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Abstract

Pseudohyperaldosteronism can be induced by the excessive use of Chinese herbal medicines (Kampo
medicines), resulting in serious disorders. We report a case of pseudohyperaldosteronism induced by two
Kampo medicines which resulted in severe hypokalemia. A 70-year-old woman was hospitalized for a left
calcaneal fracture. She had no subjective symptoms other than trauma. On her admission, blood test results
revealed a low serum potassium level of 2.4 mmol/L by chance, as well as low levels of both renin and
aldosterone. The patient had been taking 5 g of Yokukansan per day for the past three months. In addition,
she was on 5 g Shakuyakukanzoto per day for three months until a month prior to hospitalization. The daily
licorice content from the aforementioned herbs was 1.0 g and 4.0 g, respectively. After hospitalization, the
administration of the Kampo medicines was discontinued, and 610 mmol of potassium was administered
over a period of 13 days, which resulted in the normalization of serum potassium levels. Pre-existing
hypertension slowly improved as well. Patients consuming licorice at doses of 2.5 g per day or more, as in
our case, are at a high risk of developing pseudohyperaldosteronism. Furthermore, the risk is particularly
high with long-term licorice consumption as well as for women and elderly patients. To this end, high-dose
potassium supplementation may be necessary for normalizing serum potassium levels. Therefore, awareness
regarding the adverse effects of licorice is crucial, even in cases of low dosages of licorice.
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Introduction

Pseudohyperaldosteronism presents with symptoms of hyperaldosteronism, such as hypertension, edema,
and low blood potassium levels without high aldosterone levels. It may be induced by the ingestion of
Kampo medicines that contain licorice and occasionally results in severe clinical illness. There have been
more than 200 recorded cases of licorice-induced pseudohyperaldosteronism [1,2]. However, reports
mentioning potassium supplementation are rare. In this study, we report a case of
pseudohyperaldosteronism induced by Chinese traditional medicines Yokukansan and Shakuyakukanzoto
that resulted in severe hypokalemia.

Yokukansan (Tsumura TJ-54) has been approved in Japan to treat patients with nervousness and insomnia,
as well as night terrors and temper tantrums in children [3]. Shakuyakukanzoto has been prescribed in Japan
as an antispasmodic drug for the treatment of skeletal muscle cramps and intestinal cramps [4]. As both
these medicines are not only prescription drugs but are also available at pharmacies, awareness regarding
their serious side effects is needed.

Case Presentation

A 70-year-old Japanese woman was injured while climbing over a 1-m-high window frame. After visiting
another hospital, she was diagnosed with a left heel (calcaneal) bone fracture and was referred to our
orthopedic department for admission. On admission, her blood test results showed hypokalemia; thus, she
was transferred to the General Medicine Department for consultation. A review of systems was negative
except for heel pain.

The patient’s medical history included depression and hypertension for the last two months. Hypertension
was pointed out by the doctor during a blood pressure check at a regular clinical visit. She had been taking 5
g of Yokukansan per day for the last three months and amlodipine 7.5 g for the last two months. In addition,
she had been on 5 g of Shakuyakukanzoto per day for three months until a month prior to hospitalization.
Her daily doses of licorice from the above-mentioned Kampo medicines were 1.0 g and 4.0 g,

respectively. The patient’s height, weight, and body mass index were 152.5 cm, 43.5 kg, and 18.7 kg/m2,
respectively. On admission, the patient was clearly conscious, and her vital signs were as follows: body
temperature 36.8 °C, pulse rate 74 bpm regular, and blood pressure 160/94 mmHg. Other than the
immobilization of the left lower extremity in a cast, there were no abnormal findings on physical
examination.
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Biochemical testing showed high sodium and low potassium and chloride level (Table 7). Blood gas analysis
collected in room air showed the existence of metabolic alkalosis with high bicarbonate levels. Her EKG
revealed QT prolongation and a pulse rate of 73 per minute with sinus rhythm. Rate-corrected QT interval
(QTc) was 530 ms.

Laboratory tests On the day of presentation Reference range
WBC 4800/uL 3300-8600/uL
RBC 3.97 million/uL 3.86-4.92 million/pL
Hb 11.8 g/dL 11.6-14.8 g/dL

Plt 200,000/puL 158,000-348,000/uL
Neut. 75% 37-74%

LD (IFCC) 462 U/L 124-222 U/L

Alb 3.0 g/dL 4.1-5.1 g/dL

BUN 14.2 mg/dL 8.0-20.0 mg/dL
Cr 0.67 mg/dL 0.46-0.79 mg/dL
Na 146 mmol/L 138-145 mmol/L
K 2.4 mmol/L 3.6-4.8 mmol/L

Cl 94 mmol/L 101-108 mmol/L
Mg 2.1 mmol/dL 1.8-2.4 mmol/L
Ca 8.9 mg/dL 8.8-10.1 mg/dL
CK 633 U/L 41-153 U/L

Blood gas

pH 7.557 7.350-7.450

Pco2 49.7 mmHg 35.0-45.0 mmHg
Po2 61.8 mmHg 80.0-100.0 mmHg
Hco3 43.2 mEq/L 22.0-26.0 mEg/L
02 SAT 94.0% 94.6-98.2 %

NA+ 143.0 mmol/L -

K+ 2.5 mmol/L -

Cl 98.0 mmol/L -

AnGap 4.7 mmol/L 10.0-18.0

Urinalysis results

pH 8.0 -
U-Na 128 mmol/L -
U-K 24.5 mmol/L -
U-Cl 103 mmol/L -
U-Cr 59.05 mg/dL -
U-K/U-Cre 0.41 -

TABLE 1: Laboratory tests

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Plt: platelet, Neut: neutrophils, LD (IFCC): lactate dehydrogenase, Alb: albumin, BUN: blood
urea nitrogen, Cr: creatinine, Na: sodium, K: potassium, CI: chlorine, Mg: magnesium, Ca: calcium, CK: creatine kinase
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pH: potential hydrogen, Pco2: partial pressure of carbon dioxyde, Po2: partial pressure of oxygen, Hco3: bicarbonate, O2 SAT: oxygen saturation, AnGap:
anion gap

U-Na: urine sodium, U-K: urine potassium, U-CI: urine chlorine, U-Cr: urine creatinine

Licorice-induced pseudohyperaldosteronism was suspected on the basis of the patient's medication history.
On days 1 and 2 of hospitalization, the patient was managed in the orthopedic department and was given
only small amounts of potassium supplementation. Because of the severe hypokalemia, she was hospitalized
in the high-care unit. Yokukansan was discontinued, and an arterial line was inserted to perform blood tests
every four to six hours on the third day of hospitalization when the General Medicine Department was
involved. Oral potassium chloride was initiated at 160 mmol per day with frequent monitoring on day 3 of
hospitalization. In total, 610 mmol (610 mEq) of potassium was supplemented over 13 days, resulting in an
increase in her serum potassium concentration to a safe level (Figure 7). Nine days after hospitalization,
surgery was conducted on the patient’s heel.
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FIGURE 1: Amount of potassium replacement and serum potassium
levels

In a blood sample submitted on the third day of hospitalization, both renin and aldosterone exhibited low
levels, measuring 0.4 ng/mL/h and “4.0 pg/mL, respectively. On the other hand, adrenocorticotropic
hormone and cortisol levels were negative for adrenal insufficiency. The patient’s high blood pressure slowly
improved after the discontinuation of Yokukansan, and amlodipine was discontinued. Moreover, her serum
potassium concentration remained normal. Therefore, her diagnosis of licorice-induced
pseudohyperaldosteronism was confirmed.

Discussion

In this case, we encountered a patient with hypokalemia caused by licorice-induced
pseudohyperaldosteronism. Although their name does not indicate so, some Kampo medicines contain
licorice. Therefore, it is important to be aware of the side effects (such as pseudohyperaldosteronism) that
could arise from using such Kampo products. This will allow necessary measures to be taken to reverse the
side effects. In this case, the severe hypokalemia caused by pseudohyperaldosteronism was treated with
substantial potassium supplementation. Other major side effects resulting from the use of Kampo medicines
are interstitial pneumonia and liver dysfunction.

It has been reported that the risk of licorice-induced pseudohyperaldosteronism is usually high when the
daily intake of licorice is more than 2.5 g, especially when the patient is elderly, female, or has been
consuming licorice in the long term [5]. In this case, the patient was an elderly female of small stature, who
was administered 5.0 g Kampo medicines per day for more than three months. Therefore, she was at a high
risk of developing pseudohyperaldosteronism. However, the two types of Kampo medicines she was taking
were prescribed by two different clinics, neither of which monitored her potassium levels.

A previous report found that for every 100 mEq decrease in systemic potassium stores, serum potassium
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concentration decreased by approximately 0.27 mEq/L [6], and in chronic hypokalemia, a potassium
deficiency of 200-400 mEq/L decreased serum potassium concentration by 1 mEq/L [7]. In the current case,
the low serum potassium level (2.4 mmol/L) of our patient on admission was normalized after
supplementation with 610 mmol of potassium, which is similar to the quantities reported in the above-
mentioned studies [6,7]. A Japanese case study reported that an aldosterone antagonist may be useful in
reducing the dose needed for potassium replacement [8]. However, we chose not to administer this
medication as it takes some time to attain therapeutic hormone levels. Additionally, the use of aldosterone
antagonists for pseudohyperaldosteronism is not covered by insurance in Japan, and ethical approval is
required for the administration of drugs for reasons not covered by insurance. Furthermore, there are no
standardized dosing guidelines for aldosterone antagonists.

Licorice-induced pseudohyperaldosteronism can sometimes result in severe side effects such as
hypertensive crisis [9], recurrent ventricular fibrillation [10], syncope [11], and torsade de pointes [12]. This
patient could have developed any of these conditions if her hypokalemia was not identified by chance upon
presenting with a left heel bone fracture.

Conclusions

For the management of hypokalemia caused by licorice-induced pseudohyperaldosteronism, a substantial
amount of potassium supplementation is required. Licorice-induced pseudohyperaldosteronism may result
in clinically severe conditions. Owing to this, vigilance is required in identifying side effects associated with
licorice administration, even in small doses. This is especially important in elderly and female patients as
well as those on prolonged therapy.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

We would like to thank Editage (http://www.editage.com) for editing and reviewing the usage of the English
language in this manuscript.

References

1. Yoshino T, Shimada S, Homma M, Makino T, Mimura M, Watanabe K: Clinical risk factors of licorice-
induced pseudoaldosteronism based on glycyrrhizin-metabolite concentrations: a narrative review. Front
Nutr. 2021, 8:719197. 10.3389/fnut.2021.719197
2. Patel P, Aknouk M, Dawson A, Aya A, Kanukuntla A, Kata P, De Dona A: How much is too much? Exploring
pseudohyperaldosteronism in glycyrrhizic acid toxicity from chronic licorice root consumption. Cureus.
2021, 13:e16454. 10.7759/cureus.16454
3. Matsuda Y, Kishi T, Shibayama H, Iwata N: Yokukansan in the treatment of behavioral and psychological
symptoms of dementia: a systematic review and meta-analysis of randomized controlled trials. Hum
Psychopharmacol. 2013, 28:80-6. 10.1002/hup.2286
4. Kamoshida S, Okauchi S, Osawa H, Ohara G, Kagohashi K, Satoh H: Effect of Shakuyakukanzoto on
chemotherapy-induced hiccups in patients with lung cancer. Eurasian ] Med. 2021, 53:2-4.
10.5152/eurasianjmed.2020.18184
5. Nobata S, Ohira T, Nagae H, Ushiyama T, Suzuki K, Fujita K: Licorice-induced pseudoaldosteronism in a
patient with a non-functioning adrenal tumor. Hinyokika Kiyo Acta Urologica Japonica. 2001, 47:633-5.
6. Gennari FJ: Hypokalemia. N Engl ] Med. 1998, 339:451-8. 10.1056/NEJM199808133390707
7.  Sterns RH, Cox M, Feig PU, Singer I: Internal potassium balance and the control of the plasma potassium
concentration. Medicine (Baltimore). 1981, 60:339-54. 10.1097/00005792-198109000-00002
8. Yamamoto T, Hatanaka M, Matsuda J, et al.: Clinical characteristics of five elderly patients with severe
hypokalemia induced by glycyrrhizin derivatives. Nihon Jinzo Gakkai Shi. 2010, 52:80-5.
9. LiJ, Fan X, Wang Q: Hypertensive crisis with 2 target organ impairment induced by glycyrrhizin: a case
report. Medicine (Baltimore). 2018, 97:e0073. 10.1097/MD.0000000000010073
10.  Norihiro S, Tomoko S, Yuki U, et al.: Hypokalemia with recurrent ventricular fibrillation during licorice
administration: a case report. | Jpn Soc Intensive Care Med. 2017, 24:555-6. 10.3918/jsicm.24 555
11. Doue T, ItouK, Yuba T, et al.: Unconsciousness induced by “Shakuyaku-Kanzou-tou”. Kokyu to Junkan .
Kokyu to Junkan. 2002, 50:431-5. 10.11477/mf.1404902463
12.  Eriksson JW, Carlberg B, Hillorn V: Life-threatening ventricular tachycardia due to liquorice-induced
hypokalaemia. | Intern Med. 1999, 245:307-10. 10.1046/j.1365-2796.1999.00476.x

2023 Arai et al. Cureus 15(4): €38267. DOI 10.7759/cureus.38267 4 0of 4


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.3389/fnut.2021.719197?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fnut.2021.719197?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.16454?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.16454?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hup.2286?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hup.2286?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5152/eurasianjmed.2020.18184?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5152/eurasianjmed.2020.18184?utm_medium=email&utm_source=transaction
https://repository.kulib.kyoto-u.ac.jp/dspace/bitstream/2433/114607/1/47_633.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJM199808133390707?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJM199808133390707?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00005792-198109000-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00005792-198109000-00002?utm_medium=email&utm_source=transaction
https://jsn.or.jp/journal/document/52_1/080-085.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000010073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000010073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3918/jsicm.24_555?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3918/jsicm.24_555?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.11477/mf.1404902463?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.11477/mf.1404902463?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1365-2796.1999.00476.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1365-2796.1999.00476.x?utm_medium=email&utm_source=transaction

	A Case of Pseudohyperaldosteronism Induced by Yokukansan and Shakuyakukanzoto That Resulted in Severe Hypokalemia
	Abstract
	Introduction
	Case Presentation
	TABLE 1: Laboratory tests
	FIGURE 1: Amount of potassium replacement and serum potassium levels

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


