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Abstract
Background: HIV-1 infection treatment has greatly improved with the availability of combined antiretroviral therapy
(cART). Unlike Tenofovir Disoproxil Fumarate, Tenofovir Alafenamide has a more favourable renal profile, even if proximal tubulopathy and electrolyte disturbances have been reported. As earlier as 4000 years ago, liquorice root was used for
some medical treatments. Excessive liquorice intake is described to cause a state of mineralocorticoid excess. However,
liquorice-induced hypokalaemia usually occurs with mild clinical manifestations and a severe presentation is rare.
Case presentation: We report a case of a 33-year-old woman admitted to our Emergency Unit with diagnosis of severe hypertension and acute headache. She had a story of HIV since 2011 and was taking cART (Darunavir/Cobicistat/Emtricitabine/Tenofovir Alafenamide) with a stable viro-suppression. She was an active smoker, occasional drinker, and admitted
a large intake of liquorice for at least one year (2.5-3 mg/Kg/daily). At physical examination, high blood pressure, tachycardia, and lower limb paraesthesia with paraparesis were observed. A severe hypokalaemia (K+<1.5 mmol/L) associated
with metabolic alkalosis, and high creatine kinase (CK) levels were found, with an estimated potassium chloride deficit of
650 mEq. Electrocardiogram showed ST depression, T waves flattening, and prominent U waves.
The prompt administration of intravenous MgSO4 and KCl supplementation led to a rapid improvement of muscular
symptoms and electrocardiographic features and, during hospitalization, we observed a progressive blood pressure stabilization, electrocardiogram normalization and muscular symptoms complete remission with CK values lowering to normal
range. The patient was discharged ten days after admission, asymptomatic, with normal blood pressure and potassium
values.
Conclusions: we reported the first case of severe hypokalaemia due to possible interplay between cART regimen and
liquorice intake. It could be of some interest given that liquorice is increasingly used also as adjuvant to antiviral therapy.
Keywords: Hypokalaemia; Pseudohyperaldoteronism; HIV; Combined Antiretroviral Therapy; Liquorice Intake
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Introduction
Human Immunodeficiency Virus -1 (HIV-1) infection treatment has greatly improved over years with the introduction of combined
antiretroviral therapy (cART) [1]. Among cART regimens, Darunavir/Cobicistat/Emtricitabine/Tenofovir Alafenamide (Symtuza®)
showed a more favourable renal and bone profile, even if proximal tubulopathy and electrolyte disturbances are reported [2].
As earlier as 4000 years ago, liquorice root was used for some medical treatments [3]. The major bioactive principle is glycyrrhizic
acid, which has been shown to inhibit the enzyme 11-β- hydroxysteroid dehydrogenase decreasing the conversion of cortisol to
the inactive form [4]. Consequently, this could cause pseudo-hyperaldosteronism with hypokalaemia, hypertension, and metabolic
alkalosis. Excessive liquorice intake is described to cause a state of mineralocorticoid excess [5]. However, liquorice-induced hypokalaemia usually occurs with mild clinical manifestations and a severe presentation is rare.
We described, for the first time, a case of liquorice-induced pseudo-hyperaldosteronism with severe hypokalaemia occurred in a
young HIV patient on ART treatment.

Case presentation
A 33-year-old woman was admitted to our Emergency Unit with severe hypertension and acute headache. Fifteen days earlier, she
was evaluated by her infectious diseases’ physician, who observed generalized muscular weakness and paraesthesia especially involving lower limbs and suggested a neurological examination in order to rule out a possible neuropathy. Regarding her history of HIV,
she received the diagnosis in 2011 at 24 years and had a severe AIDS presentation (Pneumocistis jiroveci pneumonia, disseminated
cytomegalovirus disease, oral candidiasis, chronic muco-cutaneus Herpes simplex). The CD4+ T-cell nadir count was 33 cell/mL.
After the initiation of cART with a boosted darunavir-based regimen, she experienced an excellent viro-immunological response.
During follow-up, she received different boosted-darunavir based regimens (along with tenofovir disoproxil fumarate and abacavirlamivudine). Since 2019, she received a new cART formulation (Darunavir/Cobicistat/Emtricitabine/Tenofovir Alafenamide) with
a stable viro-suppression (HIV RNA was undetectable since 2011 and latest CD4 T-cell count available was 626 in 2020). Moreover,
her medical history revealed post-surgical hypothyroidism for benign toxic goitre on levothyroxine replacement therapy and mild
anaemia on iron and acid folic supplementation. She reported being an active smoker, occasional drinker, and admitted a voluptuary
use of pure liquorice in granules for at least one year. She was not able to exactly quantify the daily liquorice amount, but according
to what she declared, we could estimate that she assumed 2.5-3 mg/Kg/daily.
Physical examination showed lower limb paraesthesia with paraparesis, high blood pressure (200/100 mmHg) and tachycardia
(100 beats/min). Neurological examination was not conclusive for any organic pathology. Laboratory findings are reported in Table 1.
A severe hypokalaemia (K+<1.5 mmol/L) was found and was confirmed through a venous blood gas analysis (K+1.49 mmol/L), in
association with metabolic alkalosis (pH 7.53, bicarbonates 53 mmol/mol), and high creatine kinase (CK) levels (13211 U/L). Potassium chloride (KCl) deficit was estimated to be about 650 mEq.
The patient denied previous history of hypertension or hypokalaemia, episodes of diarrhoea, vomiting or laxative/diuretic use/abuse.
Electrocardiogram (ECG) at admission (Figure 1) showed, besides a mild right bundle branch block, ST depression, T waves flattening and prominent U waves, more evident in precordial leads.
Intravenous MgSO4 and KCl supplementation was promptly administered with a rapid improvement of muscular symptoms and
ECG features (Figure 1).
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She was admitted to our Endocrine-Metabolic Unit for further diagnostic work-up and treatment. Hormonal profile revealed normal
aldosterone levels, very low renin values and normal cortisol levels (Table 1). No abdominal or adrenal masses were found at ultrasound evaluation.
During hospitalization we noticed an overall improvement of the patient’s clinical condition, with a progressive electrocardiogram
normalization, CK values normalization and muscular symptoms remission. Blood pressure was restored to normal values through
the introduction of amlodipine and potassium canrenoate. The patient was discharged ten days after admission, asymptomatic, with
normal blood pressure and potassium values (Table 1). She was prescribed to continue therapy with oral potassium canrenoate and
potassium chloride supplementation in addition to her home therapy, and to absolutely avoid liquorice intake.

a) At admission, K+ 1.49 mmol/L
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b) During KCI supplementation, K+ 2.2 mmol/L
Figure 1: (a) ECG findings (precordial leads C3 to C6) at admission, with correspondent K+ value; ECG showed mild right bundle
branch block, ST depression, T waves flattening and prominent U waves; (b) ECG findings (precordial leads C3 to C6) during KCl
supplementation, with correspondent K+ value; progressive normalization of ECG features

Parameter

Values at
admission

Values at
discharge

Normal laboratory
range

Sodium (Na)

144

139

136-145 mmol/L

Potassium (K)

<1.5

4.3

3.4-4.5 mmol/L

Chloride (Cl)

84

104

98-107 mmol/L

Alanine aminotransferase (AST)

223

25

10-35 U/L

Aspartate aminotransferase (ALT)

508

60

18-34 U/L

Gammaglutamyltransferase (GGT)

9

/

6 – 42 U/L

Creatine kinase (CK)

13211

181

26-192 U/L

Total bilirubin

0.4

0.55

<1.2 mg/dL

Creatinine

0.9

0.82

0.6-1 mg/dL

Glucose

113

91

78-106 mg/dL

Calcium (Ca)

8.5

8.98

8.6-10.2 mg/dL

Lactic dehydrogenase (LDH)

882

430

135 – 225 U/L

Aldosterone

5.7

/

1.2-23.6 ng/dL

Renin

<2

/

2.8 - 39.9 μUI/ml

Cortisol

13.6

/

4.8 - 19.5 μg/dL

Table 1: Laboratory findings at patient’s admission and at discharge
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Discussion
The treatment of HIV-1 infection has greatly improved over the years with the introduction of combined antiretroviral therapy
(cART) [1]. Nowadays, despite the absence of a definitive cure, the natural history of the disease is radically changed, and it is considered a chronic yet manageable disease [6]. Among cART regimens, Darunavir/cobicistat/emtricitabine/tenofovir alafenamide (Symtuza®) was the first protease inhibitor (PI)-based single-tablet regimen (STR) available for the treatment of adults and adolescents
(aged ≥ 12 years) with HIV-1 infection [2]. Unlike Tenofovir Disoproxil Fumarate, Tenofovir Alafenamide has a more favourable
renal and bone profile even if proximal tubulopathy and electrolyte imbalance are reported [2].
Liquorice (Glycyrrhiza glabra) has been used since ancient times both as sweetener and as medical remedy (hypotension and stomach ulcers) [3,7]. In literature, many reports of severe complications due to large ingestion of liquorice amount have been reported
[8,9].
The pathophysiology of the clinical effects of liquorice has been well investigated, and it depends mainly on glycyrrhizic acid, the
active component of liquorice, which inhibits 11β-hydroxysteroid dehydrogenase, an enzyme implied in cortisol conversion to cortisone [4,8]. The subsequent cortisol excess is responsible of the apparent mineralocorticoid excess [5,7]. This clinical syndrome is
similar to primary aldosteronism, and presents with hypokalaemia, hypertension, metabolic alkalosis and low plasma renin. However, unlike primary aldosteronism, plasma aldosterone levels are low [10].
The severity of clinical presentation of hypokalaemia mainly depends on the degree and the duration of low serum K+ level, as
recently showed by Kwon YE et al. [11], who found that patients with lower limbs paraparesis and/or paralysis had serum K+ level
below 2 mEq/L, as shown in our case. Of note, the muscular symptoms and CK elevation found in our patient may be explained not
only for the very low K+ values, but they may also be related to HIV infection and the ongoing cART regimen. In fact, CK elevation
in HIV infected patients may have a multifactorial pathogenesis in up to one third of cases, including HIV-associated inflammatory
myopathy, medications, alcohol abuse, and drug overdose [12].
Despite our observation, it has been reported [13] that liquorice consumption is rarely associated with serum K+ levels <2.0mmol/L.
This is also due to the fact that, as reported by the Scientific Committee on Food [14], one can safely ingest regular large amount of
glycyrrhizic acid (approximately 2 mg/Kg/die) without adverse effects. Furthermore, a significant individual variation is observed
in the susceptibility to glycyrrhizic acid-induced adverse effects [11]. Unfortunately, we were not able to exactly quantify the daily
liquorice amount consumed by our patient, but according to what she declared, we could estimate that she assumed 2.5-3 mg/Kg/
daily for voluptuary use. Taking into account the above considerations, it is unlikely that liquorice per se could be responsible for the
severe hypokalaemia (K+<1.5 mmol/L), with KCl deficit estimated of about 650 mEq, as found in our patient.
On the other hand, Tenofovir Disoproxil Fumarate alone or in combination with other drugs (especially boosted protease inhibitors)
is associated with an increased risk over time of renal tubular abnormalities, causing hypokalaemia [15-18]. Speculating on this issue, we believe that the severity of clinical presentation of our patient could be due to the concomitant interplay between liquorice
intake and cART regimen treatment. This potential interplay is noteworthy since liquorice has emerged, especially in traditional
Asian medicine, as an antiviral agent, and recently, the combination of tenofovir and glycyrhizin was investigated in patients with
chronic hepatitis B with beneficial effects [19]. The glycyrrhetinic acid, the main active metabolite of glycyrrhizin, was shown to be
a strong inhibitor of Glycoprotein P (P-gp) [20], which is a membrane, bound efflux protein that can be a substrate for Tenofovir
alafenamide. This may theoretically lead to an increased Tenofovir alafenamide plasmatic concentration, even if the Liverpool HIV
drug interactions database [21] did not investigate this possible interaction, and no interaction was found also between liquorice
and emtricitabine, that the patients was taking, together with darunavir and cobicistat. With respect to latter drugs, glycyrrhizin is a
mild CYP3A4 inducer, thus potentially decreasing the bioavailability of darunavir, but this occurrence is unlikely given the stronger
inhibitory effect of cobicistat on CYP3A4 [22].
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It would have been interesting to test plasmatic concentrations of antiretrovirals during the clinical event, but unfortunately it was
not possible. Moreover, there is a single report to date about the possible interaction between liquorice and a boosted PI (atazanavir),
but no clinical relevance was found [23].
Furthermore, with particular regard to HIV, glycyrrhizin was described to both inhibit cell-free viral infection and cell to cell infection, and also HIV replication. Moreover, it was suggested that the antiviral effects of glycyrrhizin could be linked to immune activation induction [24-26]. Based on these considerations, and also because since 1989 glycyrrhizin has been tested in AIDS patients
[27], it would have been interesting to investigate the potential correlation between the levels of inflammation, e.g. by measuring
some cytokines, and the treatment of liquorice-induced hypokalaemia, but unfortunately cytokine dosage was not available. Of note,
our patient did not assume liquorice in order to boost of antiviral activity or the ongoing cART.
It is well known that some clinical events non-AIDS related can occur in HIV-infected patients [28]. For this reason, clinicians involved in the care of people living with HIV need to be aware the several clinical conditions may occur and lastly, that polypharmacy
is an actual issue in HIV-infected ageing people, but also in younger ones [29].

Conclusion
This report describes a case of severe hypokalaemia due to interplay between cART regimen and liquorice intake. It is important to
underline that, therapeutic reconciliation, i.e. investigating the intake of any substance (not only conventional drugs) is an important
part of clinical follow-up in order to assess the presence of possible drug-interactions.
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