

  medicina-59-01506




medicina-59-01506







Medicina 2023, 59(9), 1506; doi:10.3390/medicina59091506




Article



Muscle Cramps in Outpatients with Liver Diseases in Tokyo, Japan



Tatsuo Kanda *, Reina Sasaki-Tanaka, Naoki Matsumoto, Shuhei Arima, Shini Kanezawa, Masayuki Honda, Mai Totsuka, Tomotaka Ishii, Ryota Masuzaki, Masahiro Ogawa, Hiroaki Yamagami and Hirofumi Kogure





Division of Gastroenterology and Hepatology, Department of Medicine, Nihon University School of Medicine, 30-1 Oyaguchi-kamicho, Itabashi-ku, Tokyo 173-8610, Japan









*



Correspondence: kanda.tatsuo@nihon-u.ac.jp







Citation: Kanda, T.; Sasaki-Tanaka, R.; Matsumoto, N.; Arima, S.; Kanezawa, S.; Honda, M.; Totsuka, M.; Ishii, T.; Masuzaki, R.; Ogawa, M.; et al. Muscle Cramps in Outpatients with Liver Diseases in Tokyo, Japan. Medicina 2023, 59, 1506. https://doi.org/10.3390/medicina59091506



Academic Editors: Endrit Shahini, Antonio Giovanni Solimando and Antonella Argentiero



Received: 17 July 2023 / Revised: 15 August 2023 / Accepted: 18 August 2023 / Published: 22 August 2023



Abstract

:

Background and Objectives: Muscle cramps are often observed in patients with liver diseases, especially advanced liver fibrosis. The exact prevalence of muscle cramps in outpatients with liver diseases in Japan is unknown. Patients and Methods: This study examined the prevalence of, and therapies for, muscle cramps in outpatients with liver diseases in Tokyo, Japan. A total of 238 outpatients with liver diseases were retrospectively examined. We investigated whether they had muscle cramps using a visual analog scale (VAS) (from 0, none, to 10, strongest), and also investigated their therapies. Results: Muscle cramps were observed in 34 outpatients with liver diseases (14.3%); their mean VAS score was 5.53. A multivariate analysis demonstrated that older age (equal to or older than 66 years) was the only significant factor as-sociated with muscle cramps. The prevalence of muscle cramps among patients with liver diseases seemed not to be higher. The problem was that only 11 (32.4%) of 34 outpatients received therapy for their muscle cramps. Conclusions: Only age is related to muscle cramps, which is rather weak, and it is possible that this common symptom may not be limited to liver disease patients.
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1. Introduction


Muscle cramps are often observed in patients with cirrhosis; so-called “leg cramps”, characterized by severe pain in the calf muscles, occur several times a week and last for a few minutes, mainly while patients are at rest and/or during sleep [1].



Caused by dehydration or overexertion, muscle cramps as “exercise-associated muscle cramps” can be observed in healthy people [2]. Muscle cramps are also observed in patients undergoing hemodialysis or with type 2 diabetes [3].



The most frequently reported symptoms from patients with end-stage liver disease are pain, breathlessness, muscle cramps, sleep disturbance, and psychological symptoms [4]. Muscle cramps were prevalent in ~65% of cirrhotic patients [4,5], and were associated with lower serum albumin and a diminished quality of life in patients with cirrhosis [5].



It has been reported that the muscle cramps experienced by ~64% of patients with cirrhosis can be caused by an overlap with alcohol use disorder (~45%), nonalcoholic fatty liver diseases (NAFLD) (26%), and hepatitis C (41%) in the United States [6]. Miwa et al. reported that some of the 24 (64.9%) of 37 patients with cirrhosis studied in Japan who had muscle cramps also experienced alcohol use disorder (36%), hepatitis B (5%), and hepatitis C (19%) [7]. Thus, muscle cramps are observed as frequent disorders in patients with advanced liver fibrosis or cirrhosis [8].



However, the exact prevalence of muscle cramps in patients with liver disease in Japan, including patients with mild or moderate fibrosis, is unknown. So, we examined the prevalence of, and therapies for, muscle cramps in outpatients with liver diseases in Tokyo, Japan.




2. Patients and Methods


2.1. Study Design and Patients


This retrospective study enrolled 238 consecutive outpatients with liver diseases of any etiology and assessed their muscle cramps at the Division of Gastroenterology and Hepatology, Department of Medicine, Nihon University Itabashi Hospital, from 1 January 2020 to 31 December 2021. Patients were 20 years of age and older. The protocol of this single-center study followed the Declaration of Helsinki. The ethics committee of Nihon University Itabashi Hospital approved this retrospective study (protocol number RK-180911-12, which was approved on 11 September 2018 and 10 August 2022). Information regarding participation in this study was posted on our institution’s website and informed consent was obtained from all patients. The diagnoses of the liver diseases were made by care physicians of the outpatient clinic of the Division of Gastroenterology and Hepatology, Department of Medicine, Nihon University Itabashi Hospital.




2.2. Evaluation of Muscle Cramps


We asked participants whether they experienced muscle cramps or not using a visual analog scale (VAS) (from 0, none, to 10, strongest) and whether they received therapies for their muscle cramps. We recorded the responses using electronic medical records. We retrospectively double-checked the responses, treatments received, and other parameters.




2.3. Serum Biochemical Tests and Hematological Tests


Serum biochemical tests, including liver function tests (aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GTP), total bilirubin, (albumin), and hematological tests, were performed according to standard methods [9]. A diagnosis of hepatitis B virus (HBV) or hepatitis C virus (HCV) infection was indicated by the positivity of hepatitis B surface antigens (HBsAgs) or anti-HCV antibodies, respectively. Antimitochondrial M2 antibodies or antinuclear antibodies were also measured for the diagnosis of primary biliary cholangitis or autoimmune hepatitis, respectively [10].




2.4. Definition of Cirrhosis


An ultrasonography was performed for all patients in the present study. Cirrhosis was diagnosed using a liver biopsy and transient elastography (FibroScan greater than 12 kPa) and/or signatures of cirrhosis were identified using ultrasonography, computed tomography (CT), and/or magnetic resonance imaging (MRI). The existence of varices in the esophagus and/or stomach on an upper gastrointestinal endoscopy also indicated the signs of cirrhosis [11]. The existence of ascites was evaluated by the imaging modalities, such as ultrasonography, CT, and/or MRI.




2.5. Statistical Analysis


Data are expressed as mean ± standard deviation (SD). Differences were evaluated using the Student’s t test or chi-square test with the Yates correction. A p value of <0.05 was considered to indicate a statistically significant difference. Items with p < 0.05 at the univariate analysis were retained for a multivariate logistic-regression analysis. For all tests, two-sided p values were calculated, and the results were considered statistically significant at p < 0.05. The statistical analysis was performed using DA Stats software (O. Nagata, Nifty Serve: PAF01644) and the Excel Statistics program for Windows 2010 (SSRI, Tokyo, Japan).





3. Results


3.1. Patient Characteristics


Muscle cramps were observed in 34 (14.3%) of 238 outpatients with liver diseases (Table 1). Of interest, there were no significant differences in the liver function tests between patients with and without muscle cramps. Although diabetes mellitus was observed in 48 (20.3%) of 238 patients, there were no differences regarding diabetes mellitus between patients with and without muscle cramps. Of 238 patients, 11, 5, and 0 patients had esophageal varices, ascites, or hepatic encephalopathy, respectively; i.e., most of this study’s patients had compensated liver function.



Only 21 (8.8%) of 238 patients had liver cirrhosis; 5 (14.7%) of 34 patients with muscle cramps and 16 (7.8%) of 204 patients without muscle cramps were cirrhotic patients. Among 14 patients with esophageal varices and/or ascites, 3 patients (21.4%) had muscle cramps: 1 patient cirrhotic due to nonalcoholic steatohepatitis (NASH), 1 patient cirrhotic due to HBV infection, and 1 patient cirrhotic due to alcohol-associated liver disease (ALD) had VAS-8, VAS-2, and VAS-3 muscle cramps, respectively.



A univariate analysis showed that the age of patients with muscle cramps was significantly higher than the age of patients without muscle cramps. A multivariate analysis also demonstrated that older age (equal to or greater than 66 years) was the only factor associated with muscle cramps (Table 2). Thus, aging is an important factor when it comes to muscle cramps in patients with liver disease.




3.2. Prevalence of Muscle Cramps in Various Liver Diseases


In this study, 58, 38, 3, 20, 44, 11, 17, 5, and 42 patients had HBV-related liver diseases, HCV-related liver diseases, coinfection with HBV and HCV, alcoholic liver diseases (ALD), nonalcoholic liver diseases (NAFLD), autoimmune hepatitis (AIH), primary biliary cholangitis (PBC), drug-induced liver injury (DILI), and other liver diseases, respectively (Table 3).



The univariate analysis showed that all three patients coinfected with HBV and HCV had muscle cramps (p = 0.000583), but only one (2.4%) of 42 patients with other liver diseases had muscle cramps (p = 0.0288). However, the size of the groups was too small to reveal reliable differences because both the HBV and HCV group included only three cases.



Notably, the mean VAS score was 5.53 ± 3.05, which indicates that patients with liver disease who experienced muscle cramps seemed to suffer severe pain. Patients with higher VAS scores of 8, 9, and 10 included those with various liver diseases. Three patients coinfected with HBV and HCV indicated VAS scores of 1, 2, and 7, respectively.




3.3. Treatment for Muscle Cramps in Outpatients with Various Liver Diseases


Next, we investigated the types of muscle cramp treatments for liver disease patients in Japan. Only 11 (32.4%) of 34 patients received therapy for their muscle cramps (nine and two patients took oral levocarnitine [12,13] and the Japanese traditional herbal medicine Shakuyaku-kanzo-to [14], respectively) (Table 4). Surprisingly, four patients who had the most painful muscle cramps (with a VAS score of 10) were not treated. Thus, several patients with muscle cramps and liver diseases were left untreated.





4. Discussion


We investigated the prevalence of muscle cramps in patients with liver disease, including patients with mild or moderate fibrosis, in Japan. We found that 34 (14.3%) of 238 outpatients with liver diseases had muscle cramps at a university hospital in Tokyo, Japan. We demonstrated that older age (equal to or more than 66 years) was the only factor associated with muscle cramps in patients with liver diseases. This prevalence may be smaller, as 37% of healthy people per year have muscle cramps as part of the spectrum of normal human physiology [15], although food and nutrition may affect the status of muscle cramps [16]. In this study, however, we observed that 67% of patients with muscle cramps had not yet received appropriate therapeutic options. Our study supports the previous report that the prevalence of muscle cramps was relatively high in chronic liver disease [17]. However, they reported that female sex, comorbid diabetes, and chronic kidney disease are related to muscle cramps in chronic liver disease.



A recent trend in the etiology of cirrhosis with or without hepatocellular carcinoma (HCC) is that the number of viral hepatitis-associated cirrhosis cases is decreasing in Japan and the United States [6,18,19], according to the progress of the treatment [20,21,22]. A nationwide survey of the etiology of liver cirrhosis in Japan revealed that HCV infection (48.2%) was the leading cause of cirrhosis in Japan, and HBV infection (11.5%) was the third cause of cirrhosis in Japan [18]. A recent nationwide survey also suggests that the decrease in viral hepatitis-related HCC, particularly HCV-associated HCC, highly contributed to the etiological changes, although viral hepatitis still is the main cause of HCC in Japan [19].



However, the number of ALD-cirrhosis and NASH-cirrhosis cases is still increasing. It is a major problem that patients with cirrhosis have symptoms including muscle cramps, pruritus, poor-quality sleep, and sexual dysfunction, although advance cirrhosis possesses symptoms of decompensation, including ascites, bleeding tendency, encephalopathy, infection, and/or jaundice [6]. Therapeutic options to combat these symptoms are also required.



There are several noninvasive methods for the diagnosis of fibrosis of the liver, which can be divided into two categories: morphological tests, such as elastography and serum biochemical tests, are established and are developing better than before, although a liver biopsy is the gold standard method for the staging of liver fibrosis [23]. Accordingly, more patients with milder liver diseases than cirrhosis are diagnosed than before. However, do patients with liver diseases and no cirrhosis have symptoms, such as muscle cramps? To find out, we investigated the prevalence of muscle cramps among the patients with liver disease in Japan.



Motor neuron disease, spinobulbar muscular atrophy, spinal muscular atrophy, radiculopathy, motor, and sensory peripheral neuropathies, peripheral nerve hyperexcitability, and neuromyotonia are neurogenic causes of symptomatic muscle cramps. Electrolyte imbalance, hepatic and renal dysfunction, vitamin deficiency, diabetes mellitus, (para)thyroid dysfunction, and chronic venous insufficiency, are non-neuromuscular causes of symptomatic muscle cramps [15]. If muscle cramps are observed in patients with liver diseases, we should rule out the diseases above.



It has been reported that painful muscle cramps are a recognized symptom of cirrhosis [1,5]. Based on their multivariate analysis, Iwasa et al. reported that factors associated with a muscle cramp frequency of daily to a few times per week in patients with chronic liver diseases (37.7% had cirrhosis) were female sex, HCV infection, and age [24]. They also reported that 25.1% and 36% of patients with muscle cramps experienced poor quality of life and sleep disturbance, respectively. In the present study, which included only 4.6% (11/238) of decompensated liver diseases, we did not demonstrate that HCV infection or female sex was a factor associated with muscle cramps using a univariate analysis (Table 1 and Table 3). In the present study, among patients with and without cirrhosis, respectively, 23.8% (5/21) and 13.4% (29/217) patients had muscle cramps (p = 0.9597), although this might be related to the small number of cirrhotic patients in our cohort. It is possible that patients without cirrhosis were suffering from painful muscle cramps.



Of interest, all three patients coinfected with HBV and HCV had leg cramps. In general, skeletal muscle cells could not support HBV or HCV replication. In human hepatocytes, HBV evades the induction of interferon and interferon-induced antiviral effects. HBV infection does not rescue HCV from the interferon-mediated response [25]. In an HBV and HCV coinfection model, direct viral interference is absent [26]. The establishment of an HBV infection and the HBV replication space is limited by the antiviral effects of type I interferon in a chronically HCV-infected liver [27]. In vitro HBV and HCV co-infection led to the decreased replication of both viruses [28]. Hepatitis viruses also activate the production of interferon and cytokines [29,30]. Why did we observe muscle cramps in patients coinfected with HBV and HCV? The mechanism of muscle cramps in HBV and HCV coinfected patients should be elucidated.



Muscle cramps were identified as nocturnal leg cramps in this study. Nocturnal leg cramps are a skeletal muscle disorder characterized by a suddenly occurring, painful, involuntary contraction of the calf, hamstrings, and/or foot muscles at night [31]. In the report from European countries, the estimated prevalence of muscle cramps among primary care patients aged 60 years and older is 46% [32]. One-third of these patients reported being woken up by cramps. The duration from onset was 5 years or more for about 60% [32]. According to the previous report [33], in the general population, muscle cramps were present in 40% of those over the age of 50, have an increased frequency with age, show no sex preference, and are associated with sleep disturbance and overall poor health. Of interest, in our study, an age of 66 years and older was the only factor associated with muscle cramps in patients with liver diseases.



In this study, we demonstrated that a small number (32.4%) of liver disease patients with muscle cramps received treatment for muscle cramps. Therapeutic options for muscle cramps should be required for patients with liver diseases. Even patients with severely painful muscle cramps were not treated with any medicine for muscle cramps. It is possible that these patients could not complain about their muscle cramps to their doctors, that their doctors did not notice their patients’ muscle cramps, or that their doctors could not readily recognize the painful muscle cramps and their need for treatment. This finding might be interesting for practical health care in Japan.



Although the exact mechanism of muscle cramps is still unknown, nerve function, energy metabolism, plasma volume, and electrolytes seem to be involved [34]. Muscle cramps in liver cirrhosis patients may have a neural component, as eperisone hydrochloride, which is known to inhibit mono- and multi-synaptic reflexes through an inhibitory action on α- and γ-efferent neurons in the spinal cord, was an effective treatment [35].



Muscle cramp frequency has been reported to be dramatically reduced by branched-chain amino acids (BCAAs) [36,37]. BCAAs have aliphatic side chains with a branch point, and comprise valine, leucine, and isoleucine [37]. In patients with cirrhosis, the nocturnal administration of BCAA granules could lead to a significant decrease in the occurrence of muscle cramps in the legs [38]. They also found that, after 3 months of the nocturnal administration of BCAA granules, the Fisher’s ratio significantly increased, compared to the daytime administration of BCAA granules, despite there being no significant difference in serum albumin levels or glycated albumin levels between these two groups [39]. BCAAs could improve albumin synthesis and insulin resistance, as well as the prevention of the occurrence of HCC and clinical decompensation in cirrhotic patients, resulting in an improvement in these patients [37]. BCAAs may inhibit muscle cramps through the possible improvement of the imbalance and consequent restoration of taurine production [36,37].



L-carnitine, known as levocarnitine, may be an important factor in glycogen synthesis and ATP production in rat hepatocytes [38]. Levocarnitine supplementation, with or without exercise, could improve muscle cramps in patients with liver cirrhosis [12,13,40]. Regarding the dose and duration of levocarnitine supplementation, a dose of more than 4200 mg/week and with a duration of at least 12 weeks seemed to prevent dialysis-related hypotension [41]. Most of the total body carnitine is found in skeletal muscle, with 2–3% in the liver and kidney [42]. Levocarnitine supplementation may be useful for the improvement of sarcopenia, muscle weakness, and/or muscle cramps and asthenia [43]. Serum carnitine concentrations were within standard levels in the majority of liver cirrhosis patients. In patients with concurrent hyperammonemia, however, levocarnitine supplementation reduced blood ammonia levels [44]. Further investigation was needed.



In Japan, Shakuyaku-kanzo-to, a traditional Japanese medicine, that is, Kampo medicine, has been used to treat muscle cramps in patients with liver cirrhosis when necessary [45]. If Kampo medicine contains many plant-derived chemicals having an ability to inhibit nerve action potential conduction, it may be possible that this medicine inhibits nerve conduction [46]. Muscle cramps frequently develop under abnormal serum K+ concentrations [14]. Shakuyaku-kanzo-to may normalize the intracellular and extracellular K+ balance [47]. Shakuyaku-kanzo-to also inhibits tetanic contraction in vivo [48]. In this study, several patients took levocarnitine or Shakuyaku-kanzo-to for their painful muscle cramps.



Taurine, orphenadrine, baclofen, pregabalin, zinc, and vitamin D are also safe, and can have beneficial effects on muscle cramps [49]. It was reported that taurine is a therapeutic agent for muscle cramps through the stabilization of the skeletal muscle cell membrane [50,51,52]. Taurin plays a role in osmoregulation, calcium transport, membrane stabilization, and anticonvulsant action [51]. Low-dose taurine was nontherapeutic, allowing other factors to influence cramp frequency, although a higher dose of 2 g of taurine/day improved the frequency of muscle cramps [51].



Orphenadrine, an anti-cholinergic drug, has been used to treat painful muscle spasms [53]. Orphenadrine plays a role in blocking sodium channels as an analgesic compound [54]. Orphenadrine is useful for the safe and effective treatment of muscle cramps in patients with cirrhosis [52]. Baclofendagger (Lioresal) is a derivative of gamma-aminobutyric acid and may be able to treat spasticity [55]. Muscle cramps are possibly related to peripheral nerve hyperexcitability. Pregabalin, a gamma-aminobutyric acid analogue, could reduce muscle cramps in patients with cirrhosis [56].



An association between serum zinc levels and muscle cramps has been reported, and zinc supplementation may lead to the improvement of muscle cramps in patients with cirrhosis [57]. Zinc compounds have anti-viral activity and affect mitogen-activated protein kinase (MAPK) signaling pathways [58,59,60]. MAPK activation may be associated with the generation of pain hypersensitivity [61]. Magnesium supplementation was reported to be effective for patients with liver cirrhosis, only some of whom suffered from muscle cramps [62,63]. It was reported that the median concentration of zinc in patients with chronic liver diseases was statistically lower than that in healthy control subjects [64]. Further studies will be needed.



Multiple risk factors may be associated with muscle cramps [65]. The potential reasons for muscle cramps seem to be various in patients with liver diseases (Figure 1 and Table 5). From our results, older age is also one of the potential reasons for muscle cramps in patients with various liver diseases.



It is reported that certain drugs are useful for the treatment of muscle cramps in patients with cirrhosis. The development and improvement of treatment options for painful muscle cramps in patients with or without cirrhosis is required. Representative causes and recommendations for prevention or therapeutic techniques for muscle cramps in patients with liver diseases are shown in Table 5.



Caffeine, alcohol, and illicit drugs are known to be exogeneous triggers of muscle cramps [15]. Among medications, lipid-lower medication (statins and fibrates), cardiovascular medication (diuretics, anti-arrhythmic medication, nifedipine, and amlodipine), antibiotics (cyclosporine and penicillin), lithium, cimetidine, methylphenidate, nicotinic acid, and others have been reported as exogeneous triggers of muscle cramps [15]. Statins activate the MAPK signaling pathway and can reduce the resting chloride channel conductance and lactate efflux in sarcoplasm, which are responsible for muscle cramps [66]. Alcohol consumption and drug–drug interaction exacerbate these phenomena.



The revised third edition of the clinical practice guidelines for liver cirrhosis, which was published in 2020 by the Japan Society of Hepatology [67], recommended that Shakuyaku-kanzo-to, levocarnitine, BCAAs, and zinc are proposed according to the pathological condition of muscle cramp-associated cirrhosis. However, in patients with cirrhosis with sarcopenia, addition of BCAA to exercise, dietary counselling and standard medical therapy did not improve muscle mass [68]. Of interest, AASLD practice guidance reported that muscle cramps are one of the symptoms of a deficiency of selenium [69]. EASL guidance recommended that albumin infusion or baclofen administration (10 mg/day, with a weekly increase of 10 mg/day up to 30 mg/day) are recommended in patients with muscle cramps [70]. The recommendations of the American Academy of Neurology, for example, mention only a few possible agents, and indicate that further studies are needed. As yet, it often remains a case of trial and error; we need more data about the effective drugs for muscle cramps [71].



EASL guidance also recommended that diuretics should be discontinued if incapacitating muscle cramps develop [70]. There are several retrospective studies that have excluded an association between diuretics and muscle cramps [72,73]. Although there is a report that muscle cramps were not a complication of diuretic use in patients with cirrhosis, despite the increasing frequency of cramps due to the use of diuretics in Child–Pugh B or C cirrhosis [8], diuretic therapy and medications are also important as an etiology of muscle cramps [74]. Among the antihypertensive agents, diuretics are most often associated with cramps [75]. The mechanism of diuretic-related cramping is likely associated with hypokalemia, hypomagnesemia, or volume contraction. Muscle cramps are often observed among hemodialysis patients [76]. We could not examine all medications in patients with or without muscle cramps in the present study. As older patients with liver diseases tend to be polypharmacy cases [77], careful attention should be paid to diuretic therapy and medications among patients with liver disease and muscle cramps. We do not completely exclude the possibility that high-risk medications and polypharmacy should modify the prevalence of muscle cramps among patients with liver diseases [78].



Recently, possible dysbiosis of microbiota and mitochondrial dysfunction were reported in hemodialysis patients with muscle cramps undergoing citrate dialysate treatment compared to patients without cramps [79]. Further studies will be needed to determine the association between microbiota and muscle cramps, although a relationship between several diseases and microbiota has been reported [80].



The number of patients in this study was relatively small. Although Cohen’s d values were added as a power analysis for the entire cohort (Table 1), the sample size of patients in subgroups seemed smaller. Therefore, we need to confirm our results in a larger prospective cohort. The main limitation of the study is that it has a retrospective design, which may significantly limit the results. A limitation of the present study is that we only used VAS to evaluate muscle cramps. The patients also answered and classified their cramps episodes retrospectively. This is associated with memory bias since patients might not clearly remember the intensity of their symptoms and could under- or overestimate it.



Questionnaires comprising multiple-choice questions [81], blood flow [82], and magnetic resonance imaging (MRI)-based imaging methods [83] have been reported as muscle cramps evaluation methods. Artificial intelligence-based systems may also detect muscle cramps among patients with liver diseases [84]. New evaluation methods for muscle cramps may be required.



Additionally, for the definition of cirrhosis we chose a relatively low elastography cut-off (12 kPa), which might include many individuals without cirrhosis and, thus, could have an impact on the conclusions of the study.




5. Conclusions


Although therapeutic options are required for muscle cramps, ~70% of patients with muscle cramps did not receive therapy for muscle cramps. Only age is related to muscle cramps, which is rather weak, and it is possible that this common symptom may not be limited to liver disease patients.




6. Addendum


We partly presented the content of this study at the 32nd Annual Conference of the Asian Pacific Association for the Study of the Liver, 15–19 February 2023, Taipei, Taiwan, and we also published the content in abstract-only form [85].







Author Contributions


Conceptualization, T.K.; methodology, T.K.; software, T.K.; validation, T.K.; formal analysis, T.K.; investigation, T.K.; resources, T.K., R.S.-T., N.M., S.A., S.K., M.H., T.I., R.M. and H.Y.; data curation, T.K.; writing—original draft preparation, T.K.; writing—review and editing, T.K., R.S.-T., N.M., S.A., S.K., M.H., M.T., T.I., R.M., M.O. and H.Y.; supervision, H.K.; project administration, T.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The protocol of this single-center study followed the Declaration of Helsinki. The ethics committee of Nihon University Itabashi Hospital approved this retrospective study (protocol number RK-180911-12, which was approved on 11 September 2018 and 10 August 2022).




Informed Consent Statement


Information regarding participation in the study was posted on our institution’s website and informed consent was obtained from all patients.




Data Availability Statement


All data underlying this article are available in this article.




Acknowledgments


The authors thank all staff members seeing patients at the Nihon University School of Medicine, Itabashi Hospital.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Konikoff, F.; Theodor, E. Painful muscle cramps. A symptom of liver cirrhosis? J. Clin. Gastroenterol. 1986, 8, 669–672. [Google Scholar] [CrossRef]

	



Swash, M.; Czesnik, D.; de Carvalho, M. Muscular cramp: Causes and management. Eur. J. Neurol. 2019, 26, 214–221. [Google Scholar] [CrossRef]

	



Chou, C.T.; Wasserstein, A.; Schumacher, H.R., Jr.; Fernandez, P. Musculoskeletal manifestations in hemodialysis patients. J. Rheumatol. 1985, 12, 1149–1153. [Google Scholar] [PubMed]

	



Peng, J.K.; Hepgul, N.; Higginson, I.J.; Gao, W. Symptom prevalence and quality of life of patients with end-stage liver disease: A systematic review and meta-analysis. Palliat. Med. 2019, 33, 24–36. [Google Scholar] [CrossRef]

	



Chatrath, H.; Liangpunsakul, S.; Ghabril, M.; Otte, J.; Chalasani, N.; Vuppalanchi, R. Prevalence and morbidity associated with muscle cramps in patients with cirrhosis. Am. J. Med. 2012, 125, 1019–1025. [Google Scholar] [CrossRef]

	



Tapper, E.B.; Parikh, N.D. Diagnosis and Management of Cirrhosis and Its Complications: A Review. JAMA 2023, 329, 1589–1602. [Google Scholar] [CrossRef]

	



Miwa, T.; Hanai, T.; Sakai, Y.; Kochi, T.; Katsumura, N.; Shimizu, M. Mac-2-binding protein glycosylation isomer is useful to predict muscle cramps in patients with chronic liver disease. Medicine 2022, 101, e31145. [Google Scholar] [CrossRef]

	



Sawada, Y.; Shiraki, M.; Iwasa, M.; Hiraoka, A.; Nakanishi, H.; Karino, Y.; Nakajima, T.; Miyaaki, H.; Kawaguchi, T.; Yoshiji, H.; et al. The effects of diuretic use and the presence of ascites on muscle cramps in patients with cirrhosis: A nationwide study. J. Gastroenterol. 2020, 55, 868–876. [Google Scholar] [CrossRef]

	



Kaneko, T.; Kanda, T.; Nirei, K.; Matsumoto, N.; Yamazaki, M.; Shibata, T.; Tamura, A.; Ogawa, M.; Nakajima, N.; Matsuoka, S.; et al. Follow-up Results of HCV GT2 Patients After Sofosbuvir/Ribavirin Therapy: Careful Attention to Occurrence of HCC. Anticancer Res. 2019, 39, 3855–3862. [Google Scholar] [CrossRef]

	



Kanda, T.; Yokosuka, O.; Hirasawa, Y.; Imazeki, F.; Nagao, K.; Saisho, H. Occurrence of autoimmune hepatitis during the course of primary biliary cirrhosis: Report of two cases. Dig. Dis. Sci. 2006, 51, 45–46. [Google Scholar] [CrossRef]

	



Mizutani, T.; Nirei, K.; Kanda, T.; Honda, M.; Ishii, T.; Arima, S.; Yamana, Y.; Matsumoto, N.; Matsuoka, S.; Moriyama, M. Left Gastric Vein Width Is an Important Risk Factor for Exacerbation of Esophageal Varices Post Balloon-Occluded Retrograde Transvenous Obliteration for Gastric Varices in Cirrhotic Patients. Medicina 2022, 58, 205. [Google Scholar] [CrossRef] [PubMed]

	



Vidot, H.; Carey, S.; Allman-Farinelli, M.; Shackel, N. Systematic review: The treatment of muscle cramps in patients with cirrhosis. Aliment. Pharmacol. Ther. 2014, 40, 221–232. [Google Scholar] [CrossRef] [PubMed]

	



Nakanishi, H.; Kurosaki, M.; Tsuchiya, K.; Nakakuki, N.; Takada, H.; Matsuda, S.; Gondo, K.; Asano, Y.; Hattori, N.; Tamaki, N.; et al. L-carnitine Reduces Muscle Cramps in Patients With Cirrhosis. Clin. Gastroenterol. Hepatol. 2015, 13, 1540–1543. [Google Scholar] [CrossRef] [PubMed]

	



Hyodo, T.; Taira, T.; Takemura, T.; Yamamoto, S.; Tsuchida, M.; Yoshida, K.; Uchida, T.; Sakai, T.; Hidai, H.; Baba, S. Immediate effect of Shakuyaku-kanzo-to on muscle cramp in hemodialysis patients. Nephron Clin. Pract. 2006, 104, c28–c32. [Google Scholar] [CrossRef]

	



Dijkstra, J.N.; Boon, E.; Kruijt, N.; Brusse, E.; Ramdas, S.; Jungbluth, H.; van Engelen, B.G.M.; Walters, J.; Voermans, N.C. Muscle cramps and contractures: Causes and treatment. Pract. Neurol. 2023, 23, 23–34. [Google Scholar] [CrossRef]

	



Antonio, J.; Candow, D.G.; Forbes, S.C.; Gualano, B.; Jagim, A.R.; Kreider, R.B.; Rawson, E.S.; Smith-Ryan, A.E.; VanDusseldorp, T.A.; Willoughby, D.S.; et al. Common questions and misconceptions about creatine supplementation: What does the scientific evidence really show? J. Int. Soc. Sports Nutr. 2021, 18, 13. [Google Scholar] [CrossRef]

	



Murata, A.; Hyogo, H.; Nonaka, M.; Sumioka, A.; Suehiro, Y.; Furudoi, A.; Fujimoto, Y.; Aisaka, Y.; Komatsu, H.; Tokumo, H. Overlooked muscle cramps in patients with chronic liver disease: In relation to the prevalence of muscle cramps. Eur. J. Gastroenterol. Hepatol. 2019, 31, 375–381. [Google Scholar] [CrossRef]

	



Enomoto, H.; Ueno, Y.; Hiasa, Y.; Nishikawa, H.; Hige, S.; Takikawa, Y.; Taniai, M.; Ishikawa, T.; Yasui, K.; Takaki, A.; et al. Transition in the etiology of liver cirrhosis in Japan: A nationwide survey. J. Gastroenterol. 2020, 55, 353–362. [Google Scholar] [CrossRef]

	



Enomoto, H.; Ueno, Y.; Hiasa, Y.; Nishikawa, H.; Hige, S.; Takikawa, Y.; Taniai, M.; Ishikawa, T.; Yasui, K.; Takaki, A.; et al. The transition in the etiologies of hepatocellular carcinoma-complicated liver cirrhosis in a nationwide survey of Japan. J. Gastroenterol. 2021, 56, 158–167. [Google Scholar] [CrossRef]

	



Takehara, T.; Sakamoto, N.; Nishiguchi, S.; Ikeda, F.; Tatsumi, T.; Ueno, Y.; Yatsuhashi, H.; Takikawa, Y.; Kanda, T.; Sakamoto, M.; et al. Efficacy and safety of sofosbuvir-velpatasvir with or without ribavirin in HCV-infected Japanese patients with decompensated cirrhosis: An open-label phase 3 trial. J. Gastroenterol. 2019, 54, 87–95. [Google Scholar] [CrossRef]

	



Sasaki, R.; Meyer, K.; Moriyama, M.; Kato, N.; Yokosuka, O.; Ray, R.B.; Aurora, R.; Ray, R.; Kanda, T. Rapid hepatitis C virus clearance by antivirals correlates with immune status of infected patients. J. Med. Virol. 2019, 91, 411–418. [Google Scholar] [CrossRef] [PubMed]

	



Chien, R.N.; Liaw, Y.F. Current Trend in Antiviral Therapy for Chronic Hepatitis, B. Viruses 2022, 14, 434. [Google Scholar] [CrossRef] [PubMed]

	



Masuzaki, R.; Kanda, T.; Sasaki, R.; Matsumoto, N.; Ogawa, M.; Matsuoka, S.; Karp, S.J.; Moriyama, M. Noninvasive Assessment of Liver Fibrosis: Current and Future Clinical and Molecular Perspectives. Int. J. Mol. Sci. 2020, 21, 4906. [Google Scholar] [CrossRef] [PubMed]

	



Iwasa, M.; Karino, Y.; Kawaguchi, T.; Nakanishi, H.; Miyaaki, H.; Shiraki, M.; Nakajima, T.; Sawada, Y.; Yoshiji, H.; Okita, K.; et al. Relationship of muscle cramps to quality of life and sleep disturbance in patients with chronic liver diseases: A nationwide study. Liver Int. 2018, 38, 2309–2316. [Google Scholar] [CrossRef] [PubMed]

	



Mutz, P.; Metz, P.; Lempp, F.A.; Bender, S.; Qu, B.; Schöneweis, K.; Seitz, S.; Tu, T.; Restuccia, A.; Frankish, J.; et al. HBV Bypasses the Innate Immune Response and Does Not Protect HCV From Antiviral Activity of Interferon. Gastroenterology 2018, 154, 1791–1804.e22. [Google Scholar] [CrossRef] [PubMed]

	



Bellecave, P.; Gouttenoire, J.; Gajer, M.; Brass, V.; Koutsoudakis, G.; Blum, H.E.; Bartenschlager, R.; Nassal, M.; Moradpour, D. Hepatitis B and C virus coinfection: A novel model system reveals the absence of direct viral interference. Hepatology 2009, 50, 46–55. [Google Scholar] [CrossRef]

	



Wieland, S.F.; Asabe, S.; Engle, R.E.; Purcell, R.H.; Chisari, F.V. Limited hepatitis B virus replication space in the chronically hepatitis C virus-infected liver. J. Virol. 2014, 88, 5184–5188. [Google Scholar] [CrossRef]

	



Yang, R.R.; Gui, X.; Chen, X.Y.; Zhu, Y. Interference of replication between hepatitis B and C viruses in patients infected with HIV. J. Med. Virol. 2011, 83, 1159–1164. [Google Scholar] [CrossRef]

	



Kanda, T.; Steele, R.; Ray, R.; Ray, R.B. Hepatitis C virus infection induces the beta interferon signaling pathway in immortalized human hepatocytes. J. Virol. 2007, 81, 12375–12381. [Google Scholar] [CrossRef]

	



Kanda, T.; Wu, S.; Sasaki, R.; Nakamura, M.; Haga, Y.; Jiang, X.; Nakamoto, S.; Yokosuka, O. HBV Core Protein Enhances Cytokine Production. Diseases 2015, 3, 213–220. [Google Scholar] [CrossRef]

	



Hallegraeff, J.; de Greef, M.; Krijnen, W.; van der Schans, C. Criteria in diagnosing nocturnal leg cramps: A systematic review. BMC Fam. Pract. 2017, 18, 29. [Google Scholar] [CrossRef] [PubMed]

	



Maisonneuve, H.; Chambe, J.; Delacour, C.; Muller, J.; Rougerie, F.; Haller, D.M.; Leveque, M. Prevalence of cramps in patients over the age of 60 in primary care: A cross sectional study. BMC Fam. Pract. 2016, 17, 111. [Google Scholar] [CrossRef] [PubMed]

	



Grandner, M.A.; Winkelman, J.W. Nocturnal leg cramps: Prevalence and associations with demographics, sleep disturbance symptoms, medical conditions, and cardiometabolic risk factors. PLoS ONE 2017, 12, e0178465. [Google Scholar] [CrossRef] [PubMed]

	



Mehta, S.S.; Fallon, M.B. Muscle cramps in liver disease. Clin. Gastroenterol. Hepatol. 2013, 11, 1385–1391. [Google Scholar] [CrossRef] [PubMed]

	



Kobayashi, Y.; Kawasaki, T.; Yoshimi, T.; Nakajima, T.; Kanai, K. Muscle cramps in chronic liver diseases and treatment with antispastic agent (eperisone hydrochloride). Dig. Dis. Sci. 1992, 37, 1145–1146. [Google Scholar] [CrossRef] [PubMed]

	



Sako, K.; Imamura, Y.; Nishimata, H.; Tahara, K.; Kubozono, O.; Tsubouchi, H. Branched-chain amino acids supplements in the late evening decrease the frequency of muscle cramps with advanced hepatic cirrhosis. Hepatol. Res. 2003, 26, 327–329. [Google Scholar] [CrossRef]

	



Kawaguchi, T.; Izumi, N.; Charlton, M.R.; Sata, M. Branched-chain amino acids as pharmacological nutrients in chronic liver disease. Hepatology 2011, 54, 1063–1070. [Google Scholar] [CrossRef]

	



Nishida, N.; Sugimoto, T.; Takeuchi, T.; Kobayashi, Y. Effect of L-carnitine on glycogen synthesis and ATP production in cultured hepatocytes of the newborn rat. J. Nutr. 1989, 119, 1705–1708. [Google Scholar] [CrossRef]

	



Hidaka, H.; Nakazawa, T.; Kutsukake, S.; Yamazaki, Y.; Aoki, I.; Nakano, S.; Asaba, N.; Minamino, T.; Takada, J.; Tanaka, Y.; et al. The efficacy of nocturnal administration of branched-chain amino acid granules to improve quality of life in patients with cirrhosis. J. Gastroenterol. 2013, 48, 269–276. [Google Scholar] [CrossRef]

	



Hiraoka, A.; Kiguchi, D.; Ninomiya, T.; Hirooka, M.; Abe, M.; Matsuura, B.; Hiasa, Y.; Michitaka, K. Can L-carnitine supplementation and exercise improve muscle complications in patients with liver cirrhosis who receive branched-chain amino acid supplementation? Eur. J. Gastroenterol. Hepatol. 2019, 31, 878–884. [Google Scholar] [CrossRef]

	



Chewcharat, A.; Chewcharat, P.; Liu, W.; Cellini, J.; Phipps, E.A.; Melendez Young, J.A.; Nigwekar, S.U. The effect of levocarnitine supplementation on dialysis-related hypotension: A systematic review, meta-analysis, and trial sequential analysis. PLoS ONE 2022, 17, e0271307. [Google Scholar] [CrossRef] [PubMed]

	



Takashima, H.; Maruyama, T.; Abe, M. Significance of Levocarnitine Treatment in Dialysis Patients. Nutrients 2021, 13, 1219. [Google Scholar] [CrossRef]

	



Bellinghieri, G.; Savica, V.; Mallamace, A.; Di Stefano, C.; Consolo, F.; Spagnoli, L.G.; Villaschi, S.; Palmieri, G.; Corsi, M.; Maccari, F. Correlation between increased serum and tissue L-carnitine levels and improved muscle symptoms in hemodialyzed patients. Am. J. Clin. Nutr. 1983, 38, 523–531. [Google Scholar] [CrossRef] [PubMed]

	



Shiraki, M.; Shimizu, M.; Moriwaki, H.; Okita, K.; Koike, K. Carnitine dynamics and their effects on hyperammonemia in cirrhotic Japanese patients. Hepatol. Res. 2017, 47, 321–327. [Google Scholar] [CrossRef]

	



Ota, K.; Fukui, K.; Nakamura, E.; Oka, M.; Ota, K.; Sakaue, M.; Sano, Y.; Takasu, A. Effect of Shakuyaku-kanzo-to in patients with muscle cramps: A systematic literature review. J. Gen. Fam. Med. 2020, 21, 56–62. [Google Scholar] [CrossRef] [PubMed]

	



Matsushita, A.; Fujita, T.; Ohtsubo, S.; Kumamoto, E. Traditional Japanese medicines inhibit compound action potentials in the frog sciatic nerve. J. Ethnopharmacol. 2016, 178, 272–280. [Google Scholar] [CrossRef] [PubMed]

	



Suganami, A.; Sakamoto, K.; Ono, T.; Watanabe, H.; Hijioka, N.; Murakawa, M.; Kimura, J. The inhibitory effect of shakuyakukanzoto on K+ current in H9c2 cells. Fukushima J. Med. Sci. 2014, 60, 22–30. [Google Scholar] [CrossRef] [PubMed]

	



Lee, K.K.; Omiya, Y.; Yuzurihara, M.; Kase, Y.; Kobayashi, H. Antispasmodic effect of shakuyakukanzoto extract on experimental muscle cramps in vivo: Role of the active constituents of Glycyrrhizae radix. J. Ethnopharmacol. 2013, 145, 286–293. [Google Scholar] [CrossRef]

	



Kalia, S.; Nath, P.; Pathak, M.; Anand, A.C. Treatment of Muscle Cramps in Patients With Cirrhosis of Liver: A Systematic Review. J. Clin. Exp. Hepatol. 2022, 12, 980–992. [Google Scholar] [CrossRef]

	



Yamamoto, S. Oral taurine therapy for painful muscle cramp in liver cirrhosis. Am. J. Gastroenterol. 1994, 89, 457–458. [Google Scholar]

	



Vidot, H.; Cvejic, E.; Carey, S.; Strasser, S.I.; McCaughan, G.W.; Allman-Farinelli, M.; Shackel, N.A. Randomised clinical trial: Oral taurine supplementation versus placebo reduces muscle cramps in patients with chronic liver disease. Aliment. Pharmacol. Ther. 2018, 48, 704–712. [Google Scholar] [CrossRef] [PubMed]

	



Jang, E.S.; Hwang, S.H.; Kim, J.W.; Jeong, S.H. Effectiveness of 4-Week Oral Taurine Treatment for Muscle Cramps in Patients with Liver Cirrhosis: A Single-Arm Pilot Study. Yonsei Med. J. 2021, 62, 21–28. [Google Scholar] [CrossRef] [PubMed]

	



Abd-Elsalam, S.; El-Kalla, F.; Ali, L.A.; Mosaad, S.; Alkhalawany, W.; Elemary, B.; Badawi, R.; Elzeftawy, A.; Hanafy, A.; Elfert, A. Pilot study of orphenadrine as a novel treatment for muscle cramps in patients with liver cirrhosis. United Eur. Gastroenterol. J. 2018, 6, 422–427. [Google Scholar] [CrossRef] [PubMed]

	



Desaphy, J.F.; Dipalma, A.; De Bellis, M.; Costanza, T.; Gaudioso, C.; Delmas, P.; George, A.L., Jr.; Camerino, D.C. Involvement of voltage-gated sodium channels blockade in the analgesic effects of orphenadrine. Pain 2009, 142, 225–235. [Google Scholar] [CrossRef]

	



Hudgson, P.; Weightman, D. Baclofen in the treatment of spasticity. Br. Med. J. 1971, 4, 15–17. [Google Scholar] [CrossRef]

	



Ahn, S.; Hong, Y.H.; Lee, D.H.; Joo, S.K.; Jung, Y.J.; Sohn, S.Y.; Choi, K.; Kim, W. Efficacy and Safety of Pregabalin for Muscle Cramps in Liver Cirrhosis: A Double-Blind Randomized Controlled Trial. J. Korean Med. Sci. 2022, 37, e56. [Google Scholar] [CrossRef]

	



Kugelmas, M. Preliminary observation: Oral zinc sulfate replacement is effective in treating muscle cramps in cirrhotic patients. J. Am. Coll. Nutr. 2000, 19, 13–15. [Google Scholar] [CrossRef]

	



Ogawa, M.; Kanda, T.; Suganami, A.; Nakamoto, S.; Win, N.N.; Tamura, Y.; Nakamura, M.; Matsuoka, S.; Yokosuka, O.; Kato, N.; et al. Antiviral activity of zinc sulfate against hepatitis A virus replication. Future Virol. 2019, 14, 399–406. [Google Scholar] [CrossRef]

	



Kanda, T.; Sasaki, R.; Masuzaki, R.; Takahashi, H.; Fujisawa, M.; Matsumoto, N.; Okamoto, H.; Moriyama, M. Additive Effects of Zinc Chloride on the Suppression of Hepatitis A Virus Replication by Interferon in Human Hepatoma Huh7 Cells. In Vivo 2020, 34, 3301–3308. [Google Scholar] [CrossRef]

	



Kanda, T.; Sasaki-Tanaka, R.; Masuzaki, R.; Matsumoto, N.; Okamoto, H.; Moriyama, M. Knockdown of Mitogen-Activated Protein Kinase 3 Negatively Regulates Hepatitis A Virus Replication. Int. J. Mol. Sci. 2021, 22, 7420. [Google Scholar] [CrossRef]

	



Obata, K.; Yamanaka, H.; Kobayashi, K.; Dai, Y.; Mizushima, T.; Katsura, H.; Fukuoka, T.; Tokunaga, A.; Noguchi, K. Role of mitogen-activated protein kinase activation in injured and intact primary afferent neurons for mechanical and heat hypersensitivity after spinal nerve ligation. J. Neurosci. 2004, 24, 10211–10222. [Google Scholar] [CrossRef] [PubMed]

	



Cohen-Hagai, K.; Feldman, D.; Turani-Feldman, T.; Hadary, R.; Lotan, S.; Kitay-Cohen, Y. Magnesium Deficiency and Minimal Hepatic Encephalopathy among Patients with Compensated Liver Cirrhosis. Isr. Med. Assoc. J. 2018, 20, 533–538. [Google Scholar] [PubMed]

	



Garrison, S.R.; Korownyk, C.S.; Kolber, M.R.; Allan, G.M.; Musini, V.M.; Sekhon, R.K.; Dugré, N. Magnesium for skeletal muscle cramps. Cochrane Database Syst. Rev. 2020, 9, CD009402. [Google Scholar] [CrossRef]

	



Moriyama, M.; Matsumura, H.; Fukushima, A.; Ohkido, K.; Arakawa, Y.; Nirei, K.; Yamagami, H.; Kaneko, M.; Tanaka, N.; Arakawa, Y. Clinical significance of evaluation of serum zinc concentrations in C-viral chronic liver disease. Dig. Dis. Sci. 2006, 51, 1967–1977. [Google Scholar] [CrossRef] [PubMed]

	



Miller, K.C.; McDermott, B.P.; Yeargin, S.W.; Fiol, A.; Schwellnus, M.P. An Evidence-Based Review of the Pathophysiology, Treatment, and Prevention of Exercise-Associated Muscle Cramps. J. Athl. Train. 2022, 57, 5–15. [Google Scholar] [CrossRef]

	



du Souich, P.; Roederer, G.; Dufour, R. Myotoxicity of statins: Mechanism of action. Pharmacol. Ther. 2017, 175, 1–16. [Google Scholar] [CrossRef]

	



Yoshiji, H.; Nagoshi, S.; Akahane, T.; Asaoka, Y.; Ueno, Y.; Ogawa, K.; Kawaguchi, T.; Kurosaki, M.; Sakaida, I.; Shimizu, M.; et al. Evidence-based clinical practice guidelines for Liver Cirrhosis 2020. Hepatol. Res. 2021, 51, 725–749. [Google Scholar] [CrossRef]

	



Mohta, S.; Anand, A.; Sharma, S.; Qamar, S.; Agarwal, S.; Gunjan, D.; Singh, N.; Madhusudhan, K.S.; Pandey, R.M.; Saraya, A. Randomised clinical trial: Effect of adding branched chain amino acids to exercise and standard-of-care on muscle mass in cirrhotic patients with sarcopenia. Hepatol. Int. 2022, 16, 680–690. [Google Scholar] [CrossRef]

	



Lai, J.C.; Tandon, P.; Bernal, W.; Tapper, E.B.; Ekong, U.; Dasarathy, S.; Carey, E.J. Malnutrition, Frailty, and Sarcopenia in Patients With Cirrhosis: 2021 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 2021, 74, 1611–1644. [Google Scholar] [CrossRef]

	



European Association for the Study of the Liver. EASL Clinical Practice Guidelines for the management of patients with decompensated cirrhosis. J. Hepatol. 2018, 69, 406–460. [Google Scholar] [CrossRef]

	



Katzberg, H.D.; Khan, A.H.; So, Y.T. Assessment: Symptomatic treatment for muscle cramps (an evidence-based review): Report of the therapeutics and technology assessment subcommittee of the American academy of neurology. Neurology 2010, 74, 691–696. [Google Scholar] [CrossRef] [PubMed]

	



Haskell, S.G.; Fiebach, N.H. Clinical epidemiology of nocturnal leg cramps in male veterans. Am. J. Med. Sci. 1997, 313, 210–214. [Google Scholar] [CrossRef] [PubMed]

	



Abdulla, A.J.; Jones, P.W.; Pearce, V.R. Leg cramps in the elderly: Prevalence, drug and disease associations. Int. J. Clin. Pract. 1999, 53, 494–496. [Google Scholar] [CrossRef]

	



Miller, T.M.; Layzer, R.B. Muscle cramps. Muscle Nerve 2005, 32, 431–442. [Google Scholar] [CrossRef] [PubMed]

	



Mosenkis, A.; Townsend, R.R. Muscle cramps and diuretic therapy. J. Clin. Hypertens. 2005, 7, 134–135. [Google Scholar] [CrossRef]

	



Mujais, S.K. Muscle cramps during hemodialysis. Int. J. Artif. Organs. 1994, 17, 570–572. [Google Scholar] [CrossRef]

	



Yamana, Y.; Kanda, T.; Matsumoto, N.; Honda, M.; Kumagawa, M.; Sasaki, R.; Kanezawa, S.; Mizutani, T.; Yamagami, H.; Masuzaki, R.; et al. Efficacy of Glecaprevir/Pibrentasvir for Real-World HCV Infected Patients in the Northern Part of Tokyo, Japan. J. Clin. Med. 2021, 10, 5529. [Google Scholar] [CrossRef]

	



Patel, T.; Milligan, J.; Lee, J. Medication-related problems in individuals with spinal cord injury in a primary care-based clinic. J. Spinal Cord Med. 2017, 40, 54–61. [Google Scholar] [CrossRef]

	



Durand, P.Y.; Nicco, C.; Serteyn, D.; Attaf, D.; Edeas, M. Microbiota Quality and Mitochondrial Activity Link with Occurrence of Muscle Cramps in Hemodialysis Patients using Citrate Dialysate: A Pilot Study. Blood Purif. 2018, 46, 301–308. [Google Scholar] [CrossRef]

	



Kanezawa, S.; Moriyama, M.; Kanda, T.; Fukushima, A.; Masuzaki, R.; Sasaki-Tanaka, R.; Tsunemi, A.; Ueno, T.; Fukuda, N.; Kogure, H. Gut-Microbiota Dysbiosis in Stroke-Prone Spontaneously Hypertensive Rats with Diet-Induced Steatohepatitis. Int. J. Mol. Sci. 2023, 24, 4603. [Google Scholar] [CrossRef]

	



Ventriglia, G.; Gervasoni, F.; Franco, M.; Magni, A.; Panico, G.; Iolascon, G. Musculoskeletal Pain Management and Thermotherapy: An Exploratory Analysis of Italian Physicians’ Attitude, Beliefs, and Prescribing Habits. J. Pain Res. 2023, 16, 1547–1557. [Google Scholar] [CrossRef]

	



Kumaran, B.; Targett, D.; Watson, T. The effect of an 8-week treatment program using a novel foot neuromuscular electrical stimulator on physical function, leg pain, leg symptoms, and leg blood flow in community-dwelling older adults: A randomized sham-controlled trial. Trials 2022, 23, 873. [Google Scholar] [CrossRef] [PubMed]

	



Liang, C.; Yang, L.; Reichardt, W.; Zhang, B.; Li, R. Different MRI-based methods for the diagnosis of neurovascular compression in trigeminal neuralgia or hemifacial spasm: A network meta-analysis. J. Clin. Neurosci. 2023, 108, 19–24. [Google Scholar] [CrossRef] [PubMed]

	



Popa, S.L.; Surdea-Blaga, T.; Dumitrascu, D.L.; Chiarioni, G.; Savarino, E.; David, L.; Ismaiel, A.; Leucuta, D.C.; Zsigmond, I.; Sebestyen, G.; et al. Automatic Diagnosis of High-Resolution Esophageal Manometry Using Artificial Intelligence. J. Gastrointestin. Liver Dis. 2022, 31, 383–389. [Google Scholar] [CrossRef] [PubMed]

	



Kanda, T.; Ishii, T.; Arima, S.; Honda, M.; Sasaki-Tanaka, R.; Masuzaki, R.; Kanezawa, S.; Matsumoto, N.; Ogawa, M.; Kogure, H. Leg cramps of outpatients with liver diseases in Tokyo, Japan. Hepatol. Int. 2023, 17, S262. [Google Scholar] [CrossRef]








[image: Medicina 59 01506 g001] 





Figure 1. Potential reasons for muscle cramps in patients with various liver diseases. 
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Table 1. Characteristics of 238 outpatients with liver disease.






Table 1. Characteristics of 238 outpatients with liver disease.





	Items
	All Patients

(n = 238)
	Muscle Cramps (+)

(n = 34)
	Muscle Cramps (−)

(n = 204)
	p Values 1
	Cohen’s d 1





	Age (years)
	62.4 ± 13.9
	67.8 ± 11.1
	61.6 ± 14.2
	0.0161
	0.486



	Gender (male/female)
	111/127
	17/17
	94/110
	0.0570
	N.A.



	Platelets (×104/μL)
	21.8 ± 11.4
	20.5 ± 8.4
	22.0 ± 11.9
	0.481
	0.102



	AST (IU/L)
	28.5 ± 24.4
	27.0 ± 11.7
	28.8 ± 26.0
	0.692
	0.0631



	ALT (IU/L)
	26.7 ± 26.1
	24.3 ± 16.7
	27.1 ± 27.4
	0.564
	0.0872



	γ-GTP (IU/L)
	60.4 ± 130.5
	76.3 ± 155.4
	57.7 ± 126.1
	0.909
	0.0931



	Total bilirubin (mg/dL)
	0.8 ± 0.4
	0.7 ± 0.3
	0.8 ± 0.4
	0.165
	0.2



	Albumin (g/dL)
	4.2 ± 0.4
	4.1 ± 0.4
	4.2 ± 0.4
	0.178
	0.176



	Diabetes mellitus (+/−)
	48/190
	11/23
	37/167
	0.0926
	N.A.



	Skin pruritus (+/−)
	51/187
	11/23
	40/164
	0.147
	N.A.







n, number; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, γ-glutamyl transpeptidase; N.A., not available. 1 p values when comparing the muscle cramp (+) group with the muscle cramp (−) group.













 





Table 2. Factors associated with muscle cramps in patients with liver diseases.
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	Factor
	Category
	Odds Ratio
	95% CI
	p Values





	Age (≥66 years)
	(+/−)
	2.500
	1.135–5.503
	0.0228







95% CI, 95% confidence interval.













 





Table 3. Muscle cramps in outpatients with various liver diseases.
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	Items
	All Patients

(n = 238)
	Muscle Cramps (+)

(n = 34)
	Muscle Cramps (−)

(n = 204)
	p Values 1





	HBV infection
	58
	5
	53
	0.229



	HCV infection
	38
	3
	35
	0.329



	HBV and HCV
	3
	3
	0
	0.000583



	ALD
	20
	5
	15
	0.273



	NAFLD
	44
	8
	36
	0.562



	AIH
	11
	3
	8
	0.413



	PBC
	17
	5
	12
	0.136



	DILI
	5
	1
	4
	0.782



	Others
	42
	1
	41
	0.0288



	Total patients
	238
	34
	204
	N.A.







n, number; HBV, hepatitis B virus; HCV, hepatitis C virus; HBV and HCV, coinfection with HBV and HCV; ALD, alcohol-associated liver disease; NAFLD, nonalcoholic liver disease; AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; DILI, drug-induced liver injury; N.A., n