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Isobutyryl-CoA dehydrogenase deficiency (IBDD) is a rare autosomal recessive
disorder caused by biallelic variants in the ACAD8 gene, which disrupts valine
metabolism. In this study, we report seven individuals identified through newborn
screening (NBS) with elevated C4-acylcarnitine levels, including five confirmed
patients and two heterozygous carriers. Genetic analysis identified 12 distinct
ACAD8 variants, seven of which were novel (c.221C>T, c.518T>C, c.727A>G,
c.868G>A, c.947A>T, c.966G>A, c.1058T>C). According to ACMG classification
criteria, c.221C>T was classified as likely pathogenic, while the remaining variants
were categorized as variants of uncertain significance (VUS). During a mean
follow-up of 4.81 years, all patients maintained normal growth patterns but two
patients developed neurological symptoms that included recurrent febrile
seizures and sensory integration dysfunction. These findings expand the
ACAD8 variant spectrum, highlight the phenotypic variability of IBDD, and
underscore the importance of long-term follow-up and individualized
management strategies.
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1 Introduction

Isobutyryl-CoA Dehydrogenase Deficiency (IBDD) is a rare autosomal recessive
metabolic disorder with diverse clinical manifestations. While most individuals with
IBDD are asymptomatic, a subset may develop significant clinical symptoms, including
dilated cardiomyopathy, anemia, and systemic carnitine deficiency, which can lead to
developmental complications if untreated (Oglesbee et al., 2007). Some affected individuals
have presented withmuscle hypotonia, mild developmental delays, and speech impairments
during infancy (Koeberl et al., 2003; Sass et al., 2004; Pedersen et al., 2006). Early detection
and intervention, particularly with oral carnitine supplementation, are crucial in preventing
progression and optimizing long-term outcome (Knerr et al., 2012; Santra et al., 2017; Feng
et al., 2021).
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First described by Roe et al., in 1998 (Roe et al., 1998), IBDDwas
later linked to pathogenic variants in ACAD8 gene (MIM 604773),
located on chromosome 11q25 (Nguyen et al., 2002). The ACAD8
gene encodes isobutyryl-CoA dehydrogenase, a mitochondrial
enzyme essential for the third step in valine degradation.
Enzymatic dysfunction results in the accumulation of isobutyryl-
CoA and elevated C4-acylcarnitine, which can be detected via
tandem mass spectrometry (MS/MS) in newborn screening
(Pedersen et al., 2006).

IBDD is an extremely rare disorder, with estimated prevalence
rates ranging from approximately 1 in 30,000 to 1 in 60,000 live
births (Feng et al., 2021; Zhuang et al., 2021). The rarity of the
disorder, combined with its highly variable phenotype, often leads to
misdiagnosis or delayed recognition, complicating clinical
management. Advances in MS/MS technology have facilitated the
identification of IBDD by detecting characteristic biochemical
markers, while next-generation sequencing (NGS) enables
definitive genetic confirmation.

This study aims to identify novel ACAD8 variants in patients
with elevated C4-acylcarnitine levels detected through newborn
screening, thereby expanding the known variant spectrum of
IBDD, enhancing the understanding of its clinical heterogeneity,
and providing deeper insights into the disease’s natural course.

2 Materials and methods

2.1 Subject and ethical statement

From May 2015 to April 2024, a total of 227,583 individuals
underwent newborn screening using MS/MS at Changzhi Maternal
and Child Healthcare Hospital. Newborns identified with elevated
C4-acylcarnitine levels underwent confirmatory testing, including
urine organic acid analysis using gas chromatography-mass
spectrometry (GC/MS) and molecular analysis via NGS. The
study was approved by the Ethics Committee of Changzhi
Maternal and Child Healthcare Hospital. Written informed
consent was acquired from the parent or legal guardian of the
patient before commencing the study.

2.2 Tandem mass spectrometry analysis

Dried blood spot (DBS) samples, each with a diameter greater than
8mm, were collected from each participant within the first 48 h of life as
part of the newborn screening protocol. Acylcarnitine profiles were
analyzed via MS/MS using the NeoBase™ non-derivatized MS/MS kit
(PerkinElmer, United States) on anACQUITYTQDmass spectrometer
(Waters, Milford,MA, United States). A 3.2 mmDBS punch was placed
into a 96-well microplate, and 100 µL of extraction buffer containing
isotopically labeled internal standards was added. The plate was
incubated at 45°C for 45 min under continuous orbital agitation
(700 rpm) to facilitate metabolite extraction. After centrifugation
(1,500 × g, 5 min), 75 µL of supernatant was transferred to a clean
plate and left to equilibrate at ambient temperature for 2 h before
injection. Samples were analyzed in electrospray ionization (ESI)
positive mode, with multiple reaction monitoring (MRM) transitions
targeting specific acylcarnitines. Key instrument parameters included a

capillary voltage of 3.5 kV, source temperature of 120°C, desolvation
temperature of 350°C, cone gas flow of 20 L/h, and desolvation gas flow
of 650 L/h. Target analytes (e.g., C4-acylcarnitine: m/z 232.1 → 85.1)
were monitored (Supplemental Table S1), along with corresponding
internal standards. Quantification was based on the ratio of analyte peak
area to internal standard peak area. Quality control was ensured using
two levels of internal standards representing low and high
concentrations. A C4-acylcarnitine threshold of 0.45 μmol/L,
established from the 99. fifth percentile of local population screening
data, was used to flag samples for further diagnostic confirmation.

2.3 GC/MS analysis

Urinary organic acid analysis was performed using gas
chromatography-mass spectrometry (GC/MS). Urine samples
were collected either as dried urine filter paper specimens for
external submissions or as fresh samples from patients treated at
our hospital. The analysis was conducted using the GCMS QP-2010
Plus system (Shimadzu, Kyoto, Japan) following the manufacturer’s
protocol (Aiwan, Shenzhen, China). A semi-quantitative approach
was employed, utilizing a single reference standard to estimate target
compound concentrations. Urine creatinine levels were first
measured, and an aliquot corresponding to 0.2 mg of creatinine
was used for analysis. The selected sample underwent urea removal,
followed by an oximation reaction to stabilize keto acids. Organic
acids were then extracted using ethyl acetate, and the extract was
derivatized with a silylation reagent before GC/MS analysis.
Heptadecanoic acid served as the internal standard, and
metabolite concentrations were estimated based on the peak area
ratio of the target compound to the internal standard.

2.4 Genetic analysis

Peripheral blood samples were collected from each patient for
genetic analysis. Genomic DNA was extracted using the QIAamp
DNA Mini Kit (Qiagen, China), following the manufacturer’s
protocol. DNA library preparation was conducted in accordance
with Illumina protocols, which included end repair, adapter ligation,
and PCR enrichment. Library enrichment was performed using the
whole exome capture kit (MyGenostics Inc., Beijing, China) with
biotinylated capture probes targeting all exons, avoiding
duplications. The enriched libraries were sequenced on the
Illumina HiSeq × Ten platform with 150 bp paired-end reads.
Following sequencing, sequencing data were processed and
aligned to the human genome reference sequence (hg19) using
the Burrows-Wheeler Alignment (BWA) tool, and duplicated
reads were removed using Picard to enhance data accuracy.
Variants were called using Genome Analysis Toolkit (GATK)
and annotated through ANNOVAR. Variants were cross-
referenced with databases including the 1000 Genomes Project,
Exome Aggregation Consortium, GnomAD, and the Human
Gene Mutation Database (HGMD). This study focused on
nonsynonymous variants, splicing site variants within 10 bp of
exon-intron boundaries, and clinically relevant splicing site variants,
excluding synonymous and non-coding exonic variants. Pathogenicity
assessments of identified variants followed the guidelines of the
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TABLE 1 Summary of biochemical testing, genetic analysis, and clinical manifestations in seven cases.

Case Gender Allele 1 Allele 2 Pathogenicity Testing
time

MS/MS GC/MS Age at
diagnosis

Report
age

(years)

Clinical
manifestation

C4
(0.04–0.45)

C4/C2
(0–0.04)

C4/C3
(0.02–0.33)

Lactate
(0–4.7)

Isobutyrylglycine
(0–0.4)

3-
Hydroxypropionate

(0–1.1)

1 Female c.409G>A c.868G>A P/VUS 4d 2.32 0.19 1.54 — — — 45d 7.25 Unremarkable

17d 1.66 0.15 0.94 7.68 0.54 (−)

7y 1.74 0.13 1.05 — — —

2 Male c.221C>T c.500del LP/P 7d 1.45 0.10 0.98 — — — 41d 7 Unremarkable

18d 1.02 0.06 0.39 (−) 0.42 (−)

7y 1.28 0.07 0.67 — — —

3 Male c.947A>T c.1058T>C VUS/VUS 4d 0.77 0.08 0.38 — — — 37d 5.33 Anemia (0.17y),
sensory integration
dysfunction (4.67y)20d 1.32 0.11 0.61 8.55 1.7 5.13

5y 1.08 0.07 0.6 — — —

4 Female c.512C>G c.518T>C VUS/VUS 3d 0.67 0.06 0.7 — — — 40d 3.08 Seizure and
abnormal CT and
EEG (1.08y); mild
speech delay (3y)

16d 0.67 0.05 1.06 (−) (−) (−)

3y 0.96 0.06 0.73 — — —

5 Female c.258C>G c.1176G>T LP/LP 3d 2.29 0.09 0.91 — — — 40d 0.92 Unremarkable

13d′ 1.51 0.13 1.27 (−) (−) (−)

0.5y 1.37 0.09 0.78 — — —

6 Female c.727A>G - VUS/- 3d 0.79 0.04 0.38 — — — 40d 5.83 Unremarkable

22d 0.66 0.07 0.8 (−) (−) 3.63

5.5y 0.52 0.04 0.32 — — —

7 Female c.966G>A - VUS/- 6d 0.82 0.05 0.74 — — — 40d 4.25 Anemia (0.083y)

17d 0.54 0.07 0.89 (−) 0.61 1.16

4 0.46 0.05 0.34 — — —
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American College of Medical Genetics and Genomics (ACMG)
(Richards et al., 2015). Sanger sequencing was used to validate
identified variants in both the patients and their parents.

2.5 Biochemical and clinical follow-up

Patients carrying ACAD8 variants underwent clinical follow-up
to monitor potential symptoms of IBDD, including developmental
assessments and metabolic profiles. C4-acylcarnitine levels were
periodically measured using DBS.

3 Results

3.1 Patient demographics and
biochemical findings

Among 227,583 individuals screened by MS/MS, 177 cases
exhibited elevated C4-acylcarnitine levels. Among these cases, seven
individuals exhibited elevated C4-acylcarnitine levels (mean: 1.30 μmol/
L, range: 0.67–2.32 μmol/L) as detected by MS/MS (Table 1), with
concurrent identification of variants in the ACAD8 gene through
molecular genetic testing. GC-MS analysis revealed increased
isobutyrylglycine (IBG) in four cases and 3-hydroxypropionate (3-
HP) in three cases. Ethylmalonic acid levels remained within the
normal range in all cases. Based on genetic analysis, five individuals
were confirmed as IBDD patients, while two were identified as
heterozygous carriers, yielding an estimated regional incidence of
1 in 45,517. The cohort included seven individuals—five males and
two females—with a mean age at diagnosis of 40.33 ± 2.58 days (range:
37–45 days). All individuals were asymptomatic at diagnosis.

3.2 Genetic analysis

NGS identified 12 distinct variants in the ACAD8 gene (NM_
014384.3) among the seven patients, including 11 missense variants
and 1 frameshift variant (Figure 1A). Seven of these variants were
novel and had not been previously reported. The novel variants
included c.221C>T (p.Pro74Leu), c.518T>C (p.Leu173Pro),
c.727A>G (p.Thr243Ala), c.868G>A (p.Ala290Thr), c.947A>T
(p.Gln316Leu), c.966G>A (p.Met322Ile), and c.1058T>C
(p.Met353Thr). These variants were distributed across exons 3, 4,
5, 7, 8, 9, and 10 of the ACAD8 gene. According to ACMG guidelines
(Richards et al., 2015), the novel variant p. Pro74Leu was classified as
likely pathogenic, aligning with previously reported pathogenic
variants such as p. Gly137Arg, p. Ser167MetfsTer7, p. Phe86Leu,
and p. Arg392Ser (Supplemental Table S2). The remaining variants
were categorized as variants of uncertain significance (VUS).

3.3 Treatment and follow-up

Except for Case 4, all patients received oral carnitine
supplementation at a dose of 50 mg/kg/day, with no reported
adverse effects. During a follow-up period averaging 4.81 years
(ranging from 0.92 to 7.25 years), all patients demonstrated

normal growth and developmental progress. However, several
patients exhibited notable clinical manifestations:

Case 3: At 2 months of age, this patient exhibited signs of
anemia, which resolved spontaneously within a few months without
medical intervention. By 4 years and 8 months, the patient was
diagnosed with sensory integration dysfunction, leading to
difficulties in adapting to kindergarten. Motor and intelligence
evaluations remained normal.

Case 4: At 1 year and 1 month old and again at 2 years and
4 months, the patient experienced three seizure episodes, triggered
by COVID-19 infection and febrile illness. Cranial computed
tomography (CT) revealed bilateral expansion of the
subarachnoid space in the frontal, temporal, and parietal regions,
along with enlargement of the fifth and sixth ventricles and the
cerebellomedullary cistern. Electroencephalography (EEG) showed
bilateral spike-wave and spike discharges at the frontal-central
derivations. The patient also exhibits mild speech developmental
delay and is currently undergoing orofacial rehabilitation therapy.

Case 7: This patient was diagnosed with mild anemia at 1 month
old, as indicated by a reduced red blood cell (RBC) count (3.71 ×
1012/L, reference: 4.0–5.0 × 1012/L) and a slightly decreased
hematocrit (HCT) level (34.3%, reference: 35%–45%). No
additional hematological investigations were conducted, and the
anemia resolved naturally over time without requiring
specific treatment.

4 Discussion and conclusions

To date, 66 distinct variants were identified in the ACAD8 gene
across 100 reported cases worldwide, comprising 50 missense,
6 frameshift, 6 splice-site, 2 nonsense, 1 small deletion, and
1 synonymous variant (Supplemental Table S3, S4) (Nguyen
et al., 2002; Sass et al., 2004; Pedersen et al., 2006; Yoo et al.,
2007; Oglesbee et al., 2007; Popek et al., 2010; Pena et al., 2012;
Scolamiero et al., 2015; Yun et al., 2015; Lin et al., 2018; Wang et al.,
2019; Lee et al., 2019; Navarrete et al., 2019; Sadat et al., 2020;
Eleftheriadou et al., 2021; Feng et al., 2021; Zhuang et al., 2021;
Tummolo et al., 2022; Liu et al., 2023; Men et al., 2023). In contrast
to prior studies that identified recurrent variants such as c.286G>A
(p.Gly96Ser) (25.5%), c.1000C>T (p.Arg334Cys) (9.00%), and
c.1176G>T (p.Arg392Ser) (3.50%), which are predominantly
reported in East Asian populations, none of these were found in
our cohort (Figure 1B). Instead, seven novel variants were identified:
c.221C>T (p.Pro74Leu), c.518T>C (p.Leu173Pro), c.727A>G
(p.Thr243Ala), c.868G>A (p.Ala290Thr), c.947A>T
(p.Gln316Leu), c.966G>A (p.Met322Ile), and c.1058T>C
(p.Met353Thr). The absence of common hotspot variants and the
discovery of novel variants reflect significant regional genetic
heterogeneity, highlighting the unique genetic profile of the
local cohort.

A striking feature of IBDD is its marked phenotypic variability,
which challenges predicting clinical outcomes based on genotype
alone (Lin et al., 2018; Feng et al., 2021; Zhuang et al., 2021). Among
the 100 reported patients, 56.5% remained asymptomatic despite
carrying biallelic ACAD8 variants, underscoring the critical role of
newborn screening (NBS) in identifying affected individuals who
might otherwise go undiagnosed. However, a subset developed
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FIGURE 1
Overview of reported ACAD8 gene variants. (A) Schematic illustration of the intron–exon structure of the ACAD8 gene. Novel variants identified in
this study are highlighted in red, while those detected in carriers are shown in red italics. Other variants identified in this study are marked in blue. (B)
Mutation density plot along the ACAD8 protein sequence, showing the distribution of variants at each amino acid position, weighted by their relative
frequencies (RF%) using Kernel Density Estimation (KDE) in R version 4.3.0. (C) Frequency of clinical manifestations, represented as percentages and
counts, arranged in ascending order.
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clinical manifestations, including developmental delay (14/76,
16.5%), transient anemia (13/83, 15.66%), elevated urine IBG (8/
83, 9.64%), speech delay (4/83, 4.82%), and motor delay (5/83,
6.02%) (Figure 1C). Thirteen IBDD cases, including two from this
study, have exhibited transient anemia (Knerr et al., 2012; Feng et al.,
2021). However, a causal link between IBDD and anemia remains
unestablished. In our cases, anemia resolved spontaneously without
intervention, suggesting it may be incidental rather than a defining
clinical feature of IBDD. Notably, asymptomatic individuals may
transition to symptomatic states with age, presenting with late-onset
complications such as fatigue, muscle weakness, and
cardiomyopathy (Oglesbee et al., 2007; Zhuang et al., 2021). In
our cohort, one patient developed sensory integration dysfunction,
while another experienced febrile illness-triggered seizures, despite
normal early development. Conversely, some patients remained
asymptomatic, even with likely pathogenic or pathogenic variants
(e.g., cases 2 and 5), underscoring the role of environmental
influences, metabolic stress, and potential modifier genes in
shaping disease expression. The lack of a robust genotype-
phenotype correlation suggests that IBDD is driven by a complex
interplay between intrinsic genetic factors and extrinsic metabolic
demands, complicating prognostic predictions (Lin et al., 2018; Feng
et al., 2021; Zhuang et al., 2021). Future research integrating
genomic, transcriptomic, and metabolomic analyses is essential to
identify modifying factors and refine risk stratification for
IBDD patients.

L-carnitine supplementation is integral to IBDD
management, facilitating the excretion of toxic isobutyryl-CoA
intermediates and preventing secondary carnitine depletion
(Nasser et al., 2012). In this study, six of seven patients
received oral L-carnitine (50 mg/kg/day), with no reported
adverse effects. All treated patients maintained normal growth
and developmental milestones, further supporting the safety and
therapeutic benefit of carnitine supplementation. However, Case
4, who did not receive carnitine supplementation, developed
recurrent febrile seizures, suggesting that metabolic stress may
exacerbate neurological vulnerability in untreated patients. This
aligns with previous studies indicating that the risk of symptom
manifestation increases during metabolic stressors, such as
illness or prolonged fasting (Han et al., 2015). In this context,
prophylactic L-carnitine supplementation may mitigate the risk
of secondary carnitine depletion, metabolic crises, and associated
neurological complications (Sass et al., 2004; Zhang et al., 2024).
Given these potential risks, patient and caregiver education is
essential. Families should be informed about metabolic stressors
(e.g., fasting, infections) and the importance of early
intervention during intercurrent illnesses, as prompt
metabolic management may prevent acute decompensation.

Notably, some carriers of ACAD8 gene variants have been
observed to exhibit elevated C4-acylcarnitine levels (Oglesbee
et al., 2007; Feng et al., 2021; Zhuang et al., 2021). This
phenomenon has also been reported in population-based
screenings, where multiple ACAD8 heterozygotes were
identified with metabolic abnormalities (Supplemental Table
S5). The elevation of C4-acylcarnitine in carriers could stem
from undetected genetic variants, such as deep intronic
mutations or large-scale deletions/duplications, which may
evade detection by NGS technology. Alternatively, a partial

reduction in enzyme activity may impair isobutyryl-CoA
metabolism, leading to C4 accumulation. In our study, one
carrier presented with transient anemia, raising the question
of whether certain heterozygotes might benefit from carnitine
supplementation. Although carriers are generally asymptomatic,
the presence of metabolic perturbations suggests that closer
biochemical monitoring may be warranted, particularly during
periods of metabolic stress such as illness or prolonged fasting.

This study broadens the known ACAD8 mutation spectrum,
identifies novel variants, and underscores the phenotypic
variability of IBDD. Our findings highlight the need for early
diagnosis via newborn screening, proactive carnitine
supplementation, and long-term metabolic monitoring. Given
the unpredictability of disease progression, structured follow-up
and patient education are crucial to ensuring optimal clinical
outcomes. However, this study is limited by its small sample size
and relatively short follow-up duration. Larger, longitudinal
studies are necessary to delineate the natural history of IBDD,
refine genotype-phenotype correlations, and establish evidence-
based management guidelines. Furthermore, functional
characterization of the identified novel ACAD8 variants is
crucial to elucidating their pathogenic mechanisms and their
impact on enzyme activity.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Changzhi Maternal and Child Healthcare Hospital.
The studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation in this study was provided by the participants’ legal
guardians/next of kin. Written informed consent was obtained from
the individual(s), and minor(s)’ legal guardian/next of kin, for the
publication of any potentially identifiable images or data included in
this article.

Author contributions

YT: Data curation, Formal Analysis, Funding acquisition,
Methodology, Visualization, Writing – original draft,
Writing – review and editing. DH: Formal Analysis,
Investigation, Methodology, Writing – original draft,
Writing – review and editing. JL: Data curation, Investigation,
Methodology, Writing – original draft. XyL: Investigation,
Methodology, Writing – original draft. LH: Methodology,
Validation, Writing – original draft. WS: Conceptualization,
Project administration, Writing – original draft. LW:
Investigation, Validation, Writing – original draft. XzL:
Supervision, Writing – original draft.

Frontiers in Genetics frontiersin.org06

Tao et al. 10.3389/fgene.2025.1532902

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2025.1532902


Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This workwas supported by
Scientific Research Foundation of the Health Commission of Shanxi
Province (No. 2021XM57), Municipal Key Laboratory of Changzhi,
and the Natural Science Foundation from the Science and Technology
Department of Shanxi Province (No. 202303021222374).

Acknowledgments

We are grateful to the patients and families who participated in
our study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fgene.2025.1532902/
full#supplementary-material

References

Eleftheriadou, M., Medici-van den Herik, E., Stuurman, K., van Bever, Y.,
Hellebrekers, D. M. E. I., van Slegtenhorst, M., et al. (2021). Isobutyryl-CoA
dehydrogenase deficiency associated with autism in a girl without an alternative
genetic diagnosis by trio whole exome sequencing: a case report. Mol. Genet.
genomic Med. 9, e1595. doi:10.1002/mgg3.1595

Feng, J., Yang, C., Zhu, L., Zhang, Y., Zhao, X., Chen, C., et al. (2021). Phenotype,
genotype and long-term prognosis of 40 Chinese patients with isobutyryl-CoA
dehydrogenase deficiency and a review of variant spectra in ACAD8. Orphanet
J. Rare Dis. 16, 392. doi:10.1186/s13023-021-02018-6

Han, L., Han, F., Ye, J., Qiu, W., Zhang, H., Gao, X., et al. (2015). Spectrum
analysis of common inherited metabolic diseases in Chinese patients screened and
diagnosed by tandem mass spectrometry. J. Clin. Lab. Anal. 29, 162–168. doi:10.
1002/jcla.21745

Knerr, I., Weinhold, N., Vockley, J., and Gibson, K. M. (2012). Advances and
challenges in the treatment of branched-chain amino/keto acid metabolic defects.
J. Inherit. Metab. Dis. 35, 29–40. doi:10.1007/s10545-010-9269-1

Koeberl, D. D., Young, S. P., Gregersen, N. S., Vockley, J., Smith, W. E., Benjamin, D.
K. J., et al. (2003). Rare disorders of metabolism with elevated butyryl- and isobutyryl-
carnitine detected by tandem mass spectrometry newborn screening. Pediatr. Res. 54,
219–223. doi:10.1203/01.PDR.0000074972.36356.89

Lee, H., Lim, J., Shin, J. E., Eun, H. S., Park, M. S., Park, K. I., et al. (2019).
Implementation of a targeted next-generation sequencing panel for constitutional
newborn screening in high-risk neonates. Yonsei Med. J. 60, 1061–1066. doi:10.
3349/ymj.2019.60.11.1061

Lin, Y., Peng, W., Jiang, M., Lin, C., Lin, W., Zheng, Z., et al. (2018). Clinical,
biochemical and genetic analysis of Chinese patients with isobutyryl-CoA
dehydrogenase deficiency. Clin. Chim. Acta. 487, 133–138. doi:10.1016/j.cca.2018.
09.033

Liu, G., Liu, X., and Lin, Y. (2023). Newborn screening for inborn errors of
metabolism in a northern Chinese population. J. Pediatr. Endocrinol. Metab. 36,
278–282. doi:10.1515/jpem-2022-0543

Men, S., Liu, S., Zheng, Q., Yang, S., Mao, H., Wang, Z., et al. (2023). Incidence and
genetic variants of inborn errors of metabolism identified through newborn screening: a
7-year study in eastern coastal areas of China. Mol. Genet. genomic Med. 11, e2152.
doi:10.1002/mgg3.2152

Nasser, M., Javaheri, H., Fedorowicz, Z., and Noorani, Z. (2012). Carnitine
supplementation for inborn errors of metabolism. Cochrane database Syst. Rev.
2012, CD006659. doi:10.1002/14651858.CD006659.pub3

Navarrete, R., Leal, F., Vega, A. I., Morais-López, A., Garcia-Silva, M. T., Martín-
Hernández, E., et al. (2019). Value of genetic analysis for confirming inborn errors of
metabolism detected through the Spanish neonatal screening program. Eur. J. Hum.
Genet. 27, 556–562. doi:10.1038/s41431-018-0330-0

Nguyen, T. V., Andresen, B. S., Corydon, T. J., Ghisla, S., Abd-El Razik, N., Mohsen, A.-
W. A., et al. (2002). Identification of isobutyryl-CoA dehydrogenase and its deficiency in
humans. Mol. Genet. Metab. 77, 68–79. doi:10.1016/s1096-7192(02)00152-x

Oglesbee, D., He, M., Majumder, N., Vockley, J., Ahmad, A., Angle, B., et al. (2007).
Development of a newborn screening follow-up algorithm for the diagnosis of
isobutyryl-CoA dehydrogenase deficiency. Genet. Med. Off. J. Am. Coll. Med. Genet.
9, 108–116. doi:10.1097/gim.0b013e31802f78d6

Pedersen, C. B., Bischoff, C., Christensen, E., Simonsen, H., Lund, A. M., Young, S. P.,
et al. (2006). Variations in IBD (ACAD8) in children with elevated C4-carnitine
detected by tandem mass spectrometry newborn screening. Pediatr. Res. 60,
315–320. doi:10.1203/01.pdr.0000233085.72522.04

Pena, L., Angle, B., Burton, B., and Charrow, J. (2012). Follow-up of patients with
short-chain acyl-CoA dehydrogenase and isobutyryl-CoA dehydrogenase deficiencies
identified through newborn screening: one center’s experience. Genet. Med. Off. J. Am.
Coll. Med. Genet. 14, 342–347. doi:10.1038/gim.2011.9

Popek, M., Walter, M., Fernando, M., Lindner, M., Schwab, K. O., and Sass, J. O.
(2010). Two inborn errors of metabolism in a newborn: glutaric aciduria type I
combined with isobutyrylglycinuria. Clin. Chim. Acta. 411, 2087–2091. doi:10.1016/
j.cca.2010.09.006

Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., et al. (2015).
Standards and guidelines for the interpretation of sequence variants: a joint consensus
recommendation of the American College of medical genetics and genomics and the
association for molecular pathology. Genet. Med. 17, 405–424. doi:10.1038/gim.2015.30

Roe, C. R., Cederbaum, S. D., Roe, D. S., Mardach, R., Galindo, A., and Sweetman, L.
(1998). Isolated isobutyryl-CoA dehydrogenase deficiency: an unrecognized defect in
human valine metabolism. Mol. Genet. Metab. 65, 264–271. doi:10.1006/mgme.1998.
2758

Sadat, R., Hall, P. L., Wittenauer, A. L., Vengoechea, E. D., Park, K., Hagar, A. F., et al.
(2020). Increased parental anxiety and a benign clinical course: infants identified with
short-chain acyl-CoA dehydrogenase deficiency and isobutyryl-CoA dehydrogenase
deficiency through newborn screening in Georgia. Mol. Genet. Metab. 129, 20–25.
doi:10.1016/j.ymgme.2019.11.008

Santra, S., Macdonald, A., Preece, M. A., Olsen, R. K., and Andresen, B. S. (2017).
Long-term outcome of isobutyryl-CoA dehydrogenase deficiency diagnosed following
an episode of ketotic hypoglycaemia. Mol. Genet. Metab. Rep. 10, 28–30. doi:10.1016/j.
ymgmr.2016.11.005

Sass, J. O., Sander, S., and Zschocke, J. (2004). Isobutyryl-CoA dehydrogenase
deficiency: isobutyrylglycinuria and ACAD8 gene mutations in two infants.
J. Inherit. Metab. Dis. 27, 741–745. doi:10.1023/B:BOLI.0000045798.12425.1b

Scolamiero, E., Cozzolino, C., Albano, L., Ansalone, A., Caterino, M., Corbo, G., et al.
(2015). Targeted metabolomics in the expanded newborn screening for inborn errors of
metabolism. Mol. Biosyst. 11, 1525–1535. doi:10.1039/c4mb00729h

Frontiers in Genetics frontiersin.org07

Tao et al. 10.3389/fgene.2025.1532902

https://www.frontiersin.org/articles/10.3389/fgene.2025.1532902/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2025.1532902/full#supplementary-material
https://doi.org/10.1002/mgg3.1595
https://doi.org/10.1186/s13023-021-02018-6
https://doi.org/10.1002/jcla.21745
https://doi.org/10.1002/jcla.21745
https://doi.org/10.1007/s10545-010-9269-1
https://doi.org/10.1203/01.PDR.0000074972.36356.89
https://doi.org/10.3349/ymj.2019.60.11.1061
https://doi.org/10.3349/ymj.2019.60.11.1061
https://doi.org/10.1016/j.cca.2018.09.033
https://doi.org/10.1016/j.cca.2018.09.033
https://doi.org/10.1515/jpem-2022-0543
https://doi.org/10.1002/mgg3.2152
https://doi.org/10.1002/14651858.CD006659.pub3
https://doi.org/10.1038/s41431-018-0330-0
https://doi.org/10.1016/s1096-7192(02)00152-x
https://doi.org/10.1097/gim.0b013e31802f78d6
https://doi.org/10.1203/01.pdr.0000233085.72522.04
https://doi.org/10.1038/gim.2011.9
https://doi.org/10.1016/j.cca.2010.09.006
https://doi.org/10.1016/j.cca.2010.09.006
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1006/mgme.1998.2758
https://doi.org/10.1006/mgme.1998.2758
https://doi.org/10.1016/j.ymgme.2019.11.008
https://doi.org/10.1016/j.ymgmr.2016.11.005
https://doi.org/10.1016/j.ymgmr.2016.11.005
https://doi.org/10.1023/B:BOLI.0000045798.12425.1b
https://doi.org/10.1039/c4mb00729h
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2025.1532902


Tummolo, A., Leone, P., Tolomeo, M., Solito, R., Mattiuzzo, M., Lepri, F. R., et al.
(2022). Combined isobutyryl-CoA and multiple acyl-CoA dehydrogenase deficiency in
a boy with altered riboflavin homeostasis. JIMD Rep. 63, 276–291. doi:10.1002/jmd2.
12292

Wang, T., Ma, J., Zhang, Q., Gao, A., Wang, Q., Li, H., et al. (2019). Expanded
newborn screening for inborn errors of metabolism by tandem mass spectrometry in
suzhou, China: disease spectrum, prevalence, genetic characteristics in a Chinese
population. Front. Genet. 10, 1052. doi:10.3389/fgene.2019.01052

Yoo, E.-H., Cho, H.-J., Ki, C.-S., and Lee, S.-Y. (2007). Isobutyryl-CoA dehydrogenase
deficiency with a novel ACAD8 gene mutation detected by tandem mass spectrometry
newborn screening. Clin. Chem. Lab. Med. 45, 1495–1497. doi:10.1515/CCLM.2007.317

Yun, J. W., Jo, K. I., Woo, H. I., Lee, S.-Y., Ki, C.-S., Kim, J.-W., et al. (2015). A novel
ACAD8 mutation in asymptomatic patients with isobutyryl-CoA dehydrogenase
deficiency and a review of the ACAD8 mutation spectrum. Clin. Genet. 87,
196–198. doi:10.1111/cge.12350

Zhang, Z., Sun, Y., Wang, Y.-Y., Ma, D.-Y., Wang, X., Cheng, W., et al. (2024).
Retrospective analysis of isobutyryl CoA dehydrogenase deficiency. Minerva Pediatr.
76, 645–651. doi:10.23736/S2724-5276.21.06179-6

Zhuang, D.-Y., Ding, S.-X., Wang, F., Yang, X.-C., Pan, X.-L., Bao, Y.-W., et al. (2021).
Identification of six novel variants of ACAD8 in isobutyryl-CoA dehydrogenase
deficiency with increased C4 carnitine using tandem mass spectrometry and NGS
sequencing. Front. Genet. 12, 791869. doi:10.3389/fgene.2021.791869

Frontiers in Genetics frontiersin.org08

Tao et al. 10.3389/fgene.2025.1532902

https://doi.org/10.1002/jmd2.12292
https://doi.org/10.1002/jmd2.12292
https://doi.org/10.3389/fgene.2019.01052
https://doi.org/10.1515/CCLM.2007.317
https://doi.org/10.1111/cge.12350
https://doi.org/10.23736/S2724-5276.21.06179-6
https://doi.org/10.3389/fgene.2021.791869
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2025.1532902

	Novel ACAD8 variants identified in Isobutyryl-CoA dehydrogenase deficiency: challenges in phenotypic variability and management
	1 Introduction
	2 Materials and methods
	2.1 Subject and ethical statement
	2.2 Tandem mass spectrometry analysis
	2.3 GC/MS analysis
	2.4 Genetic analysis
	2.5 Biochemical and clinical follow-up

	3 Results
	3.1 Patient demographics and biochemical findings
	3.2 Genetic analysis
	3.3 Treatment and follow-up

	4 Discussion and conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


