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Magnetic Resonance Spectroscopy (MRS)

• A technique that exploits the magnetic properties of certain 
nuclei to study brain chemistry
– Proton: 1H
– Phosphorous: 31P
– Sodium: 23Na
– Carbon: 13C

• Clinical and Research Applications
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Unlike other measures, this gives us insight into pathophysiology



Clinical Applications: 1H MRS
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Position on the X axis is determined by neighboring protons within the molecule
Y axis gives information about the concentration of a given molocule

multiple sclerosis Can be identify sclerae—better known as plaques or lesions

In 1H Magnetic Resonance Spectroscopy each proton can be visualized at a specific chemical shift (peak position along x-axis) depending on its chemical environment. This chemical shift is dictated by neighboring protons within the molecule. Therefore, metabolites can be characterized by their unique set of 1H chemical shifts. The metabolites that MRS probes for have known (1H) chemical shifts that have previously been identified in NMR spectra. These metabolites include:

1) N-acetyl Aspartate (NAA): with its major resonance peak at 2.02 ppm, decrease in levels of NAA indicate loss or damage to neuronal tissue, which results from many types of insults to the brain. Its presence in normal conditions indicates neuronal and axonal integrity.
2) Choline: with its major peak at 3.2 ppm, choline is known to be associated with membrane turnover, or increase in cell division. Increased choline indicates increase in cell production or membrane breakdown, which can suggest demyelination or presence of malignant tumors.
3) Creatine & phosphocreatine: with its major peak at 3.0 ppm, creatine marks metabolism of brain energy. Gradual loss of creatine in conjunction with other major metabolites indicates tissue death or major cell death resulting from disease, injury or lack of blood supply. Increase in creatine concentration could be a response to cranialcerebral trauma. Absence of creatine may be indicative of a rare congenital disease.
4) Lipids: with their major aliphatic peaks located in the 0.9-1.5 ppm range, increase in lipids is seen is also indicative of necrosis. These spectra are easily contaminated, as lipids are not only present in the brain, but also in other biological tissue such as the fat in the scalp and area between the scalp and skull.
5) Lactate: reveals itself as a doublet (two symmetric peaks in one) at 1.33 ppm. Normally lactate is not visible, for its concentration is lower that the detection limit of MRS, however presence of this peak indicates glycolysis has been initiated in an oxygen deficient environment. Several causes of this include ischemia, hypoxia, mitochondrial disorders, and some types of tumors.
6) Myo-inositol: with its major peak at 3.56 ppm, an increase in Myo-inositol has been seen in patients with Alzheimer’s, dementia, and HIV patients.
7) Glutamate and Glutamine: these amino acids are marked by a series of resonance peaks between 2.2 and 2.4 ppm. Hyperammonemia, hepatic encephalopathy are two major conditions that result in elevated levels of glutamine and glutamate. MRS, used in conjunction with MRI or some other imaging technique, can be used to detect changes in the concentrations of these metabolites, or significantly abnormal concentrations of these metabolites.




Cerebral Metabolites from 1H-MRS
• N-Acetyl aspartic acid (NAA): 

– Neuron integrity

• Choline (Cho): 
– Cell membrane integrity/demyelination/inflammation

• Creatine (Cr): 
– Brain energy metabolism

• Myo-Inositol (mI): 
– Glial cell integrity

• Glutamate/Glutamine (GLX): 
– Neurotransmitter concentration



Active Brain Study Successful 
Aging Cohort

• n = 71 (Female = 43)
• Mean age = 73.2±8.8
• Range = 48-92 years
• Education = 16±8.8
• No history of 

neurodegenerative 
disease, brain injury, or 
major psychiatric 
disorders
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Voxel Placement (3cm3)
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Change in cortical thickness with 
age
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Cerebral metabolic changes with 
age: Frontal

Choline* Creatine* NAA*

R2 = .36 R2 = .04 R2 = .05 

*p<.05



NIH Toolbox: Cognitive
• NIH-funded development
• Battery of 8 core cognitive tests assessing six 

cognitive domains
• Fluid Cognition

– Attention
– Executive Function
– Working Memory
– Processing Speed
– Episodic Memory

• Crystalized Cognition
– Language

• Norms for 8-85 years of age



NIH Toolbox: Cognitive Aging

Fluid Score* Crystalized Score

*p<.05



NIH Toolbox: NAA

Fluid Score* Crystalized Score

*p<.05



NIH Toolbox: Choline

Fluid Score* Crystalized Score

*p<.05



Future Directions
• Focused enrollment of participants 85+ years of age

• Leverage multimodal imaging expertise across sites
– Structural neuroanatomy (T1)
– Functional brain response (BOLD)
– White matter connectivity (DTI/HARDI)
– Cerebral perfusion (ASL)
– White matter hyper-intensities (FLAIR)

• Relationship to a broader battery of cognitive measures

• Additional markers and nuclei
– GABA (1H)
– 31P
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