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Purpose: To evaluate the growth, development, and medical histories 
of children with short-chain acyl-CoA dehydrogenase and isobutyryl-
CoA dehydrogenase deficiencies identified through newborn screening.

methods: Chart review of patients diagnosed with short-chain acyl-
CoA dehydrogenase or isobutyryl-CoA dehydrogenase deficiency at 
our center.

Results: There were 16 children with short-chain acyl-CoA dehy-
drogenase deficiency, including 10 with two pathogenic mutations, 
and 8 with isobutyryl-CoA dehydrogenase deficiency. All but one  
patient has had normal growth and development, and that patient 
also had the 22q deletion syndrome.

conclusion: Our data and previous reports suggest that the ma-
jority of individuals with short-chain acyl-CoA dehydrogenase or 
isobutyryl-CoA dehydrogenase deficiencies have normal growth and 
development.
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intROdUctiOn
The introduction of tandem mass spectrometry in newborn 
screening programs has made it possible to quantify the levels 
of acylcarnitines of varying chain length and thereby diagnose 
a variety of disorders of organic acid and fatty acid metabolism. 
As a result, a number of conditions that were previously thought 
to be rare have been recognized with increasing frequency in 
otherwise asymptomatic infants, an observation that has raised 
questions about the clinical significance of the metabolic altera-
tions. Among these are two inherited conditions that result in 
accumulation of four-carbon carnitine esters (also known as C4 
acylcarnitines): short-chain acyl-CoA dehydrogenase (SCAD) 
deficiency and isobutyryl-CoA dehydrogenase (IBD) deficiency. 

SCAD deficiency, a defect in the β-oxidation of short-chain 
fatty acids (four to eight carbons in length), was originally 
reported in 1984 in a 46-year-old woman with lipid myopa-
thy and profound carnitine deficiency,1 although she was later 
thought to have multiple acyl-CoA dehydrogenase deficiency 
(glutaric aciduria type II).2 The first true cases were reported 
in 1987 in two neonates.3 Biochemically, the disorder is char-
acterized by elevated excretion of ethylmalonic and methylsuc-
cinic acids in the urine. SCAD is encoded by the ACADS gene, 

and a number of mutations have been associated with deficient 
enzyme activity.4–7 Two variants in the ACADS gene, 625G>A 
and 511C>T, are commonly found in the general population.4,8,9 
Although these variants are associated with ethylmalonic acidu-
ria and some decreased enzyme activity, they are not thought to 
cause SCAD deficiency. They may, however, confer disease sus-
ceptibility when present with other environmental or genetic 
factors that remain undetermined.4,10

IBD deficiency, a defect in the valine catabolic pathway, was 
first described in 1998 in a 2-year-old girl with cardiomyopathy 
and carnitine deficiency whose cardiac function, growth, and 
development proceeded normally following carnitine supple-
mentation.11 IBD is encoded by ACAD8,12 and mutations have 
been found to disrupt its function.11,13

Since these initial reports, a number of additional patients 
with SCAD and IBD deficiencies have been detected and are 
currently being followed at metabolic centers throughout the 
world. This report describes the clinical course of children 
with these two conditions followed at a single center, and sug-
gests that most, if not all, of the children with these conditions 
detected through newborn screening are healthy and have nor-
mal growth and development.

http://www.nature.com/doifinder/10.1038/gim.2011.9
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mAteRiALs And metHOds
The study was approved by the institutional review board at 
Children’s Memorial Hospital in Chicago. We reviewed the charts 
of all patients diagnosed with SCAD or IBD deficiency who vis-
ited the Division of Genetics, Birth Defects and Metabolism at 
Children’s Memorial Hospital since the institution of expanded 
newborn screening in Illinois in 2002. Extracted data included 
growth parameters, health and developmental status at the most 
recent clinic visit, history of major illnesses or hospitalizations, 
and information pertaining to the patient’s biochemical and 
genetic diagnosis. Information was tabulated without individual 
patient identifiers and was maintained in a confidential manner.

ResULts
Eighteen patients with a diagnosis of SCAD deficiency detected 
through newborn screening were identified. All had elevations 
in C4 acylcarnitines and ethylmalonic aciduria. Fifteen patients 
underwent urine acylglycine analyses: five had elevated butyryl-
glycine and four had elevated methylsuccinic acid reported. 
Methylsuccinic acid was reported in the normal range in three 
patients, and not commented on in eight patients. Full sequencing 
of ACADS was performed in 16 cases, and two pathogenic muta-
tions were identified in 10 patients. A single pathogenic mutation 
and variant allele (625G>A) were found in five patients (patients 
3, 6, 9, 10, and 18; Table 1). One patient was homozygous for the 
variant allele and had no pathogenic mutations (patient 15). One 
patient (no. 13) was lost to follow-up shortly after diagnosis; the 
mean duration of follow-up for the other patients was 2.2 years 
(range 0.3–5.6 years). All but one of the patients had normal 
growth and development. The remaining patient (patient 3) had 
an atrial septal defect and cleft lip and palate. This patient had 
a deletion in the 22q11 region and was diagnosed with velocar-
diofacial syndrome. She was hospitalized once with pneumonia, 
once with gastrointestinal symptoms, and had speech delay.

We have also followed eight patients with IBD deficiency, all 
but one diagnosed through expanded newborn screening. All 
had elevated C4 acylcarnitines without ethylmalonic aciduria. 
Only one of the six patients tested had increased excretion of 
isobutyrylglycine (Table 2). One patient (no. 3) was diagnosed 
at 3.5 years of age after a younger sibling tested positive on new-
born screening. All of our patients with IBD deficiency have 
had normal growth and development. After a mean period 
of follow-up of 4.6 years (range 0.7–6.8 years), we have not 
observed any complications that may be related to the disorder, 
with the possible exception of one patient (no. 5) with evidence 
of carnitine deficiency during a recent hospitalization for gas-
troenteritis (free carnitine of 15 μmol/l).

discUssiOn
Following the original reports of SCAD deficiency, affected 
patients have been described with a variety of signs, including 
hypoglycemia, lactic acidosis, developmental delay, hypotonia, 
seizures, and cardiomyopathy, with variable responses to treat-
ment and outcomes.3 However, recent publications reveal that a 
number of patients with SCAD deficiency remain asymptomatic. 

Developmental and health outcomes for 14 children with SCAD 
deficiency, 8 of whom were detected through expanded new-
born screening, were recently reported.14 All eight children 
identified through newborn screening had normal neuropsy-
chological development and health on follow-up. Of the other 
six children included in the study, two were normal and four 
were developmentally abnormal (one with learning disability 
and three with mental retardation). However, there were sup-
plementary or alternative explanations for the delays in all four 
children (e.g., prematurity, fetal distress, maternal HELLP syn-
drome). Furthermore, seven of the eight alleles in these children 
contained only the variant mutations (625G>A or 511C>T) and 
only one allele had a presumably pathogenic mutation (136C>T). 
Waisbren et al.14 also refer to an unpublished study of one of the 
authors, where only 5 of the 44 individuals affected with SCAD 
deficiency had symptoms of hypoglycemia and hypotonia. Jethva 
and Ficicioglu15 reported their experience with 14 patients with 
SCAD deficiency followed for 1–7 years. Two patients (siblings) 
had speech delay, but both parents had “learning disabilities.” 
The other 12 patients were normal.

Fewer than a dozen cases of IBD deficiency have been described 
in the literature, and the majority of them are doing well, some 
with carnitine supplementation. For example, the original patient 
had normal growth and development with carnitine supplemen-
tation 4 years after her diagnosis.12 Sass et al.13 report on two neo-
nates detected through newborn screening, one of whom had 
normal growth and development at 13 months, and the other of 
whom had hypotonia and mild developmental delay at 8 months 
of age. Pedersen et al.16 reported another four patients with vari-
able length of follow-up, from 2 to 5 years of age, all of whom had 
normal growth, although two had speech delay.

We have not observed clinically significant effects of either 
of these enzyme deficiencies in any of our patients diagnosed 
through newborn screening. We hypothesize that the illnesses 
reported in some of the previous cases may have been the 
result of secondary carnitine deficiency. In other cases, where 
the enzyme deficiency was diagnosed during the evaluation of 
a child with neurologic or metabolic alterations, the presence 
of the enzyme deficiency may have been coincidental. The true 
relationship between these enzyme deficiencies and clinical 
outcomes will ultimately be determined only by further obser-
vation, as well as by prospective study of patients identified 
through newborn screening.
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