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Background: Pulmonary tuberculosis (PTB) is one of the common illnesses in developing countries which can present 
with various clinical manifestations. TB can induce hyponatremia via several mechanisms. The prevalence of hypona-
tremia is variable in previous studies.
Objectives: To study serum sodium levels and prevalence of hyponatremia in PTB patients.
Material and Methods: It was a cross-sectional study. Patients of 18 years and above, having active PTB over 2 years 
were included. Demographic and laboratory data of the patients were recorded and analysed.
Results: A total of 410 patients having PTB of an age ranging from 18 to 80 years; mean of 44.49 ± 13.8 years were 
taken. About 55.12% were in the age group of 40–60 years and 72.2% were males. Out of 410, 254 (61.95%) had hypon-
atremia, i.e., serum sodium < 135 mmol/L in which 182 (71.65%) were males and 72(28.34%) females. Most patients 156 
(38.05%) had mild hyponatremia, 72 had moderate and only 26 had severe hyponatremia. Briefly, 132(84%) in the mild 
hyponatremia category, 48(62.6%) in the moderate and 26(92.3%) in the severe hyponatremia were sputum AFB positive. 
Patients having extensive lung field lesions had severe hyponatremia (76.9%). Most patients were asymptomatic; only 6 
patients with severe hyponatremia were hypotensive and 2 of them required vasopressors.
Conclusions: Hyponatremia was observed to the extent of 61% in patients with PTB, with mild and asymptomatic 
hyponatremia being more common. Severity of hyponatremia was directly proportional to sputum positivity and extensive 
involvement of pulmonary parenchymal lesions. 
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Globally, TB prevalence in 2015 was 42%. Briefly, 9.6 
million people are estimated to have fallen ill with TB in 
2014: 5.4 million men, 3.2 million women and 1.0 million chil-
dren. Of the 9.6 million new TB cases in 2014, 58% were 
in the South-East Asia and Western Pacific regions. India, 
Indonesia and China had the largest number of cases: 23%, 
10% and 10% of the global total, respectively. In 2014, TB 
killed 1.5 million people (1.1 million HIV-negative and 0.4 mil-
lion HIV-positive). The toll comprised 890,000 men, 480,000 
women, and 140,000 children. TB now ranks alongside HIV 
as a leading cause of death worldwide.[1] India is the coun-
try with the highest burden of TB. India ranks 14th out of 
22 Countries with high TB Prevalence. The World Health 
Organization (WHO) statistics for 2014 give an estimated 
incidence figure of 2.2 million cases of TB for India out of a 
global incidence of 9.6 million. The estimated TB prevalence 

Introduction

Pulmonary tuberculosis (PTB) is one of the common 
diseases with high prevalence of mortality and morbidity in 
developing countries. Despite the advances in diagnosis and 
treatment TB remains still one of the world’s biggest threats. 
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figure for 2014 is given as 2.5 million.[1] It is estimated that 
about 40% of the Indian population is infected with TB bacte-
ria, the vast majority of whom have latent rather than active 
TB and the majority of people with TB are sputum smear 
positive.[2]

Hyponatremia is considered as one of the most com-
mon and important electrolyte abnormalities which must 
be considered in all seriously ill hospitalized patients.[3] It is 
a common complication of malignancy, neurosurgical con-
ditions, cardiac, liver, and renal failure and pulmonary dis-
orders. Hyponatremia occurs in 15–30% of hospitalized 
patients.[3,4] The commonest cause of hyponatremia is the 
syndrome of in appropriate antidiuretic hormone (SIADH).[5] 
This syndrome was first described by Bartter and Schwartz.[6]  
Hyponatremia is defined as a serum sodium concentration 
less than 135 mmol/L, between 130 and 134 mmol/L as mild 
 hyponatremia, between 125 and 129 mmol/L as moderate 
hyponatremia and severe hyponatremia as a serum sodium 
concentration < 125 mmol/L.[7]

PTB is considered as one of the common illnesses in 
developing countries which can present with various clini-
cal manifestations. TB can induce hyponatremia via several 
mechanisms like local invasion to the adrenal glands (adrenal 
insufficiency),[8,9] local invasion to hypothalamus or pituitary 
gland,[10,11] tubercular meningitis,[12–14] and inappropriate ADH 
secretion via pulmonary infection.[15–17] Tuberculosis (TB) is 
known to affect adrenal glands directly. Adrenal destruction 
by TB may lead to overt or subclinical adrenal insufficiency 
and it continues to be the most common cause of Addison’s 
disease in India.[18]

Various inflammatory diseases including pneumonia, 
severe acute respiratory distress syndrome, TB, meningi-
tis, encephalitis, human immunodeficiency virus infections 
and malaria are associated with the development of hypon-
atremia.[19] However, the pathophysiology of hyponatremia 
with these conditions remains elusive. Recent research has 
demonstrated that inflammatory cytokines, such as interleukin 
(IL)-1β and IL-6, are involved in the development of hypona-
tremia.[20–22] While SIADH is a well-known complication of pul-
monary inflammatory and infective diseases, the mechanism 
is poorly understood and has been attributed to hypoxia and 
decreased vascular volume. Hyponatremia is attributed to the 
inappropriate production of ADH from the posterior pituitary, 
which is therefore eutopic.[22,23]

Mild hyponatremia (130–134 mmol/L) has traditionally 
been regarded to be asymptomatic, with nausea, headaches, 
and anorexia occurring at moderate hyponatremia (125–129 
mmol/L) and more severe hyponatremia (< 125 mmol/L) 
associated with confusion, coma, seizures or even death. 
However, the classic publication of Arieff and colleagues 
demonstrated clearly that symptoms can occasionally occur 
at higher plasma sodium concentrations, with severe hypona-
tremia sometimes producing no perceived ill effects.[24]

Aims and Objectives: To study the serum sodium levels 
and to see the prevalence of hyponatremia in patients with 
PTB.

Material and Methods

It was a cross-sectional observational study, patients pre-
sented to the department of Pulmonary medicine Dr PSIMS & RF 
over a period of two years from 2014 to 2016 were studied. 
Diagnosis of PTB was made on the basis of clinical presenta-
tion, chest radiograph findings and microscopic detection of 
acid-fast bacilli (AFB).

Inclusion criteria: Patients aged 18 years and above, diag-
nosed as having active PTB.

Exclusion criteria: Patients with old TB, renal failure 
patients, endocrine abnormalities, patients receiving diuretics 
and medications related to SIADH. This study was approved 
by the institutional ethical committee. Case records of the 
patients having PTB were collected. Demographic profiles and 
laboratory data of the patients were recorded and analysed.

Serum sodium concentration less than 135 mmol/L was 
taken as hyponatremia. Patients were divided into three groups, 
serum sodium concentration between 130 and 134 mmol/L as 
mild hyponatremia, between 125 and 129 mmol/L as moderate 
hyponatremia and severe hyponatremia as a serum sodium 
concentration < 125 mmol/L .

Reading of the chest radiographs was focused on extent 
of lung parenchymal lesion as upper lung field and both lung 
fields (extensive). Upper lung field was defined as lesion 
involving the upper zone and lower lung field as the involve-
ment of mid and lower zone.

The grade of sputum smear at base line was defined as: 
negative -no bacilli in 100 high power fields; scanty as less 
than 10 bacilli in 100 high power fields; 10–99 bacilli in 100 
high power fields = 1+; 1–10 bacilli in one high power field = 2+; 
more than 10 bacilli in one high power field = 3+. The pooled 
data were described as mean with S.D. and frequencies. 

Results

About 410 patients having active PTB were taken into 
the study of an age ranging from 18 to 80 years with a mean 
of 44.49 ± 13.8 years. Most of the patients were in the age 
group of 40–60 years, i.e., 55.12% and more patients were 
males, 72.2%. The mean serum sodium level in the subjects 
was 133.1 ± 5.8 mmol/L. The age, sex distribution, and mean 
serum sodium levels are shown in Table 1. As shown in the 
table the mean sodium levels are less in the age group of 
>60 years and in males when compared to females.

Out of 410 patients 254 had hyponatremia, i.e., serum 
sodium levels <135 mmol/L (61.95%) in which 182 were males 
(71.65%) and 72 (28.34%) were females, as shown in Figure 1. 
As shown in Table 2 most of the patients had mild hypona-
tremia with serum sodium levels of 130–134 mmol/L, i.e., 156 
(38.05%) with 72 patients having moderate hyponatremia of 
125–129 mmol/L  and only 26 with severe hyponatremia of 
<125 meq/l. There were more females than males with mild 
(45.6% versus 35.1%, respectively) and severe hyponatremia 
(8.7% versus 5.4%, respectively). In the  moderate group 
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upper and lower lung field lesions, i.e., extensive had severe 
hyponatremia (76.9%).

Out of 410 patients, 138 had diabetes as a comorbid-
ity (33.65%) and 10 have retroviral disease. Of 138 with 
Diabetes Mellitus (DM) and Pulmonary Koch’s, 80 had hypon-
atremia 65.21%, i.e., the prevalence is more when compared 
to pulmonary Koch’s without comorbidity. Most patients with 
hyponatremia were asymptomatic, only 6 patients with severe 
hyponatremia were hypotensive, out of them 2 patients  
required vasopressors.

Discussion.

About 410 patients having active PTB were taken as sub-
jects for the study. Their ages ranged from 18 to 80 years with 
a mean of 44.4 ± 13.81 years. Around 72.2% of the subjects 
were males, the rest being females. Out of 410 subjects with 
PTB 254 (61.9%) patients had hyponatremia, a serum sodium 
value less than 135 mmol/L with 182 (72%) males and 72 
(28%) females.

In a study by Jafari et al in Tehran reported that the mean 
age of the patients was 59  ±  20 years ranging from 13 to 102 
years.[25] In the present study most of the patients belonged 
to the ages ranging from 40 to 60 years (55.12%). Mukherjee 
et al in their study reported that more subjects were in the 
age group between 20 and 40 years when compared to other 

there were more males when compared to females (20.9% 
versus 8.7%).

As shown in Table 3, of the 156 patients with mild hypon-
atremia, 132 were sputum AFB positive (84%),  in moderate 
48 out of 72 patients (62.6%) and 24 out of 26 with severe 
hyponatremia were sputum positive (92.3%). As per the radi-
ographic presentation of pulmonary lesions, patients with both 

Figure 1: Prevalence of hyponatremia.

Table 1: Demographic characteristics

Demographic character Distribution Frequency (%) Mean serum sodium level in mmol/L

Age < 40 years 144 (35.12) 133.78 ± 5.63
40–60 years 226 (55.12) 132.38 ± 5.72
> 60 years 40 (9.75) 131.97 ± 5.84

Sex Male 296 (72) 132.9 ± 5.8
Female 114 (27.8) 133.06 ± 5.84

Table 2: Grading and gender distribution of serum sodium status

Serum sodium level in mmol/L Males (%) Females (%) Total (%)
> 135 114 (73) 42 (27) 156 (38.05)
130–134 104 (67) 52 (33) 156 (38.05)
125–129 62 (86) 10 (14) 72 (17.56)
< 125 16 (62) 10 (38) 26 (6.34)

Table 3: Radiographic and microbiological parameters in relation to serum sodium

Serum sodium level in 
mmol/L 

Sputum positive (%) Sputum negative (%) Upper lung field (%) Extensive – both lung 
fields (%)

> 135 128 (82) 28 (18) 80 (52) 76 (48)
130–134 132 (84) 24 (16) 72 (47) 84 (53)
125–129 48 (66.6) 24 (33.3) 36 (50) 36 (50)
< 125 24 (92.3) 2 (7.7) 6 (23) 20 (77)
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metabolism in female rats. They found a greater sensitivity of 
arginine vasopressin release in response to osmotic changes 
in female rats.[33]

Around 204 patients out of the 332 who were sputum 
positive had hyponatremia (61.4%). Of those with severe 
hyponatremia (serum sodium value less than 125 mmol/L), 
92.3% were sputum positive. Among those with severe 
hyponatremia 76.9% had involvement of both lung fields 
when compared to 23% who had only upper lung field 
involvement.Generally extensive involvement indicates the 
severity of PTB and the present findings indicate that the 
severity of TB and hyponatremia were directly proportional 
to each other.

Out of 410 patients 138 have diabetes as a comorbidity 
(33.65%). Jangir et al, in their study observed that the preva-
lence of DM in patients with TB was 7.4%.[34] According to TB 
India 2012 DM accounts for 14.8% of TB cases and 20.8% 
smear positive TB cases.[35] Of the 138 subjects with DM and 
pulmonary Koch’s 90 subjects had hyponatremia (65.21%), 
i.e., the prevalence is more when compared to pulmonary 
Koch’s without comorbidity. Liamis et al in their review on 
diabetes and electrolyte disorders have explained the reason 
for hyponatremia in diabetes mellitus DM.[36] Hyperglycemia 
increases serum osmolality which draws water from the intra-
cellular compartment into the extravascular space, causing 
dilutional hyponatremia. Certain drugs used to treat DM may 
also cause hyponatremia.

Most of the patients in the present study had asympto-
matic hyponatremia. Six patients, out of 26 subjects with 
severe hyponatremia were hypotensive, yet only 2 needed 
vasopressors. A review by Biswas and Davies noted that 
patients with mild hyponatremia showed no symptoms.
[31] Similarly patients with chronic hyponatremia (hypona-
tremia lasting for > 48 h) also did not exhibit any symptoms. 
Symptoms occurred only when there was acute exacerba-
tion in patients with chronic hyponatremia or when serum 
sodium fell below 110 meq/l. In the present study there were 
no patients with serum sodium values less than 115 meq/l. 
Waikar et al have also found increased incidence of mortality 
in patients with hyponatremia, irrespective of the degree of 
hyponatremia.[37]

Conclusions

Hyponatremia was observed to the extent of 61% in 
patients with PTB; with mild and asymptomatic hyponatremia 
being more common. Severity of hyponatremia was directly 
proportional to sputum positivity and extensive involvement 
of pulmonary parenchymal lesions. There was no gender dif-
ference with relation to hyponatremia. This is the first study 
that has reviewed the prevalence of hyponatremia in rural 
patients, to the best of our knowledge. The limitation of the 
study was that the cause of hyponatremia was not looked into. 
As hyponatremia may lead to further morbidity, it should be 
kept in mind when treating a patient with TB.

age groups.[26] Chadha et al in their study on a rural South 
Indian population found that prevalence of TB was more in 
the younger age group 25–45 years.[27] The reason as to 
why subjects belonging to 40–60 age group were more in 
number in our study could be that ours being a tertiary care 
hospital, patients come after delayed diagnosis, stopping the 
treatment course and after being treated by other doctors. 
Hence, their treatment encounter in our hospital is delayed. 
A study by Mukherjee et al has shown TB was more in males 
when compared to females, the values being 69.3% male and 
30.3% female.[26] Mukherjee et al have observed that TB noti-
fication rates were similar in both sexes till puberty but differ 
after this age and becomes more pronounced after 35–40 
years. The high male preponderance was also found in the 
Revised National Tuberculosis Programme (RNTCP).[28] Our 
study group mostly comprised of subjects between 40 and 
60 years and this could explain the male preponderance. It 
was thought that because of lack of proper access to money, 
education, information and health, women were less likely to 
contact health authorities. In the study by Jafari et al males 
were less being 45.5%.[25]

Out of 410 subjects with PTB 254 (61.9%) patients had 
hyponatremia, with 182 (72%) males and 72 (28%) females. 
Jafari et al in their study observed that 51% of subjects with TB 
had hyponatremia.[25] As seen in Table 2 there were more sub-
jects with mild hyponatremia and very few with severe hypon-
atremia. Al-Barqawi et al observed that 6% of the patients 
admitted to a medical unit have hyponatremia; out of them 
in 50% the cause was diuretic therapy.[29] They also observed 
that mild to moderate hyponatremia was associated in those 
with chest infections. Crook et al observed that of those 
with hyponatremia 61% had chest infection.[30] According to 
Biswas et al syndrome of inappropriate anti diuretic hormone 
secretion (SIADH) is the most commonly encountered form of 
hyponatremia.[31]

Overall the mean serum sodium level in the subjects was 
133.1 ± 5.8 mmol/L. The mean serum sodium levels in the 
subjects above 60 years of age was slightly lower, when com-
pared to those between 40 and 60 years and below 40 years 
(131.9 ± 5.8 versus 132.3 ± 5.7 and 133.8  ± 5.6 mmol/L), 
respectively. Soiza et al have observed that chronic mild 
hyponatremia is common in old and frail individuals. The 
cause of hyponatremia was found to be multifactorial.[32] The 
mean serum sodium level in males was 132.9 ± 5.8 mmol/L 
and in females was 133.3 ± 5.6 mmol/L. The preponderance of 
hyponatremia in males was more than in females being 72% 
and 28%, respectively. Unlike the present study Jafari et al 
observed that hyponatremia in males was 42.1% and females 
was 52.9%.[25] The gender difference in the prevalence of 
hyponatremia between the present study and the study by 
Jafari et al, could be the higher TB notification rates in males 
in our country. There were more females than males with mild 
(45.6% versus 35.1%, respectively) and severe hyponatremia 
(8.7% versus 5.4%, respectively). In the moderate group there 
were more males when compared to females (20.9% versus 
8.7%). Wang et al have found gender differences in sodium 
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