassium is 3.5 – 5.3 mmol/L, Chloride is 97 – 110 mmol/L, Ionized Calcium is 1.1 – 1.32 
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mmol/L, and magnesium is 1.6 - 2.4 mg/dL respectively. We found statistically significant 

decreased levels of serum sodium, chloride, ionized calcium and magnesium in AECOPD patients 

as compared to stable COPD patients (p < 0.001). We found no statistically significant difference in 

the levels of serum potassium in AECOPD patients as compared to stable COPD patients (p > 

0.05). 

In concordance with our findings, Maklad SF et al (2019) find significantly abnormal levels of 

serum electrolyte (sodium, potassium, magnesium and chloride) levels in AECOPD patients as 

compared to healthy controls. During AECOPD, lungs experience increase in mucus production, 

tightening of passages of airway and inflammation is triggered by immunological defense system 

activation in the body. Hyponatremia is developed due to hypercapnia, hypoxia, renal insufficiency, 

respiratory acidosis, SIADH are some factors responsible for it. Hypomagnesemia cause muscle 

fatigue as it is involved in muscle tones maintenance and contraction of muscle. Hypochloremia is 

caused due to respiratory acidosis with metabolic alkalosis and chronic hypercapnia [10]. 

Rathore HK et al (2020) reported low serum levels of sodium, potassium, chloride, and magnesium 

in patients of AECOPD compared to stable COPD. Hypercapnia and Chronic hypoxia as a result of 

primary lung pathology, renal or cardiac failure, malnutrition, respiratory acidosis, use of steroids 

and bronchodilators, and SIADH may also contribute to hyponatremia in COPD patients. Patients 

with COPD are predisposed to electrolyte imbalance [11]. 

Sreekumar A et al (2021) also reported that low serum levels of magnesium had an association with 

COPD exacerbation [12]. It has been found that increasing hypoxemia during AECOPD causes 

intracellular magnesium ions to be depleted [13]. In this study, we also found no significant 

correlation between serum electrolyte levels and severity of disease in stable COPD patients. 

In current study, hyperinflated lungs with flattened diaphragm was the most common chest X-ray 

finding. Obtuse costophrenic angle and increased retrosternal air space were common findings too. 

These findings are in concordance with the classic study by Thurlbeck and Simon [14]. 

 

CONCLUSION 

 

The present study evaluated the levels of serum electrolytes, calcium and magnesium in Stable and 

AECOPD patients and they were further classified based on severity into mild, moderate, severe 

and very severe using GOLDs Criteria. Abnormal levels of electrolytes such as sodium, potassium, 

chloride, ionized calcium and magnesium have been linked to higher mortality rates in COPD 

patients. We found significantly decreased levels of sodium, chloride, magnesium and calcium in 

AECOPD patients compared to stable COPD patients. Hyperinflated lungs with flattened 

diaphragm was the most common chest X-ray finding. Obtuse costophrenic angle and increased 

retrosternal air space were common findings too in chest X-ray. However, chest X-ray lacks 

sensitivity and specificity in diagnosis of COPD. Therefore, the present study suggested that serum 

electrolyte levels help in assess the severity of the disease and provide appropriate treatment. The 

limitation of the present study is that there may be a correlation between serum electrolyte levels 

and disease severity; it may not necessarily imply causality. Other factors may be contributing to 

both the electrolyte imbalance and the disease severity. It is recommended that there should be 

continuous monitoring of the electrolytes in stable as well as in acute exacerbation (AE) COPD 
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patients and especially in the patients with comorbidities that increases the risk of electrolyte 

imbalances 
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