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Abstract

In psychiatric patients, medication adverse effects are regularly attributed to psychosomatic 

causes. However, many psychotropic medications are metabolized by cytochrome P450 (CYP450) 

enzymes. In the setting of polypharmacy, the activity of these enzymes may produce 

unfavorable drug-drug interactions (DDI) and drug-genotype interactions (DGI) that contribute 

to morbidity and mortality. This study sought to estimate the risk of adverse DDI and DGI in 

psychiatric inpatients with polypharmacy. We assessed whether medication changes made after 

pharmacogenetics (PGx) testing correlated with changes in side effects and overall improvement. 

Adult psychiatry inpatients with polypharmacy, defined as 5 or more scheduled prescription 

medications, completed the 24-item Antidepressant Side Effect Checklist (ASEC) questionnaire 

on enrollment and underwent PGx testing. Analysis of PGx results focused on whether the 

CYP2D6 and CYP2C19 phenotypes were “extreme,” defined as poor, poor to intermediate, or 

ultrarapid. Approximately 30 days after PGx results were sent to outpatient providers, patients 

were contacted to obtain their current medication list and ASEC and Clinical Global Impression 
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Improvement (CGI-I) scores. A total of 80 patients were enrolled, and 52 (65%) completed 

follow-up. ASEC scores improved from 11.5 (±8.1) to 7.2 (±6.0) (p=0.0009). Mean CGI-I score 

was 2.7 (±1.4), between “minimal” to “much improved.” However, linear regression revealed that 

these improvements were not correlated with whether medications were changed. We concluded 

that the impact of drug-genotype interactions in this small sample of inpatients with polypharmacy 

was low, and that patient improvement was related not to PGx-guided medication changes but to 

other treatments during hospitalization.

Keywords

Polypharmacy; pharmacogenetics; cytochrome P450; polymorphism; drug-drug interaction; drug-
genotype interaction

Introduction

The prevalence of polypharmacy is increasing in the United States, where an estimated 

10% of the population and 30% of older adults are taking five or more drugs concurrently 

(Gu et al., 2010; Sutherland et al., 2015; Bushardt et al., 2008; Quinn and Shah, 2017). 

This is partly a result of high rates of medical comorbidities (Ward et al., 2014), and it 

is worsened by over-prescribing and poor monitoring (Shehab et al., 2016; Kessler et al., 

2016). Patients 60 years of age and older on antidepressants were shown to have the highest 

incidence of polypharmacy in a study conducted by Veterans Administration Healthcare 

System (Preskorn, 2006). Indirect consequences of polypharmacy may include exacerbation 

of drug-drug interactions, adverse drug reactions (ADRs), prescribing cascades, chronic 

dependence, and hospitalization (Sharp et al., 2019). ADRs account for four hospitalizations 

per 1000 people per year (Shehab et al., 2016). A meta-analysis found that ADRs were the 

fourth to sixth most common causes of death in the United States (Lazarou et al., 1998).

It is believed that pharmacogenetic (PGx) testing has the potential to reduce unnecessary 

polypharmacy and improve outcomes by guiding the selection of appropriate medications 

(Sharp et al., 2019). Over 85% of patients demonstrate significant genetic variation in the 

CYP450 genes that metabolize the majority of the most commonly prescribed medications 

(Evans and Relling, 1999; Zanger and Schwab, 2013; Elliott et al., 2017). Abnormal 

metabolism increases the risk for adverse drug reactions and often leads to decreased 

medication effectiveness (Wilkinson, 2005; Cardelli et al., 2012). Interactions involving 

genes cause approximately 47% of significant interaction warnings (Verbeurgt et al., 

2014; Hocum et al., 2016). However, factors including age, gender, inflammation and 

comorbidities may also contribute to altered CYP450 activity (Zanger and Schwab, 2013).

One mechanism by which PGx testing may reduce polypharmacy is through identification 

of interactions that prompt prescribing cascades (Sharp et al., 2019). The authors noted 

that clinical support tools which integrate PGx data with other medication information 

may not reduce the total number of medications prescribed to a patient. Rather, such tools 

could reduce unnecessary or inappropriate prescribing, thus abating risks associated with 

polypharmacy.
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There is evidence that reducing drug-genotype interactions could improve other outcomes. 

A prospective 2017 study randomized patients age 50 and older with polypharmacy to 

receive PGx testing (n=57) or control (n=53) (Elliott et al., 2017). The PGx group received 

medication recommendations to decrease drug-drug, drug-genotype and cumulative drug-

drug-gene interactions. At 60 days follow-up, the PGx group had fewer re-hospitalizations 

and emergency department visits.

The Clinical Pharmacogenetics Implementation Consortium (CPIC) was established in 2009 

to facilitate the translation of genetic test results into actionable prescribing decisions for 

drugs (Caudle et al., 2014). CPIC guidelines for CYP2D6 and CYP2C19 with respect 

to the serotonin selective reuptake inhibitors (SSRIs) citalopram, escitalopram, sertraline, 

paroxetine, and fluvoxamine include a 25 to 50% dose reduction if the medication’s 

metabolizing enzyme is poor, as higher plasma concentrations may increase the probability 

of side effects. If a medication’s metabolizing enzyme is ultrarapid, then an alternative 

medication is recommended, as lower or undetectable plasma concentrations may increase 

the probability of pharmacotherapy failure. No adjustments are needed if the enzyme is 

normal or intermediate.

Despite existing guidelines, routine use of pharmacogenetic data in clinical practice 

remains controversial. It is challenging to demonstrate clinical utility of a PGx test, and 

stakeholders disagree on how best to define that utility and the level of evidence to 

support recommendations (Gillis and Innocenti, 2014). Further, evidence for implementing 

pharmacogenetics testing in psychiatry in particular is mixed. A review of evidence for 

multiple combinatorial PGx decision support tools concluded that there is insufficient data 

to support the widespread use of combinatorial PGx testing in clinical practice (Zeier et 

al., 2018). However, it is noted that in certain clinical situations, particularly prediction 

of side effects, PGx testing may be beneficial. Several ethical issues are raised, including 

publication bias, as some products receive more investment than others, and scientific 

integrity, as authors may have financial interests in the outcome. A viewpoint article 

emphasized that comedication and environmental factors such as age, sex, diet, alcohol use, 

hormonal status, and general health tend to be more important than heritable determinants 

of drug metabolism (Zubenko et al., 2018). The authors note that extremely rapid or slow 

metabolism is relatively rare, and thus dosing should be guided by careful drug choice and 

monitoring rather than PGx data.

This study investigated the risk of DDI and DGI in psychiatric inpatients with 

polypharmacy, whether PGx testing might lead to medication changes which reduce that 

risk, and whether medication changes made after PGx testing correlated with changes in 

patient-reported side effect burden and overall improvement.

Materials and Methods

Subjects

Adult inpatients with polypharmacy were recruited from the mood disorders unit 

(consisting primarily of patients with unipolar or bipolar depressive disorders), the acute 

psychiatry unit (patients with depressive, psychotic, and/or substance use disorders) and the 
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medical/geriatric unit (patients with psychiatric but also co-morbid medical illness and/or 

neurocognitive disorders). Patients were usually in acute distress and most with suicidal 

ideation, as expected as part of the admission criteria for a psychiatric inpatient unit. They 

were approached within 3 weekdays of admission and enrolled if appropriate. There were 

no exclusion criteria for diagnosis, and anxiety and personality disorders were frequent 

co-morbidities. However, patients were carefully assessed for the capacity to consent, and 

most patients with psychotic disorders or dementias were excluded. Informed consent of 

the participants was obtained after the nature of the procedures had been fully explained. 

Patients were excluded if they had PGx testing within the previous 5 years. The study 

was carried out in accordance with the latest version of the Declaration of Helsinki. Our 

Institutional Review Board (IRB) approved this project.

Polypharmacy

Polypharmacy was defined as 5 or more scheduled prescription oral medications. Proton 

pump inhibitors such as omeprazole were counted as prescription medications given 

their previous recent prescription status, and as these are metabolized by CYP2C19. 

Antihistamines such as cetirizine were also counted as prescription medications which was 

their previous status. If an as-needed medication, such as clonazepam, was used consistently 

and daily, it would effectively be a scheduled medication and counted as such.

Drug-Drug Interactions (DDI)

The relative risk of DDI for the medications on admission was assessed. Medications were 

entered into the drug interaction checker on Micromedex, which is used by our institution. 

A systematic review of drug-drug interaction software found that Micromedex was the 

most commonly used among publications studied, with users reporting high sensitivity and 

reliability (Roblek et al., 2015).

The total number of drug-drug interactions was recorded for each patient, regardless 

of severity. The severity could range from unknown to minor, moderate, major or 

contraindicated, with a fair, moderate or excellent level of documentation. Although some 

interaction warnings were less useful than others, all were included for consistency. As an 

example, the combination of lisinopril and hydrochlorothiazide generated the warning that 

“concurrent use of ACE inhibitors and thiazide diuretics may result in reduction of blood 

pressure.” While important, this alert requires contextualization with the patient’s clinical 

history and goals of treatment. At the same time, aggressively lowered blood pressure 

may result in blurred vision and light-headedness on standing. Thus, we felt that it was 

reasonable to include each potential drug-drug interaction in our analysis. Other interactions, 

such as drug-food or drug-tobacco, were not considered. We arbitrarily defined the mean 

number of Micromedex-determined DDI across all patients in our cohort as medium risk. 

One standard deviation above was defined as high risk, and one standard deviation below 

was defined as low risk.

Pharmacogenetic Testing

PGx testing was performed from buccal samples using the OneOme (Minneapolis, MN) 

RightMed test. Genes of interest included those encoding pharmacokinetic enzymes 
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CYP2D6, CYP2C19, CYP1A2, CYP2B6, CYP2C9, CYP3A4, and CYP3A5 as well as the 

serotonin transporter gene. There were other genes as part of the test panel, such as that 

encoding the Opioid Receptor Mu 1 (OPRM1), but not used in this analysis. The phenotypes 

designated by the laboratory included poor, intermediate, normal, rapid, and ultrarapid, with 

in-between categories possible such as “poor to intermediate.”

Drug-Genotype Interactions (DGI)

DGI analysis focused on whether the CYP2D6 and CYP2C19 phenotypes were “actionable” 

(using CPIC guidelines) and the medications prescribed to the patient. If the CYP2D6 

and/or CYP2C19 phenotypes were poor, poor to intermediate, or ultrarapid, then the 

result was defined as in the “extreme” category. The risk for DGI was classified as 

low, medium, or high. Low risk comprised non-extreme CYP2D6 or CYP2C19, medium 

risk comprised CYP2D6 or CYP2C19 extreme but no medications metabolized by the 

corresponding enzyme, and high risk comprised an extreme result and a medication 

metabolized by the corresponding enzyme. For example, if a patient were a poor metabolizer 

of CYP2D6 and prescribed escitalopram (mainly metabolized by CYP2C19), the risk would 

be medium. Typically, medications are metabolized by more than one pathway, and only 

the major pathway was considered. For example, nortriptyline is metabolized by CYP2D6 

and CYP2C19, but since CYP2C19 is a minor pathway, it was considered a CYP2D6-

metabolized medication.

Furthermore, we introduced the term “compatible,” defined as the use of medications 

metabolized by CYP2D6 or CYP2C19 when the corresponding gene did not have extreme 

results (that is, the phenotype would be intermediate or normal). For example, if a patient 

were prescribed escitalopram and the CYP2C19 phenotype was intermediate, then that 

would be compatible. If that patient’s CYP2C19 phenotype were ultrarapid, then the 

medication and genotype would be not compatible. By our definition, DGI high risk is 

equivalent to “not compatible.” Note that our definition of “compatible” is different from 

the concept of “congruent,” defined as whether a prescribed medication was in the “use as 

directed” column of some laboratory test panels (Winner et al., 2015).

Rating Scales

Medication side effects were assessed with the Antidepressant Side Effect Checklist 

(ASEC), a 24-item questionnaire (Uher et al., 2009). The ASEC was developed as a self-

report instrument to measure 21 potential adverse reactions to antidepressants, including dry 

mouth, nausea or vomiting, and drowsiness. For each item, participants rate the severity 

of the symptom on a four-point scale with 0=absent, 1=mild, 2=moderate, and 3=severe. 

Participants may also specify whether they believe a symptom is likely to be a medication 

side effect. Three free-text questions assess whether any other symptoms have been present, 

whether the patient has had treatment for a side effect, and whether any side effects have led 

to discontinuation of a drug. Patients were asked to include all of their medications, not just 

antidepressants, when answering the questionnaire. Total ASEC scores were calculated by 

summing the severity ratings for each item. Thus, scores could range from 0 to 63.
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Overall improvement at follow-up was assessed with the one-item Clinical Global 

Impression Improvement (CGI-I) tool, which is rated on a 0 to 7 scale with 0 = “not 

assessed,” 1= “very much improved,” and 7= “very much worse.” The CGI was developed 

for use in National Institute of Mental Health (NIMH)-sponsored clinical trials to provide 

a brief assessment in the clinician’s view of the patient’s global functioning (Guy, 1976; 

Busner and Targum, 2007). In this study, patients rated global functioning themselves.

Procedures

On enrollment, the study coordinator interviewed the patient to confirm the medication list 

and to complete the ASEC. A clinical member of the patient’s care team, typically a nurse 

practitioner, physician assistant, or physician, obtained the buccal swab for PGx testing. PGx 

results were reviewed by the principal investigator, and a pharmacist consultation was also 

obtained. The principal investigator communicated the results to the clinical team taking 

care of the patient, noting whether medication changes were recommended to minimize DDI 

and DGI. If the patient was no longer in the hospital, the results were communicated to the 

patient’s outpatient providers.

Approximately 30 days after the PGx results and recommendations were sent to the 

patient’s prescriber, the study coordinator telephoned each patient and obtained an 

updated medication list, the follow-up ASEC score, and the CGI-I. For patients who 

were lost to follow-up, the hospital discharge medications were taken as the 30-day 

follow-up medications, so they could still be included in the assessment of compatibility 

of medications at follow-up. As per our hospital practice for ensuring accuracy, the 

medications on the hospital discharge summary were cross-referenced by a pharmacist 

against medications taken in the hospital.

Outcomes

The primary outcome was improvement in medication side effects as measured by the 

ASEC. Other variables were collected, including whether medication changes were made by 

the time of follow-up; whether medications on admission and at follow-up were compatible; 

and whether electroconvulsive therapy (ECT) was part of the treatment. Short-term memory 

loss and cognitive impairments lasting up to a few months can be experienced with ECT, 

and thus the ECT variable was collected in order to control for its potential influence on the 

follow-up questionnaires.

Statistical Analysis

Means and standard deviations were presented for continuous variables, including the 

number of medications metabolized byCYP450 enzymes; ASEC scores on enrollment and 

follow-up; and CGI-I scores on follow-up. Change in ASEC score from enrollment to 

follow-up was compared using the paired t-test. Oneway analysis was performed to detect 

relationships between the change in ASEC score or the CGI-I score and the following three 

categorical variables: the presence of medication change, drug-genotype compatibility on 

admission and drug-genotype compatibility on follow-up. Linear regression analysis was 

performed to assess the relationship between side effect change and the presence of a 

medication change, adjusted for age, gender and ECT treatment. The level of statistical 
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significance was set to p < 0.05 (two-sided). Statistical analysis was performed using JMP 

Pro 14.1.0 (Cary, NC).

Results

Subjects

Eighty patients were enrolled, but 5 were withdrawn prior to PGx testing: three had 

technical or logistical issues such that the buccal swab was not collected, one had 

insufficient DNA per the laboratory, and one was found to have had PGx testing within 

5 years (an exclusion criterion). A total of 75 patients (mean age 48.4 years, 72% female) 

successfully underwent PGx testing, and 52 (69%) completed follow-up. There were no 

statistically significant differences between those patients who completed versus those who 

were lost to follow-up in terms of age (46.9 years vs 49.0 years on average, p=0.56) or 

gender (71.2% female vs 73.9% female, p=0.65). Of the 80 enrolled patients, 74 (92.5%) 

carried a diagnosis of major depressive disorder, bipolar disorder, persistent depressive 

disorder, or an unspecified mood disorder. Only 6 patients (7.5%) did not have a mood 

disorder diagnosis. Of the 80 patients, 20 (25.0%) received ECT, and 12 (23.1%) of the 52 

completers received ECT.

Medications

Approximately 150 unique medications were used at hospital enrollment, and the 25 

most common ones are listed in Table 1. In reviewing the top 13 medications, only 

three (bupropion, duloxetine, pantoprazole) were metabolized by pathways which were not 

CYP3A4 (which is most commonly normal) or metabolized at all. Of the remaining 12, 

only five had involvement of CYP2D6 or CYP2C19, suggesting fewer risks of drug-gene 

interactions as the other seven were not metabolized or metabolized by pathways which 

did not have wide variability (such as CYP3A4). These observations suggest that the most 

commonly used medications were at lower risk of posing drug-gene interactions.

A total of 17 antidepressants were prescribed at enrollment: amitriptyline (n=1), bupropion 

(20), citalopram (3), clomipramine (1), desvenlafaxine (1), doxepin (1), duloxetine (21), 

escitalopram (3), fluoxetine (6), mirtazapine (8), nortriptyline (3), paroxetine (6), sertraline 

(4), trazodone (34) (used mostly for insomnia), venlafaxine (11), vilazodone (1), and 

vortioxetine (5). Of these 17, only three (desvenlafaxine, vilazodone, trazodone) are 

metabolized by CYP3A4, indicating that the majority of antidepressants used were subjected 

to the variability of CYP450 polymorphisms.

Antipsychotic medications prescribed at enrollment consisted of aripiprazole (n=12), 

lurasidone (7), olanzapine (3), risperidone (5), and quetiapine (16). Of these, aripiprazole 

and risperidone are metabolized by CYP2D6, olanzapine by CYP1A2 and CYP2D6, and 

lurasidone and quetiapine by CYP3A4.

Other medications used for psychiatric purposes included alprazolam, 

atomoxetine, buspirone, clonazepam, clorazepate, dextroamphetamine/amphetamine, 

disulfuram, gabapentin, lamotrigine, lisdexamfetamine, lithium, lorazepam, methadone, 

methylphenidate, naltrexone, prazosin, temazepam, valproic acid, and zolpidem. Most of 
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these medications are metabolized by CYP3A4, with exceptions such as atomoxetine and 

dextroamphetamine/amphetamine by CYP2D6, and lithium being renally excreted.

Table 2 shows the mean number of medications per patient on hospital admission 

by CYP450 pathway. Not surprisingly, the most common pathway was CYP3A4 (2.4 

medications per patient), the second most common was CYP2D6 (1.2), and the third most 

common CYP2C19 (0.6).

Drug-Drug Interactions

For the 80 patients, the mean (±SD) number of medications on admission was 7.6 (± 

2.3). The mean number of DDI reported by Micromedex was 4.5 (±3.4). Accordingly, 18 

(22.5%) patients were identified as having relative low risk (DDI = 0–1), 45 (56.3%) as 

medium (DDI = 2–7), and 17 (21.3%) as high (DDI = 8–13). A total of 357 DDI were 

identified by Micromedex and distributed as follows: 1 (0.3%) “minor” severity interaction 

with a “fair” level of documentation (“minor, fair”); 2 (0.6%) “minor, excellent;” 31 

(8.7%) “moderate, fair;” 38 (10.6%) “moderate, good;” 6 (1.7%) “moderate, excellent;” 

231 (64.7%) “major, fair;” 35 (9.8%) “major, good;” 10 (2.8%) “major, excellent;” 3 (0.8%) 

“contraindicated, fair.” The majority (64.7%) fell in the “major, fair” category. As planned, 

all interactions were included regardless of severity, documentation, or clinical utility. 

For example, duloxetine and trazodone triggers a “major” interaction warning of “fair” 

documentation that concomitant use increases the risk of serotonin syndrome. In clinical 

practice, these medications are commonly used together without practical side effects. Thus, 

highlighting potential DDIs might be overreporting what is not clinically significant.

Pharmacogenetic Testing

The distribution of PGx results is shown in Table 2. Of the 75 patients who completed PGx 

testing, 21 (28.0%) had extreme CYP2D6 or CYP2C19 phenotypes. Normal was the most 

common phenotype for CYP2B6 (38.7%), CYP2C9 (74.7%), CYP2D6 (37.3%), CYP2C19 

(30.7%), and CYP3A4 (90.7%). Rapid was the most common phenotype for CYP1A2 

(88.0%) and poor was the most common phenotype for CYP3A5 (85.3%).

Drug-Genotype Interactions

Of 75 patients who successfully completed PGx testing, 54 (72.0%) were classified as low 

risk, 7 (9.3%) as medium risk, and 14 (18.7%) as high risk. Sixty-one patients (81.3%) 

were “compatible” with their admission medications. Only two patients did not retain 

their admission compatibility status: one patient went from incompatible to compatible at 

discharge, and one patient went from compatible to incompatible at 30 days follow-up.

Of the 52 patients who completed the study, 36 (69.2%) had their medications changed by 

the 30 days follow-up, and 43 (82.7%) were “compatible” with their follow-up medications. 

Of the 14 patients considered “high risk” of DGI on admission, 6 were lost to follow-up. The 

8 who completed remained incompatible with their medications at follow-up. Five of the 8 

underwent a medication change. In this high risk group, oneway analysis of change in ASEC 

score by whether medications were changed gives a non-significant result (p=0.29).
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Outcomes

The mean (±SD) baseline ASEC score was 11.5 (±7.5) for the full 80 patients. When 

limiting the dataset to only the completers (n=52), the baseline ASEC score remained 11.5 

(±8.1) compared to the follow-up of 7.2 (±6.0), p=0.0009. Oneway analysis of change 

in ASEC score by whether patients were compatible with their enrollment medications 

and follow-up medications revealed no significant relationships (p=0.63 and p=0.83, 

respectively). A linear regression model showed that the improvement in ASEC scores 

(n=52) from baseline to follow-up did not correlate with whether medications were changed 

(p=0.85), even after adjusting for age, gender and ECT treatment (p=0.97).

If we restrict analysis to the 21 patients who demonstrated poor, poor to intermediate, 

or ultrarapid activity at CYP2D6 and CYP2C19, eight were lost to follow-up. Of the 13 

remaining, medication changes were still not significantly correlated with the change in 

ASEC score (p=0.41).

The mean CGI-I score was 2.7 (±1.4), falling between “minimally” (score=3) to “much 

improved” (score=2). Oneway analysis of CGI-I score by whether patients were compatible 

with their enrollment medications and follow-up medications revealed no significant 

relationships (p=0.89 and p=0.87, respectively). A linear regression model showed that the 

CGI-I score (n=52) did not correlate with whether medications were changed (p=0.73), even 

after adjusting for age, gender and ECT treatment (p=0.64).

Discussion

This study investigated whether PGx testing in psychiatric inpatients with polypharmacy 

could lead to medication changes resulting in decreased medication side effects. While there 

was a statistically significant improvement in medication side effects from baseline to 30 

days following PGx results, the improvement was not correlated with whether medications 

were changed.

Several factors possibly contribute to this negative finding. First is the low baseline 

incidence of poor and ultrarapid metabolizers of CYP2D6 and CYP2C19, which was only 

21 patients (28.0%) in our study. While 28% is not an insignificant amount, what makes 

a drug-gene combination “actionable” (implying increased side effects or non-response) is 

that a medication metabolized by that pathway is prescribed. PGx testing was conducted 

reactively rather than preemptively in this study, and it was by chance that the majority of 

medication regimens (81.3%) on enrollment were already “compatible” with the patient’s 

phenotype. Changes made by follow-up did not substantially impact compatibility. Thus, 

the drug-gene combinations used at admission and follow-up serendipitously conferred a 

lower risk of side effects, even without specific awareness of PGx. Future studies focusing 

on greater numbers of patients with extreme phenotypes using case-control or cohort 

methodologies may reveal significant results.

Another factor relates to the controversy of whether drug-gene interactions are truly 

associated with side effects. While there is evidence to support that CYP450 phenotype 

affects serum levels (Hicks et al., 2015; Scordo et al., 2005; Guzey and Spigset, 2006; 
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Charlier et al., 2003; Rudberg et al., 2008), the link to side effects is unclear. Some smaller 

studies do report this association (Zourková and Hadasová, 2003; Grasmäder et al., 2004; 

Suzuki et al., 2006), but larger studies are generally negative or inconclusive (Hodgson et 

al., 2015; Peters et al., 2008). In a meta-analysis, CYP2C19 poor metabolizers had a higher 

risk of gastrointestinal, neurologic, and sexual side effects at weeks 2–4 during treatment 

with citalopram/escitalopram, but by week 9, no difference in total side effect burden was 

observed among differing phenotypes (Fabbri et al., 2018).

However, several PGx panel studies have reported improvement in side effects or medication 

tolerability after PGx testing. In a naturalistic study, significant decreases in medication 

side effects were found at 3 months (Brennan et al., 2015). As in our study, there 

was no treatment-as-usual comparison group, so the contribution of PGx testing to these 

improvements could not be evaluated. In a prospective randomized trial, tolerability was 

better in the PGx-guided group than in controls at 6 weeks and maintained at 12 weeks 

(Pérez et al., 2017). Given the consistently higher side effect burden in the control group, 

this result may challenge the general trend that antidepressant side effects are more frequent 

early in treatment and then decrease (Uher et al., 2009; Fabbri et al., 2018). In another 

12-week prospective randomized study, the PGx-guided group had significantly fewer 

medication tolerability problems, lower risk of taking sick leave (4% versus 15%, p=0.0272) 

and reduced duration of sick leave compared to controls (4.3 days versus 7.7 days, p=0.014) 

(Singh, 2015).

The relationship between phenotype and side effects has also been evaluated using the 

concept of congruence. The Genomics Used to Improve DEpression Decisions (GUIDED) 

trial found that patients taking “incongruent” medications prior to baseline who switched 

to “congruent” medications experienced greater symptom improvement, response and 

remission compared to those remaining incongruent (Greden et al., 2019). There were no 

statistically significant differences between the guided-care arm and the treatment-as-usual 

arm regarding the mean number of side effects at week 8, or the proportion of patients 

experiencing side effects. However, patients who switched from incongruent to congruent 

medications by week 8 had a significantly lower mean number of side effects compared to 

those who remained incongruent. In our study, given that only one patient switched from 

“incompatible” to “compatible” at discharge, and was eventually lost to follow-up, it was not 

possible to conduct a similar assessment of the impact of improved compatibility on side 

effect burden.

Other factors contributing to our negative findings could relate to the patient population 

and study duration. Psychiatric inpatients are hospitalized due to acute stressors, conferring 

less stability than outpatients, possibly affecting the patient’s report of side effects, even 

at follow-up. During hospitalization, patients improve not only because of biological 

treatments, but also psychological interventions, which decrease the necessity of medication 

changes. Also, the study duration of about 45 days (typically one week to obtain PGx test 

results, another week for the investigators to review the results and send the letter to the 

clinical team, and then the 30 day follow-up) was not as lengthy as comparable outpatient 

studies showing positive results which stretch towards 12 weeks. A longer study duration 

would ensure that the patient had a post-hospitalization visit with the outpatient provider 
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and a chance to change medications if indicated, then waiting the appropriate time to assess 

whether side effects diminished.

Of course, another possibility to explain our negative findings is that the null hypothesis 

that PGx does not impact side effects is true. At least in our real-world scenario of acute 

psychiatric inpatients with polypharmacy and a relatively short follow-up duration, that 

seems to be the case.

There were several limitations of this study including a small sample size, a large number 

of patients lost to follow-up, a lack of a comparison group, and no direct guidance for 

outpatient prescribers for changing medications toward more drug-genotype compatibility. 

In general for PGx studies, one variable is the decision-making of the clinicians. Despite a 

growing number of laboratories available to perform testing, there is a lack of guidelines and 

training for implementation into clinical practice. This can be attributed to lack of formal 

recommendations regarding the utility of these tests, and to lack of tools for interpreting 

and utilizing PGx information (Sharp et al., 2019). In our study, while the PGx results were 

communicated to the patient’s clinical team, there was no obligation for the team to review, 

understand, or implement any changes. We did not survey the treating clinicians as to their 

knowledge or reasoning for changing or not changing medications.

Our analysis focused on CYP2D6 and CYP2C19, as CPIC recommendations regarding 

antidepressants have been established for these enzymes. Because a range of metabolic 

activity is likely present in the setting of polypharmacy, this focus presents a limitation. 

However, the 75 patients who underwent PGx testing demonstrated normal (12.0%) or 

rapid (88.0%) metabolism at CYP1A2 and intermediate to normal (9.3%) or normal 

(90.7%) metabolism at CYP3A4. These phenotypes are effectively normal. One patient 

(1.3%) demonstrated poor to intermediate metabolism at CYP2C9, yet was not prescribed a 

CYP2C9-metabolized medication, suggesting drug-genotype compatibility across enrolled 

patients at this enzyme. Eight patients (10.7%) demonstrated poor to intermediate 

metabolism at CYP2B6. Of these, one patient was prescribed buproprion, a CYP2B6 

substrate. Although certain CYP2B6 polymorphisms have been shown to affect bupropion 

levels, the impact of CYP2B6 polymorphisms on bupropion efficacy in depression is unclear 

(Høiseth et al., 2015). Further, analysis of CYP2C9 and CYP2B6 is made difficult by 

the small sample size of extreme phenotypes and incompatible interactions in our study. 

Finally, 64 patients (85.3%) demonstrated poor metabolic activity at CYP3A5. Because 

most medications were developed in patients with poor CYP3A5 activity, dose changes 

are usually not required. However, there are important exceptions with respect to ethnicity, 

gender and specific CYP3A5-metabolized medications, including tacrolimus and saquinavir 

(Zanger and Schwab, 2013).

Although certain phenotypes are not currently “actionable” by CPIC guidelines for 

antidepressants, they may still have the potential to influence outcomes. One mechanism 

is through enzymatic interactions with other drugs and substances. For example, CYP1A2 

activity is challenging to ascertain from a genetics perspective alone, as CYP1A2 can 

be induced by smoking tobacco and cruciferous vegetable intake (Gunez et al., 2009). 

In addition, combined polymorphisms across several enzymes may produce unfavorable 
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interactions. For example, five of seven patients with CYP3A4 intermediate to normal 

phenotypes demonstrated either CYP2D6 or CYP2C19 intermediate metabolizer phenotypes 

as well. In theory, patients with reduced function of both CYP2D6 and CYP3A4 may 

undergo reduced overall metabolism of dual metabolized drugs, such as aripiprazole. 

However, this situation is not considered actionable as guidelines do not exist for combined 

polymorphisms, with the exception of tricyclic antidepressants. At the same time, FDA 

prescribing information for aripiprazole includes the recommendation that a 75% dose 

decrease be applied in those with poor metabolic activity at CYP2D6 who are also taking 

a CYP3A4 inhibitor. Thus, an absence of guidelines likely represents a gap in available 

literature.

Another limitation of our study is the inherent difficulty in trying to classify medication 

regimens as “compatible” or “congruent” with the all-or-nothing categorization by 

medication without regard to dose. For example, patients who are poor 2D6 metabolizers 

and prescribed nortriptyline would be classified as not “compatible,” and recommended 

to avoid nortriptyline. However, that patient could be prescribed nortriptyline, as long as 

the dose is lower and drug levels are monitored. Additionally, some studies report that 

medications not “compatible” with genotype, such as citalopram in poor 2C19 metabolizers 

and venlafaxine XR in ultrarapid 2D6 metabolizers, were actually associated with better 

remission (Mrazek et al., 2011; Ahmed et al., 2019).

We concluded that the impact of drug-genotype interactions in this small sample of 

inpatients with polypharmacy was low. The improvement in side effects was not related 

to medication changes but possibly to other treatments during inpatient hospitalization, 

including psychological interventions. The placebo effect of making a medication change, 

or of receiving PGx testing, might also contribute to patient improvement. While our 

study found a statistically and clinically significant improvement in patient side effects 

from baseline to follow-up, further studies will be needed to assess the influence of 

pharmacogenetics testing and recommendations on such improvements.
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Table 1:

Twenty-Five Most Commonly Prescribed Medications on Hospital Admission

Medication Occurrences Metabolic Pathway(s)

Trazodone 34 CYP3A4

Gabapentin 33 Not metabolized

Levothyroxine 25 Not significant CYP450

Atorvastatin 22 CYP3A4

Duloxetine 21 CYP1A2, CYP2D6

Bupropion 20 CYP2B6, also inhibits CYP2D6

Clonazepam 17 CYP3A4

Pantoprazole 17 CYP2C19

Quetiapine 16 CYP3A4

Metformin 13 Not metabolized

Buspirone 13 CYP3A4

Prazosin 12 Not significant CYP450

Lisinopril 12 Not metabolized

Aripiprazole 12 CYP2D6, CYP3A4

Metoprolol 11 CYP2D6

Venlafaxine 11 CYP2D6

Montelukast 10 CYP2C8

Omeprazole 10 CYP2C19

Lorazepam 10 Not significant CYP450

Amlodipine 10 CYP3A4

Lamotrigine 9 Not significant CYP450

Losartan 8 CYP2C9, CYP3A4

Mirtazapine 8 Minor CYP2D6, CYP1A2, CYP3A4

Topiramate 7 Not CYP450

Lurasidone 7 CYP3A4

J Psychiatr Res. Author manuscript; available in PMC 2022 September 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Collins et al. Page 17

Table 2:

Distribution of Phenotypes and Mean Number of Medications on Admission by CYP450 pathways

Mean 
number of 
enrollment 
medications 
metabolized 
by pathway 
(±SD)

Poor Poorintermediate Intermediate Intermediatenormal Normal Rapid Ultrarapid

CYP1A2 0.3 (±0.5) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 9 
(12.0%)

66 
(88.0%)

0 (0%)

CYP2B6 0.3 (±0.4) 0 (0%) 8 (10.7%) 19 (25.3%) 16 (21.3%) 29 
(38.7%)

3 (4.0%) 0 (0%)

CYP2C19 0.6 (±0.6) 1 (1.3%) 0 (0%) 16 (21.3%) 7 (9.3%) 23 
(30.7%)

19 
(25.3%)

9 (12.0%)

CYP2C9 0.2 (±0.4) 0 (0%) 1 (1.3%) 4 (5.3%) 14 (18.7%) 56 
(74.7%)

0 (0%) 0 (0%)

CYP2D6 1.2 (±0.9) 3 (4%) 8 (10.7%) 20 (26.7%) 15 (20.0%) 28 
(37.3%)

0 (0%) 1 (1.33%)

CYP3A4 2.4 (±1.3) 0 (0%) 0 (0%) 0 (0%) 7 (9.3%) 68 
(90.7%)

0 (0%) 0 (0%)

CYP3A5 0.1 (±0.2) 64 
(85.3%)

0 (0%) 10 (13.3%) 0 (0%) 1 (1.3%) 0 (0%) 0 (0%)
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