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ABSTRACT
Introduction: Hyponatremia, serum sodium <135 mmol/L, can
result in neurological manifestation in acute cases, may lead
to seizures and coma. Angiotensin Converting Enzyme Inhibitor
(ACEI) and Angiotensin II Receptor Blockers (ARB) are drugs
that have been commonly prescribed for the treatment of
hypertension and cardiac diseases. It has become important
to evaluate and investigate the incidence of hyponatremia on
consumption of these drugs.
Aim: To determine the susceptibility of patients on ACEI and
ARB to hyponatremia and to ascertain the drug producing
notable hyponatremia among ACEI and ARB.
Materials and Methods: The study was conducted in a tertiary
care hospital. Serum sodium levels were assayed in patients
taking ACEI and ARB; 50 patients were recruited. The patient’s
age, sex, drug dosage, frequency of the drug administration
were collected using a proforma. Statistical analysis of data
were performed using SPSS version 19.0.

Results: Among all, 48% (24 out of 50) of the study population
administered with ACEI and ARB developed hyponatremia.
Predisposition to develop hyponatremia was high in males
compared to females. Incidence of hyponatremia was 62.5% (10
out of 16) in the age group of 56-75 years. Though, incidence of
hyponatremia was 54.5% (18 out of 33) in ACEI group compared
to 35.2% (6 out of 17) in ARB group, but it was not statistically
significant. The study also revealed that metosartan had a higher
association with hyponatremia compared to other drugs.
Conclusion: Hyponatremia was induced in nearly 50% of
patients taking ACEI and ARB. The incidence of hyponatremia
among patients on these two drugs did not show statistical
variation. Metosartan showed a higher incidence of
hyponatremia compared to enalapril, ramipril, captopril,
telmisartan, losartan included in the study. This study revealed
that monitoring of serum sodium level in the patients with ACEI
and ARB administration will help to elude unexpected adverse
reactions.
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INTRODUCTION
Hyponatremia is the most common electrolyte abnormality in
hospitalised patients. Hyponatremia may be associated with disease
conditions or as an adverse effect of certain drugs. Medicines have
been reported to account for 30% cases of hyponatraemia [1].
Hyponatremia may develop occasionally in the course of treatment
with drugs used in every day clinical practice. ACEI and ARB,
known as AT1 receptor antagonists or Sartans, modulate the Renin
Angiotensin Aldosterone system, are drugs primarily used for the
treatment of hypertension, diabetic nephropathy and congestive
heart failure. The rate of prescribing ACE Inhibitors is around 13.5%
and AT1 receptor antagonists are 24% in major cities of India [2].
The commonly prescribed drugs include ‘Enalapril’, ‘Ramipril’ and
‘Lisinopril’ (ARB) and losartan, candesartan, irbesartan (ACEI). The
drug reactions reported include hypotension, cough, hyperkalemia,
headache, dizziness, nausea and renal impairment. A case report
on monitoring of serum sodium levels before and after therapy
by Izzedine H et al., reported severe hyponatremia by enalapril
which was ascribed to ACEI-induced Syndrome of Inappropriate
Antidiuretic Hormone (SIADH) [3]. Reports also indicate effects of
ACEI and ARB on sodium channels: ACEI-treatment alters sodium
transporter sub cellular distribution in a manner that would blunt
sodium reabsorption along the nephron [4]; ACEI and ARB’s
have also been reported to down regulate the sodium channel
and renin expression in renal tubules. These effects would act to
suppress sodium reabsorption via sodium channel and neutralises
the mechanism that would elevate blood pressure in response
to increased salt intake [5]. ARB has been reported to inhibit the
vaso-constricting mechanism and aldosterone secreting effects of
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angiotensin II leading to decreased renal tubular sodium reabsorption
and potassium secretion [6].
Clinical manifestations of hyponatremia are primarily neurologic
(due to an osmotic shift of water into brain cells causing oedema),
especially in acute hyponatremia, and include dizziness, headache
and hyperkalemia. Infrequent side effects include orthostatic
hypotension, rash, diarrhoea, dyspepsia, abnormal liver function,
muscle cramp, myalgia, nasal congestion and back pain. Chronic
hyponatremia (>48 hour) patients may appear asymptomatic.
It is associated with multiple poor clinical outcomes including
falls, fractures, increased length of hospital stay and mortality [7].
Physicians may not always provide proper attention on time to
undesirable drug-induced hyponatremia. Awareness of this less
common adverse effect of these drugs on serum sodium levels
is of great importance for prevention and prompt and effective
clinical management. Therefore, the present study was conducted
to determine the susceptibility of patients on ACEI and ARB
to hyponatremia and to ascertain the drug producing notable
hyponatremia among ACEI and ARB.

Materials and Methods
A cross-sectional study was conducted on the patients visited
the tertiary care hospital at Tamil Nadu, India, from August 2015
to December 2015 after approval from Institutional Human Ethics
Committee. Being a pilot study 50 patients was recruited to evaluate
the prevalence of hyponatremia induced by ACEI and ARB.
Patient’s above18 years, both sex, having ACEI or ARB for minimum
of one month were included in the study. Patients with known renal
failure, history of diarrhoea during past one week and intake of
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additional drugs that have been known to cause hyponatremia were
excluded from the study.
Written informed consent was obtained from eligible patients
based on inclusion and exclusion criteria. A 3 mL of venous blood
were collected in sterile conditions for assay of serum sodium
level. The patient’s age, sex, drug dosage, frequency of the drug
administration were collected using proforma and serum sodium
levels were assayed by direct ISE method.

Statistical ANAlysis
Statistical analysis of data were performed using SPSS version 19.0.
Chi-square test was used to compare occurrence of hyponatremia
among patients taking ACEI and ARB. Patients were grouped
based on their sodium levels as normal and hyponatremic, their
mean sodium levels were compared using Student’s t-test. The
hyponatremic group was further sub-divided into ACEI and ARB
groups to compare their mean sodium levels using Student’s t-test.
p<0.5 was considered as statistically significant.

[Table/Fig-3]: Percentage of prescribed drugs.

ARB

RESULTS
A total of 50 participants recruited for the study, 33 on ACEI and 17
on ARB. Approximately 48% (24 out of 50) of patients administered
with ACEI and ARB developed hyponatremia. Predisposition to
develop hyponatremia was found to be more in males compared to
females, 51% of males developed hyponatremia compared to 38% of
females. Mean sodium levels were also lower in males compared to
females [Table/Fig-1]. Incidence of hypoanatremia was more (62.5%)
in the older age group (56-75 years) compared to the 45-55 years
age group. However, the magnitude of lowering of sodium level was
higher in patients above 66 years indicating a higher drop in serum
sodium level as age advances [Table/Fig-1]. ACEI had a higher rate
of inducing hyponatremia compared to ARB [Table/Fig-2]. The study
population was prescribed Enalapril, Ramipril, Captopril, Telmisartan,
Metosartan or Losartan. Among these Ramipril was the commonly
prescribed drug and Metosartan and Captopril were the less
prescribed [Table/Fig-3]. However, the occurrence of hyponatremia
was more with Metosartan compared to other drugs [Table/Fig-4].
Total number of participants

Participants with hyponatremia

n (%)

Mean sodium
level (meq/L)

n (%)

Mean sodium level
(meq/L)

Total

50 (100)

135.0

24 (48)

131.1

Male

37 (74)

134.6

19 (51)

130.7

Female

13 (26)

136.4

5 (38)

132.3

45-55 years

20 (40)

136.1

7 (36.8)

131.6

56-65 years

15 (30)

133.46

10 (62.5)

131.2

>66 years

15 (30)

135.13

7 (50)

130.4

[Table/Fig-1]: Incidence of hyponatremia with ACEI and ARBs.

ACEI

Drugs

Total Number of
Participants

Participants with
Hyponatremia n (%)

Telmisartan

8

-

Metosartan

1

1 (100)

Losartan

8

1 (12.5)

Enalapril

10

6 (60)

Ramipril

22

12 (54.5)

Captopril

1

0 (0)

[Table/Fig-4]: Hyponatremia induced by individual drugs.
ARB: Angiotensin II receptor blockers; ACEI: Angiotensin converting enzyme inhibitor

DISCUSSION
Hyponatremia may occur due to excess amount fluid compared
to normal level of sodium or due to depletion of both sodium and
body fluid. The symptoms include nausea, malaise, and lethargy,
decreased level of consciousness, headache, seizures and coma.
When there is very low serum sodium levels (<115 meq/L), it can
even lead to intracerebral osmotic fluid shifts and brain oedema
which may become fatal.
Medical conditions that can sometimes be associated with
hyponatremia are adrenal insufficiency, hypothyroidism, and cirrhosis
of the liver. Additionally administration of certain drugs like diuretics,
vasopressin, and the sulfonylurea drugs has been reported to lower
serum sodium levels. It is often considered that there is no effect of
ACEI and ARB on serum sodium levels. However, in the recent past
years there are few case reports indicate incidence of hyponatremia
due to ACEI and ARB administration [3,8,9].
The present study revealed the occurrence of hyponatremia in 48%
of the participants on ACEI and ARB [Table/Fig-1]. This finding
coincides with more incidence of hyponatremia with the case
reports on ACEI induced hyponatremia [3,8,9].
A previous study on losartan had reported higher susceptibility
of females to hyponatremia compared to men [10]. However,
the present study results indicate higher susceptibility of males
compared to females; however the difference was not statistically
significant [Table/Fig-1]. This may also be due to the fact that
cardiovascular and hypertensive diseases are more predominant in
males than in females and thus the proportion of male population
receiving the drugs are increased in number.
Incidence of hyponatremia was high in the age group 56-75 years
compared to the lower age groups (44-55 years). However, the
magnitude of serum sodium lowering was found to be higher in
patients above 66 years of age [Table/Fig-1]. A study on patients
receiving losartan had also reported the occurrence of hyponatremia
at a mean age of 76.4 years [10]. Variations in the kinetics and
dynamics of drugs in elderly patients could be basis for this finding.

[Table/Fig-2]: Incidence of hyponatremia among ACEI and ARB.
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The mean sodium levels were lower (130.8 meq/L) in ACEI group
than in ARB group (131.8 meq/L); though, the incidence of patients
who developed hyponatremia was higher in ACEI group than ARB
group, it was not statistically significant (p>0.05) [Table/Fig-2].
Also, literature search on earlier case reports revealed that ACEI
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induced hyponatremia had been reported more frequently than
on ARB usage [2,8-12]. Even though both ACEI and ARB induces
hyponatremia, the incidence was more with ACEI because of
increase in Angiotensin I levels with ACEI.
The drugs prescribed for the present study group patients include
enalapril, ramipril, captopril, telmisartan, metosartan and losartan
[Table/Fig-3]. The incidence of hyponatremia was found to be
higher with metosartan. Only one patient (2%) of the study group
was prescribed captopril but no hyponatremia was reported
in this patient [Table/Fig-4]; though, earlier case reports on
enalapril, lisinopril, captopril, ramipril and losartan have reported
hyponatremia [3,8-14].
As 48% of the study group developed hyponatremia, the results of
present study highlight the need for monitoring serum sodium levels
in patients with ACEI and ARB administration.
The mechanism of ACE inhibitor and ARB induced hyponatremia
has not been confirmed. Syndrome of inappropriate secretion of
antidiuretic hormone associated with ACE inhibitor and ARB therapy
inducing symptomatic hyponatremia could be considered as a rare
but possible cause [3,12]. With ACEI therapy increased circulating
Angiotensin I enters the brain and is converted to Angiotensin II,
which may stimulate thirst and release of antidiuretic hormone from
the hypothalamus, eventually leading to hyponatremia [8]. Reports
also indicate there is blockade of Aldosterone induced renal tubular
sodium reabsorption and potassium secretion which might lead to
lowering of serum sodium levels [6].

LIMITATION
The susceptibility of individuals to develop hyponatremia and the
type of drug involved in producing hyponatremia may have genetic
disposition. This could be the cause for the diversity observed in
the present and previous studies. Further exploration on this aspect
requires studies with larger sample size to through more light on
hyponatremia induced by these drugs.

CONCLUSION
Hyponatremia was found to be associated in nearly 50% of patients
taking AECI and ARB. The incidence of hyponatremia among patients
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on these two drugs did not show statistical variation. Though,
metosartan showed a higher incidence of hyponatremia compared
to other drugs included in the study, studies with larger sample size
are required to confirm the results. Present study emphasises the
need for monitoring of serum sodium level in patients on ACEI and
ARB administration to elude unexpected adverse reactions.
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