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Introduction 

 

Regulation of blood pressure is a complex interplay between several haemodynamic mechanisms, 

and changes in for example arterial compliance, endothelial function, or the regulation of vascular 

resistance can be measured already before clinical manifestations of cardiovascular disease. 

Liquorice ingestion often elevates blood pressure, but the sensitivity of human subjects to the 

liquorice-induced elevation of blood pressure varies individually and patients with hypertension 

show higher sensitivity [1].  

 

The liquorice-induced hypertension is mediated via mineralocorticoid receptor (MR) [2]. Liquorice 

contains glycyrrhizinic acid, which in the bowel is metabolized to glycyrrhetinic acid [3], which in 

turn inhibits the enzyme 11β-hydroxysteroid dehydrogenase type 2 and enhances the action of 

cortisol on the MR [4]. Excessive renal MR activation by cortisol promotes reabsorption of sodium 

from renal distal tubule and increases excretion of potassium and hydrogen into the urine [5]. This 

leads to sodium retention, increased extracellular volume, hypertension, hypokalemia and metabolic 

alkalosis. This condition is called pseudohyperaldosteronism due to low renin and low aldosterone 

concentrations in plasma, as described in 1968 by Conn [6]. The liquorice-induced hypertension is 

characterized by oedema, low plasma renin and aldosterone concentrations, but only in some 

patients hypokalemia [7].  

 

The association of hypercortisolism and elevated blood pressure has been widely studied in 

Cushing’s syndrome.  Glucocorticoids cause hypertension through their intrinsic mineralocorticoid 
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activity, through activation of the renin-angiotensin system, by enhancement of cardiovascular 

inotropic and pressor activity of vasoactive substances (catecholamines, vasopressin and 

angiotensin II), and by causing suppression of the vasodilatory systems (e.g. NO synthase) [8-11]. 

As a synergistic effect of the mechanisms described above, glucocorticoids increase cardiac output, 

total peripheral resistance and renovascular resistance, and elevate blood pressure [8].      

 

 

Study objectives 

 

Since the detailed hemodynamic effects underlying the liquorice-induced hypertension remain 

unknown, the objective of this study is to examine haemodynamic changes after regular liquorice 

exposure in healthy volunteers utilizing continuous pulse wave analysis, whole-body impedance 

cardiography, tonometric radial artery and plethysmographic finger BP recordings during passive 

orthostatic challenge. In addition, the study objective is to establish new tools to identify patients 

with secondary hypertension. Recognizing liquorice-induced hypertension is important since it can 

be treated with refraining from liquorice and thus unnecessary medications can be avoided.   

 

 

Study subjects and methods 
 

This study is a parallel project of the DYNAMIC study, which is registered in the EU Clinical 

Trials Register (EudraCT-number 2006-002065-39), and is approved by the Ethics Committee of 

Tampere University Hospital and by the Finnish Medicines Agency (study code number 

R06086M). Later the study was also registered in the ClinicalTrials.gov database (ID: 

NCT01742702).  

 

Maximum number of 40 healthy, normotensive subjects will be recruited for the liquorice study. 

Exclusion criteria are office blood pressure over 140/90 mmHg, any cardiovascular disease with 

regular medication, or pregnancy, or consumption of liquorice over 300 g per week. The suitability 

of all participants for the study will be confirmed by medical and laboratory examinations.  

 

The haemodynamic status of study subjects will be examined before and after the liquorice 

exposure utilizing the DYNAMIC study protocol using continuous pulse wave analysis, whole-

body impedance cardiography, tonometric radial artery and plethysmographic finger BP recordings 

during passive head-up tilt. The method collects functional beat-to-beat data from about 50 different 

cardiovascular variables simultaneously, including peripheral and central BP, heart rate, cardiac 

output, systemic vascular resistance, pulse wave velocity, central wave reflections, and autonomic 

nervous tone.  

 

The haemodynamic recordings are performed in the Unit of Clinical Physiology of Tampere 

University Hospital by trained research nurses. The patient is lying supine on the tilt table and the 

electrodes and equipment are connected, and an introductory tilt is performed by raising the tilt-

table to about upright 60° angle. The actual protocol consists of repeated 5-min periods of 

recording: 5-min supine, 5-min upright, 5 min supine. Then the recording is repeated with 0.25 

sublingual nitroglycerin. After a 60-min break, the whole protocol is repeated with 400 µg 

salbutamol as the test drug.  

 

After the first haemodynamic measurements, voluntary subjects will consume daily 60 to 300 g of 

liquorice (depending on the glycyrrhizin concentration of the commercial liquorice product) for a 

maximum period of 4 weeks. The estimated daily dose of glycyrrhizin is 290-370 mg from Halva 
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liquorice
TM

 or Kouvola liquorice
TM

 products. Comprehensive non-invasive haemodynamic 

recordings are repeated at the end of the liquorice ingestion period. 

 

In the DYNAMIC study routine laboratory measurements include blood count, plasma C-reactive 

protein, sodium, potassium, calcium, creatinine, cystatin-C, glucose, liver enzymes, lipid profile, 

urine dipstick tests, microalbuminuria determination, and urine 24-hour sodium and potassium 

excretions. Also several samples are taken for special determinations (proteins, lipids, hormones, 

other determinations in clinical chemistry, and also DNA-samples from all subjects). In the 

liquorice study, laboratory measurements will include also plasma renin and aldosterone and urine 

aldosterone (before and after the liquorice exposure), and plasma potassium, sodium, creatinine, and 

urine sodium, potassium, cortisol, cortisone and tetrahydrometabolites of cortisol and cortisone 

(after the liquorice exposure). 

 

 

Data management 

 

The data will be recorded in specifically prepared forms and kept in a locked depository. All 

clinical data will be recorded into an electronic database where single study subjects exist as coded 

numbers and identification is not possible. Only the study personnel have access to the data. In 

addition, the inspector of the Finnish Medicines Agency (Fimea) is allowed to see research material 

as far as is needed to indicate the validity of the data. 

 

 

Ethical considerations 
 

Recording method of haemodynamics is non-invasive and does not cause pain or notable 

discomfort. The risks imposed upon the study subjects are small and have been adequately taken 

into consideration. Ethical approval has been obtained for DYNAMIC study from the Ethics 

Committee of Pirkanmaa Hospital District, and the study has also been approved by the Finnish 

Medicines Agency (Fimea).  

 

Substantial amount of liquorice may cause mainly functional disorders of the digestive tract, 

possibly weight gain or slight changes in water and electrolyte equilibrium and slight elevation of 

blood pressure. If the daily glycyrrhizin dose exceeds 400 mg, the risk of adverse events increases 

[12]. In this study, the estimated daily dose of glycyrrhizin is 290-370 mg and these doses should 

not cause any significant harm to healthy subjects. The effects of glycyrrhizin to glucocorticoid 

metabolism are reversible. The participants are advised to inform the study group immediately if 

they gain weight over 3-4 kilograms, observe oedema in the lower extremities or encounter other 

problems during liquorice ingestion. The study subjects are entitled to discontinue the liquorice 

intervention anytime without declaring a reason. 
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