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Genomic Discoveries Suggest we 

Rethink Diagnostic Practices
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Polygenic Risk Scores
(Faraone, Biol Psychiat, 2014; Li, BioRxiv; http://dx.doi.org/10.1101/611897)

• ADHD Polygenic Risk in 7,000 Adolescents
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ADHD Symptom Scores in the Population
(Greven et al., JCPP, 2016)
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Depression Symptoms in the Population
(Richards et al., Health Tech Assess., 2016)
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Genetic  Correlations among Psychiatric Disorders
(PGC Cross Disorder Group, Cell, 2019)
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• No

• Current polygenic risk scores are not sufficiently 

accurate for use in the clinic

• Accuracy may improve as samples get larger, more 

sophisticated algorithms are applied and other data 

sources (transcriptome, epigenome imaging) are 

combined

Can We Use DNA to Make Psychiatric Diagnoses?
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• The new molecular genetic data will, hopefully, put 

an end to debates about psychiatric comorbidity.

• We now know that most psychiatric disorders are 

correlated with one another at the level of DNA.

• Diagnosticians should expect “pervasive 

comorbidity”

– ADHD can co-occur with many disorders

– Multiple comorbidities are to be expected in some 

patients

How Should we Think about Psychiatric Comorbidity in 

ADHD?



www.mghcme.org

• The existence of subthreshold disorders makes 

sense from a genetic perspective

• Subthreshold ADHD is analogous to borderline 

hypertension

How Should We Think About Subthreshold 

Disorders?
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Meta-Analysis of Subthreshold ADHD
(Kirova et al., Psychiatry Res., 2019)

Subthreshold vs. ControlSubthreshold vs. Full ADHD

• Subthreshold cases 

milder than Full 

ADHD Cases but, 

compared with 

controls show more:

– Psychopathology

– School Failure

– Neuropsychological 

Impairment

– Substance Use

– Psychosocial 

Impairment
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Subthreshold Pediatric Bipolar Disorder: A Systematic 

Literature Review and Meta-Analysis
(Vaudreuil, Faraone & Biederman, Bipolar Disorders, 2019)

Subthreshold pediatric BP was associated with greater 

functional impairment, greater severity of manic and 

depressed mood symptoms, higher rates of disruptive 

behavior and substance use disorders, and higher rates of 

suicidal ideation and attempts
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No Difference in Mortality between Full and 

Subthreshold Depression: A Meta-Analysis
(Cuijpers et al., BJP, 2013)

People with major

depression had a 

somewhat increased 

chance of dying 

earlier than people 

with subthreshold 

depression but this

difference was not 

significant (p = 0.1)
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The Genome and Drug 

Response: Are we Ready for 

Personalized Medicine?
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Pharmacogenetics: Theory
(Posner, JAACAP, 2018)
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Why Pharmacogenomics?

• “One size fits all pharmacotherapy” is unrealistic

– Substantial genetic and biologic diversity among people

– Drug response rates are modest 

– Can we replace trial and error treatment with targeted treatment? 

• Adverse effects prevent some drugs from coming to 

market and limit the utility of others

– Genetic data could identify patients at high risk for adverse 

effects
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Dose Adjustments for Antidepressants by CYP2D6 

Genotype
(Kirchheiner et al, Molec Psychiat. 2004)
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Pharmacogenetics: Can We Predict ADHD 

Drug Pharmacokinetics from DNA Variants?
(Froelich, McGough & Stein, CNS Drugs, 2010)

• Rare CES1 variants in poor metabolizers of 

methylphenidate

• 20% of Caucasians are poor metabolizers for 

amphetamine due to DNA variants at CYP2D6 

• CYP3A4 variants may explain ancestry group differences 

in amphetamine metabolism.

• CYP2D6 and atomoxetine Ultra-rapid metabolizers:

• 10% Caucasians; 3% African-Americans
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Pharmacogenetics: Can We Predict Drug 

Response from DNA Variants?
(Myer, Boland & Faraone, Molec Psychiat, 2018)

• Pharmacodynamics: DNA Variants and Clinical Response of ADHD symptoms to 
Methylphenidate
• Meta-analysis of variants in 6 genes from 50 studies of ADHD youth

Gene Odds 
Ratio

P-value Heterogeneity Pub.
Bias

LPHN3 1.1 NS .70 No

DRD4 1.7 .003 .13 No

SLC6A2 2.9 .002 .32 No

SLC6A3 1.4 .009 .00001 Yes

COMT 1.4 .0001 .53 No

ADRA2A 1.7 .0001 .9 No
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Pharmacogenetic Associations of Antipsychotic Drug-Related 

Weight Gain: A Systematic Review and Meta-analysis
(Zhang et al., Schiz Bull, 2016)

• 72 articles reporting on 46 non-duplicated 
samples (n = 6700, mean follow-up = 25.1 wk) 
with 38 SNPs from 20 genes/ genomic regions

• 16 SNPs from 10 genes were significantly 
associated with weight increase

• Hedges’ g’s = 0.30–0.80, ORs = 1.47–1.9

• Antipsychotic related weight gain is polygenic 
and associated with specific genetic variants, 
especially in genes coding for antipsychotic 
pharmacodynamic targets
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Pharmacogenetics:  Is it 

Clinically Useful?

• Effects of DNA variants on drug metabolism are strong 

and thus, theoretically useful

• But fast and slow metabolizers can be detected via 

slow titration in clinical practice

• Effects of DNA variants on the pharmacodynamic 

response are real but weak.  Predictive value is low

• Genetic association studies are not sufficient for 

determining the value of pharmacogenetic testing
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Current Controversy: What Type of Data are 

needed to Show the Utility of 

Pharmacogenetically Guided Treatment?

• Randomized controlled trials (RCTs) comparing 

protocolized treatment as usual (PTAU) with 

pharmacogenetically guided treatment (PGT)

• RCTs comparing TAU with PGT

• Electronic medical record studies comparing 

TAU with PGT
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Pharmacogenetic Testing Leads to significantly Lower 

Health Care Costs Over 6 months
(Perlis et al., Depress. Anxiety, 2018)

Genecept N =817 Matched Controls N=2,745 

Fully adjusted costs $1,948 lower among cases
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PGT vs TAU  for Depressive Symptom Remission: A 

Meta-Analysis of Randomized Controlled Trials
(Bousman et al., Pharmacogenomics, 2019)
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Conclusion: Pharmacogenomic testing did not significantly improve mean 
symptoms but did significantly improve response and remission rates for 
difficult-to-treat depression patients over standard of care 



www.mghcme.org

Critique of the Pharmacogenetically Guided 

Treatment Literature
(Zubenko et al., JAMA Psychiat, 2018)
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Features of Published PGT Studies of Depression
(Zubenko et al., JAMA Psychiat, 2018)
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Are PGT Studies are Biased to Favor PGT?
(Zubenko et al., JAMA Psychiat, 2018)

• In many settings, treatment as usual is below the 
standard of care.

• Regardless of the validity/utility of 
pharmacogenetic information, if PGT keeps 
clinicians within the boundaries of evidenced-
based care.

• So, when PGT is better than TAU, we don’t know 
if it is due to the  use of pharmacogenomic 
information or to the use of standard of care 
protocols
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Pharmacogenetics: View from the FDA
(FDA Statement, 11/01/2018)

“FDA is aware of genetic tests that claim results 
can be used by physicians to identify which 
antidepressant medication would have 
increased effectiveness or side effects compared 
to other antidepressant medications. However, 
the relationship between DNA variations and 
the effectiveness of antidepressant 
medications has never been established.” 
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Data supporting gene testing claims flawed:
• Significant associations typically weak
• Effects of PK genes mitigated by titration
• Poor control of protocolized care in clinical trials
• Failure of primary outcomes
• Lack of transparency with regard to the algorithms used to look at multiple genetic 

variations
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2017

• Genetic testing for drug metabolizing enzymes is not supported as first line approach in 
terms of cost effectiveness. 

• Inclusion of genetic variants with insufficient relevance to drug effectiveness limits 
commercially available testing panels.

• Tests for drug metabolizing enzymes may have some utility for patients with abnormal side 
effect profiles and treatment-resistant conditions
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Potential Un-intended Consequences of 

Pharmacogenetically Guided Therapeutics

• The time spent reading and interpreting 

pharmacogenetic testing reports would be better 

spent on other diagnostic or therapeutic issues

• Financial cost to the patient

• Following pharmacogenetic guidance may 

decrease adherence to well-validated evidenced-

based treatment guidelines
• E.g., using a non-stimulant for ADHD because patient 

is a rapid (or slow metabolizer) of stimulants.
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For information about evidenced-based pharmacogenetics, see
https://cpicpgx.org/guidelines/
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Summary

1. Most psychiatric disorders are polygenic and share genetic risk 
factors with other psychiatric disorders

2. Both genomic and clinical data support the validity of 
subthreshold psychiatric diagnoses

3. DNA variants are associated with the pharmacokinetics and 
pharmacodynamics of drug response

4. Medical record data suggests that pharmacogenetically guided 
treatment may decrease costs.

5. We need better randomized controlled trials to compare 
pharmacogenetically guided treatment with protocolized 
treatment.
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Thanks for Listening!

Free CME on Adult ADHD: www.adhdinadults.com

Tweets: @StephenFaraone

http://www.adhdinadults.com/

