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We report a novel mutation in the electron transfer flavoprotein dehydrogenase (EFTDH) gene in an adolescent
Chinese patient with late-onset riboflavin-responsive multiple acyl-CoA dehydrogenase deficiency (MADD)
characterized by muscle weakness as early symptom. At the age of 9 years, the patient experienced progressive
muscleweakness. Blood creatine kinase level and aminotransferase were higher than normal. Themuscle biopsy
revealed lipid storage myopathy. Serum acylcarnitine and urine organic acid analyses were consistent with
MADD. Genetic mutation analysis revealed a compound heterozygous mutation in EFTDH gene. The patients
showed good response to riboflavin and L-carnitine treatment.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Multiple acyl-CoA dehydrogenase deficiency (MADD) is a rare auto-
somal recessive disorder causing defects in mitochondrial electron
transfer and metabolism of fatty acid, amino acid, and choline [1].
MADD is roughly classified into two forms according to the onset age:
an early-onset form and a mild and/or late-onset form. The early-
onset form usually occurs in the neonatal or infantile period with a
poor prognosis and is characterized by severe hypotonia, nonketotic hy-
poglycemia, andmetabolic acidosis. In contrast, the late-onset is typical-
ly characterized by progressive proximal muscle weakness with
heterogeneous symptoms such as intermittent episodes of vomiting,
hypoglycemia, or metabolic acidosis. Most patients with late-onset
MADD can be totally or partly cured on treatment with riboflavin;
hence, this clinical phenotype was called riboflavin-responsive MADD
(RR-MADD) [2,3].

Here, we report a case of late onsetMADD characterized by progres-
sive muscle weakness in which a novel compound heterozygous muta-
tion within the ETFDH gene was identified. The patient showed a
dramatic response to riboflavin replacement therapy.
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2. Case report

A 9-year-old girl was admitted to our hospital because of muscle
weakness with intermittent vomiting. One month before admission,
she experienced lower extremity muscle weakness. She had difficulty
walking long distances and climbing stairs, and gradually she had diffi-
culty standing up. Her perinatal history was uneventful, and her early
development was normal. Her life history was unremarkable except
her disgust with meat. Her family history was also uneventful.

General physical examinations revealed hepatosplenomegaly. On
neurological examinations, there was moderate weakness of proximal
muscles of the extremities (grade 3/5 for proximal muscle). Blood
chemistry results were the followings: alanine aminotransferase
964 U/l (normal b 40 U/l), aspartate aminotransferase 7500 U/l
(normal b 40 U/l) and creatine kinase 15,587 U/l (normal b 173 U/l).
The free carnitine level in plasma was 9 μmol/l (normal 10–60μmol/l).
Her proximal muscle electromyography demonstrated myopathic
changes. Brain magnetic resonance imaging (MRI) revealed normal.
Muscle biopsy revealed increased numbers of fibers with cytoplasmic
vacuoles on H–E staining. These vacuoles mainly distributed in type 1
muscle fibers (Fig. 1A). These vacuoles were positively stained with
Oil red O (Fig. 1B) suggesting lipid storage myopathy. MGT, PAS,
NADH, SDH, and NSE staining did not show any abnormal. Before ribo-
flavin therapy, urine and blood sampleswere collected for tandemmass
spectrometry. Organic acid analysis in urine showed elevated
ethylmalonate, glutarate, 2-hydroxyglutaric acid (2-HG), adipic acid,
ponsive multiple acyl-CoA dehydrogenase deficiency (MADD) with a
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Fig. 1. H–E staining revealed increased numbers of fibers with cytoplasmic vacuoles (Fig. 1A). These vacuoles were most prominent in type-I fibers and positively stained with Oil red O
(Fig. 1B), suggesting lipid storage myopathy.
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and suberic aid. Acylcarnitine analysis of plasma showed increased
acylcarnitines (C4–C18:1), both consistentwith the diagnosis of MADD.

Suspecting MADD, we sequenced the ETFA, ETFB and ETFDH genes
from the patient and her parents and identified a compound heterozy-
gous ETFDH gene mutation of c.389A N T (p. D130V) in exon3 and
c.736G N A (p. E246K) in exon7 (Fig. 2), respectively, from the patient.
Molecular diagnostic of the mother showed the heterozygote mutation
in exon 3 c.389 A N T (p. D130V) and of the father a heterozygote muta-
tion in exon7 c.736GNA (p. E246K) compatiblewith asymptomatic car-
rier states. No mutation was identified in ETFA or ETFB gene. No carrier
of these two mutations was identified from 100 Chinese control sub-
jects. The Polyphen scores were 0.965 for c.389A N T (p. D130V) muta-
tion in exon3 and 1 for c.736G N A (p. E246K) mutation in exon7 (The
Polyphen scores are calculated used by the PolyPhen-2 version 2.2.2,
represents the probability that a substitution is damaging, so values
nearer 1 are more confidently predicted to be deleterious), indicating
both mutations were pernicious to the function of the ETFDH protein.
To our knowledge, the former mutation has been reported with late
Fig. 2. Analysis of the mutations located in electron transfer flavoprotein dehydrogenase
gene, showing amissense amutation in exon3, c.389A N T (p.D130V), and amissensemu-
tation in exon 7, c.736G N A (p. E246K).
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onset riboflavin-responsive MADD in China [4]. The latter has not
been previously reported.

After diagnosis, a high-calorie and reduced-fat diet was started
together with oral supplements of riboflavin (100 mg/day) and L-
carnitine (50 mg/kg/day). After 1 month, the patient's clinical symp-
toms improved dramatically. Her muscle weakness disappeared,
creatase levels decreased significantly. After 3 months, creatase levels
returned to normal, liver and spleen also returned to normal size, the
patient has gone to school. Now treatment has stopped for 6 months,
further follow-up is ongoing.

3. Discussion

In this paper, we report a case of late-onset riboflavin responsive
multiple acyl-CoA dehydrogenase deficiency (RR-MADD) with a novel
compound heterozygous mutation in ETFDH gene. We diagnosed RR-
MADD in this patient based on her symptom of muscle weakness, rele-
vant biochemical data, muscle biopsy, tandem mass spectroscopy and
ETFDH gene mutations. Late-onset MADD is a rare but treatable disor-
der, and its diagnosis is often difficult when symptoms are nonspecific.
Muscle weakness was the main symptom in our patient, it could be
commonly misdiagnosed as glycogen storage diseases, polymyositis
and progressive muscular dystrophy [5]. In the case we report here,
muscle biopsy narrowed the differential diagnosis by revealing lipid
accumulation in muscle fibers. The diagnosis of MADD was made
based on elevated acylcarnitines and urine organic acids especially 2-
hydroxyglutaric acid. The analysis of ETFDHgene confirmed the diagno-
sis of MADD. The muscle weakness may be the main clinical feature in
MADD patients, however the symptom of muscle weakness are also
present in almost all types ofmuscle diseases, such as inflammatorymy-
opathies, metabolic myopathy and progressive muscular dystrophy.
MADD begins more often in childhood or in young adulthood featuring
proximal muscle weakness and decreased tendon reflexes, and other
symptoms of intermittent episodes of vomiting, especially after meals
rich in fat or protein, and hypoglycemia, or metabolic acidosis,
hepatosplenomegaly. In addition,mostMADD patients have fluctuating
symptoms during the course of disease; environmental factors, such as
cold and infection, can make the disease deteriorate. However, other
myopathy has no such clinical manifestations. Gene analysis is useful
to confirm the diagnosis, and early diagnosis is important because ribo-
flavin treatment has been effective in a significant number of patients
with MADD.

To our knowledge,MADD is causedbydefects on ETF, ETFB or ETFDH
[6]. The phenotype is speculated to correlate with the genotype. Muta-
tions in ETFA and ETFB tend to be early-onset forms, whereasmutations
in ETFDH are associated with late-onset MADD, especially the RR-
MADD [3,4,7–9]. By now, more than 80 mutations have been reported
all over the world, but the same mutant site is rarely found in different
ponsive multiple acyl-CoA dehydrogenase deficiency (MADD) with a
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populations. There were territory differences in the ETFDH mutation
spectrum between northern and southern China [10]. c.250G N A was
the most common mutation in southern China and c.389A N T was the
most common mutation in northern China. Whereas c.770A N G and
c.1227A N C were more geographically widespread hot spot mutations
inMainland China, and their prevalencewas almost equivalent. Accord-
ing to the spectrum, testing the hot mutation can be a fast and reliable
screening method, strongly enhancing genetic counseling and an accu-
rate diagnosis.

Although themolecular mechanism ofMADD is still unclear, ribofla-
vin (or vitamin B2) supplementation (100–400 mg/d) has been known
to strikingly improve the clinical symptoms andmetabolism disorder of
MADDpatients, particularly those with the late-onset form [11]. The re-
sults with combination therapy by carnitine and coenzyme Q10 are still
controversial. Our patient showed improvement after treatments with
riboflavin combined with carnitine and coenzyme Q10. Consistently,
some studies indicate that ETFDH deficiency caused secondary carnitine
and coenzyme Q10 insufficiency [12,13] although Liang WC et al.
reported the presence of CoQ10 deficiency only in a portion of MADD
patients [14].

In summary, we have identified a novel compound heterozygous
mutation in ETFDH gene from a patient with late-onset riboflavin
responsivemultiple acyl-CoA dehydrogenase deficiencywhich expands
the spectrum of mutations found in patients with MADD.
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