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Abstract
Background  Indapamide can cause hypokalaemia and hyponatraemia. Rhabdomyolysis associated with these electrolyte 
abnormalities has been reported.
Objective  The aim of this study was to assess causal association between the use of indapamide and the occurrence of 
rhabdomyolysis using the Bradford Hill criteria.
Methods  Variables in the rhabdomyolysis case reports and literature were reviewed. Bradford Hill criteria were used in the 
assessment of causal association.
Results  Up to 11 November 2020, there were 28 unique cases in VigiBase from 13 countries reporting indapamide-associated 
rhabdomyolysis. In 18 of these cases, hypokalaemia (n = 14) or hyponatremia (n = 8) was a co-reported event, including 
four cases where both of these events were reported. Indapamide was the only suspected drug in nine of these 18 cases and 
positive dechallenge was mentioned in 13 of them. In addition, there were risk factors such as falls, concomitant drugs with 
risk of hypokalaemia, or muscle injury. In two cases, liquorice (containing glycyrrhizin) was concomitantly used with 
indapamide before hypokalaemia and rhabdomyolysis occurred. Thiazide diuretics, known to cause hypokalaemia, showed 
similar disproportionality patterns as indapamide regarding rhabdomyolysis and myopathy, while calcium channel blockers 
(not causing hypokalaemia), had lower disproportionality values than indapamide.
Conclusions  Based on the review of case series and causality assessment using Bradford Hill criteria, indapamide may 
cause rhabdomyolysis due to hypokalaemia or hyponatremia. Considering the seriousness of the reported cases, health care 
professionals should be aware of this potential risk following indapamide intake, particularly when there are risk factors for 
hypokalaemia and hyponatremia such as excessive liquorice consumption. A similar risk of muscle injuries may apply to 
thiazide diuretics as well.
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1  Introduction

Indapamide is a non-thiazide diuretic, indicated for essential 
hypertension treatment [1, 2]. The recommended dose is 
one tablet containing 2.5 mg daily, which exerts prolonged 
antihypertensive activity in hypertensive human subjects [1]. 
In some jurisdictions, indapamide tablets are also approved 
for the treatment of salt and fluid retention associated with 
congestive heart failure [2].

Rhabdomyolysis is a condition in which damaged skeletal 
muscle breaks down rapidly resulting in leakage of the intra-
cellular muscle constituents into the circulation and extracel-
lular fluid. Weakness, myalgia and dark, tea-coloured urine 

are the main clinical manifestations. Some of the muscle 
breakdown products, such as the protein myoglobin, are 
harmful to the kidneys and may lead to renal failure. Rhab-
domyolysis ranges from an asymptomatic illness with eleva-
tion in creatine kinase activity, to a life-threatening condi-
tion associated with extreme elevations in creatine kinase, 
electrolyte imbalances, acute renal failure, and disseminated 
intravascular coagulation [3–5].

The causes of rhabdomyolysis include muscular trauma, 
muscle enzyme deficiencies, electrolyte abnormalities, 
infections, drugs, toxins, and endocrinopathies [3–5]. 
Among electrolyte imbalances, the following have been 
listed as causes of rhabdomyolysis: hyperosmotic conditions, 
hypernatremia, hypocalcaemia, hyponatremia, hypokalaemia 
[6], and hypophosphatemia. Drugs that may induce rhab-
domyolysis have been summarised including statins and 
other antilipid agents, antipsychotics and antidepressants, 
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Key Points 

Indapamide can cause hypokalaemia and hyponatremia. 
Rhabdomyolysis associated with these electrolyte abnor-
malities has been reported in literature.

Based on the review of case series and causality assess-
ment using Bradford Hill criteria, indapamide may cause 
rhabdomyolysis due to hypokalaemia or hyponatremia. 
Muscle injury and concomitant use of other drugs that 
cause hypokalaemia appear to be risk factors.

Health care professionals should be aware of the poten-
tial risk of rhabdomyolysis associated with indapamide, 
particularly when there are other risk factors for hypoka-
laemia or hyponatraemia. A risk of muscle injuries may 
apply to thiazide diuretics as well.

with rhabdomyolysis associated with indapamide in Vig-
iBase up to 11 November 2020 was performed, with dupli-
cates excluded. For the case series assessment on causal 
relationship, the Bradford Hill criteria [10–13] were applied, 
which include:

•	 strength of association (IC025 for indapamide /rhabdomy-
olysis),

•	 consistency (similar observation in other data sources),
•	 specificity (specifically associated with hypokalaemia 

and hyponatraemia),
•	 temporality (consistency of the time to onset),
•	 biological gradient (dose-related pattern),
•	 plausibility of the association (proposed mechanism),
•	 coherence (makes sense based on other known causes of 

rhabdomyolysis),
•	 experimental evidence (effect of dechallenge/rechal-

lenge)
•	 analogy (documented association with other K+ wasting 

medicines).

Searches on indapamide-associated myopathy (MedDRA 
preferred term) and on thiazide diuretics (ATC C03A) -asso-
ciated rhabdomyolysis and myopathy were also performed 
in VigiBase up to 11 November 2020 to assess the consist-
ency and analogy of the association between indapamide 
and these muscle disorders. The corresponding searches for 
calcium channel blockers (CCBs) were performed 1 week 
later. The number of reported (observed) versus expected 
cases, the information component (IC) and its lower limit of 
a 95% credibility interval (IC025) values were employed as 
measures of disproportionality, which were used in the com-
parison between indapamide and thiazide diuretics or CCBs. 
The expected value is based on the total number of reports 
concerning indapamide and the proportion of cases report-
ing rhabdomyolysis and myopathy in the whole database. 
The positive IC values indicate disproportional reporting, 
but there is a significant disproportionality only when IC025 
value is positive.

3 � Results

Data are presented and analysed based on each of the Brad-
ford Hill criteria.

3.1 � Strength of Association (IC025 for Indapamide/
Rhabdomyolysis)

VigiBase contained 33 cases reporting rhabdomyolysis 
with indapamide as a suspected or interacting medicine 
(expected 15). The IC025 was 0.5, indicating a statistical 
safety signal. Compared with the combination indapamide 

sedative hypnotics, drugs of addiction, antihistamines and 
other drugs [3–5] such as thiazides [5].

Rhabdomyolysis is not labelled in the UK or US indapa-
mide product information; however, electrolyte imbalances 
such as hypokalaemia and hyponatremia are labelled in both 
the UK and US [1, 2]. In addition, “muscle pains or cramps” 
are mentioned in the US label, as part of warning signs for 
hypokalaemia, hyponatremia and other fluid and electrolyte 
imbalances. Plasma sodium and potassium must be meas-
ured before starting indapamide treatment, then at regular 
intervals subsequently, to prevent hyponatremia and hypoka-
laemia, in particular in certain high-risk populations [2].

The aim of this study was to assess the causal associa-
tion between the use of indapamide and the occurrence of 
rhabdomyolysis.

2 � Methods

The combination of indapamide and rhabdomyolysis (Med-
DRA preferred term) was first detected in a screening of 
VigiBase, the WHO global database of reported potential 
side effects of medicinal products. VigiBase is the larg-
est database of its kind in the world, with over 25 million 
reports of potential side effects of medicinal products, sub-
mitted, since 1968, by over 140 member countries of the 
WHO Programme for International Drug Monitoring [7]. 
The signal detection activity was supported by vigiRank [8], 
which is a data-driven predictive model for emerging safety 
signals. In addition to disproportionate reporting patterns 
[9], it also accounts for the completeness, recency, and geo-
graphic spread of individual case reporting, as well as the 
availability of case narratives. A clinical review of reports 
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and myopathy, the higher IC025 values for rhabdomyolysis 
suggest a stronger signal. Therefore, an in-depth evaluation 
was performed for rhabdomyolysis.

The findings on thiazides and CCBs in Table 1 support 
the Bradford Hill analogy and specificity criteria, respec-
tively (see sections 3.9 and 4).

3.2 � Consistency (Similar Observation in Other Data 
Sources)

The reports came from 13 countries (mostly from France, 
Australia, Italy, Japan and Spain). Indapamide-induced acute 
hypokalaemic rhabdomyolysis has also been reported in lit-
erature [14, 15].

3.3 � Specificity (Specifically Associated 
with Hypokalaemia and Hyponatraemia)

After excluding five duplicates, 28 cases remained including 
18 cases with informative narratives. Of these, 82% (n = 23) 
were recorded as serious; when the criteria for seriousness 
was known (n = 19), only one case was recorded as other 
medically important condition, with the rest having caused 
or prolonged hospitalisation, including one in intensive 
care, and four being life threatening. When information on 
reporter qualification was provided (n = 25), the cases were 
all reported by a physician except one case by a consumer/
non-health professional, which was a case report in literature 
[14]. There were 16 females and 12 males, with an age range 
between 42 and 81 years (median 68 years) where informa-
tion was given (n = 24).

3.3.1 � Cases of Indapamide‑Associated Rhabdomyolysis 
with Co‑reported Hypokalaemia or Hyponatraemia

In 18 of the 28 indapamide-associated rhabdomyolysis 
cases, hypokalaemia (n = 14) or hyponatraemia (n = 8) was 
a co-reported event, including four cases where both these 
events were co-reported (see Table 2). Indapamide was the 
only suspected drug in nine of these 18 cases.

In two cases (7 and 10 in Table 2), liquorice (containing 
glycyrrhizin; used in traditional Asian medicine for its anti-
inflammatory properties) was added to long-term indapa-
mide treatment before hypokalaemia and rhabdomyolysis 
were reported.

(1)	 65-year-old male. Simvastatin (40 mg per day) and 
indapamide (1.5 mg per day) were started 21 and 18 
months before the occurrence of hypokalaemia and 
rhabdomyolysis, and discontinued at the onset of these 
events. The reaction diminished after the drugs were 
withdrawn. It was reported that the patient had rela-
tively high consumption of liquorice (approximately 
100 g per day) before the occurrence of hypokalaemia 
and rhabdomyolysis [15].

(2)	 77-year-old female. Indapamide, candesartan and loxo-
profen were started 3 years before the occurrence of 
pseudoaldosteronism and rhabdomyolysis. Liquorice 
7.5 g per day was started two months before these 
events. All the products were discontinued at the onset 
of these events and the reaction abated upon drug with-
drawal.

Table 1   Disproportionality of reports on rhabdomyolysis and myopathy associated with indapamide (ATC C03BA11), thiazide diuretics (C03A) 
and calcium channel blockers (C08C) in VigiBase

CCB calcium channel blockers, IC information component, IC025 lower limit of a 95% credibility interval for the IC
a The IC025 was positive for bendroflumethiazide, hydrochlorothiazide and trichlormethiazide; negative for bendroflumethiazide; potassium
b The IC025 was positive for trichlormethiazide, and negative for hydrochlorothiazide, bendroflumethiazide and polythiazide, although the IC 
value was positive for all these drugs
c The IC025 was positive for mibefradil, amlodipine, lercanidipine and azelnidipine; negative for benidipine, nicardipine, manidipine, nifedipine, 
cilnidipine, felodipine, barnidipine, nitrendipine, lacidipine and nimodipine
d The IC025 was positive for mibefradil and lercanidipine, negative for amlodipine, isradipine, nifedipine, efonidipine, nitrendipine and felodipine

Active ingredient(s)/ MedDRA preferred terms (PTs) Disproportionality values for single or groups of drugs

N observed N expected N drug N reaction IC025 IC

Indapamide/ rhabdomyolysis 33 15 10,863 32,557 0.5 1.1
Indapamide/ myopathy 11 5 10,863 10,666 0.1 1.1
Thiazides (ATC C03A)/ rhabdomyolysisa 82 44 30,844 32,557 0.6 0.9
Thiazides (ATC C03A)/ myopathyb 24 14 30,844 10,666 0.1 0.7
CCB (ATC C08C)/ rhabdomyolysisc 323 236 167,329 32,565 0.3 0.4
CCB (ATC C08C)/ myopathy d 71 78 167,329 10,676 −0.5 −0.1
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3.3.2 � Cases of Indapamide‑Associated Rhabdomyolysis 
Without Co‑Reported Hypokalaemia 
or Hyponatraemia

In the remaining ten cases (Table 3), without co-reported 
hypokalaemia or hyponatraemia, there were multiple co-
suspected or concomitant medicines with known risks of 
muscle injury (e.g. statins or gemfibrozil, n = 5). Indapam-
ide was the single suspected drug in only one of these cases 
and positive dechallenge was mentioned in two of them.

3.4 � Temporality (Consistency of the Time to Onset)

Among the cases in Table 2 with co-reported hypokalaemia 
or hyponatraemia in VigiBase (n = 18), the time from inda-
pamide start to the onset of rhabdomyolysis ranged from 3 
days to 21 months in 11 cases where this information was 
available (within 15 days in five cases, 1–2 months in three 
cases, between 12 months and 21 months in three cases).

Among the cases in Table 3 without co-reported hypoka-
laemia or hyponatraemia, the time to onset was provided 
in only two of the cases (i.e. 2 and 3 months, respectively).

Most of the cases occurred within 1 month, supporting 
a temporal relationship. In the above-mentioned two cases 
involving liquorice, a closer temporal relationship was 
observed for the addition of liquorice to long-term indapa-
mide treatment before hypokalaemia and rhabdomyolysis 
occurred, suggesting a role of liquorice or the possible con-
sequence of an interaction.

3.5 � Biological Gradient (Dose‑Related Pattern)

The indapamide dose was known in 17 of the 28 cases: 
1.0–2.5 mg daily in 15 patients, and 5 mg daily in two 
patients.

When comparing the groups of patients with versus 
without co-reported hypokalaemia or hyponatraemia, the 
daily dose seems to be somewhat higher in patients with the 
electrolyte disorders (median 2.0 mg, ranging 1.0–5.0 mg; 
mean 2.4 mg; Table 2) than in those without hypokalae-
mia or hyponatraemia (median 1.5 mg, ranging 1.5–2.5 mg; 
mean 1.8 mg; Table 3).

3.6 � Plausibility of the Association (Proposed 
Mechanism)

Among the 28 reported cases of indapamide-associated 
rhabdomyolysis, 18 (64%) of them co-reported hypokalae-
mia. Hypokalaemic rhabdomyolysis has been reported in 
literature, with [16] or without [6, 17] concomitant intake 
of liquorice, a substance known to cause hypokalaemia 
[18–20].

Hyponatraemia has also been reported in eight of the 28 
cases, with (n = 4) or without (n = 4) hypokalaemia, in line 
with literature findings [21].

Indapamide is known to cause both hyperkalaemia and 
hyponatraemia [1, 2].

3.7 � Coherence (Makes Sense Based on Other Known 
Causes of Rhabdomyolysis)

In the cases without hypokalaemia or hyponatraemia being 
co-reported, some other factors such as muscle injury (fall, 
use of statins or fibrates) and concomitant use of other 
drugs that cause hypokalaemia (such as thiazides) could be 
an alternative or contributing explanation for the suspecting 
indapamide-related rhabdomyolysis. On the other hand, the 
absence of reporting for hypokalaemia or hyponatraemia in 
some cases of the series may not be the same as evidence of 
absence of hypokalaemia or hyponatraemia, since the latter 
may have not been measured, suspected or reported.

3.8 � Experimental Evidence (Effect of Dechallenge/
Rechallenge)

There were no cases with positive rechallenge. However, 
positive de-challenge was mentioned in 13 of the 18 cases 
with hypokalaemia reported with rhabdomyolysis.

3.9 � Analogy (Documented Association with Other 
Potassium‑Wasting Medicines)

Other potassium-wasting medicines such thiazide diuretics 
(e.g. hydrochlorothiazide) are known to cause disturbances 
in the electrolyte imbalance. Hypokalaemia and hyponatrae-
mia are among the very common adverse reactions of these 
drugs [2, 22, 23]. Association between rhabdomyolysis and 
thiazide diuretics have been reported rarely in literature [21, 
24–26]. Also, thiazide is listed among the drugs that can 
cause rhabdomyolysis. This supports the Bradford Hill con-
sistency and analogy criteria for the causality assessment 
[5].

3.9.1 � Reporting of Rhabdomyolysis and Myopathy 
Associated with Thiazide Diuretics (ATC C03A) 
and CCB (ATC C08C) in Comparison with Indapamide

The disproportionality values for a single drug or groups 
of drugs are shown in Table 1. For indapamide, the IC025 
for myopathy was positive, although lower compared with 
rhabdomyolysis, being 0.1 and 0.5, respectively. As with 
indapamide, the IC025 was positive for thiazide diuretics 
(ATC C03A) in respect of myopathy and rhabdomyolysis, 
being 0.1 and 0.6, respectively. By contrast, the IC025 was 
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Table 2   Cases of indapamide-associated rhabdomyolysis with co-reported hypokalaemia or hyponatraemia in VigiBase (n = 18)

Case Age/ sex Suspected (S), interact-
ing (I) or concomitant 
(C) drugs

Indapamide 
dose (mg/
day)

Reactions other than 
rhabdomyolysis

Time to onset Reporter category Additional Information

1 -/F Indapamide, alpra-
zolam, perindopril, 
lercanidipine (all S)

1.5 Hypokalaemia
Hyponatraemia
Fall

Physician Positive dechallenge

2 -/M Indapamide (S) Hypokalaemia
Asthenia
Gait disturbance
Alkalosis metabolic

Physician Positive dechallenge

3 80/F Indapamide (S)
Omeprazole, lovastatin, 

paracetamol (all C)

5.0 Hypokalaemia 21 mo Physician Positive dechallenge, 
omeprazole (2 mo)

lovastatin (4 y)
4 69/M Indapamide (S)

Insulin, sitagliptin, 
metformin, esome-
prazole, amlodipine, 
irbesartan, fexofena-
dine (all C)

1.0 Hyponatraemia 1 mo Physician Positive dechallenge

5 81/F Indapamide, solifena-
cin, paroxetine, rilme-
nidine, zopiclone, 
alprazolam (all S)

Hyponatraemia
Fall
Hypochloraemia
Confusional state
Acute urine retention
Urinary tract infection

Physician Positive dechallenge

6 81/F Indapamide (S) Hypokalaemia (lowest 
K level 2.4 mEq/L)

Physician Positive dechallenge

7 65/M Indapamide, Glycyr-
rhiza glabra (both I)

Simvastatin (S)
Allopurinol, metformin 

(both C)

1.5 Hypokalaemia (lowest 
K level 1.5 mEq/L)

Drug interaction

18 mo Physician Positive dechallenge, 
simvastatin (21 mo)

Glycyrrhiza glabra

8 63/M Indapamide (S) Hypokalaemia (severe) 11 d Consumer/ non-
health profes-
sional

Literature case [14]
Positive dechallenge

9 76/F Indapamide (S)
Atorvastatin, beclo-

metasone, glime-
piride, metformin, 
pregabalin (all C)

1.5 Hyponatraemia (lowest 
Na level 111 mEq/L)

Diarrhoea, syncope

Physician Intensive care
Positive dechallenge

10 77/F Indapamide, Glycyr-
rhiza spp; Paeonia 
lactiflora, candesar-
tan, loxoprofen (all S)

Nifedipine (C)

2.0 Hypokalaemia (lowest 
K level 1.6 mEq/L)

Pseudoaldosteronism

2 mo Physician Positive dechallenge, 
Glycyrrhiza spp.

11 71/F Indapamide, atorvasta-
tin (both I)

2.5 Hypokalaemia (lowest 
K level 2.5 mEq/L)

Hyponatraemia
Hypomagnesaemia
Proximal myopathy

12 mo Physician Positive dechallenge, 
atorvastatin 5 y

12 60/F Indapamide, levothy-
roxine (both S)

1.5 Hypokalaemia
Hyponatraemia
Confusion

4 d Physician Indapamide 4 d
Levothyroxine 3 y

13 77/F Indapamide, spirono-
lactone, fenofibrate 
(all S)

5.0 Hyponatraemia (lowest 
Na level 124 mEq/L)

Physician Positive dechallenge

14 79/F Indapamide, terbuta-
line, iron, amitripty-
line, alendronic acid 
(all S)

2.5 Hypokalaemia
Hyponatraemia
Syncope

Physician
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negative for CCB (C08C) for myopathy and only positive for 
rhabdomyolysis, being − 0.5 and 0.3, respectively.

Among the cases in VigiBase of rhabdomyolysis associ-
ated with indapamide, thiazide diuretics and CCBs, the most 
commonly (top three) co-reported drugs were

•	 for indapamide: metformin (n = 5, including suspected 
n = 1 and concomitant n = 4), simvastatin (n = 4, all 
suspected) and perindopril (n = 4, all suspected);

•	 for thiazide diuretics: simvastatin (n = 25, including sus-
pected n = 22, and concomitant n = 3), acetylsalicylic 
acid (n = 20, including suspected n = 13 and concomi-
tant n = 7), and ramipril (n = 18, including suspected 
n = 16 and concomitant n = 2);

•	 for CCBs: simvastatin (n = 105, including suspected 
n = 104 and concomitant n = 1), atorvastatin (n = 42, 
including suspected n = 40 and concomitant n = 2) and 
furosemide (n = 32, including suspected n = 17 and con-
comitant n = 15), respectively.

The most concomitantly reported ADRs (adverse drug 
reactions) included hypokalaemia, hyponatraemia and myal-
gia for indapamide; acute kidney injury, hypokalaemia and 
hyponatraemia for thiazide diuretics; and creatine phospho-
kinase blood level (B-CPK) increase, acute kidney injury 
and drug interaction for CCBs, respectively.

The similar disproportional reporting pattern regarding 
both myopathy and rhabdomyolysis as well as the most 
commonly co-reported hypokalaemia and hyponatraemia 
for thiazide diuretics and indapamide, also in line with lit-
erature findings, supports the Bradford Hill analogy crite-
ria for the causality assessment. Although the association 
between the muscle disorders and thiazide use has not been 
further evaluated in depth with VigiBase data, the similar 
reporting pattern is in line with literature findings regarding 
rhabdomyolysis related to hypokalaemia and hyponatraemia 
for both thiazide diuretics and indapamide.

There was, however, no disproportionality for myopathy 
associated with CCBs, which are not known for inducing 
hypokalaemia with their routine clinical use [19]. Indeed, 
while hypokalaemia and hyponatraemia are commonly co-
reported for cases of rhabdomyolysis with indapamide and 
thiazide diuretics, this is not the case for CCBs. In addition, 
statins and furosemide are the most commonly co-reported 
medications among CCB-associated rhabdomyolysis, which 
likely would have explained or contributed to the dispropor-
tional reporting.

The use of CCBs as a ‘negative’ control supports the 
specificity of Bradford Hill criteria.

4 � Discussion

The aim of this study was to assess the causal association 
between the use of indapamide and the occurrence of rhab-
domyolysis using the Bradford Hill criteria.

The significant disproportional reporting (i.e. a positive 
IC025 value for indapamide/rhabdomyolysis) supports the 
strength of the association. Similar cases of hypokalaemic 
rhabdomyolysis in literature supports the consistency. Most 
of the cases in the series having co-reported hypokalaemia 
with or without hyponatraemia supports the specificity. Most 
of the cases having occurred within 1 month of indapamide 
use supports the temporality. Somewhat higher doses seen 
in cases with co-reported hypokalaemia and/or hyponatrae-
mia supports biological gradient. The proposed mechanism 
(i.e. indapamide being able to cause hypokalaemia and 
hyponatraemia, which could induce rhabdomyolysis) sup-
ports plausibility. The existence of other known causes of 
rhabdomyolysis, as potential risk factors, may support coher-
ence of the association. Finally, thiazide diuretics being on 
the list of drugs causing rhabdomyolysis, as well as case 
reports of thiazide-induced rhabdomyolysis due to hypoka-
laemia or hyponatraemia in literature, support analogy of 

Table 2   (continued)

Case Age/ sex Suspected (S), interact-
ing (I) or concomitant 
(C) drugs

Indapamide 
dose (mg/
day)

Reactions other than 
rhabdomyolysis

Time to onset Reporter category Additional Information

15 51/M Indapamide (S)
Nifedipine, atenolol 

(both C)

Hypokalaemia 2 mo

16 48/M Indapamide, colchicine, 
Papaver somniferum, 
tiemonium (all S)

Hypokalaemia 15 d Physician

17 42/F Indapamide (S)
Captopril (C)

2.5 Hypokalaemia 15 d Physician Positive dechallenge

18 61/M Indapamide (S) Hypokalaemia 3 d

F female, d day, M male, mo month, y year
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Bradford Hill criteria [3 ref]. In addition, the use of CCBs 
as a ‘negative’ control also supports specificity.

Hypokalaemia is the most common electrolytic cause of 
rhabdomyolysis [4]. Rhabdomyolysis is usually associated 
with hyperkalaemia due to renal failure or leakage of potas-
sium from skeletal muscle and hence hypokalaemia as a 

cause of rhabdomyolysis can be missed [17].The association 
of hypokalaemia with rhabdomyolysis has been highlighted 
[6, 17]. There have been reports of rhabdomyolysis occur-
ring with severe hypokalaemia with serum potassium levels 
< 2 mmol/L. It is well known that indapamide may result 
in hypokalaemia [1] because it can cause excess potassium 
loss in the urine.

Table 3   Cases of indapamide-associated rhabdomyolysis without co-reported hypokalaemia or hyponatraemia in VigiBase (n = 10)

F female, d day, M male, mo month, y year, NOS not otherwise specified

Case Age/ Sex Suspected (S), inter-
acting (I) or concomi-
tant (C) drugs

Indapamide 
dose (mg/
day)

Reactions other than 
rhabdomyolysis

Time to onset Reporter category Additional Informa-
tion

1 62/F Indapamide, irbe-
sartan, digoxin, 
fluindione, man-
idipine, alendronic 
acid, colecalciferol 
(all S)

1.5 Physician

2 59/M Indapamide, atorvas-
tatin, omeprazole, 
lercanidipine, 
celiprolol, alfuzo-
sin, glibenclamide 
(all S)

1.5 Hepatic injury, chol-
estasis

Physician Atorvastatin
80 mg/d

3 73/F Indapamide, esome-
prazole, hydrochlo-
rothiazide; telmisar-
tan, acetylsalicylic 
acid, salbutamol 
(all S)

1.5 Mucositis NOS Pharmacist

4 54/M Indapamide, simvas-
tatin (both S)

Physician Positive dechallenge

5 67/F Indapamide, 
ezetimibe/simvas-
tatin, hydrochloro-
thiazide +14 drugs 
(all S)

Drug interaction
Renal failure acute

Physician Positive dechallenge 
for ezetimibe/ 
simvastatin

6 69/M Indapamide, 
benazepril, amlodi-
pine (all S)

Myalgia Physician

7 55/F Indapamide, perin-
dopril, gliclazide 
(all S)

Metformin (C)

2.5 Hypoglycaemia 3 mo

8 75/M Indapamide, gemfi-
brozil, simvastatin, 
acetylsalicylic acid, 
celecoxib, quinapril 
(all S)

2.5 Renal failure acute 2 mo for simvastatin Physician Gemfibrozil 1.2 g
Simvastatin 80 mg

9 -/M Indapamide (S)
Verapamil (C)

Renal failure Physician

10 -/F Indapamide, mor-
phine, perindopril, 
zolpidem (all S)

Levothyroxine, carba-
mazepine, amlodi-
pine, atorvastatin, 
pregabalin (all C)

1.5 Bladder dilatation, 
coma, miosis, 
bradypnoea, acute 
kidney injury

Physician Positive dechallenge
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The mechanism of hypokalaemia-related rhabdomyoly-
sis has been discussed in the literature [17, 27–30]. Potas-
sium plays a major role in regulating the skeletal muscle 
blood flow; an increased potassium concentration in the 
muscle during muscle activity causes vasodilatation, which 
increases the regional blood flow. In a state of hypokalaemia, 
this increase is hampered, causing relative ischaemia in the 
active muscle leading to muscle cramps, and in a severely 
depleted state may cause rhabdomyolysis. In addition to 
hypoperfusion, hypokalaemia-induced impairment in mus-
cle metabolism may also contribute to muscle dysfunction.

Liquorice ingestion has also been associated with hypoka-
laemia-induced muscular weakness or rhabdomyolysis [16, 
18]. The reason why glycyrrhizin, contained in liquorice, 
causes hypokalaemia is because inhibition of 11β-steroid 
dehydrogenase prevents conversion of cortisol to cortisone, 
so cortisol continues to work on mineralocorticoid receptors 
leading to further potassium excretion [19]. Two cases in this 
study had liquorice added to long-term indapamide treat-
ment before hypokalaemia and rhabdomyolysis occurred. 
This indicates that these patients may have developed rhab-
domyolysis due to severe hypokalaemia, induced by a phar-
macodynamic interaction between liquorice and indapamide. 
The United States Food and Drug Administration (FDA) has 
warned about over-consumption of black liquorice candy 
and the risk of hypokalaemia, since it contains the com-
pound glycyrrhizin, which is the sweetening compound 
derived from liquorice root [20].

In addition, hyponatraemia-associated rhabdomyoly-
sis has been reported in the literature where a case report 
together with a literature review was presented [21]. Among 
the 24 published cases of hyponatraemia-induced rhabdomy-
olysis, 12 had coexisting hypokalaemia which could have 
played an additional role in the development of rhabdo-
myolysis. The mechanism by which hyponatraemia causes 
rhabdomyolysis is unclear and has been discussed [21, 31].

The association between rhabdomyolysis and indapa-
mide is consistent with the findings on rhabdomyolysis 
and thiazide diuretics, which are also known to give rise 
to hypokalaemia and hyponatraemia [22, 23]. In addition, 
hyponatraemia- and hypokalaemia-associated rhabdomyoly-
sis after thiazide diuretic use have been reported [24–26]. 
Also, thiazide is among the drugs that can cause rhabdomy-
olysis [5]. This supports the Bradford Hill analogy criteria 
for the causal relationship assessment. There was, however, 
no disproportionality for myopathy associated with CCBs, 
which are not known for inducing hypokalaemia with their 
routine clinical use [32]. Indeed, while hypokalaemia and 
hyponatraemia are commonly co-reported for cases of 
rhabdomyolysis with indapamide and thiazide diuretics in 
VigiBase, this is not the case for CCBs. In addition, statins 
and furosemide are the most commonly co-reported medica-
tions among CCB-associated rhabdomyolysis, which likely 

would have explained or contributed to the disproportional 
reporting. Clinically, treatment recommendations sometimes 
propose switching hyponatraemic patients on other antihy-
pertensive agents to CCBs [33].

4.1 � Limitations of the Study

Due to the nature of spontaneous reporting, it is not pos-
sible to measure the magnitude of the risk in VigiBase as 
not all cases occurring are reported and exposure to the 
drug is unknown. It is possible that indapamide-associated 
hypokalaemic rhabdomyolysis is underestimated, as signifi-
cant and widespread under-reporting of ADRs to spontane-
ous reporting systems including serious or severe ADRs is 
well known [34]. In this particular case, hypokalaemia as a 
cause of rhabdomyolysis might be missed clinically since 
rhabdomyolysis is usually associated with hyperkalaemia, as 
discussed above. In addition, there might be limited details 
in the reports regarding, for example, how the diagnosis was 
made, the exact timing of possible dose changes as well as 
the use of concomitant drugs, and also quantity and quality 
of the liquorice taken by the patients.

5 � Conclusion

Hypokalaemia and hyponatraemia are known adverse reac-
tions of indapamide. Rhabdomyolysis related to severe 
hypokalaemia and/or hyponatraemia has been reported in 
VigiBase and in literature. Based on the review of case series 
and causality assessment using Bradford Hill criteria, inda-
pamide may cause rhabdomyolysis due to hypokalaemia or 
hyponatraemia. Muscle injury and concomitant use of other 
drugs that cause hypokalaemia appear to be risk factors. 
Health care professionals should be aware of the potential 
risks of rhabdomyolysis associated with indapamide, par-
ticularly when there are other risk factors for hypokalaemia 
or hyponatraemia. A similar risk of hypokalaemic muscle 
injury may also apply to thiazide diuretics. However, further 
study is required before recommending that clinicians begin 
monitoring patients for this adverse event.
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