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I. REPORT CHECKLIST 
The following checklist must be completed and submitted with the project report.  By checking 
an item, the student and advisor(s) agree that the work has been done appropriately. 

__ X__1. If the research report will be or has been submitted for publication in a journal, 
provide the name of the journal here: ___ __________

__X___2. Project title is concise and clear; title page lists advisers, course no. & date 
submitted

__X___3. Abstract is no more than 250 words and retains headings

__X___4. Introduction provides a definition of the topic under study, the importance of the 
topic, and the issue addressed by the study and is no more than two (2) pages.

__X___5. There is NO literature review section

__X___6. Purpose(s) of project is clearly and concisely stated

__X___7. Methods section uses headings and represents a summary of the methods used.
(Actual methods used should be described if they were modified from the 
proposal.)

__X___8. Data analysis described is appropriate and responds to the purpose.

__X___9. Appropriate tables are included in the results section.

__X___10. Text of results section interprets the findings reported in the tables, does not 
repeat them.

__X___11. The discussion section includes a description of the most important findings, and 
relates findings to the literature.

__X___12. The final section of the discussion is the limitations section.

__X___13. The conclusions respond to the purpose statement.

__X___14. Reference list uses style from DI class (PhPr 861c) or is specific to journal.

__X___15. Data collection/recording form(s) and/or questionnaire is (are) included in the 
appendix. [Note: the questionnaire is included even though it is not required by 
AJHP directions.]

__X___16. Information is placed in the appropriate section—introduction, methods, results, 
etc.

__X___17. Report does not exceed 15 pages excluding tables & figures. Appendices not 
included in count.

Date report submitted: ___4/13/18_____Student: __Alexis Garcia, Tina Pourshams, Negeen 
Moslem___
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ABSTRACT  

Specific Aims: To explore whether pharmacogenomic (PGx) testing would lead to an overall reduction in

number of medications and increased clinical efficacy of antidepressant therapy. 

Method: In this retrospective review, we reviewed the charts of 100 patients in a behavioral health clinic

who have been diagnosed with depression and have received a neuro PGx panel to observe and assess the

clinical  effectiveness  of  implementing  PGx  tests.  Based  on  the  inclusion  criteria  87  patients  were

qualified and 28 patients were eligible for analysis of pre-PGx and post-PGx Patient Health Questionnaire

(PHQ-9) scores. Wilcoxon singed-rank test and paired t-test were used for comparing the PHQ-9 scores,

number of medications and PGx recommendations. 

Main Results: There was a significant difference when comparing PHQ-9 scores pre- and post-PGx

testing (W=289, CV=116, P-value 0.001, CI 95%; SD 13.7, Mean 6.2 for pre-PGX; SD 5.9, Mean 8.9 for

post-PGx). However, there was no significant difference between the number of medication used pre- and

post-PGx for patients that carried variants, considering both Wilcoxon singed-rank test and paired t-test (|

W|=286 CV>300, P-value 0.212; T-test P-value 0.211, alpha 0.05). The number of patients advised to use

their medications as directed did not change significantly Pre- and post-PGx (nprior=151, npost=163, P-value

0.393,  alpha  0.05).  The  number  of  patients  taking  “Use  with  Caution”  medications  based  on

pharmacogenomic results   decreased significantly after PGx testing (nprior=70, npost=49, P-value 0.012,

alpha 0.05). 

Conclusion: This study shows that pharmacogenomics testing can significantly affect the PHQ-9 scores

and therefore increase the clinical efficacy of antidepressant therapy. 
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INTRODUCTION

Problem Statement: 

Pharmacogenomics is the study of how genetic factors relate to individual variability of drug

response.1 In many patients, certain drugs do not work as well as expected, whereas in other patients they

cause toxic effects, even at lower doses.1 A patient’s genetic makeup may account for these differences in

drug response, which are termed genetic variants or polymorphisms. A patient’s coding sequence of DNA

or genotype for a particular gene is their code for protein synthesis. In drug metabolism, enzymes are the

primary proteins synthesized that  may affect  the pharmacodynamics and/or pharmacokinetics of drug

response, known as the patient’s phenotype. Thus, identifying a patient’s genetic status can be a useful

tool in clinical application. 

It is believed there are significant health concerns and unnecessary costs associated with the trial-

and-error manner in which physicians prescribe drugs, without prior knowledge of an individual patient’s

genetic profile.4 Additionally, it has been estimated that genetics can account for up to 95% of variability

in  drug  disposition  and  affects  and  as  much  as  40-60%  of  adverse  drug  reactions. 2 Financially,

medication-related  problems are  costing the  US healthcare  system nearly  $300 billions  of  avoidable

healthcare costs.2  

The  purpose  of  this  study  is  to  assess  the  clinical  effectiveness  of  implementing

pharmacogenomic testing in an integrated behavioral health clinic.

METHODS

Project Design

This study used a pretest-posttest retrospective review design. This study was approved by the University

of  Arizona  Human  Subjects  Protection  Program.  See  documentation  of  the  type  of  IRB application

required in Appendix A. 



Group Number: 23; Name: 1) Alexis Garcia, 2)Tina Pourshams, 3)Negeen Moslem

Subjects

Inclusion  criteria  for  data  selection  from  Assurance  Health  and  Wellness  Clinic  (AHWC)

electronic health records (EHR) included patients who have been clinically diagnosed with depression

and/or currently are taking antidepressant medications, have been administered a PGx test and those with

pre- and post-PGx PHQ-9 scores. Participants were qualified for PGx tests based on insurance coverage

and if taking two (2) or more medications affected by genetic status. Depression diagnosis included:

Generalized  Anxiety  Disorder,  Major  Depression  Disorder,  Post  Trauma  Stress  Disorder,  Obsessive

Compulsive  Disorder.  Over  100  patient  charts  were  pulled  for  a  retrospective  chart  review  at  the

Assurance Health and Wellness Clinic. Eighty-seven patients qualified based on the inclusion criteria

Treatment (independent) variable

The independent or treatment variable is the PGx test administered to determine the patient’s

genetic status. This is controlled by the medical assistant or clinic nurse. The PGx testing process takes

four steps for completion: 1. Open sample collection kit and fill out forms 2. Collect sample by swabbing

inside patient’s cheek 3. Place sample tube and completed forms back into sample box 4. Place sample

box in FedEx package with prepaid label. 

Measures

Data were collected using remote access to the clinic storage, using excel file and data collection form.

Data was stored on a secure network with password access; only the advisors and students had access to

the data files. Based on the objective of this study, following information was gathered from patient’s file:

depression  diagnosis,  number  of  medication  pre-  and  post-PGx,  PHQ-9  scores  pre-  and  post-PGx

intervention,  patient  demographic  such  as  age,  sex,  race,  ethnicity  and  insurance  type,  and  PGx

recommendation and presence of variant alleles. A variant allele is defined as a genotype that differs from

the  star  allele  or  reference  allele  (wild  type).  Based  on  the  PGx  report,  the  patient  genotype  was

5 | P a g e



identified.  Patients  were  considered  to  have  a  variant  allele  if  at  least  one  of  their  antidepressant

medications were affected by the presence of an allele other than the wild type. The patient’s drug therapy

could have changed post-intervention dependent on PGx-based recommendations, therefore changes were

also recorded. 

Data Collection 

The clinical PGx pharmacist provided a list of patients who have been tested and access was

given to review AHWC's EHR. PGx reports were previously scanned into patient charts and available for

review. 

      
Data Analysis 

The primary hypothesis of this study was that patients who receive a PGx test will have improved

PHQ-9 scores. Sample size was estimated to be about 100 patients (actual 87, 28 patients with pre-post

PHQ-9  scores  reported).  PHQ-9  scores  were  compared  using  Wilcoxon  Signed-Ranks  test.  The

descriptive  and  demographic  variables  were  analyzed  by  calculating  summary  means  and  SDs  for

continuous  variables  (i.e.  age).  Categorical  variables  were  analyzed  by  calculating  frequencies  and

percentages  (i.e.  ethnicity,  gender).  A Chi-Square  test  was  used to  compare groups for  dichotomous

variables.  The a priori alpha level was 0.05.  

RESULTS

 The demographic characteristics of the patients are shown in Table 1. The men and women

patients were relatively similar in age, race, ethnicity, and type of insurance. The proportion of women

who were analyzed based on the inclusion criteria was slightly higher than men (women 55% vs men

45%).  

Table 2 summarizes the changes to medication and PHQ-9 scores based on the PGx test results.

Sixty three patients out  of  87 patients  were identified with variant  alleles pertaining to their  current
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antidepressant medication regimen. Medication regimen changes were observed in 33% of the patients

(40% of men and 27% of women), medication dose adjustment was observed in 11% of patients (5% of

men and 17% of women), both dose and regimen changes was reported in 36% of patients (41% of men

and 31% of women) and no medication change was seen in 20% of patients (13% of men and 25% of

women). PHQ-9 scores were recorded for 62% of the patients pre-PGx testing where 49% of patients had

a PHQ-9 score post-PGx testing. Total of 32% (28 patients, 12 men and 17 women) had a PHQ-9 score

both pre- and post-PGx testing. Based on Wilcoxon signed-rank test there is a significant difference when

comparing PHQ-9 scores pre- and post-PGx testing (W=289, Critical Value= 116). There was a decrease

in PHQ-9 scores from pre-PGx testing (avg PHQ-9 score= 13.4 SD= 6.2) to post-PGx testing (avg. PHQ-

9 score= 8.9 SD= 5.8) for both men and women. However, men showed a greater decrease in PHQ-9

scores when compared to women. Men had an average decrease of 6.1 PHQ-9 points, while women had

an average decrease of 8.6. There was no significant difference in the number of medication used pre- and

post-PGx testing, considering both Wilcoxon singed-rank test and paired t-test (|W|=97 CV>300 and T-

test P-value 0.607, alpha 0.05). On average men were on 3 medications both before and after completing

the PGx testing, and women were on 2 medications both before and after completing the PGx testing

(with an overall  average of  3  medications  pre-PGx testing,  SD of  1.48 and an overall  average of  3

medications post-PGx testing with a SD of 1.69, P-value=0.607). The number of patients advised to use

their medications as directed did not change significantly prior to and after receiving a pharmacogenomic

test  (nprior= 151, npost=163, P-value= 0.393,  alpha= 0.05).  The number of patients advised to use their

medications with caution based on pharmacogenomic results decreased significantly prior to and after

receiving a pharmacogenomic test (nprior= 70, npost= 49, P-value= 0.012, alpha= 0.05). 

DISCUSSION

The primary finding of  this  study showed a  significant  decrease in  PHQ-9 scores  after  PGx

testing. A decrease in PHQ-9 scores implies an overall increase of the clinical efficacy of treatment. This
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illustrates how pharmacogenomic testing can improve and enhance the response to antidepressant therapy

while decreasing the patient’s severity of depression. Pharmacogenomic testing can provide insight into

what medications will work best for the patient resulting in the elimination of the current trial and error

process.  The PGx report highlights medications that can be used safely and efficiently while also noting

which medications should be used with caution or avoided completely. However, it’s important to note

that PHQ-9 scores for both pre- and post-PGx were not available for all 87 patients in the study group.

Only 28 patients  had both pre-  and post-PGx scores  reported.  On average there  were no significant

differences  in  the  amount  of  medications  used pre-  and post-PGx testing for  both men and women.

However, on average men took more medications when compared to women (ratio 3:2). In this study, it

was assumed that the providers used the PGx results to make medication changes, although this may not

be true. If the clinician failed to fully utilize the genetic information, this may have affected the number of

medications used after PGx testing. On the other hand, it is important to note that in 20% of patients, no

medication change was reported even after PGx testing despite the recommendations. This may reflect

that  some  clinicians  were  not  aware  of  the  recommended  change  or  did  not  truly  understand  the

importance/effect  of  genetic  markers  in  the  treatment  of  depression.  Pharmacogenomic  based

recommendations were compared prior to and after testing. Pharmacogenomic based recommendations

included: use as directed, use with caution, and contraindicated. The number of patients advised to use

their medications as directed did not change significantly prior to and after receiving a PGx testing while

the number of patients advised to use their medications with caution decreased significantly prior to and

after receiving a pharmacogenomic test. 

Similar results have been reported in primary literature. A study conducted by Harrington et al,

found that pharmacogenomic testing may improve clinical effectiveness of all prescribed drug therapy by

10-20% and reduce the incidence of adverse drug reactions up to 10-15%.3 Uher et al, in 2010, found

similar results, indicating that the efficacy of antidepressants can be predicted using genetic marking. 4 A

different study in 2017 conducted by Rosenbalt JD et al. showed that pharmacogenomics testing improves

clinical outcomes for major depressive disorder.5 From the 8-week study, there was an overall greater
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improvement  in  depressive  symptom  severity  in  patients  who  received  the  combinatorial

pharmacogenomic testing (GeneSight), compared to the unguided group. There was a 46.9% reduction in

HDRS-17 (Hamilton Depression Rating Scale)  scores in the guided as compared to 29.9% reduction

among the unguided (P<0.0001). Similar findings were concluded using QIDS-C16 (P<0.0001) and PHQ-

9 scores (P<0.0001).2  A study conducted in 2016 by Sugarman et al, focused on older patients, those in

long  term  care  facilities  who  are  taking  more  than  9  medications-defined  as  polypharmacy.6 The

medication costs savings were found to exceed the total costs of the pharmacogenomic tests administered

saving an estimated US $1300 annually per patient.5

The  findings  of  this  study  emphasize  the  importance  of  genetic  markers  in  treatment  of

depression. PGx testing enables personalized therapeutic decisions for patients suffering from some of the

most prevalent clinical conditions in the United States, including depression.  Effectiveness of second-line

antidepressant therapy decreases after inadequate first-line drug trials thus demonstrating the importance

of appropriately prescribing the right medication the first time for the patient. PGx tests can be used as a

tool  to  assist  healthcare  providers  in  identifying  optimal  drugs  for  their  patients  as  well  as  dosing

guidelines based on a patient’s genetic makeup.

There were several limitations to this study. The study was a retrospective study that assumed all

patient chart reviews are true, accurate and reflect health information obtained from a clinical provider

during the time of treatment. It is not clear if the information presented through PGx testing was fully

considered  during  clinical  interventions.  It  is  not  clear  if  factors  other  than  PGx results  and  patient

response was considered for implementing changes. In addition, the time that the genetic information was

scanned into  the  health  record  system may not  truly  reflect  the  time  that  the  clinicians  utilized  the

findings. Since the study only reviewed and analyze patient records from one clinic, the findings may not

be generalizable to patients outside of this clinic. The lack of a control group may have affected the

accuracy of the findings. Without a control group, the findings can’t be compared to a standard or to a

group that did not receive a PGx test. A control group would have allowed for better control of internal

and external validity. As a result, with a static group comparison (a control group) the threats to validity
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due to history, maturation and contamination would have been minimized. Additionally, due to the lack

of a complete set of PHQ-9 scores,  before and after  the intervention, our analysis was limited to 28

patients.  Therefore,  the  sample  size  was  small  and  the  findings  may  not  be  generalizable  to  larger

population sizes. Lastly, additional considerations for improved or worsened PHQ-9 scores, post or pre-

testing, were not analyzed. 

CONCLUSIONS

This study shows promising results that pharmacogenomics testing can significantly affect the

PHQ-9 scores and therefore increase clinical efficacy of antidepressant therapy. There were no significant

changes in the number of medications used before and after PGx testing.
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Table 1.

Characteristics of Study Subjects

Characteristic  Men Women P-value

Number 39 (45%) 48(55%)
Age (mean, SD) 42.5(12.7) 44.1(13.4) 0.81a

Race, N (%)

    White

     African American

     American Indian

35(90%)

2(5%)

2(5%)

42(88%)    

2(4%)

 4(8%)

0.84b

Ethnicity, N (%)

      Hispanic/Latino

     Other

Insurance, N (%)

     No Insurance

    Private Insurance

    AHCCCS

    Multiple Insurance 

8(21%)

31(79%)

2 (5%)

3 (8%)

33 (85%)

1 (3%)

16(33%)

31 (65%)

1 (2%)

3 (6%)

42 (88%)

1 (2%)

        0.21b  

0.73b

a P-values are for a student’s t-test
b Chi-Square test was used.

Table 2.

Changes/information based on Genetic tastings 
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     Men Women All Patients   Statistical  
  Results

Variant Allelesb 

Changes:
     Medication Changes

31 (79%)

   
16 (40%)

32 (67%)

13 (27%)

    63 (72%)

    
    29 (33%)

             

     Dose adjustment  2 (5%) 8 (17%)     10 (11%)
     Both medication changes    
     and dose adjustment

16 (41%) 15 (31%)    31 (36%)

     No Change 5 (13%) 12 (25%)   17 (20%)
#PHQ-9 Scores Recorded: 
mean (SD)
     Pre-PGx testing 
     Post-PGx testing
     Pre and Post PGx
     testing

12.7 (3.7)
6.6 (4.8

- 

13.3(7.6)
6.1 (9.8)

-

  

13.4 (6.2)
  8.9 (5.9)

  -
  

N=28,|W|=289,
CV=116 (Sig.)
P-value= 0.001

Medications used (patient’s 
with variant alleles): mean 
(SD)- rounded

    Pre-PGx testing
    Post-PGx testing

1 (1.67)
  2 (1.96)

 
1 (1.72)

    2 (1.85)
 3 (1.41)

    3 (1.67)

    
       N=, |W|=97, 
       ~CV>300 
      P-value= 0.212    
      (not Sig.)
      Paired T-test:  
      P-value= 0.607, 
      alpha=0.05

PGx Based 
Recommendations (number)

    Pre-PGx – Use as directed
    Post-PGx – Use as directed 

    Pre-PGx – Use w/ Caution
    Post-PGx – Use w/Caution
    
    Pre-PGx – Contraindication
    Post-PGx – Contraindication

-
-

-
-

-
-

-
-

-
-

-
-

    151
    163

    70
    49

    2
    0

    P-value= 0.393, 
     alpha=0.05

     P-value= 0.012, 
     alpha=0.05

a Only Variant Alleles that are pertaining to current medication regimen are reported. 

APPENDICES

Data Extraction Form
Demographic Data 
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Date: Click here to enter a date.

1. Patient Study No.: Click here to enter text.
2. Number of Medications before PGx Test: Click here to enter text.
3. Number of Medications after PGx Test: Click here to enter text.
4. Diagnosis of Depression: 

☐Yes 
☐No 

5. Patient Age: Click here to enter text.
6. Gender: 

☐Female 
☐Male 
☐Other 

7. Race:
☐American Indian or Alaskan Native 
☐Asian 
☐Black or African American 
☐Native Hawaiian or Other Pacific Islander
☐White 

8. Ethnicity: 
☐Hispanic or Latino 
☐Other 

9. Insurance Type: 
☐AHCCCS 
☐Private 
☐No Insurance 
☐Clinic Plan
☐Other 

Log of Charts Reviewed
Assurance Health and Wellness Clinic 

Patient Name Chart Number Patient Study ID Number 
1.
2.
3.
4.
5.
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6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Data Extraction Form
Laboratory Test Report-Pharmacogenetic Testing Based Treatment Guidance 

Date: Click here to enter a date.

1. Patient Study No.: Click here to enter text.
2. Test Ordered: 

☐Neuro (Psychiatric)
☐Cardio (Cardiovascular) 
☐Thrombophilia (Thrombophilia) 
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3. Variant Alleles Present Among Gene(s) Analyzed: 
☐Yes 
☐No 

4. Depression Drug Therapy Selection & Dosing Guidance:

4.1 Drug: Click here to enter text.
4.2 Metabolizer Phenotype: 

☐UM: Ultra-rapid Metabolizer 
☐EM: Extensive Metabolizer (Normal) 
☐IM: Intermediate Metabolizer 
☐PM: Poor Metabolizer
☐RA: Rapid Acetylator 
☐IA: Intermediate Acetylator 
☐SA: Slow Acetylator 

4.3 Dosing Guidance: 
☐Use as Directed 
☐Use with Caution and/or Increased Monitoring 
☐Contraindicated 

4.4 Dosing: Click here to enter text.
------------------------------------------------------------------------------------------------------------
4.5 Drug: Click here to enter text.
4.6 Metabolizer Phenotype: 

☐UM: Ultra-rapid Metabolizer 
☐EM: Extensive Metabolizer (Normal) 
☐IM: Intermediate Metabolizer 
☐PM: Poor Metabolizer
☐RA: Rapid Acetylator 
☐IA: Intermediate Acetylator 
☐SA: Slow Acetylator 

4.7 Dosing Guidance: 
☐Use as Directed 
☐Use with Caution and/or Increased Monitoring 
☐Contraindicated 

4.8 Dosing: Click here to enter text.
------------------------------------------------------------------------------------------------------------
4.9 Drug: Click here to enter text.
4.10 Metabolizer Phenotype: 

☐UM: Ultra-rapid Metabolizer 
☐EM: Extensive Metabolizer (Normal) 
☐IM: Intermediate Metabolizer 
☐PM: Poor Metabolizer
☐RA: Rapid Acetylator 
☐IA: Intermediate Acetylator 
☐SA: Slow Acetylator 

4.11 Dosing Guidance: 
☐Use as Directed 
☐Use with Caution and/or Increased Monitoring 
☐Contraindicated 

4.12 Dosing: Click here to enter text.
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------------------------------------------------------------------------------------------------------------
4.13 Drug: Click here to enter text.
4.14 Metabolizer Phenotype: 

☐UM: Ultra-rapid Metabolizer 
☐EM: Extensive Metabolizer (Normal) 
☐IM: Intermediate Metabolizer 
☐PM: Poor Metabolizer
☐RA: Rapid Acetylator 
☐IA: Intermediate Acetylator 
☐SA: Slow Acetylator 

4.15 Dosing Guidance: 
☐Use as Directed 
☐Use with Caution and/or Increased Monitoring 
☐Contraindicated 

4.16 Dosing: Click here to enter text.
------------------------------------------------------------------------------------------------------------

Data Extraction Form
Patient Health Questionnaire-9 (PHQ-9) 

Date: Click here to enter a date.

1. Patient Study No.: Click here to enter text.

Pre-PGx Test: 
1. Date of Administration: Click here to enter a date.
2. Score: 

☐0-4: Normal range or full remission. The score suggest the patient may not 
need depression treatment. 
☐5-9: Minimal depressive symptoms. Support, educate, call if worse, return in
1 month. 
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☐10-14: Major depression, mild severity. Use clinical judgement about 
treatment, based on patient’s duration of symptoms and functional 
impairment. Treat with antidepressant or psychotherapy. 
☐15-19: Major depression, moderate severity. Warrants treatment for 
depression, using antidepressant, psychotherapy or a combination of 
treatment. 
☐20 or higher: Major depression, severe severity. Warrants treatment with 
antidepressant and psychotherapy, especially if not improved on 
monotherapy; follow frequently. 

Post-PGx Test: 
3. Date of Administration: Click here to enter a date.
4. Score: 

☐0-4: Normal range or full remission. The score suggest the patient may not 
need depression treatment. 
☐5-9: Minimal depressive symptoms. Support, educate, call if worse, return in
1 month. 
☐10-14: Major depression, mild severity. Use clinical judgement about 
treatment, based on patient’s duration of symptoms and functional 
impairment. Treat with antidepressant or psychotherapy. 
☐15-19: Major depression, moderate severity. Warrants treatment for 
depression, using antidepressant, psychotherapy or a combination of 
treatment. 
☐20 or higher: Major depression, severe severity. Warrants treatment with 
antidepressant and psychotherapy, especially if not improved on 
monotherapy; follow frequently. 



Group Number: 23; Name: 1) Alexis Garcia, 2)Tina Pourshams, 3)Negeen Moslem
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