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Summary
Chronic liquorice ingestion is a rare cause of secondary 
hypertension and hypokalaemia with periodic paralysis. 
We report the case of a middle-aged Indian man 
who presented with hypertension and hypokalaemic 
alkalosis with recurrent bouts of periodic paralysis. 
Biochemical investigations revealed suppressed plasma 
renin and aldosterone concentrations with normal 
cortisol concentration. a detailed history revealed 
that he was addicted for the last 5 years to a form 
of chewing tobacco mixed with herbal preparations 
as a sweetening agent which on analysis revealed 
active principles of glycyrrhizin using the thin liquid 
chromatography method. the hypokalaemia resolved 
and hypertension control improved significantly after 
discontinuing liquorice consumption, and the patient was 
asymptomatic at 1-year follow-up. Long-term liquorice 
ingestion should be kept in mind as a reversible cause 
of hypokalaemic periodic paralysis, with a meticulous 
history and biochemical evaluation helping in identifying 
this recognisable and curable medical disorder.

BaCkground 
Hypokalaemia is one of the most common medical 
emergencies encountered in up to 20% of hospi-
talised patients,1 with increasing frequencies 
among those on diuretics.2 While the milder forms 
present with weakness, fatiguability and polyuria, 
severe disease can have significant complications, 
including cardiac arrhythmias and quadripa-
resis. While gastrointestinal loss and diuretic use 
contribute to the majority of causes,3 transcellular 
shifts and renal wasting are occasionally important. 
Excessive dietary intake of liquorice is a rare cause 
of refractory hypokalaemia as it can lead to a 
syndrome mimicking hyperaldosteronism charac-
terised by hypertension, hypokalaemia, alkalosis, 
low renin activity and hypoaldosteronism. The 
active ingredient in liquorice, glycyrrhizin (glycyr-
rhizic acid, glycyrrhizinate, glycyrrhetinic acid), 
induces pseudohyperaldosteronism by inhibiting 
the 11 beta‐hydroxysteroid dehydrogenase type 2 
(11β‐HSD2) which converts active glucocorticoid 
cortisol to locally inactive cortisone.4 This inhibi-
tion results in activation of renal mineralocorticoid 
receptors by cortisol. The net effect of renal miner-
alocorticoid receptor activation is sodium (Na+) 
reabsorption and potassium (K+) excretion with 
transient hyponatraemia, persistent hypokalaemia 

and metabolic alkalosis, leading to a pheno-
type similar to that of the syndrome of apparent 
mineralocorticoid excess.5 We report the case of 
a patient with resistant hypertension and hypoka-
laemia who had been consuming excessive quan-
tities of liquorice daily for 5 years in the form of 
herbal preparations mixed with chewing tobacco. 
The significance of this case relates to the elabo-
rate and meticulous approach to refractory hypo-
kalaemia. Though rarely reported, liquorice is used 
commonly in herbal preparations and teas and as a 
flavouring agent in sweets, chewing gums, breath 
fresheners and food products; therefore, physicians 
are encouraged to obtain detailed dietary and drug 
histories when patients present with hypokalaemia 
and hypertension.

CaSe preSenTaTion
A 45-year-old man, farmer from West Bengal, 
presented with history of progressive difficulty in 
getting up from squatting position and difficulty 
in climbing stairs for the last 9 months. He also 
reported polyuria with nocturia for the same dura-
tion. There was no history of polyphagia, loss of 
appetite or loss of weight. Over the last 6 months, 
he had two episodes of acute flaccid quadriparesis 
for which he was taken to the local hospital and 
was treated with intravenous fluids after which his 
condition improved. Historically, his admission 
documents revealed presence of hypokalaemia 
(lowest serum potassium 2.8 mEq/L). There was no 
history of diarrhoea, vomiting or abdominal pain. 
There were no history of palpitations, weight loss, 
heat intolerance or diaphoresis with biochemical 
investigations revealing normal thyroid function 
tests. He was diagnosed to have hypertension since 
past 2 years, with initial blood pressure recordings 
of 150/100 mm Hg. His blood pressure record-
ings persisted to be uncontrolled despite being on 
maximal doses of angiotensin receptor blocker 
(telmisartan tablet 80 mg/day), calcium channel 
blocker (amlodipine tablet 20 mg/day) and beta 
blocker atenolol tablet 50 mg/day). He was also 
using syrup potassium chloride (10 mL three times 
daily) intermittently for the past 6 months. There 
was no history of diabetes mellitus or any other 
chronic illness. On examination, he was of normal 
build with no pallor, cyanosis or other abnor-
malities on general survey. His pulse rate was 80 
per min and blood pressure in the right arm was 
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146/84 mm Hg in the supine position and 144/80 mm Hg in the 
erect position, with no discrepancies in blood pressures docu-
mented between the right and left upper and lower limbs. His 
systemic examination was essentially normal. He was found to 
have normal higher mental functions, no cranial neuropathies 
with essentially normal motor and sensory system examination. 
He did not have a history of use of alternative medications.

inveSTigaTionS
In order to avoid discrepancies in biochemical reports while 
testing the plasma renin and aldosterone levels, the patient’s 
antihypertensive medications were modified after admission, 
and the patient was initiated on prazosin-XL tablet (20 mg/day) 
and verapamil tablet (120 mg/day). Arterial blood gas analysis 
revealed metabolic alkalosis (arterial pH 7.55, normal: 7.35–
7.45; bicarbonate 32 mmol/L, normal: 22–28 mmol/L) and hypo-
kalaemia (K+ 2.9 mmol/L, normal: 3.3–5.1 mmol/L) with normal 
chloride (98 mmol/L, normal: 101–111 mmol/L) and mildly 
elevated sodium (146 mmol/L, normal: 135–145 mmol/L) levels. 
Serum magnesium level (1.93 mmol/L, normal: 1.5–2.5 mmol/L) 
was normal. Direct renin (3.2uIU/mL; normal range in upright 
position: 4.4–46.1uIU/mL) and serum aldosterone (34.1; 
normal: 40–310) levels sent after correction of hypokalaemia 
(corresponding serum K+ 3.7 mmol/L) were both found to be 
suppressed. Cortisol and adrenocorticotropic hormone (ACTH) 
levels at 08:00 hours were within normal limits (cortisol 16 
mcg/dL, ACTH 29 pg/mL), 24-hour urinary free cortisol was 
145 mcg/dL (normal <100 mcg/dL) which was repeated and 
found to be 92 mcg/dL (normal <100 mcg/dL) while overnight 
1 mg dexamethasone suppression test was 0.8 mcg/dL (normal 
<1.8 mcg/dL). The transtubular potassium gradient in the pres-
ence of hypokalaemia was 9, thus suggestive of a renal loss of 
potassium. He underwent a contrast-enhanced CT scan of the 
abdomen which failed to show any adrenal lesions. ECG, done 
at admission, did not reveal any U-wave or ST-T changes.

differenTial diagnoSiS
Our patient thus had features of hypokalaemia with metabolic 
alkalosis along with hypertension in the background of chronic 
liquorice ingestion. Hence, he was provisionally diagnosed to 
have an apparent mineralocorticoid excess (AME) syndrome 
with suppressed renin and aldosterone levels. The differentials 
considered included genetic (11β‐HSD2 mutation), acquired 
(overconsumption of liquorice, carbenoxolone or grapefruit 
juice), ectopic ACTH-secreting tumours and rarer aetiologies 
like Liddle’s syndrome, deoxycorticosterone-secreting tumours 
and some variants of congenital adrenal hyperplasia.6 Congen-
ital AME with very little 11β‐HSD2 activity usually presents in 
children with low birth weight, failure to thrive, short stature 
and severe, often fatal, hypertension with hypokalaemic meta-
bolic alkalosis and muscle weakness (type I).7 There is a milder 
form that presents in adolescents or young adults, often with 
some residual activity of 11β‐HSD2 (type II).8 Among the 
acquired causes of AME, liquorice is an important aetiology 
that contributes to hypertension and hypokalaemia through 
its active metabolites glycyrrhizic and glycyrrhetinic acid.9 
Liquorice is used in commercial preparations as herboristic and 
cosmetic, along with use in cough remedy, tea, Arabic gum, 
sugar, alcohol and tobacco.10 Ectopic ACTH-dependent Cush-
ing’s syndrome is another significant aetiology associated with 
the development of an AME-like clinical picture. Though ACTH 
has no direct effect on 11β‐HSD2, the enzyme is saturated in 
ectopic ACTH syndrome by very high concentrations of cortisol 

and corticosterone. The cortisol overproduced has a ‘spillover’ 
effect on the mineralocorticoid receptor, leading to hypertension 
and hypokalaemia.11 In addition, impaired 11β‐HSD2 activity 
is seen in patients with renal or hepatic disease and occasion-
ally in patients with pre-eclampsia.12 Biochemically, suppressed 
plasma renin activity, undetectable serum aldosterone levels and 
hypokalaemia with high tetrahydrocortisol+allo-tetrahydrocor-
tisol/tetrahydrocortisone ratio have been used in the diagnosis 
of AME. Similarly, a very high urinary free cortisol/urinary free 
cortisone ratio is specific for AME.13

Liddle’s syndrome also needs to be considered in cases of 
suspected secondary hypertension in the setting of hypoka-
laemia, low renin and low plasma aldosterone levels. As opposed 
to elevated levels of cortisol causing activation of the mineralo-
corticoid receptors, Liddle’s syndrome14 is characterised by an 
overactivating defect in the epithelial sodium channel resulting 
in increased sodium absorption and potassium wasting. Differ-
entiation of Liddle’s syndrome from AME is most easily accom-
plished based on the urinary cortisol levels15 (elevated in AME 
and normal in Liddle’s syndrome), but can also be distinguished 
based on the therapeutic response to spironolactone (hyperten-
sion is responsive to spironolactone in AME, but is not altered 
in Liddle syndrome).

On detailed review of the history, he was addicted to a concoc-
tion of chewing tobacco powder with different indigenous 
herbs, the latter being added as a sweetening agent. He had been 
consuming this mixture at least 8–10 times in a day for the last 
5 years. In the background of his clinical presentation, the possi-
bility of addition of liquorice as a sweetener was considered, and 
the mixture was sent for toxicology analysis. It was reported 
to be positive for active principles of glycyrrhizin using the 
high-performance thin layer chromatography (HPTLC) method. 
Though liquid chromatography-mass spectrometry techniques 
are the gold standard for detection of liquorice derivatives, the 
HPTLC method has shown good sensitivity and specificity in 
resource-limited settings.16 Thus, the diagnosis of liquorice-in-
duced syndrome of AME was confirmed.

TreaTmenT
At discharge, his potassium levels were normal, and he was asked 
to strictly abstain from using the tobacco mix and advised to 
continue the potassium-rich diet and potassium supplementation.

ouTCome and follow-up
Three months later, serum K+ was 3.8 mmol/L, and potas-
sium supplements were stopped. Twelve months after his initial 
presentation to the endocrine clinic and after stopping liquorice 
consumption, his blood biochemical profile was normal, blood 
pressures were controlled at 123/77 mm Hg (supine) and 
128/75 mm Hg (sitting) on low doses of telmisartan (40 mg/day) 
and amlodipine (10 mg/day), and he was clinically stable.

diSCuSSion
A syndrome of mineralocorticoid excess (characterised by hyper-
tension, sodium and water retention, and hypokalaemia) resulting 
from the ingestion of liquorice has been well-described.17 Among 
the acquired causes of AME, the other important aetiologies 
include overconsumption of carbenoxolone and grapefruit juice. 
Carbenoxolone, developed as an anti-ulcer drug, is a hemisuc-
cinate derivative of 18-alpha-glycyrrhetinic acid that has been 
associated with development of AME.18 The flavonoids naringin 
and its aglycone naringenin present in grapefruit19 seem to have 
an inhibitory effect on 11β‐HSD2 similar to liquorice leading to 
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AME. Liquorice or licorice (Greek) refers to the root of a plant 
called Glycyrrhiza glabra. It is native to Europe and Asia. The 
liquorice extracts have several medicinal benefits. Glycyrrhizin is 
the main sweet flavour and is metabolised to glycyrrhetinic acid 
after ingestion. It is 30–50 times as sweet as sucrose. Liquorice is 
a US Food and Drug Administration-approved food supplement 
used in many products without precise regulations to prevent 
toxicity. Liquorice extract consumption by an individual should 
not exceed 30 mg/mL of glycyrrhizic acid to avoid unwanted side 
effects while WHO guidelines for food additives quote intake 
of 100 mg per day would be unlikely to cause adverse effects in 
the majority of adults.20 Liquid form of liquorice extract is used 
as a commercial sweetener in sweets and beverages. It is also 
used as a flavouring agent for tobacco. The active metabolites in 
liquorice extract are glycyrrhizic acid and glycyrrhetinic acid that 
can lead to a syndrome known as AME.20 After oral ingestion, 
glycyrrhizic acid is hydrolysed to glycyrrhetinic acid by intestinal 
bacteria.21 Glycyrrhetinic acid is 200–1000 times more potent as 
an inhibitor of 11β‐HSD2 than glycyrrhizic acid; therefore, its 
pharmacokinetics is more relevant after oral administration. The 
major dose-limiting mineralocorticoid effects include oedema, 
hypokalaemia, weight gain or loss, and hypertension. Liquorice 
causes suppression of 11β‐HSD2 type 2 enzyme which converts 
cortisol to cortisone, in the kidneys at the aldosterone-sensitive 
sites in the collecting tubules.22 It also acts by directly binding 
to the mineralocorticoid receptors. Excess cortisol acts on the 
mineralocorticoid receptors leading to hypertension and hypo-
kalaemia producing a state of pseudohyperaldosteronism. 
Pseudohyperaldosteronism from chronic liquorice ingestion is 
characterised by low serum and urinary aldosterone levels and 
decreased serum renin activity. This differs from true primary 
hyperaldosteronism caused by aldosterone-producing adenomas 
or primary adrenal hyperplasia which is characterised by elevated 
urine and serum aldosterone levels.

Patients generally fully recover with discontinuation of expo-
sure to liquorice and spontaneous correction of hypertension 
and hypokalaemia occurring within several weeks; however, 
months may pass before the renin-aldosterone system becomes 
active again.5 Muscle weakness resolves within days of potas-
sium replacement. The hypokalaemia precipitated by liquorice 
can be further compounded by the use of drugs like terbutaline23 
while rarer manifestations like thrombocytopenia have occasion-
ally been reported with liquorice.24

Our case thus highlights a unique reversible aetiology of hyper-
tension with hypokalaemic periodic paralysis. It is important to 
have an exhaustive history, as failure to identify the aetiology can 
lead to unnecessary investigations and delay in treatment initiation.

learning points

 ► Hypertension with hypokalaemic periodic paralysis should 
raise the strong suspicion of a mineralocorticoid excess state.

 ► Liquorice, used as a sweetener agent in food materials, herbal 
medications and chocolates can mimic hyperaldosteronism.

 ► An exhaustive history is needed to identify potential liquorice 
ingestion along with presence of low levels of renin and 
aldosterone on biochemical evaluation.

 ► Avoidance of exposure to liquorice can reverse the metabolic 
abnormalities within few weeks to months of discontinuation.
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