
The Use of 
Pharmacogenomics in 

Mental Health Medication 
Management

The study of how genes affect a 
person’s response to medication



Pharmacogenomics

The science that allows us to predict a response to drugs 
based on an individual’s genetic makeup



Pharmacogenomics and 
Mental Health Medications

 Pharmacogenomics explains why:
 One patient has the anticipated response
 One patient has adverse reactions
 One patient has no clinical response

to the same medication, at similar dosing.

 Pharmacogenomics and genetic testing:
Influences clinician decision-making
Increases treatment response
Increases patient compliance and costs



Personalized Medicine





Key Terms
 Pharmacokinetics: how drugs are metabolized, what 

the body does to the drug.
 Pharmacodynamics: what the drug does to the body. 
 Gene: the basic unit of hereditary function
 Phenotype: characteristic that is the result of gene 

expression (drug metabolism)
~Cytochrome P450 (CYP450) System~



What is the CYP450 System?
 A collection of enzyme that are responsible for the metabolism 

of medications.

 These enzyme genes help determine how much of the drug will 
be available for the body to use.

 The activity of these enzymes are genetically determined.

 These enzymes are highly concentrated in the liver and small 
intestines.

 57 enzyme genes have been identified, over 100 subtypes



Drug Metabolism and CYP450
 Most drugs metabolize via CYP450 enzyme gene systems: CYP 

3A4 (47%), CYP 2D6 (25%), CYP 1A2 (15%), CYP 2C9/19 (13%),



CYP450 Enzymes and Psychotropic Medications
CLASS 1A2 2B6 2C9/19 2D6 3A4

Antianxiety Diazepam Alprazolam
Clonazepam
Diazepam

Dementia Donepezil
Galantapine

Donepezil
Galantapine

Antidepressant Amitriptyline
Duloxetine
Fluvoxamine

Bupropion
Sertraline

Amitriptyline
Citalopram
Fluoxetine

Paroxetine
Venlafaxine
Mirtazapine

Citalopram
Sertraline
Mirtazapine

Antipsychotic Clozapine
Haldoperidol
Olanzapine

Aripiprazole
Risperidone
Iloperidone

Hypnotic Melatonin Doxepin Trazadone
Zolpidem
Eszopiclone

Mood Stabilizer Carbamazapine

Stimulant Atomoxetine
Dextroamphetamin
e

Modafinil

Other Propranolol Benztropine Clonidine Guanfacine



14 Genes involved in 
Psychotropic Medication Metabolism

 CYP2D6
 CYP2C19
 CYP2C9
 CYP1A2
 Catecholamine-O-methyltransferase gene
 Norepinephrine transporter gene
 Dopamine transporter gene
 Serotonin Transporter gene
 Serotonin 1A receptor gene
 Serotonin 2A  receptor gene
 Serotonin 2C receptor gene
 D2 dopamine receptor gene
 D3 dopamine receptor gene
 D4 dopamine receptor gene



Genes and Metabolism

 Drug metabolism is determined by the pair of genes 
inherited from one’s parents.

 Play an important role in either the pharmacokinetic 
availability or pharmacodynamic effect of mental 
health medications.

 4 inherited metabolism catagories: extensive 
metabolizer, intermediate metabolizer, poor 
metabolizer, ulta-rapid metabolizer



Pharmacogenomics: Types of Metabolizers

 Extensive Metabolizer
 Normal drug doses are metabolized at a normal rate

 Intermediate Metabolizer
 Reduced rate of metabolism
 Drug may not be tolerated
 May required decreased dosage, slower titration
 CYP2D6 variation: 7-12% of the population
 Variations in CYP450 2C19:

 30% European ancestry
 40% African American ancestry
 55% Asian ancestry



Pharmacogenomics: Types of Metabolizers-con’t

 Poor Metabolizers
 Drug is not tolerated, potentially harmful
 Slow rate of metabolism
 Alternate treatment should be used
 CYP2D6 variation: up to 35% of the population
 Variations in CYP450 2C19

 2% European ancestry
 4% African American ancestry
 Up to 20% Asian ancestry



Pharmacogenomics
Types of Metabolizers-con’t

 Ultra-rapid Metabolizers
 Rapid metabolism with loss of therapeutic effect.
 May require an increase dose
 CYP2D6 variation: up to 29% of Asian population



Inducers and Inhibitors

 Inducers: drugs that stimulate CYP450 synthesis
If a drug is a CYP450 inducer of another drug…
 the rate of drug metabolism is increased
 = less drug bioavailability (less effect)

 Inhibitors: drugs that reduce CYP450 synthesis
If a drug is a CYP450 inhibitor of another drug…
 The rate of drug metabolism is decreased
 = more bioavailability (potential toxicity)



 Important inducers to know:
 Steroids
 Anticonvulsant/Antiepileptics (AEDs)

 Important inhibitors to know:
 Macrolide antibiotics 
 Azole antifungals
 Antivirals 
 Selective Serotonin Reuptake Inhibitors (SSRIs)
 Isoniazid (INH)
 H2 blocker  Cimetidine
 Grapefruit juice 
 Cigarettes



Pharmacogenomic Testing

 Genetic profile is obtained
 Data analyzed and genotype is determined (ie. 

2D6) 
 Phenotype is assigned (ie. extensive metabolizer)
 Provider utilizes report to make medication 

decisions
 Drug selection
 Dosing
 Drug to drug interactions
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