
CYP1A2 is part of the drug-metabolizing enzyme family, known as cytochrome P450. CYP1A2 plays an important role 

in the metabolism of several mental health medications, including duloxetine, fluvoxamine, clozapine, olanzapine, 

and mirtazapine. It is involved in metabolizing around 36% of medications on the GeneSight® Psychotropic report. One 

of the most studied polymorphisms in the CYP1A2 gene is a C to A nucleotide switch at position -163 within intron 1            

(-163C>A).1  The A allele has been shown to be highly inducible by smoking, causing increased metabolic activity.2  

The aryl hydrocarbon receptor (AHR) plays an important role in the regulation of CYP1A2. AHRs are activated by the 

binding of polycyclic aromatic hydrocarbons (PAHs) that are produced through the burning of tobacco. This activation 

leads to the enhanced expression of the CYP1A2 gene.3-5

Smoking is defined as the daily inhalation of burning plant material (cigarettes, marijuana). This excludes vaping and 

e-cigarettes since the induction is driven by the inhalation of hydrocarbons that are produced by the burning of plant 

material, rather than by nicotine.6-8 Although most studies have evaluated the effect of cigarette smoking on CYP1A2 

activity, interactions between marijuana smoking and the metabolism of CYP1A2 substrates have been observed and 

are expected to be mechanistically similar to the interactions between tobacco smoking, CYP1A2 substrates, and the 

CYP1A2 -163C>A variant.9-13 

A meta-analysis by Koonrungsesomboon et al. assessed the effects of genetic polymorphisms on CYP1A2 activity in 

1,662 healthy subjects.14 The authors observed that individuals who were homozygous (A/A) or heterozygous (C/A) for 

the CYP1A2 −163C>A polymorphism had higher caffeine metabolic ratios (CMRs) compared to wild-type individuals 

(homozygous: p = 0.005; heterozygous: p = 0.003). However, after segregating these 8 studies into smokers and non-

smokers, the differences in the CMRs were only statistically significant in the smoking cohort (Table 1). These results 

suggest that the CYP1A2 promotor polymorphism may be clinically relevant only among individuals who are smokers, 

and the effect of this polymorphism in non-smokers may not be clinically meaningful.
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Summary: CYP1A2 is a pharmacokinetic enzyme that is involved in the metabolism of various antidepressants, 

anxiolytics and hypnotics, and antipsychotics. The A allele in the CYP1A2 -163C>A polymorphism is highly 

inducible by smoking. This may cause smokers to metabolize certain medications broken down by CYP1A2 more 

quickly than normal. Therefore, it is important to take smoking status into consideration when determining a 

patient’s CYP1A2 phenotype.



Another meta-analysis by Takuathung et al.15 assessed the effect of the CYP1A2 -163C>A polymorphism on the 

pharmacokinetics of clozapine (n=327) and olanzapine (n=257) and did not find any differences in the plasma/serum 

levels of the medications between individuals who carried the inducible allele and wild type individuals. However, the 

analysis could not study the effect of smoking on this polymorphism as the studies included could not be segregated 

by smoking status. Nevertheless, the impact of the CYP1A2 promotor polymorphism was not seen when smoking 

status was not considered.

Control

Difference in CMR is not statistically significant from wild type (C/C genotype)

Statistically significant CMR increase compared to wild type (C/C genotype)
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            SMOKING STATUS  

CMR levels stratified by genotypes

C/C
(wild type)

C/A
(patients with one copy of the inducible allele)

A/A
(patients with two copies of the

inducible allele)

         Smokers p=0.001 p=0.005

         Non-Smokers p=0.05 p=0.12

Patients who do not carry the highly inducible CYP1A2 variant (i.e., patients with the C/C genotype) are classified 

as CYP1A2 extensive (normal) metabolizers regardless of their smoking status (Table 2). The CYP1A2 phenotype for 

patients who carry the highly inducible CYP1A2 variant (i.e., patients with either the C/A or A/A genotypes) would be 

dependent on their smoking status. Smokers who have the highly inducible A allele would be considered ultrarapid 

metabolizers, whereas non-smokers who have the highly inducible A allele would be considered extensive (normal) 

metabolizers (Table 2). Therefore, smokers and non-smokers may break down certain mental health medications that 

are substrates of CYP1A2 differently. These medications will be labeled with a clinical consideration 7 on the GeneSight 

Psychotropic report, which will alert the clinician and patient that smoking status changes the results of the medication, 

and the results in the next section labeled Smokers should be used for individuals who smoke. For example, Figure 

1A shows the results for non-smokers, and duloxetine is in the green category with clinical consideration 7. Based on 

this sample patient’s genetic results, if they were a non-smoker, they would be expected to break down duloxetine 

normally. However, as indicated by clinical consideration 7, smoking status changes the results of this medication, and 

the results in the next section labeled Smokers should be used for individuals who smoke. Figure 1B shows the results 

for smokers, and duloxetine is in the red category with clinical consideration 2. This indicates that based on this sample 

patient’s genetic results, if they were a smoker, they would be expected to break down duloxetine more quickly than 

normal. Therefore, it is important to take smoking status into consideration in patients with the C/A or A/A genotypes 

when determining their CYP1A2 phenotype. Patients with the C/C genotype would not have medications segregated 

for smokers and non-smokers as they do not have the highly inducible allele.  

How is smoking status expected to impact the metabolism of certain mental 

health medications?

Table 1: Summary of the meta-analysis assessing the effect of the CYP1A2 -163C>A polymorphism on CYP1A2 

enzyme activity
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            GENOTYPE  SMOKING STATUS PHENOTYPE

         C/C (wild type) Non-smoker + Smoker Extensive (Normal)

         C/A or A/A Non-smoker Extensive (Normal)

  saf C/A or A/Aers Smoker Ultrarapid

Table 2: Impact of Smoking Status on CYP1A2 Phenotype

Figure 1. GeneSight Psychotropic sample report showing the impact of smoking status on medication 

categorization for patients with the highly inducible CYP1A2 allele. 
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Clinical Considerations
1: Serum level may be too high, lower doses may be required.
2: Serum level may be too low, higher doses may be required.
3:	Difficult	to	predict	dose	adjustments	due	to	conflicting	variations	in	metabolism.
4:	Genotype	may	impact	drug	mechanism	of	action	and	result	in	moderately	reduced	efficacy.
6:	Use	of	this	drug	may	increase	risk	of	side	effects.
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Use as 
Directed

Moderate
Gene-drug Interaction

Significant
Gene-drug Interaction

desipramine	(Norpramin®)       
desvenlafaxine (Pristiq®) 
levomilnacipran (Fetzima®) 
nortriptyline (Pamelor®)     
trazodone (Desyrel®)
vilazodone (Viibryd®) 
vortioxetine	(Trintellix®)  
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sertraline (Zoloft®) 1,4,6 
imipramine	(Tofranil®) 1,6,7
citalopram	(Celexa®) 1,4,6,8 
doxepin	(Sinequan®) 1,6,7,8 

Antidepressants
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Figure 1A: Medication categorization for non-smokers Figure 1B: Medication categorization for smokers
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