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†PRESENT ADDRESS Yasin Şahin Department of Pediatric Gastroenterology, Medical Faculty, Gaziantep Islam Science and Technology University, Gaziantep, Türkiye

RECEIVED 03 August 2023
ACCEPTED 01 September 2023
PUBLISHED 25 September 2023

CITATION Kansu A, Kuloglu Z, Tümgör G, Taşkın DG, Dalgıç B, Çaltepe G, Demirören K, Doğan G, Tuna Kırsaçlıoğlu C, Arslan D, Işık İA, Demir H, Bekem Ö, Şahin Y, Bayrak NA, Selimoğlu MA, Yavuz S, Taşkaya İE and Altay D (2023) The frequency of Duchenne muscular dystrophy/Becker muscular dystrophy and Pompe disease in children with isolated transaminase elevation: results from the observational VICTORIA study.
Front. Pediatr. 11:1272177.
doi: 10.3389/fped.2023.1272177

COPYRIGHT © 2023 Kansu, Kuloglu, Tümgör, Taşkın, Dalgiç, Çaltepe, Demirören, Doğan, Tuna Kırsaçlıoğlu, Arslan, Işık, Demir, Bekem, Şahin, Bayrak, Selimoğlu, Yavuz, Taşkaya and Altay and the VICTORIA Study Group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Introduction: Elevated transaminases and/or creatine phosphokinase can indicate underlying muscle disease. Therefore, this study aims to determine the frequency of Duchenne muscular dystrophy/Becker muscular dystrophy (DMD/BMD) in male children and Pompe disease (PD) in male and female children with isolated hypertransaminasemia.



Methods: This multi-center, prospective study enrolled patients aged 3–216 months with serum alanine transaminase (ALT) and/or aspartate transaminase (AST) levels >2× the upper limit of normal (ULN) for ≥3 months. Patients with a known history of liver or muscle disease or physical examination findings suggestive of liver disease were excluded. Patients were screened for creatinine phosphokinase (CPK) levels, and molecular genetic tests for DMD/BMD in male patients and enzyme analysis for PD in male and female patients with elevated CPK levels were performed. Genetic analyses confirmed PD. Demographic, clinical, and laboratory characteristics of the patients were analyzed.



Results: Overall, 589 patients [66.8% male, mean age of 63.4 months (standard deviation: 60.5)] were included. In total, 251 patients (188 male and 63 female) had CPK levels above the ULN. Of the patients assessed, 47% (85/182) of male patients were diagnosed with DMD/BMD and 1% (3/228) of male and female patients were diagnosed with PD. The median ALT, AST, and CPK levels were statistically significantly higher, and the questioned neurological symptoms and previously unnoticed examination findings were more common in DMD/BMD patients than those without DMD/BMD or PD (p < 0.001).



Discussion: Questioning neurological symptoms, conducting a complete physical examination, and testing for CPK levels in patients with isolated hypertransaminasemia will prevent costly and time-consuming investigations for liver diseases and will lead to the diagnosis of occult neuromuscular diseases.




Trial Registration: Clinicaltrials.gov NCT04120168.
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Introduction

Elevated levels of transaminases [serum alanine transaminase (ALT) and aspartate transaminase (AST)] can indicate underlying acute or chronic liver diseases or can be the result of medical drug treatments (1–3). However, while the majority of cases are attributed to these causes, cases of asymptomatic hypertransaminasemia have been reported in patients with an underlying muscle disease (4–7).

In the first instance, it is routine in clinical practice for children with elevated transaminase to undergo various laboratory tests and invasive techniques such as a liver biopsy to rule out the diagnosis of chronic liver disease. This is done before considering a potential diagnosis of muscle diseases such as Duchenne muscular dystrophy/Becker muscular dystrophy (DMD/BMD) (4, 5, 7, 8).

The process of obtaining a confirmatory diagnosis for DMD/BMD is often long and complex and does not commence until symptoms have become apparent. An earlier diagnosis at the pre-symptomatic stage will allow earlier access to treatment before the clinical progression of muscle involvement and provide an opportunity for genetic counseling.

In addition to the elevated ALT and/or AST levels, the elevation of creatine phosphokinase (CPK), a specific enzyme of the muscle tissue, indicates muscle damage or muscle disorders. Testing for CPK levels in a patient with elevated ALT and/or AST levels may help prevent the historic unnecessary, invasive, and costly diagnostic laboratory tests and procedures for the etiology of liver disease.

This study aims to determine the frequency of DMD/BMD in male pediatric subjects and Pompe disease in male and female pediatric subjects with isolated transaminase elevation ≥3 months. Prior to the initiation of this study, a literature review indicated that no publications investigated the frequency of muscular diseases in children with isolated transaminase elevation, apart from some case reports (4–7).



Methods

The study was a multi-center, prospective, non-drug screening study conducted at multiple centers across Türkiye. Routine care of the patients was maintained during the study.


Study population

The study included male and female patients aged 3–216 months, with serum transaminase levels (serum ALT and/or AST levels) >2 of the upper limit of normal (ULN) for at least 3 months, who were willing to sign and/or have a legal representative sign the written consent form. Patients who were younger than 3 months or older than 216 months; had a known history of liver disease, muscle disease, or rheumatologic disease; had a clinical history or physical examination findings that supported the possibility of liver disease (such as jaundice, variceal bleeding, hepatomegaly, splenomegaly, and ascites); were in the intensive care unit; or had known congenital anomalies, organ failure, or elevated levels of serum gamma-glutamyl transferase and total or direct bilirubin were excluded. In our study, obesity was not an exclusion criterion because obesity may be present in muscular dystrophies (9).



Study design

During the screening process, demographic data, medical histories regarding the age of onset of crawling and walking, neurological symptoms such as fatigue with walking and exercise, gait disturbances (walking on tiptoes, waddling gait, and difficulty in climbing stairs, running, and jumping), pain and weakness in leg and hip muscles and frequent falls, and family histories of the patients included in the study were collected. Physical examination information such as presence of pseudohypertrophy, hyperlordosis, kyphosis, scoliosis, hypotony and Gower's sign was recorded. History of evaluation for elevated transaminases related with a liver disease already performed such as for Hepatitis B virus (HBV) and Hepatitis C virus (HCV) infection, autoimmune hepatitis, Wilson's disease, alpha-1 antitrypsin deficiency, Celiac disease and metabolic diseases, and whether abdominal ultrasonography and liver biopsy was performed were recorded. The presenting reason for evaluating ALT/AST levels and the first detection time of ALT/AST elevation were documented. The last ALT and AST levels were recorded, and a sample to assess the CPK level was sent to the laboratory and recorded afterward. After the screening evaluations, enzyme analysis for Pompe disease in girls and boys with elevated CPK levels and molecular genetic tests for DMD/BMD in boys with elevated CPK levels were performed.

For the detection of dystrophin gene duplication and deletion in cases of DMD/BMD, multiplex ligation-dependent probe amplification (MLPA) was employed. In patients without duplication or deletion identified through MLPA, re-screening for other mutations was conducted using gene sequencing. These analyses were performed using the dried blood spot method by CENTOGENE AG Laboratories in Germany.

To diagnose Pompe disease, Duzen Laboratories in Türkiye performed the acid alpha-glucosidase enzyme (GAA) test and gene sequencing test in the same samples with low enzyme activity by obtaining an estimated amount of 10 mL venous/capillary blood.

The study population is classified into the total group, which included all patients who participated in the study; group 1, which included all patients not diagnosed with DMD/BMD or Pompe disease; group 2, which included patients diagnosed with DMD/BMD; and group 3, which included patients diagnosed with Pompe disease.



Study endpoints

The endpoints of the study include determining the frequency of DMD/BMD in boys and Pompe disease in girls and boys with isolated transaminase elevation for at least 3 months and determining the demographic and clinical characteristics of these patients.



Statistical analysis

Demographic characteristics, disease history, clinical data, and evaluation criteria data were summarized using descriptive statistics. Parametric or non-parametric tests were used as appropriate for subgroup analyses. Continuous variables are presented as mean, median, standard deviation (SD), maximum, and number of unmissed observations. Categorical data are presented as absolute and relative frequency (including the category named “missing” in suitable situations) for each category. The level of statistical significance was determined as p < 0.05.



Consent and ethics procedures

Before enrollment, each patient or legal guardian had to provide written informed consent. This study complied with the guidelines of Good Clinical Practice and the International Conference on Harmonization, local rules and obligations, and the World Medical Association Helsinki Declaration.

The protocol, patient information page, and informed consent form were presented to the relevant Ethics Committee, and the study was registered to ClinicalTrials.gov (NCT04120168).




Results


Patient disposition and baseline characteristics

The study included 589 patients from 45 centers between April 2019 and January 2022 (primary completion date, Figure 1). Of these patients, 66.8% were male and 33.2% were female, with a mean age of 63.4 months (SD: 60.5). The median age (range) was 39 months (3–216 months). The ALT and/or AST levels [overall mean (SD): ALT 196.15 (215.79) U/L; AST 180.70 (368.79) U/L] were 4.9 (5.7) and 4.5 (10.4) times above the ULN. The CPK values were recorded for all cases, and 251 patients [188 male (74.9%) and 63 female (25.1%)] had CPK values above the ULN. The mean age of these patients was 61.8 (59.1) months.


[image: Figure 1]
FIGURE 1
Study disposition. ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatinine phosphokinase; DMD, Duchenne muscular dystrophy; GAA, acid alpha glucosidase.


In groups 1 and 2, the most common reasons for measuring ALT/AST levels were related to diagnosing any disease and routine monitoring. The distribution of the groups was not statistically significant (test = 0.902, p = 0.342) (Table 1).


TABLE 1 Reasons for evaluating ALT/AST elevation.
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Of the 182 male patients, 85 were diagnosed with DMD/BMD (group 2), and of the 228 male and female patients, three were diagnosed with Pompe disease (group 3) by genetic testing. The remaining 501 patients comprised group 1. The mean (SD) and median (range) ages were 66.0 (62.9), 40 (3–216); 45.1 (37.5), 34 (3–197); and 78.3 (115.1), 18 (6–211) in groups 1, 2, and 3, respectively. The age distributions of the groups were not statistically significant (p = 0.431).

The overall mean (SD) CPK level was 2,530.48 (6,205.75) U/L, which was 14.6 (37.1) times above the ULN. The median ALT, AST, and CPK levels were 124, 100, and 135 U/L in group 1; 221, 199, and 9,158 U/L in group 2; and 80, 219, and 1,101 U/L in group 3 (Table 2). The median ALT, AST, and CPK levels of group 2 were statistically significantly higher than those of group 1 (p < 0.001). Statistical analysis was not performed for group 3 as the sample number was insufficient.


TABLE 2 ALT, AST, and CPK levels and multiples of ULN.
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The mean (SD) (months) of the first detection of ALT/AST elevation was 11.4 (16.3) months overall and 11.6 (16.4), 10.4 (15.7), and 15.7 (20.2) months in groups 1, 2, and 3, respectively. The time of the first detection of ALT/AST elevation distributions of the groups was not statistically significant (p = 0.543). The maximum time (months) of the first detection of ALT/AST elevation was 120, 90, and 39 months in groups 1, 2, and 3, respectively.

The most common evaluations performed to determine the causes of ALT/AST elevation were similar in groups 1 and 2, respectively: HBV (89.8% and 84.7%), HCV (88.6% and 81.2%), and alpha-1 antitrypsin deficiency (76.1% and 63.5%). Abdominal ultrasonography was performed in 90.1% and 80% and liver biopsy in 12% and 1.2% in groups 1 and 2, respectively (Table 3).


TABLE 3 Evaluations performed to find out the causes leading to ALT/AST elevation.
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Clinical characteristics

Table 4 provides the mean age of onset of crawling and walking for each group. Data for a number of patients were missing due to the inability to remember or patients not yet crawling or walking. Significant differences in the ages of onset of crawling and walking were demonstrated between groups 1 and 2 (test = 3.029, p = 0.003 and test = 2.605, p = 0.009, respectively).


TABLE 4 Age of starting to crawl or walk.
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In group 1 overall, 10.8% of the patients had easy fatigability with exercise, 8.8% had easy fatigability with walking, and 8.0% had pain in leg muscles. In group 2, 45.9% had easy fatigability with walking, 43.5% had easy fatigability with exercise, and 35.3% had frequent falls (leading neurologic symptoms). A comparison between groups 1 and 2 for the presence of each symptom demonstrated that patients in group 2 were statistically more likely to have those symptoms than those in group 1 (p < 0.001, Figure 2).


[image: Figure 2]
FIGURE 2
Evaluation of symptoms in groups 1 and 2.


In patients older than 2 years, in group 1, 17.5% of patients reported easy fatigability with exercise, 14.5% reported easy fatigability with walking, and 13.1% reported pain in leg muscles (Table 5). In group 2, the percentage of patients reporting symptoms increased, with 59.3% reporting easy fatigability with walking, 57.6% reporting easy fatigability with exercise, and 40.7% reporting difficulty running. A comparison between groups 1 and 2 for the presence of each symptom demonstrated that patients in group 2 were statistically more likely to have those symptoms than those in group 1 (p < 0.001).


TABLE 5 Neurologic symptoms and physical findings in patients aged ≥2 years.
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A statistically significant difference in inquiries regarding neurological symptoms was obtained for frequent falls [mean (SD) age: with 50.7 (25.0) vs. without 69.1 (40.6), p = 0.046]; statistically significant differences for the other symptoms were not noted (Table 6).


TABLE 6 Comparison of ages regarding inquiries for neurologic symptoms.
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With respect to overall physical examination findings, in group 1, pseudohypertrophy was seen in 2.6% of patients, Gower's sign in 1.4%, and hyperlordosis in 1.2%. In group 2, pseudohypertrophy was seen in 37.6% of patients, Gower's sign in 22.3%, and hyperlordosis in 8.2%. The likelihood of experiencing these physical examination findings was significantly higher in group 2 compared with group 1 (p < 0.001).

In patients older than 2 years, in Group 1, pseudohypertrophy was seen in 4.4%, Gower's sign in 2.4%, and hyperlordosis in 1.7% of cases (Table 5). In Group 2, pseudohypertrophy was seen in 44.6%, Gower's sign in 28.6%, and hyperlordosis in 12.5% of cases. These physical signs were significantly higher in group 2 compared with group 1 (p < 0.001). An analysis of the ages regarding the presence or absence of physical examination findings in cases aged above 2 years in group 2 revealed no statistically significant differences in any of the findings (Table 7).


TABLE 7 Physical examination findings in patients ≥2 years in group 2.
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Genetic analysis

Of the 182 male patients who underwent genetic testing for the diagnosis of DMD/BMD, 85 were diagnosed with DMD. The most common mutations were exon 45–47 deletion (n = 7) and exon 45–48 deletion (n = 4). Supplementary Table S1 shows the full range of genetic mutations.

Of the 228 patients who underwent enzymatic testing for the diagnosis of Pompe disease (170 males and 58 females), five patients had low enzyme levels (4 males and 1 female). Three of these patients were subsequently confirmed to have Pompe disease (three males) through genetic testing. The genetic mutations identified for these patients were c.-32–13T>G, c.1655T>C, and c.258dupC. Details regarding the demographic characteristics, medical history, neurological symptoms and findings, GAA levels, and genetic mutations for these patients are available in Table 8.


TABLE 8 Baseline and clinical characteristics of patients with confirmed Pompe disease.

[image: Table 8]




Discussion

The results described here are the first, to the best of the authors knowledge, from a dedicated large study in pediatric patients with isolated transaminase elevation. These findings align with previous case reports (4, 5, 7). A retrospective review of 232 Chinese patients noted that more than 97% of patients diagnosed with DMD or BMD initially presented with elevated transaminases (10).

Of the patients with elevated CPK levels above the ULN who were assessed, 47% (85/182) of male patients were found positive for DMD/BMD, and 1% (3/228) of male and female patients tested positive for Pompe disease. It is important to note that the patients included in this study did not initially present with symptoms associated with DMD/BMD or Pompe disease such as easy fatigability with walking and exercise, gait disturbances (walking on tiptoes, waddling gait, or difficulty in climbing stairs, running, or jumping), pain or weakness in leg or hip muscles, or frequent falls. These symptoms were only discovered during the screening process of this study, which shows the importance of a gathering a detailed history regarding neurological symptoms in evaluating a patient with isolated transaminase elevation.

In a systemic physical examination, it is essential to perform neurological examinations as a key component of clinical investigations for patients with isolated hypertransaminasemia. From our study, we note that a larger proportion of patients in group 2 (DMD/BMD diagnosis group) exhibited occult or minimally symptomatic neurological signs such as Gower's sign and pseudohypertrophy than those in group 1 (patients with no DMD/BMD or Pompe diagnosis), which were not reported prior to the inclusion of the patients in this study. This proportion increased in patients aged over 2 years. Although the frequency of occult muscle diseases is well known among pediatricians, our results highlight the frequency of hepatic-driven myopathies, which should be as equally well known.

Not recognizing that a muscle disease could be the cause of transaminase elevation and failing to detect some occult neurological symptoms or signs due to a lack of structured inquiry or examination could cause a delay in making an accurate diagnosis. In our study, the median time to diagnose DMD/BMD or Pompe disease after detecting transaminase elevation was around a year. In some patients, the delay was considerable, even reaching 7 years.

As described earlier, DMD and BMD are progressive muscle dystrophies caused by mutations in the DMD gene, affecting muscle development and causing muscle weakening and, ultimately, cardiac and respiratory issues (11–13). DMD is the most prevalent among muscle dystrophies, affecting approximately 7.1 cases (95% CI: 5.0–10.1) per 100,000 males and 2.8 cases (95% CI: 1.6–4.6) per 100,000 in the general population, while the pooled global DMD birth prevalence rate is 19.8 (95% CI: 16.6–23.6) per 100,000 live male births (14). Symptoms of the disease manifest in the form of fatigue and skeletal muscle weakness and trouble performing activities such as getting up from a lying position, going uphill, and climbing the stairs, which progressively start in early childhood and eventually lead to a loss of ambulation. In BMD, weakness sets in later, and similar signs are first observed at school-age years. The disease course is mild and protracted, allowing patients to remain ambulatory until late adolescence or young adulthood (11–13).

Pompe disease is caused by mutations in the GAA gene, leading to the accumulation of glycogen and affecting skeletal and cardiac muscles, and can appear any time from infancy, infantile-onset Pompe disease (IOPD), to adulthood, late-onset Pompe disease (LOPD), with an overall prevalence rate of between 1 in 40,000 and 1 in 351,000 (15–17). Cardiac involvement is more severe and fatal in the first year of life in IOPD, while skeletal muscle symptoms manifest in teenage years or even later. On the other hand, LOPD has a slow progression rate. The first sign is usually weakness of the legs and hips, which leads to a waddling gait. Patients often have a history of muscle pain and frequent falling. Lordosis, kyphosis, and scoliosis may be seen at later ages. IOPD is more easily recognized due to its specific symptoms; however, the disease may be hard to diagnose in older children and adults. Gradually appearing signs may not be recognized and may be confused with other neuromuscular disorders with similar signs, which causes long diagnostic delays.

A diagnostic evaluation of a child with isolated, asymptomatic transaminase elevation should include another simple laboratory test for CPK. CPK levels are a sensitive biochemical marker for the early detection of myopathies and are a potential marker for undiagnosed muscle diseases; however, this concept is not yet widely accepted or integrated into clinical practice. Testing for this marker can eliminate costly and time-consuming investigations for a number of liver diseases. In our study, most of the laboratory tests for liver diseases and abdominal ultrasonography were already performed before detecting CPK elevations. CPK testing was performed in these patients for the first time during this study, which caused delays in eventual diagnosis. Since liver biopsy was not performed in all patients with obesity, we cannot exclude steatotic liver disease as a potential undiagnosed condition within our study group. An earlier case report has illustrated that a link between DMD/BMD and non-alcoholic fatty liver disease does exist (18).

An early diagnosis of DMD/BMD and Pompe disease will provide the patients with access to supportive therapy not only for ambulation but also for developing comorbidities such as cardiac and respiratory involvement. In addition, research into these diseases is continually evolving, with the latest treatment options such as genetic therapy targeted specifically at the type of mutation. Therefore, one of the keys to successful treatment is the early identification of affected patients in the disease course to ensure timely intervention and attenuate symptom development (19).

A limitation of this study should be noted. For patients with CPK elevation, further investigation regarding the cause of a muscular disorder other than that for DMD/BMD and Pompe disease was not performed. Additional investigation in these patients might have been warranted to investigate the cause of the CPK elevation.



Conclusions

This study confirms previous reports of the importance of considering the link between isolated elevated transaminases and diagnoses of muscle diseases such as DMD/BMD and Pompe disease and may provide primary care physicians and pediatricians with valuable insights for improving their day-to-day clinical practice. Patients presenting with isolated/asymptomatic hypertransaminasemia should be evaluated in more detail for the possibility of a neuromuscular disease. In addition to pediatricians, pediatric gastroenterologists should be aware of patients with transaminase elevation who are commonly referred to them for the evaluation of a supposedly silent hepatic disease and should consider the possibility of an underlying muscular disorder. Targeting specific history-taking, such as questioning neurological symptoms, performing basic neurological physical examination, and introducing routine testing of CPK levels, assists in the diagnostic process for specific muscular diseases, supporting earlier initiation of treatment and preventing lengthy diagnostic delays. CPK testing should always be included in the first step of laboratory investigation for isolated hypertransaminasemia, even before the onset of any symptom of a muscular disorder.
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