Table S1: Literature review of 155 reported patients with symptomatic isovaleric acidemia. “Early diagnosis” was defined as a diagnosis made within the first 5 weeks of life, “late diagnosis” was defined as a diagnosis made thereafter. The neurocognitive outcome is presented as stated in the original publications. Neurocognitive outcome was defined as “normal” if reported as “normal" or "excellent” or normal intelligence quotient (IQ)/ developmental quotient (DQ) scores were provided. It was defined as “impaired” if reported as “delayed” or “retarded” (various degrees) or if IQ/DQ scores below the normal range were recorded. If no details on the neurocognitive outcome, age at onset, or catabolic episodes were provided in the original report, this was indicated by “NA” (not available). Accordingly, these patients were excluded from the respective subgroup analysis. Publications were monitored to eliminate repeatedly reported cases.
A) Survivors with early diagnosis and normal neurocognitive outcome (n= 39)
	Authors
	Age at diagnosis
	Neurocognitive outcome
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis 

	Allen et al. 1969 
	neonate
	normal
	8 days
	NA
	NA

	Lott et al. 1972
	neonate
	normal at age 26 months
	12 days
	1
	NA

	Levy et al. 1973
	neonate 1
	low average IQ 86 (Stanford-Binet Intelligence Scale), IQ 90 (Merrill-Palmer Scale of Mental Tests) at age 2 10/12 years
	10 days 
	1
	1

	
	neonate 2
	normal
	1st month
	NA
	NA

	Shih et al. 1973
	neonate
	normal at age 5 years
	NA
	NA
	NA

	Saudubray et al. 1976
	neonate 1
	normal at age 9 months
	NA
	1
	1

	
	neonate 2
	normal at age 3 months
	2 days
	1
	0

	Mises et al. 1977
	neonate
	normal
	NA
	NA
	NA

	Niederhoff et al. 1977
	neonate
	normal, particularly no signs of movement disorder at age 6 months
	30 days
	1
	NA

	Cohn et al. 1978
	neonate 1
	normal at age 6 months
	3 days
	1
	0

	
	neonate 2
	normal at age 13 months
	12 days
	1
	0

	Lehnert et al. 1979
	neonate
	normal
	14 days
	1
	NA

	Kelleher et al. 1980
	neonate 1
	normal at age 2 years
	3 days
	NA
	0

	
	neonate 2
	appropriate at age 17 months
	11 days
	NA
	0

	Bakkeren et al. 1982
	neonate
	normal
	6 days
	1
	NA

	Rousson et al. 1984
	neonate 1
	normal
	NA
	NA
	NA

	
	neonate 2
	normal
	NA
	NA
	NA

	
	neonate 3
	normal
	NA
	NA
	NA

	
	neonate 4
	normal
	NA
	NA
	NA

	Beauvais et al. 1985
	neonate
	normal
	17 days
	1
	0

	Berry et al. 1988
	neonate 1
	DQ 103 (Gesell) at age 9 months
	3 days
	1
	0

	
	neonate 2
	DQ 115 (Mental Development Index), 99 (Psychomotor Development Index) at age 14 months
	1 day
	1
	0

	Heimler et al. 1988
	neonate
	DQ 85 (Bayley Scales of Infant Development) at age 12 months, neurologically normal 
	7 days
	1
	0

	Naglak et al. 1988
	neonate
	normal
	Prenatal diagnosis, emesis on day 3
	1
	NA

	Pesce et al. 1991
	neonate
	normal at age 6 months
	21 days
	1
	NA

	Shigematsu et al. 1991
	neonate
	normal
	NA
	1
	NA

	Dodelson de Kremer et al. 1992
	neonate
	normal
	8 days
	NA
	NA

	Orban et al. 1994
	neonate
	normal at age 9 months
	11 days
	1
	1

	Lorek et al. 1996
	neonate
	Griffiths quotient within the normal range at age 12 months, but with some subscore variability 
	3 days
	1
	NA

	Wei et al. 2004
	neonate
	normal at age 3 years
	14 days
	2
	NA

	Hüner et al. 2005
	neonate
	normal at age 19 months
	8 days
	1
	NA

	Dionisi-Vici et al. 2006
	neonate
	normal
	1st month
	1
	6

	Gokcay et al. 2006
	neonate 
	normal
	8 days
	1
	NA

	Lee et al. 2007
	15 days
	normal
	7 days
	NA
	NA

	Wasant et al. 2008
	10 days
	normal
	3 days
	NA
	NA

	Castorina et al. 2008
	neonate
	normal
	3 days
	1
	NA

	Castelnovi et al. 2010
	neonate
	normal
	7 days
	1
	recurrent

	Lund and Lund 2011
	neonate 1
	normal
	6 days
	1
	NA

	
	neonate 2
	normal
	6 days
	1
	NA


B) Survivors with early diagnosis and impaired neurocognitive outcome (n= 7)
	Authors
	Age at diagnosis
	Neurocognitive outcome
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Mises et al. 1977
	neonate
	retarded
	NA
	NA
	NA

	Wilson et al. 1984
	neonate
	slightly delayed at age 9 months
	6 days
	1
	NA

	Berry et al. 1988
	neonate 1
	IQ 82 (Wechsler Intelligence Scale for Children-Revised) at age 7 ½ years
	3 days
	1
	6

	
	neonate 2
	IQ 70 (Wechsler Intelligence Scale for Children-Revised) at age 8 ½ years
	13 days
	1
	0

	
	neonate 3
	IQ 49 (Stanford-Binet Intelligence Scale) at age 3 ½ years
	3 days
	1
	2

	Lee et al. 2007
	22 days
	developmental delay
	10 days
	NA
	NA

	Castorina et al. 2008
	neonate
	disturbed social relationships with his peers, unsatisfactory school performance
	1 day
	1
	NA


C) Survivors with early diagnosis and no details on the neurocognitive outcome (n= 8) 
	Author
	Age at diagnosis
	Neurocognitive outcome 
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Rabier et al. 1992
	neonate 1
	NA
	NA
	NA
	NA

	
	neonate 2
	NA
	NA
	NA
	NA

	
	neonate 3
	NA
	NA
	NA
	NA

	Ito et al. 1995
	neonate 1
	NA
	NA
	NA
	NA

	
	neonate 2
	NA
	NA
	NA
	NA

	Itoh et al. 1996
	neonate 1
	NA
	NA
	NA
	NA

	
	neonate 2
	NA
	NA
	NA
	NA

	Kasapkara et al. 2011
	neonate
	NA
	3 days
	1
	NA


D) Deceased patients with neonatal manifestation (n= 27)
	Authors
	Age at diagnosis
	Outcome#
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Newman et al. 1967
	neonate 
	died
	2 days
	1
	NA

	Sidbury et al. 1967
	neonate 1
	died at day 9
	2 days
	NA
	NA

	
	neonate 2
	died at day 8
	4 days
	NA
	NA

	
	neonate 3
	died
	1 day
	NA
	NA

	
	neonate 4
	died at day 13
	2 days
	NA
	NA

	Allen et al. 1969 
	neonate 1
	died at 3 weeks 
	1-2 weeks
	1
	NA

	
	neonate 2
	died at 3 weeks
	1-2 weeks
	1
	NA

	Spirer et al. 1975
	neonate 1
	died at day 6
	4 days
	1
	NA

	
	neonate 2
	died at day 7
	4 days
	1
	NA

	Saudubray et al. 1976
	neonate
	died at day 9
	2 days
	1
	NA

	Blaskovics et al. 1978
	neonate
	died at day 8 
	NA
	NA
	NA

	Fischer et al. 1981
	neonate
	died at day 13
	11 days
	1
	NA

	Truscott et al. 1981
	neonate
	died at day 18
	2 days
	1
	NA

	Wysocki et al. 1983
	neonate
	died at day 8
	3 days
	1
	NA

	Rousson et al. 1984 
	neonate 1
	died
	NA
	NA
	NA

	
	neonate 2
	died
	NA
	NA
	NA

	
	neonate 3
	died
	NA
	NA
	NA

	
	neonate 4
	died
	NA
	NA
	NA

	Saudubray et al. 1984
	neonate 1
	died
	2 days
	NA
	NA

	
	neonate 2
	died
	1-2 weeks
	NA
	NA

	
	neonate 3
	died
	1-2 weeks
	NA
	NA

	Naglak et al. 1988
	neonate 
	died at 2 weeks
	NA
	NA
	NA

	Shigematsu et al. 1991
	neonate
	died of pneumonia after several years of cerebral palsy
	NA
	NA
	NA

	Tokatli et al. 1998
	neonate 1
	died
	7 days
	1
	NA

	
	neonate 2
	died at day 6
	3 days
	1
	NA

	
	neonate 3
	died at day 5
	3 days
	1
	NA

	Gilbert-Barness et al. 1999
	neonate
	died at day 19
	7 days
	1
	NA


# Age at death was not reported for each case.   
E) Patients with late diagnosis and normal neurocognitive outcome (n= 28)
	Authors
	Age at diagnosis
	Neurocognitive outcome
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Malan et al. 1977
	6 years
	IQ 127 (New South African Individual Scale) at age 6 years
	NA
	NA
	0

	
	3 years
	IQ 115 (McCarthy Scales of Children's Abilities) at age 3 3/12 years 
	6 months
	NA
	NA

	Blaskovics et al. 1978
	6 years
	normal
	NA
	14
	NA

	Yudkoff et al. 1978
	3  ½ years
	normal
	NA
	3
	NA

	Duran et al. 1979
	4  ½ years
	IQ 146*
	11 months
	6
	NA

	
	2  ½ years
	IQ 106*
	15 months
	4
	NA

	Shigematsu et al. 1982
	4 10/12 years
	IQ 102 at age 4 10/12 years
	18 months
	5
	NA

	Bakkeren et al. 1982
	3 ¾ years
	normal
	NA
	NA
	NA

	
	5 years
	normal 
	NA
	NA
	NA

	Rousson et al. 1984
	4 months (patient 1)
	normal
	NA
	NA
	NA

	
	4 months (patient 2)
	normal
	NA
	NA
	NA

	Berry et al. 1988
	4 months
	IQ 97 (Wechsler Preschool and Primary Scale of Intelligence) at age 6 4/12 years
	NA
	1
	1

	Naglak et al. 1988
	5 ½ years
	normal
	1st month
	3
	0

	Gerdes et al. 1988
	5 ½ years
	normal
	NA
	3
	NA

	Dodelson de Kremer et al. 1992
	late* (patient 1)
	normal
	NA
	NA
	NA

	
	late* (patient 2)
	normal
	NA
	NA
	NA

	van Hove et al. 1994
	4 8/12 years
	normal, healthy since initiation of therapy
	NA
	NA
	NA

	Mehta et al. 1996
	5 years
	normal
	4 ½ years
	3
	NA

	Fries et al. 1996
	7 years
	normal
	NA
	3
	NA

	Attia et al. 1996
	19 months
	normal
	14 months
	2
	1

	Tokatli et al. 1998
	13 months
	normal
	13 months
	1
	3

	
	5 ½ years
	normal
	5 months
	5
	1

	Lin et al. 2007
	2 months
	normal
	NA
	NA
	NA

	Martin-Hernandez et al. 2009
	4 years (patient 1)
	normal
	4 years
	“a few”
	“a few”

	
	4 years (patient 2)
	normal
	1 month
	1
	0

	Lund and Lund 2011
	2 years
	normal
	2 years
	1
	NA

	Pascarella et al. 2011
	7 8/12 years
	normal
	NA
	NA
	NA

	
	2 ½ years
	normal
	NA
	NA
	12


* Detailed information was not available. 

F) Patients with late diagnosis and impaired neurocognitive outcome (n= 34)
	Authors
	Age at diagnosis
	Neurocognitive outcome
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Budd et al. 1967/ Shih et al. 1973
	5 years 
	mild retardation, IQ 72 at age 21 years (Shih et al. 1984)
	> 1 month
	NA
	NA

	
	2 ½  years 
	mild retardation
	4 days
	NA
	NA

	Lott et al. 1972
	10 years
	IQ 55*
	NA
	NA
	NA

	Guibaud et al. 1973
	3 4/12 years
	DQ 35 (Borel-Maisonny Test) at age 4 2/12 years
	4 days
	4
	NA

	Levy et al. 1973
	8 years
	IQ 53 (Stanford-Binet Intelligence Scale), IQ 63 (Merrill-Palmer Scale of Mental Tests) at age 7 years
	NA
	several
	NA

	Krieger et al. 1976
	5 years
	IQ 24 (Stanford-Binet Intelligence Scale) at age 5 years, slow development
	14 days
	12
	4

	Lipinski et al. 1977
	3 4/12 years
	IQ 81*
	6 days
	7
	NA

	Velazquez et al. 1980
	childhood (before age 3 ¼ years)*
	mentally retarded
	NA
	NA
	NA

	Williams et al. 1981
	3 ½ years
	delayed, especially in language areas and fine motor coordination
	3 weeks
	NA
	NA

	Duran et al. 1982
	9 ½ years
	severely retarded
	NA
	6
	NA

	Roe et al. 1984
	3 ¾ years
	delayed
	12 months
	4
	1

	Rousson et al. 1984
	late* (patient 1)
	retarded
	NA
	NA
	NA

	
	late* (patient 2)
	retarded
	NA
	NA
	NA

	de Sousa et al. 1986
	2 ½ years
	DQ 81 (Griffiths Mental Development Scale)
	12 days
	3
	NA

	Berry et al. 1988
	3 7/12 years
	IQ 68 (Wechsler Intelligence Scale for Children-Revised) at age 12 ½ years
	2 ½ years
	4
	1

	
	3 10/12 years
	IQ 67 (Stanford-Binet Intelligence Scale) and IQ 62 (General Cognitive Index) at age 8 years
	15 days
	4
	5

	
	23 months
	DQ 58 (Gesell) at 23 months, IQ 79 (Wechsler Intelligence Scale for Children-Revised) at age 7 10/12 years
	2 months
	6
	2

	Hou et al. 1990
	3 ½ years
	mild psychomotor retardation
	NA
	NA
	NA

	Mayatepek et al. 1991
	2 years
	delayed before start of therapy; normal speech development and nearly normal motor development after 30 months of carnitine therapy
	NA
	5
	3 (mild)

	Dodelson de Kremer et al. 1992
	late* 
	retarded
	NA
	NA
	NA

	Tokatli et al. 1998
	4 years
	delayed
	NA
	NA
	NA

	Lee et al. 1998
	4 years
	satisfactory*
	4 years
	NA
	NA

	Sanseverino et al. 2000
	6 months
	severe psychomotor retardation
	NA
	NA
	NA

	Lee et al. 2007
	3 years
	developmental delay
	5 days
	NA
	NA

	
	4 years
	developmental delay
	5 days
	NA
	NA

	
	8 years
	developmental delay
	10 days
	NA
	NA

	Lin et al. 2007
	3 years
	marked disabilities
	NA
	NA
	NA

	
	2 years
	marked disabilities
	NA
	NA
	NA

	Qiu et al. 2008
	2 7/12 years
	obvious psychomotor retardation
	3 days
	4
	NA

	Wasant et al. 2008
	6 weeks
	severe mental retardation
	7 days
	NA
	NA

	
	11 months
	severe mental retardation
	10 days
	NA
	NA

	Martin-Hernandez et al. 2009
	6 years
	retarded at age 24 years
	12 months
	“a few”
	“a few”

	
	3 years
	retarded at age 18 years
	2 weeks
	1
	0

	Lund and Lund 2011
	3 years
	mildly retarded at age 23 years
	NA
	NA
	2


* Detailed information was not available. 
G) Patients with late diagnosis and no details on the neurocognitive outcome (n= 10)

	Authors
	Age at diagnosis
	Neurocognitive outcome
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Ando et al. 1971
	7 years
	NA
	NA
	NA
	NA

	Salamino et al. 1994
	9 years
	NA
	9 years
	1
	0

	Kahler et al. 1994
	4 years (patient 1)
	NA
	4 weeks
	1
	NA

	
	4 years (patient 2)
	NA
	3 years
	3
	NA

	
	6 years 
	NA
	6 years
	1
	NA

	Weinberg et al. 1997
	8 years
	NA
	NA
	NA
	NA

	Feinstein et al. 2003
	“early childhood”*
	NA
	NA
	NA
	NA

	Sogut et al. 2004
	19 months
	NA
	19 months
	NA
	NA

	Kimmoun et al. 2008
	7 years
	NA
	NA
	NA
	1

	Erdem et al. 2010
	10 years
	NA
	2 years
	3
	NA


* Detailed information was not available. 

H) Deceased patients with late manifestation (n= 2)
	Authors
	Age at diagnosis
	Outcome#
	Age at onset
	Number of catabolic episodes prior to diagnosis
	Number of catabolic episodes following the diagnosis

	Dodelson de Kremer et al. 1992
	late* 
	died
	NA
	NA
	NA

	Tokatli et al. 1998
	2 ½ years
	died 
	2 ½ years
	NA
	NA


* Detailed information was not available. # Age at death was not reported.   
Abbreviations: DQ, developmental quotient; IQ, intelligence quotient
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