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Background on Guanidinoacetate 
Methyltransferase (GAMT) Deficiency 
• One of three inborn errors of creatine metabolism and transport
• Autosomal Recessive Inheritance  
• Prevalence 

• Rare, 130 individuals diagnosed worldwide
• Incidence in NY State & Utah estimated to be 1:405,655 (NBS pilot project)
• Broader ranges of 1:250,000 – 1:2,640,000 reported 

• 1:250,000 (Netherlands NBS Data - PMID: 26319512)
• 1:2,640,000 (Derived from determining carrier frequency from EVS database–  

PMID: 26003046)





Presentation & Natural History 

• Age of onset: varies, between 3 months to 2 years 
• Symptoms can include:

• Developmental delay & Cognitive Impairments
•  severity ranges from mild to severe (~50-75% fall on more the severe end of the spectrum)
• Speech/language development commonly affected 

------------------------------------------------------------------
• Variable behavioral issues (~75%)

• Hyperactivity
• Autism 

• Epilepsy (~70%)
• Varied seizure types & severity

-------------------------------------------------------------------
• Movement disorder (30%)

• Chorea, ataxia, dystonia 
• Hypotonia



Diagnosis

1) Biochemical Testing: Measuring Guanidinoacetate (GAA) & Creatine Levels in 
blood or urine
-Would expect HIGH GAA levels & LOW creatine levels 

2) Molecular Genetic Testing: Analysis of GAMT Gene
-Could be accomplished via single gene testing, a multigene panel such as an 
epilepsy panel, or via broad genomic sequencing (e.g. exome or genome 
sequencing) 

3) Brain magnetic resonance spectroscopy (to detect low cerebral creatine levels 
in the CNS) 



Treatment
1) Oral creatine: 
-Objective: replenishes cerebral creatine stores 
-400-800 mg/kg/day divided into 3-6 doses

2) Reduction of guanidinoacetate levels:
-accomplished via supplementation with ornithine and dietary restriction of the amino acid arginine 
 -Ornithine dose: 400-800 mg/kg/day divided into 3-6 doses +/-
 -Sodium benzoate: (50-130 mg/kg/day) conjugates glycine +/- 
 -Low arginine diet accomplished via restricting natural dietary protein & 

supplementation with synthetic formula that is arginine-free. 
   This requires close dietary monitory. 

3) Monitoring:
-Nutrition labs every 3- 6 months (Plasma GAA levels, plasma amino acids, pre-albumin, electrolytes) 

4) Additional Supports/Services: physical, occupational and speech therapies, applied behavioral 
analysis 



PMID: 29506905



Treatment Efficacy



Outcomes in 48 Individuals with GAMT Deficiency
• 44 individuals treated after age 9 months – 100% with developmental delays  or cognitive disability 

• 57% had severe developmental delays/cognitive disability
• Individuals with severe delays started treatment at a median age of 51 months

• 43% had mild/moderate developmental delays/cognitive disability 
• Individuals with moderate delays started treatment at a median age of 39 months
• Individuals with mild delays started treatment at a median age of 25.5 months

• 79% had epilepsy and/or symptoms of a movement disorder
• All showed some improvement while on treatment. 50% showed resolution of epilepsy or movement disorder symptoms

• 1 individuals treated a 9 months had borderline delays/cognitive disability (currently 21 months)

• 1 individual treat at 3 weeks had borderline delays/cognitive disability (Treatment was interrupted, currently 8 
years-old)

• 2 individuals treated shortly after birth or prenatally had normal development (Currently ages 14 month & 41 
months)

         

           PMID: 24268530



Outcome in 22 individuals with GAMT Deficiency
• Developmental delays present in all

• Improved in 5 individuals with resolution in 1 individual (started treatment at 
1 year of age)

• Remained stable in 16 individuals 
• 1 individuals showed regression. 

• Seizures present in 17 individuals
• Resolved in 11
• Did not improvement in 6

• Movement disorder present in 7 individuals
• Resolved in 4 
• Did not show improvement in 3 

PMID: 29506905



Long-term Outcomes of Individual Diagnosed 
Prospectively via Newborn Screening 
(PMID 34389248)

• Started on therapy at 11 days of life 
• Therapy consisted of creatine & ornithine supplementation, sodium 

benzoate and a moderate protein (arginine) restriction 
• Per personal communication with authors, individual is now in middle 

school performing at grade level with no IEP/need for additional 
educational supports 



Future Perspectives 

• Gene therapy currently under investigation in animal models (PMID: 
35505663)

• Improves biochemical abnormalities
• Improves weight gain 
• Improves brain metabolism & behavioral abnormalities

• Pre-clinical work exploring small molecules to serve as AGAT-
inhibitors 

• Dr. Nicola Longo (University of Utah)  



Summary of existing literature & limitations

• Appears to be highly treatable if therapy is initiated early 
• Partially treatable if therapy is initiated in childhood
• As a field, still learning what constitutes “ideal” treatment 
• Sample size limits ability to make genotype-phenotype correlation
• Limited long-term follow-up



References
• Desroches CL, Patel J, Wang P, Minassian B, Marshall CR, Salomons GS, Mercimek-Mahmutoglu S. Carrier frequency of guanidinoacetate 

methyltransferase deficiency in the general population by functional characterization of missense variants in the GAMT gene. Mol Genet Genomics. 
2015 Dec;290(6):2163-71. doi: 10.1007/s00438-015-1067-x. Epub 2015 May 24. PMID: 26003046.

• Khaikin Y, Sidky S, Abdenur J, Anastasi A, Ballhausen D, Buoni S, Chan A, Cheillan D, Dorison N, Goldenberg A, Goldstein J, Hofstede FC, Jacquemont 
ML, Koeberl DD, Lion-Francois L, Lund AM, Mention K, Mundy H, O'Rourke D, Pitelet G, Raspall-Chaure M, Tassini M, Billette de Villemeur T, 
Williams M, Salomons GS, Mercimek-Andrews S. Treatment outcome of twenty-two patients with guanidinoacetate methyltransferase deficiency: 
An international retrospective cohort study. Eur J Paediatr Neurol. 2018 May;22(3):369-379. doi: 10.1016/j.ejpn.2018.02.007. Epub 2018 Feb 16. 
PMID: 29506905.

• Khoja S, Lambert J, Nitzahn M, Eliav A, Zhang Y, Tamboline M, Le CT, Nasser E, Li Y, Patel P, Zhuravka I, Lueptow LM, Tkachyova I, Xu S, Nissim I, 
Schulze A, Lipshutz GS. Gene therapy for guanidinoacetate methyltransferase deficiency restores cerebral and myocardial creatine while resolving 
behavioral abnormalities. Mol Ther Methods Clin Dev. 2022 Mar 28;25:278-296. doi: 10.1016/j.omtm.2022.03.015. PMID: 35505663; PMCID: 
PMC9051621.

• Mercimek-Mahmutoglu S, Pop A, Kanhai W, Fernandez Ojeda M, Holwerda U, Smith D, Loeber JG, Schielen PC, Salomons GS. A pilot study to 
estimate incidence of guanidinoacetate methyltransferase deficiency in newborns by direct sequencing of the GAMT gene. Gene. 2016 Jan 
1;575(1):127-31. doi: 10.1016/j.gene.2015.08.045. Epub 2015 Aug 28. PMID: 26319512.

• Mercimek-Andrews S, Salomons GS. Creatine Deficiency Disorders. 2009 Jan 15 [Updated 2022 Feb 10]. In: Adam MP, Mirzaa GM, Pagon RA, et al., 
editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2023. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK3794/

• Stockler-Ipsiroglu S, van Karnebeek C, Longo N, Korenke GC, Mercimek-Mahmutoglu S, Marquart I, Barshop B, Grolik C, Schlune A, Angle B, Araújo 
HC, Coskun T, Diogo L, Geraghty M, Haliloglu G, Konstantopoulou V, Leuzzi V, Levtova A, Mackenzie J, Maranda B, Mhanni AA, Mitchell G, Morris A, 
Newlove T, Renaud D, Scaglia F, Valayannopoulos V, van Spronsen FJ, Verbruggen KT, Yuskiv N, Nyhan W, Schulze A. Guanidinoacetate 
methyltransferase (GAMT) deficiency: outcomes in 48 individuals and recommendations for diagnosis, treatment and monitoring. Mol Genet 
Metab. 2014 Jan;111(1):16-25. doi: 10.1016/j.ymgme.2013.10.018. Epub 2013 Nov 7. PMID: 24268530.

• Viau KS, Ernst SL, Pasquali M, Botto LD, Hedlund G, Longo N. Evidence-based treatment of guanidinoacetate methyltransferase (GAMT) deficiency. 
Mol Genet Metab. 2013 Nov;110(3):255-62. doi: 10.1016/j.ymgme.2013.08.020. Epub 2013 Sep 8. PMID: 24071436.


	GAMT Deficiency:�Natural History, Diagnostic Testing & Treatment 
	Disclosures
	Background on Guanidinoacetate Methyltransferase (GAMT) Deficiency 
	Slide Number 4
	Presentation & Natural History 
	Diagnosis
	Treatment
	Slide Number 8
	Slide Number 9
	Outcomes in 48 Individuals with GAMT Deficiency
	Outcome in 22 individuals with GAMT Deficiency
	Long-term Outcomes of Individual Diagnosed Prospectively via Newborn Screening �(PMID 34389248)�
	Future Perspectives 
	Summary of existing literature & limitations
	References

