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Abstract: Adolescents with autism have higher rates of anxiety than the general adolescent 

population. They often struggle to express psychological symptoms verbally where their symp-

toms may manifest as withdrawal and agitation. Adolescent patients with autism have higher 

rates of polypharmacy and high-risk psychiatric medication use (eg, atypical antipsychotics) 

than other patients with psychiatric illness. Primary care pediatricians are at the front lines of 

psychiatric management for patients with autism. Yet, they have inadequate access to pediatric 

psychiatry for complex medication management. Pharmacogenomic testing can provide person-

alized drug metabolism profiles for a majority of psychotropic medications. Primary care based 

pharmacogenomic testing for adolescents with autism on one or more psychiatric medications 

may help individualize and optimize complex medication regimens, while promoting drug safety.

Keywords: autism, pharmacogenomic, pharmacogenetic, pharmacotherapy, anxiety, depres-

sion, psychiatry, pediatrics

Introduction
Pharmacogenomic testing is a genetic test that helps assess and provide possible 

explanations for a patient’s response or lack thereof, therefore aiding drug selection 

and dosing for improved outcomes. Although pharmacogenomics testing has been a 

crucial part in the personalized medicine movement, there is little clarity on how much 

it will benefit patients with autism spectrum disorder (ASD). 

Pharmacogenomics
“Pharmacogenomics,” (also referred to as pharmacogenetics) is a relatively new field, 

which studies how a patient’s genes influence drug therapy response. Clinical phar-

macogenomics testing has evolved from benchwork to direct patient care testing. It 

has received increased public attention since President Obama’s call for personalized 

medicine in his 2015 State of the Union Address. Gene testing to understand a patient’s 

genetic makeup permits tailoring the choice of medication therapy and/or dosing to 

an individual’s determined drug metabolism. The patients will benefit through having 

fewer side effects and lower drug-related costs as a result of shorter hospital stays, 

reduced medical visits, and reduced medical absence days.1 Genetic testing assessing 

common polymorphisms affecting selective serotonin reuptake inhibitors (SSRIs) 

metabolism may provide guidance to prescribers about individual drug metabolizing 

patterns for specific psychotropic medications.2 Genetic differences have increasingly 

been shown to play a vital role in the variability of treatment response, optimal  dosage, 
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and  tolerability.3 For example, an ultrarapid metabolizer 

phenotype to a particular drug can be a cause of therapeutic 

inefficacy, whereas a poor metabolizer phenotype to a drug 

carries an increased risk of toxicity.2 

The use of pharmacogenomics in 
ASD
Side effects of psychotropic medications (some of which 

mimic anxiety-related symptoms such as irritability and 

insomnia), are related to individual pharmacogenetics 

influencing drug metabolism.4 With the profound side effect 

profile of atypical antipsychotics, pharmacogenomic testing 

could serve as a beneficial tool for reducing polypharmacy 

and negative side effects related to their use among adoles-

cents with ASD. In adult medicine, it is likely that this testing 

modality will be ordered preemptively to aid in the selection 

and dosing of psychotropic medications in the near future.5 

For adults, the Clinical Pharmacogenetics Implementation 

Consortium Guidelines from 2015 strongly recommends 

SSRI dosing adjustment based on the rate of metabolism 

through the CYP2C19 pathway (sertraline, citalopram, and 

escitalopram) and the CYP2D6 pathway (fluvoxamine).6 

While specific pharmacogenomic guidelines have not been 

established for pediatrics or autism, there is precedence for 

use in these populations. For example, CYP2C19 testing 

in patients with autism identified a clear disparity in toler-

ability of SSRI dose titration between ultrarapid and normal 

metabolizers.7 At the same time, studies looking at how drug 

metabolism rates affect dosing at different stages of pediatric 

and adolescent development are needed to further refine their 

clinical application in adolescents with and without autism.8 

Pharmacogenomic testing has already been specifically 

applied to the pediatric population for medications other 

than SSRIs. It has been used to identify patients who are at 

higher risk of respiratory depression from codeine,2 predict 

toxicity in pediatric patients receiving 6-mercaptopurine and 

azathioprine, and predict risk for Stevens–Johnson syndrome 

in patients receiving carbamazepine treatment.9,10 There have 

been case reports where pharmacogenomics testing results 

were successfully utilized resulting in improved symptom 

management and overall quality of life among children and 

adolescents with complex behavior health issues.11,12 There is, 

therefore, precedence in pediatric care for pharmacogenomic 

testing in high-risk populations. While pharmacogenomic 

testing must be carefully researched and monitored prior 

to broad generalization to general adolescent populations, 

implementing pharmacogenomic testing in adolescents with 

autism on one or more psychotropic medications may be 

warranted because of their high-risk profile.12,13

Complex mental health issues
Data from the Center for Disease Control and Prevention 

in 2012 estimate 1 in 68 children have been diagnosed with 

ASD.14 Comparing to typical adolescents, young patients 

with ASD have more complex mental health concerns and 

frequently suffer from comorbid psychiatric disorders such 

as anxiety, attention deficit hyperactivity disorder, and obses-

sive compulsive disorder.15 Agitation, self-injury, and temper 

outbursts are often manifestations of anxiety in patients with 

autism who have difficulty verbally describing their symp-

toms.15 A practice parameter published in the Journal of the 

American Academy of Child and Adolescent Psychiatry sug-

gests that pharmacotherapy may be offered to children with 

ASD when there is a specific target symptom or comorbid 

condition.16 While adolescents without ASD often have a hard 

time expressing psychiatric symptoms,17 adolescents with 

ASD may face behavioral and verbal challenges that make 

it even more difficult to describe symptoms. Adolescents 

with autism may also have difficulty expressing experienced 

medication side effects.18 Moreover, presenting symptoms 

may also vary by sex in ASD, with females tending to show 

more internalizing symptoms, such as withdrawal and males 

showing more externalizing behaviors such as aggression.19 

This combination of complex manifestations of psychiatric 

symptoms and unrecognized side effects requires high levels 

of medication management expertise.20

Complicated pharmacotherapy
Almost 1 in 10 patients aged 10–19 years are on some psy-

chotropic medication.21 Patients with ASD are commonly 

diagnosed with anxiety and refractory depression.22 Several 

randomized clinical trials have been conducted indicating 

that cognitive behavioral therapy (CBT) is associated with 

positive treatment responses such as reduced anxiety in 

children with ASD.24,25 SSRIs are first line pharmacotherapy 

for patients with uncontrolled symptoms after behavioral 

interventions alone.16 Along with behavioral therapy, SSRIs 

have been indicated to reduce repetitive behavior among 

patients with ASD.26 However, only half of pediatric patients 

with depression or anxiety who are prescribed a single SSRI 

have full remission of symptoms after 6 months.27 In com-

parison, only one third of pediatric patients with autism who 

have anxiety have remission of symptoms with a single SSRI 

at 6 months. The remainder of patients either cycle through 
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numerous psychotropic medications due to side effects or 

are classified as having SSRI failure.28 The side effect profile 

of SSRIs (such as increased nervousness) may exacerbate 

anxiety and depression symptoms.29 Patients with ASD are 

more likely to be on psychotropic therapy for depression or 

other mental health conditions.30 At the same time, they are 

less equipped to express potential side effects of medications 

or have full remission of symptoms with medication.18,31 This 

results in a higher risk of polypharmacy. Adolescents with 

ASD have higher prevalence of psychotropic use. Analysis of 

a national registry reviewing children with ASD indicated that 

>35% of this patient population use at least one psychotropic 

medication, and ~10% use psychotropic medications in ≥3 

major classes concurrently.23

Antipsychotics, stimulants, anticonvulsants, and antide-

pressants are often prescribed in combination for symptom 

control in these patients at much higher rates than the general 

population.30 Over the past two decades, these psychotropic 

medications are increasingly being prescribed to children 

and adolescents with ASD, making polypharmacy among 

these patients a concerning issue.32 Teens with ASD are more 

likely to be on an atypical antipsychotic than those without 

autism.33 These medications are often prescribed to manage 

symptoms related to resistant depression and anxiety, as well 

as behavioral problems in this population.33 As superior effi-

cacy of combination therapy has been demonstrated among 

pediatric patients in past clinical studies, pharmacological 

interventions are often added on top of behavioral therapy to 

help patients improve their daily function.34,35 Guidelines for 

adolescent depression in primary care suggest that treatment 

with antidepressants or psychotherapy such as CBT should 

be offered to adolescent patients with depression.36 Accord-

ing to a 2011 report published by the Agency for Healthcare 

Research and Quality, 90% of children taking antipsychotic 

medications would receive an atypical antipsychotic for 

mostly off-label indications.37 However, limited clinical data 

evaluating acute and long-term risks place these adolescents 

at a greater chance of undertreatment or overtreatment, 

in addition to long-term side effects.30,33 While regulatory 

approval for new indications depends on large randomized 

controlled clinical trials, studies in adolescents with autism 

have been limited in size and scope.33 Other factors that 

intensify polypharmacy in this patient population include 

adolescence, handicap, and group home environment.38 

Because it may be very challenging for patients with ASD 

to express anxiety symptoms resulting intrinsically or from 

medication, a vicious cycle of chasing behavioral symptoms 

(unknowingly resulting from medication side effects) further 

exacerbates psychotropic polypharmacy. With psychotropic 

medication’s profound side effect profile (such as sedation, 

weight gain, metabolic disorders, hyperprolactinemia, move-

ment disorders, and QTc prolongation),39 it is imperative to 

maintain doses as low as possible while optimizing therapy 

for the best outcome. 

Struggles of providers
Primary care providers are at the front lines of ASD man-

agement in the pediatric population. Families often have 

longstanding trusting relationships with them and often seek 

guidance from them both pre- and post-diagnosis.40,41 Pediatri-

cians are encouraged to refer more complex patients, including 

those diagnosed with behavioral health disorders such as ASD, 

to mental health providers who practice in a multidisciplinary 

care team; the child and adolescent mental health workforce 

can currently care for only 10% of these patients, and they 

have limited tools to guide management during the often long 

waiting period to establish psychiatric care.27,40,42 In a recent 

study, 63% of pediatric patients with autism reported unmet 

needs, frequently lacking family services such as mental 

health and respite care.43 About half of all pediatric patients 

who are provided a psychiatric referral actually see a mental 

health provider within 6 months.27 These delays are due to an 

acute shortage of psychiatric providers who are comfortable 

providing care to adolescents with autism.44

Pharmacogenomic testing in 
primary care setting
There are positive and negative logistical aspects to order-

ing pharmacogenomic testing in a primary care pediatri-

cian’s office. Over the past few years, the cost associated 

with pharmacogenomic testing has decreased drastically.5 

With increased public awareness of such tests, parents and 

patients may specifically request testing from their provider. 

Such requests can help caregivers advocate for personalized 

psychotropic prescribing patterns, but require primary care 

providers to be familiar with testing. Many pharmacogenomic 

samples can be collected using a minimally invasive buccal 

swab, negating the need for venipuncture. Most samples can 

be processed within 7 days, allowing for real-time medication 

adjustments. Companies offering these testing services pro-

vide a comprehensive decision support analysis to assist in the 

genomic results interpretation and application to a wide array 

of medications within the selected therapeutic drug classes. 

The report is meant to provide guidance in selecting drug 

therapy based on that patient’s specific results. Medicare and 

Medicaid provide insurance coverage for  pharmacogenomic 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pharmacogenomics and Personalized Medicine 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

250

Bose-Brill et al

testing, but many private insurance companies do not currently 

cover the cost of these tests.45 Patients and parents may need 

to communicate directly with testing companies to determine 

out-of-pocket costs. These administrative burdens may dis-

suade patients with autism and their parents from pursuing 

this testing. Practices may have to facilitate such communi-

cation in addition to collecting insurance information for the 

testing vendor. In addition, outpatient clinics generally need 

to establish a relationship with specific pharmacogenomic 

testing vendors to obtain supplies and establish a practice 

workflow. Individual clinics and providers need to weigh these 

factors in deciding whether or not to offer these services for 

psychotropic medication management.

Proposed practice model
While pharmacogenomic testing is an emerging resource, it 

can be an effective tool for primary care pediatricians to assist 

in the management of adolescent patients with autism who are 

on psychotropic medication.11 In our proposed practice, non-

invasive gene testings can be offered to patients with autism 

who are on one or more of these medications. Patients who 

can potentially benefit from such testings are identified by 

our clinical staff using electronic health record based popu-

lation management. Clinical pharmacists then will perform 

comprehensive medication review and pre-visit planning to 

further stratify for best candidates. Samples can be collected 

via buccal swab and are then sent for genetic testing. This 

testing is used to guide medication changes in patients who 

have suboptimal control of behavioral symptoms. Standard-

ized behavioral symptom assessments in conjunction with 

medication monitoring can be used to monitor the impact 

of medication changes on behavior over time. Psychology 

practices are already using these tools as part of disease 

management. Practice guidelines are available, guiding clini-

cians on the use of pharmacogenomic testing with antidepres-

sants and antipsychotics metabolized through CYP450 2D6 

and CYP450 2C19.46 Past study on major depression in an 

outpatient psychiatric practice also demonstrated improved 

outcomes with the use of pharmacogenomic testing.47 While 

pharmacogenomic testings have been increasingly used for 

management of psychiatric symptoms in psychiatric prac-

tices, they are rarely used in primary care settings. If practices 

choose to incorporate pharmacogenomic testing, they should 

collect data on what impact it has on providers and patients 

so this information can be disseminated. Moreover, concur-

rent research and policy discussions should be pursued to 

ensure that this clinical application is optimized for pediatric 

patients with autism. 

Conclusion
Adolescent patients with ASD often suffer from comorbid 

psychiatric disorders that may be more challenging to 

manage. They are frequently treated with complex drug 

regimens and are at increased risk of undertreatment and 

overtreatment, side effects, and polypharmacy. Although 

primary care providers are at the front lines of ASD man-

agement in this population, they are often overwhelmed 

and lack the right tools to better care for these patients. 

Through aiding in drug selection and dose optimization, 

pharmacogenomic testing may be beneficial in aiding better 

management of adolescent patients with ASD. Our proposed 

practice model should be individualized to best meet the 

needs of each practice.

Acknowledgments
The project described was supported by grant award number 

UL1TR001070 from the National Center for Advancing 

Translational Sciences. The content is solely the responsibil-

ity of the authors and does not necessarily represent the offi-

cial views of the National Center for Advancing Translational 

Sciences or the National Institutes of Health. 

Disclosure
The authors report no conflicts of interest in this work. 

References
 1. Perlis RH. Pharmacogenomic testing and personalized treatment of 

depression. Clin Chem. 2014;60(1):53–59.
 2. Samer CF, Lorenzini KI, Rollason V, Daali Y, Desmeules JA. Appli-

cations of CYP450 testing in the clinical setting. Mol Diagn Ther. 
2013;17(3):165–184.

 3. Mrazek DA. Psychiatric pharmacogenomic testing in clinical practice. 
Dialogues Clin Neurosci. 2010;12(1):69–76.

 4. Murphy GM, Kremer C, Rodrigues HE, Schatzberg AF. Pharmaco-
genetics of antidepressant medication intolerance. Am J Psychiatry. 
2003;160(10):1830–1835.

 5. Kieling C, Genro JP, Hutz MH, Rohde LA. A current update on ADHD 
pharmacogenomics. Pharmacogenomics. 2010;11(3):407–419.

 6. Hicks JK, Bishop JR, Sangkuhl K, et al. Clinical pharmacogenet-
ics implementation consortium (CPIC) guideline for CYP2D6 and 
CYP2C19 genotypes and dosing of selective serotonin reuptake inhibi-
tors. Clin Pharmacol Ther. 2015;98(2):127–134.

 7. Bishop JR, Najjar F, Rubin LH, et al. Escitalopram pharmacogenet-
ics: CYP2C19 relationships with dosing and clinical outcomes in 
autism spectrum disorder. Pharmacogenet Genomics. 2015;25(11): 
548–554.

 8. Stevens A, De Leonibus C, Hanson D, et al. Pediatric perspective on 
pharmacogenomics. Pharmacogenomics. 2013;14(15):1889–1905.

 9. Gazouli M, Pachoula I, Panayotou I, et al. Thiopurine methyltransferase 
genotype and thiopurine S-methyltransferase activity in Greek children 
with inflammatory bowel disease. Ann Gastroenterol. 2012;25(3): 
249–253.

 10. Wu XT, Hu FY, An DM, et al. Association between carbamazepine-
induced cutaneous adverse drug reactions and the HLA-B*1502 allele 
among patients in central China. Epilepsy Behav. 2010;19(3):405–408.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pharmacogenomics and Personalized Medicine 2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

251

Psychotropic therapy for adolescents with autism spectrum disorders

 11. Smith T, Sharp S, Manzardo AM, Butler MG. Pharmacogenetics 
informed decision making in adolescent psychiatric treatment: a clinical 
case report. Int J Mol Sci. 2015;16(3):4416–4428.

 12. Kronenberg S, Apter A, Brent D, et al. Serotonin transporter poly-
morphism (5-HTTLPR) and citalopram effectiveness and side effects 
in children with depression and/or anxiety disorders. J Child Adolesc 
Psychopharmacol. 2007;17(6):741–750.

 13. Bowers K, Lin PI, Erickson C. Pharmacogenomic medicine in autism: 
challenges and opportunities. Paediatr Drugs. 2015;17(2):115–124.

 14. Christensen DL, Baio J, Braun KV, et al. Prevalence and characteristics 
of autism spectrum disorder among children aged 8 years – autism and 
developmental disabilities monitoring network, 11 sites, United States, 
2012. MMWR Surveill Summ. 2016;65(3):1–23.

 15. Leyfer OT, Folstein SE, Bacalman S, et al. Comorbid psychiatric 
disorders in children with autism: interview development and rates of 
disorders. J Autism Dev Disord. 2006;36(7):849–861.

 16. Volkmar F, Siegel M, Woodbury-smith M, King B, McCracken J, State 
M. Practice parameter for the assessment and treatment of children and 
adolescents with autism spectrum disorder. J Am Acad Child Adolesc 
Psychiatry. 2014;53(2):237–257.

 17. Achenbach TM, Mcconaughy SH, Howell CT. Child/adolescent behav-
ioral and emotional problems: implications of cross-informant correla-
tions for situational specificity. Psychol Bull. 1987;101(2):213–232.

 18. Posey DJ, Stigler KA, Erickson CA, McDougle CJ. Antipsychotics in 
the treatment of autism. J Clin Invest. 2008;118(1):6–14.

 19. Øien RA, Hart L, Schjølberg S, et al. Parent-endorsed sex differences 
in toddlers with and without ASD: utilizing the M-CHAT. J Autism Dev 
Disord. 2017;47(1):126–134.

 20. Hepburn SL, Stern JA, Blakeley-Smith A, Kimel LK, Reaven JA. Com-
plex psychiatric comorbidity of treatment-seeking youth with autism 
spectrum disorder and anxiety symptoms. J Ment Health Res Intellect 
Disabil. 2014;7(4):359–378.

 21. Zito J, Safer DJ, Lolkje TW, et al. A three-country comparison of psy-
chotropic medication prevalence in youth. Child Adolesc Psychiatry 
Ment Health. 2008;2(1):26.

 22. Soorya L, Kiarashi J, Hollander E. Psychopharmacologic interventions 
for repetitive behaviors in autism spectrum disorders. Child Adolesc 
Psychiatr Clin N Am. 2008;17(4):753–771.

 23. Rosenberg RE, Mandell DS, Farmer JE, Law JK, Marvin AR, Law PA. 
Psychotropic medication use among children with autism spectrum 
disorders enrolled in a national registry, 2007–2008. J Autism Dev 
Disord. 2010;40(3):342–351.

 24. Reaven J, Blakeley-Smith A, Culhane-Shelburne K, Hepburn S. Group 
cognitive behavior therapy for children with high-functioning autism 
spectrum disorders and anxiety: a randomized trial. J Child Psychol 
Psychiatry. 2012;53(4):410–419.

 25. Storch EA, Arnold EB, Lewin AB, et al. The effect of cognitive-
behavioral therapy versus treatment as usual for anxiety in children 
with autism spectrum disorders: a randomized, controlled trial. J Am 
Acad Child Adolesc Psychiatry. 2013;52(2):132–142.

 26. McDougle CJ, Kresch LE, Posey DJ. Repetitive thoughts and behavior 
in pervasive developmental disorders: treatment with serotonin reuptake 
inhibitors. J Autism Dev Disord. 2000;30(5):427–435.

 27. Van Cleave J, Le TT, Perrin JM. Point-of-care child psychiatry exper-
tise: the Massachusetts Child Psychiatry Access Project. Pediatrics. 
2015;135(5):834–841.

 28. Kennard BD, Silva SG, Tonev S, et al. Remission and recovery in the 
treatment for adolescents with depression study (TADS): acute and 
long-term outcomes. J Am Acad Child Adolesc Psychiatry. 2009;48(2): 
186–195.

 29. Baldwin D. Generalized anxiety disorder. In: Encyclopedia of Psycho-
pharmacology. Berlin, Heidelberg: Springer; 2010: 551–553.

 30. Baribeau DA, Anagnostou E. An update on medication management of 
behavioral disorders in autism. Curr Psychiatry Rep. 2014;16(3):437.

 31. Johnco CJ, De Nadai AS, Lewin AB, Ehrenreich-May J, Wood JJ, Storch 
EA. Defining treatment response and symptom remission for anxiety 
disorders in pediatric autism spectrum disorders using the Pediatric 
Anxiety Rating Scale. J Autism Dev Disord. 2015;45(10):3232–3242.

 32. Coury DL, Anagnostou E, Manning-courtney P, et al. Use of psycho-
tropic medication in children and adolescents with autism spectrum 
disorders. Pediatrics. 2012;130(Suppl 2):S69–S76.

 33. Schneider C, Taylor D, Zalsman G, Frangou S, Kyriakopoulos M. 
Antipsychotics use in children and adolescents: an on-going challenge 
in clinical practice. J Psychopharmacol. 2014;28(7):615–623.

 34. Wolraich M, Brown L, Brown RT, et al. ADHD: clinical practice guideline 
for the diagnosis, evaluation, and treatment of attention-deficit/hyperactivity 
disorder in children and adolescents. Pediatrics. 2011;128(5):1007–1022.

 35. Autism Speaks. What is autism? 2015. Available from: http://www.
autismspeaks.org/what-autism. Accessed May 13, 2017.

 36. Cheung AH, Zuckerbrot RA, Jensen PS, Ghalib K, Laraque D, Stein 
REK. Guidelines for adolescent depression in primary care (GLAD-
PC): II. Treatment and ongoing management. Pediatrics. 2007;120(5): 
e1313–e1326.

 37. Centers for Medicare and Medicaid Services. Atypical antipsychotic 
medications: use in pediatric patients. 2013. Available from: https://
www.cms.gov/medicare-medicaid-coordination/fraud-prevention/
medicaid-integrity-education/pharmacy-education-materials/down-
loads/atyp-antipsych-pediatric-factsheet.pdf. Accessed May 13, 2017.

 38. Aman MG, Lam KS, Van bourgondien ME. Medication patterns in 
patients with autism: temporal, regional, and demographic influences. 
J Child Adolesc Psychopharmacol. 2005;15(1):116–126.

 39. Wink LK, Pedapati EV, Horn PS, McDougle CJ, Erickson CA. Multiple 
antipsychotic medication use in autism spectrum disorder. J Child 
Adolesc Psychopharmacol. 2017;27(1):91–94.

 40. Garg P, Lillystone D, Dossetor D, et al. A framework for developing 
a curriculum regarding autism spectrum disorders for primary care 
providers. J Clin Diagn Res. 2015;9(10):SC01–SC06.

 41. Carbone PS, Behl DD, Azor V, Murphy NA. The medical home for 
children with autism spectrum disorders: parent and pediatrician per-
spectives. J Autism Dev Disord. 2010;40:317–324. 

 42. Thomas CR, Holzer CE. The continuing shortage of child and 
adolescent psychiatrists. J Am Acad Child Adolesc Psychiatry. 
2006;45(9):1023–1031.

 43. Farmer JE, Clark MJ, Mayfield WA, et al. The relationship between 
the medical home and unmet needs for children with autism spectrum 
disorders. Matern Child Health J. 2014;18(3):672–680.

 44. Lake JK, Vogan V, Sawyer A, Weiss JA, Lunsky Y. Psychotropic medica-
tion use among adolescents and young adults with an autism spectrum 
disorder: parent views about medication use and healthcare services.  
J Child Adolesc Psychopharmacol. 2015;25(3):260–268.

 45. Dougherty MJ, Wicklund C, Johansen Taber KA. Challenges and oppor-
tunities for genomics education: insights from an Institute of Medicine 
roundtable activity. J Contin Educ Health Prof. 2016;36(1):82–85.

 46. De Leon J, Armstrong SC, Cozza KL. Clinical guidelines for psy-
chiatrists for the use of pharmacogenetic testing for CYP450 2D6 and 
CYP450 2C19. Psychosomatics. 2006;47(1):75–85.

 47. Hall-Flavin DK, Winner JG, Allen JD, et al. Utility of integrated 
pharmacogenomic testing to support the treatment of major depressive 
disorder in a psychiatric outpatient setting. Pharmacogenet Genomics. 
2013;23(10):535–548.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pharmacogenomics and Personalized Medicine 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Pharmacogenomics and Personalized Medicine

Publish your work in this journal

Submit your manuscript here: https://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

Pharmacogenomics and Personalized Medicine is an international, peer-
reviewed, open access journal characterizing the influence of genotype 
on pharmacology leading to the development of personalized treatment 
programs and individualized drug selection for improved safety, efficacy 
and sustainability. This journal is indexed on the American Chemical 

Society’s Chemical Abstracts Service (CAS). The manuscript manage-
ment system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.
com/testimonials.php to read real quotes from published authors.

Dovepress

252

Bose-Brill et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com

	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_5
	_ENREF_4
	_ENREF_3

	Publication Info 4: 
	Nimber of times reviewed 4: 


