	Table 1 Clinical phenotype, biochemical phenotype, and genotype of adult-onset GA-1

	Ref.
	Sex
	Age at onset (years)
	Age at diagnosis (years)
	Clinical presentation before treatment (in
chronological order)
	Clinical presentation after treatment
	Macrocephaly
	HCY
	Electrophysiological studies
	Diet before treatment
	Plasma C5DC (μmol/L)
	Plasma free carnitine (μmol/L)
	Urine GA at diagnosis (mmol/mol Crea)
	Urine 3-OH-GA at diagnosis (mmol/mol Crea)
	Enzyme activity
	Genotype

	Patient 1
	Male
	41
	41
	Seizure, nystagmus, hyperreflexia
	No recurrent seizure
	No
	High
	EEG: occipital asymmetry with lower voltage on the left, no epileptiform discharges.
NCS: diffuse mild slowing of sensory and motor nerve velocity
	Few meats or fruit
	0.78
	3.87
	3711 (fold change vs. control)
	74.57 (fold change vs. control)
	ND
	c.937C>T, p.(Arg313Trp); c.383G>A, p.(Arg128Gln)

	Patient 2
	Male
	51
	51
	Repetitive stroke-like episodes
	Cognitive impairment, glomerular injury
	Yes
	High
	EEG: background slowing, continuous slowing, regional sharp waves
	No restriction
	0.16 (51y) → 0.67 (64y)
	2.77 (51y) → 15.06 (64y)
	2186 (51y) → 2206 (64y) (fold change vs. control)
	11.89 (51y) → 9.99 (64y) (fold change vs. control)
	ND
	[bookmark: _Hlk135777719]c.533G>A, p.(Gly178Glu); c.1205G>A, p.(Arg402Gln)

	Gelener 2020(Gelener et al. 2020)
	Female
	35
	35
	Headache, memory decline, mild anxiety & depression
	ND
	ND
	ND
	ND
	[bookmark: _Hlk148258343]Mediterranean diet with meat consumption at least once a week.
	1.10
	1.99
	7176
	ND
	ND
	[bookmark: _Hlk148273179]c.1204C>T, p.(Arg402Trp); homozygous

	Boy 2017(Boy et al. 2017)
	Male
	61
	71
	Repetitive cerebral ischemia, intention tremor, confusion, progressive dementia, possible non-convulsive seizures, incontinence
	ND
	Yes
	High
	EEG: mild focal abnormalities, no epileptiform discharges. NCS: polyneuropathy
	ND
	ND
	ND
	2149
	99 (follow-up)
	ND
	c.1204C>T, p.(Arg402Trp); c.1262C>T, p.(Ala421Val)

	Pierson 2015(Pierson et al. 2015)
	Female
	49
	55
	Episodic lower extremities paresthesia, restless legs, involuntary movements, urinary incontinence, lower extremities spasticity, inattentiveness
	ND
	ND
	ND
	NCS: normal
	ND
	0.28
	4
	344
	160
	ND
	c.1219C>G, p.(Leu407Val); c.848del, p.(Leu283Argfs*8)

	Herskovitz 2013(Herskovitz et al. 2013)
	Male
	26
	56
	Feet pain, lower extremities weakness, speech disturbance, incontinence, cognitive impairment, lower extremities hyporeflexia, pes cavus
	Cognitive decline, no changes in polyneuropathy
	ND
	ND
	NCS: demyelinating and axonal polyneuropathy
	ND
	0.33
	0.63
	ND
	ND
	ND
	c.301G>A, p.(Gly101Arg); homozygous 

	Sonmez 2007(Sonmez et al. 2007)
	Male
	20
	20
	Headache, hyperreflexia
	Headache improved
	ND
	ND
	EEG: sharp and slow waves in the right frontotemporal region
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	Külkens 2005(Külkens et al. 2005) & Boy 2017(Boy et al. 2017)
	Male
	35
	66
	Headaches, tremor, seizures, ataxia, orofacial dyskinesia, 
hallucinations, aggressive behavior, dementia, hyporeflexia
	Gait improved, MMSE 8 to 16
	Yes
	ND
	ND
	ND
	0.50
	6
	1595
	109
	<1%
	c.1147C>T, p.(Arg383Cys); homozygous

	Bähr 2002(Bähr et al. 2002)
	Female
	19
	19
	Headaches, nystagmus, upward gaze palsy,
convergence paralysis, fine motor dysfunction, hyperreflexia
	Headache improved
	No
	ND
	EEG: general paroxysmal dysrhythmia; NCS: normal
	ND
	0.18
	4
	1274
	134
	0%
	c.219del, p.(Tyr74Thrfs*68); c.394C>G, p.(Arg132Gly) 

	3-OH-GA, 3-hydroxyglutaric acid; C5DC, glutarylcarnitine; EEG, electroencephalogram; GA, glutaric acid; GA-1, glutaric aciduria type 1; HCY, homocysteine; MMSE, mini-mental state examination; NCS, nerve conduction study; ND, not determined.





 
	Table 2 Imaging features of adult-onset GA-1 and all GA-1 patients with subependymal lesions

	Ref.
	Sex
	Age at onset (years)
	Age at imaging (years)
	Urine GA at diagnosis (mmol/mol Crea)
	Genotype
	[bookmark: _Hlk136463091]Subependymal lesions (per images given in the ref.)
	White matter changes
	Grey matter changes
	Frontotemporal hypoplasia
	Other features

	
	
	
	
	
	
	Number
	Maximum diameter (mm)
	Morphology
	Distribution
	
	
	
	

	Adult-onset GA-1 (including two patients without subependymal lesions)

	Patient 1
	Male
	41
	41
	3711 (fold change vs. control)
	c.937C>T, p.(Arg313Trp); c.383G>A, p.(Arg128Gln)
	7
	10
	Nodular, cystic
	Lateral ventricles, especially at the roof level; septum pellucidum
	Periventricular, subcortical, and deep white matter, Fazekas grade 3, sparing of U-fibers and temporal poles
	No
	Mild
	Mild brain atrophy, enlargement of lateral and third ventricles

	Patient 2
	Male
	51
	From 51 to 64
	2186 (51y) → 2206 (64y) (fold change vs. control)
	c.533G>A, p.(Gly178Glu); c.1205G>A, p.(Arg402Gln)
	7 (64y)
	8 (64y)
	Nodular
	Lateral ventricles, especially at the roof level on the medial border; septum pellucidum
	Periventricular, subcortical, and deep white matter, Fazekas grade 3, involving the U-fibers
	Multiple infarctions in the right frontal lobe, occipital lobe, and putamen. Left intracranial vertebral artery thin → occlusion
	Moderate
	Moderate brain atrophy, enlargement of lateral and third ventricles

	Gelener 2020(Gelener et al. 2020)
	Female
	35
	35
	7176
	c.1204C>T, p.(Arg402Trp); homozygous
	Multiple
	ND
	Nodular, cystic
	Lateral ventricles, especially at the roof level on the medial border; septum pellucidum
	Periventricular, Fazekas grade 2, sparing of U-fibers
	No
	Mild
	Mild brain atrophy

	Boy 2017(Boy et al. 2017)
	Male
	61
	From 61 to 73
	2149
	c.1204C>T, p.(Arg402Trp); c.1262C>T, p.(Ala421Val)
	From 2 to 5
	From 10 to 13
	Nodular, incipient
	The roof and base of anterior horns; septum pellucidum
	[bookmark: _Hlk136464015]Periventricular and deep white matter, Fazekas grade 2, sparing of U-fibers (infarction not included), progressive. Left parietal border zone infarction
	Progressive multiple infarctions including the brain stem, right lenticular nucleus and caudate, and left medial temporo-occipital gyrus. Left MCA stenosis 
	Severe, and remained stable
	Moderate brain atrophy

	Pierson 2015(Pierson et al. 2015)
	Female
	49
	55
	344
	c.1219C>G, p.(Leu407Val); c.848del, p.(Leu283Argfs*8)
	Multiple
	ND
	Cystic
	Bilateral ventricles
	Periventricular and deep white matter, Fazekas grade 3, sparing of U-fibers
	No
	Moderate
	Mild brain atrophy

	Herskovitz2013(Herskovitz et al. 2013)
	Male
	26
	From 56 to 59
	ND
	c.301G>A, p.(Gly101Arg); homozygous 
	Multiple
	ND
	Cystic
	Lateral ventricles, especially at the roof level on the medial border; septum pellucidum
	Periventricular and deep white matter, Fazekas grade 3, U-fibers involved
	No
	Yes
	Moderate brain atrophy, communicating hydrocephalus

	Sonmez 2007(Sonmez et al. 2007)
	Male
	20
	20
	ND
	ND
	No
	No
	No
	No
	Periventricular and deep white matter, sparing of U-fibers
	ND
	ND
	ND

	Külkens 2005(Külkens et al. 2005) & Boy 2017(Boy et al. 2017)
	Male
	35
	66
	1595
	c.1147C>T, p.(Arg383Cys); homozygous
	1
	17
	ND
	ND
	Periventricular and deep white matter, Fazekas grade 3, U-fibers involved
	No
	Moderate
	Moderate brain atrophy

	Bähr 2002(Bähr et al. 2002)
	Female
	19
	19
	1274
	c.219del, p.(Tyr74Thrfs*68); c.394C>G, p.(Arg132Gly) 
	No
	No
	No
	No
	Periventricular and deep white matter, Fazekas grade 3, sparing of U-fibers
	Putamen, tegmentum, superior colliculi
	ND
	ND

	Other late-onset GA-1 with subependymal lesions

	Boy 2017(Boy et al. 2017)
	Female
	≤18
	31
	1590 (follow-up)
	c.219del, p.(Tyr74Thrfs*68); c.394C>G, p.(Arg132Gly)
	2
	3
	ND
	ND
	Periventricular and deep white matter, Fazekas grade 3, sparing of U-fibers
	Dentate nuclei
	Yes
	Mild brain atrophy

	Boy 2017(Boy et al. 2017)
	Female
	≤25
	37
	High excretor
	c.1093G>A, p.(Glu365Lys); homozygous detected in
4 other family
members
	Multiple
	19
	Nodular, cystic
	Bilateral ventricular roofs, septum pellucidum
	Periventricular and deep white matter, Fazekas grade 2, U-fibers involved
	No
	Moderate
	Mild brain atrophy

	Harting 2009(Harting et al. 2009) & Boy 2017(Boy et al. 2017)
	Female
	8.5
	From 8 to 15
	973
	c.383G>A, p.(Arg128Gln); c.1240G>A, p.(Glu414Lys)
	From 0 to 7
	1.5
	Nodular, incipient
	Bilateral ventricular roofs
	Periventricular and deep white matter, Fazekas grade 3, slight progression, sparing of U-fibers
	Bilateral pallida, thalami, dentate nuclei
	Mild
	ND

	Korman 2007(Korman et al. 2007)
	Male
	≤30
	30
	728
	c.877G>A, p.(Ala293Thr); c.578_579insTCA, p.(Thr193_Arg194insHis)
	Multiple
	ND
	Nodular
	Bilateral ventricular roofs
	Periventricular and callosal, Fazekas grade 3, sparing of U-fibers
	ND
	ND
	ND

	Külkens 2005(Külkens et al. 2005) & Boy 2017(Boy et al. 2017)
	Male
	14
	14
	High excretor
	c.262C>T, p.(Arg88Cys); homozygous
	Multiple
	3
	Nodular
	Bilateral ventricular roofs
	Periventricular and deep white matter, Fazekas grade 3, sparing of U-fibers
	No
	Mild
	Mild frontotemporal atrophy

	Early-onset GA-1 with subependymal lesions

	Patel 2018(Patel et al. 2018)
	Female
	ND
	From 22 to 29
	ND
	c.1204C>T, p.(Arg402Trp); homozygous
	Multiple
	ND
	Nodular
	Bilateral ventricular roofs
	Periventricular and callosal, Fazekas grade 3, sparing of U-fibers
	No
	No
	Mild brain atrophy

	Boy 2017(Boy et al. 2017)
	Male
	≤3 months
	From 14 to 22
	2670
	c.554G>C, p.(Gly185Ala); c.526T>C, p.(Cys176Arg)
	From 1 to 2
	From 2 to 3
	Nodular
	ND
	Yes
	Pallidum
	Yes
	ND

	Variants in the GCDH gene were described in relation to coding DNA reference sequence NM_000159.4 and protein reference sequence NP_000150.1.
GA, glutaric acid; GA-1, glutaric aciduria type 1; ND, not determined.
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