


0.25 vs. 0.40 at 30 days (RR, 0.62; 95% CI, 0.31–1.21; P = 0.16) and 0.39 vs. 0.66 at 60

days (RR, 0.58; 95% CI, 0.34–0.99; P = 0.045). Differences in composite outcomes at 60

days (exploratory endpoints) were also found. Of the total 124 drug therapy recommenda-

tions passed on to clinicians, 96 (77%) were followed. These findings should be verified with

additional prospective confirmatory studies involving real-world applications in larger popu-

lations to broaden acceptance in routine clinical practice.

Conclusions

Pharmacogenetic testing of polypharmacy patients aged 50 and older, supported by an

appropriate CDST, considerably reduced re-hospitalizations and ED visits at 60 days fol-

lowing enrollment resulting in potential health resource utilization savings and improved

healthcare.

Trial registration

ClinicalTrials.gov NCT02378220

Introduction
In 2013,HomeHealthAgencies(HHAs) providedservicesto about3.5million Medicareben-
eficiaries,andMedicarespentabout$18billion on homehealthservices[1]. Mostpatients
receivinghomehealthcareareelderly,takemultiple medications,andexperiencepoorcom-
pliancedueto anumberof issues,primarily adversedrugevents(ADEs).Thisoftenleadsto
emergencydepartment(ED) visits,re-hospitalizations,anddecreasedqualityof life.With
trendstowardbundlingof post-inpatientservices,penaltiesfor readmissions,andintegration
into AccountableCareOrganizations,thereis increasedinterestin hospitalsco-managingor
evenacquiringhomehealthproviders.Thereishopethat innovativemedicalmanagementcan
improveoutcomesandreducecosts.

Medication-relatedproblemsaredefinedascircumstancesduring drugtreatmentthatactu-
allyor potentiallyinterferewith optimalcareoutcomes[2]. Theyarecommonamongpoly-
pharmacypatientstakingmultiple medicationsandcancauseadversedrugreactions(ADRs),
whichareadversedrugevents(ADEs)atnormaldosesfor approveduses.Forexample,rou-
tinely prescribedpsychiatricmedicationsareacommoncauseof ADR-drivenED visits[3].
Pharmacogeneticvariationalsoleadsto ADRs,includingsingledrug-geneinteractions(DGIs)
andcumulativedrug-drug-geneInteractions(DDGIs).More than85%of patientshavesignifi-
cantgeneticvariationin thecytochromeP-450(CYP450)genesthatmetabolizethemajority
of themostcommonlyprescribedmedications[4, 5]. Geneticvarianceamongpatientswho
areabnormalmetabolizerscompoundsthepotentialrisk for ADRsandoftenresultsin
decreasedefficacy[6, 7]. Bothdrug-druganddrug-genemedicationrelatedproblemsrisewith
polypharmacy,andtwo-thirdsof adultsoverage65useoneor moreprescriptiondrugsdaily
[8±10].An estimated35%of seniorsexperienceADEs,nearlyhalfof thesepreventable[10]
and10±17%of hospitalizationsof olderpatientsaredirectlyrelatedto ADRs[11]. Addition-
ally,patientsaged60yearsandolderaccountfor 51%of ADR-relateddeaths[12,13].

Pharmacogenetictestinghasthepotentialto predictandreduceunnecessarydrug-related
adversereactionsandits valuehasbeenshownin clinical trials in psychiatry[14]. Basedon
theseresults,webelievethataddingpharmacogeneticandcumulativeinformation warnings
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to drug interactionclinicaldecisionsupporttools(CDST)availableto pharmacistscouldbe
usefulin managingpolypharmacyelderlypatients.Interactionsinvolvinggenescauseapproxi-
mately47%(25%wereDGIsand22%wereDDGIs)of significantinteractionwarningsthat
canleadto sideeffectsandADRs[15,16].

Knowledgeof apatient'spharmacogeneticprofile andgene-basedADR susceptibility
allowscliniciansto makemedicationtherapydecisionsspecificto eachpatientleadingto bet-
ter outcomessuchasdecreasedpill burden,improvementof diseasestate,decreasedADRs,
andincreasedqualityof life.However,controlledtrialsof integratedpharmacogeneticinfor-
mation in abroadpolypharmacypopulationhavebeenlacking.Pharmacogeneticprofiling
reducedhospitalizations(39%)andED visits(71%)in aprospectiveregistrystudyin anambu-
latoryMedicare-agepolypharmacypopulation[17]. Therefore,weundertookarandomized
controlledtrial in ahigh-riskpopulationof chronicallyill patientsaged50yearsandolder
admittedto homehealthcareafteraninpatienthospitalization.Thetrial wasdesignedto add
pharmacogeneticdatain anintegratedclinical information systemcomparedto astandard
drug information system.In addition to re-hospitalizationandED visit metrics;weexamined
secondaryendpointsincludingdeathandMedicareadministrativequalitymeasures.

Methods
Thehomehealthtrial wasapprovedby theHardingUniversityInstitutional ReviewBoard
(IRB)andconductedin accordancewith theInternationalConferenceon Harmonization
guidelinesfor GoodClinicalPractice(ICH E6),andtheCodeof FederalRegulationson the
Protectionof HumanSubjects(45CFRPart46)andis registeredwith ClinicalTrials.gov,num-
berNCT02378220.Written informedconsentwasobtainedfrom all participants.

Setting, study population and recruitment

Thispilot studywasconductedatahospital-basedHHA in Searcy,Arkansas.Thestudypopu-
lation wasderivedfrom patientreferralsto homehealthuponhospitaldischarge.A pharmacist
and/orpharmacyintern performedchartreviewsfor everynewpatientadmittedto home
healthandthestudyinvestigatorscreenedpotentialcandidatesfrom thisallotmentof patients.
Inclusioncriteriawerepatientsaged50yearsandoldertakingor initiating treatmentwith at
leastoneof fifty-five singleingredientor sixmedicationcombinations[17] with potentialfor
significantgene-basedinteractionsdefinedbyFDA boxedwarning,FDA cautionarylabeling,
clinical literature,or aYouScript1 CDSTalgorithm-predictedsignificanteffect.

Exclusioncriteriawerethesamefor testedanduntestedgroupsandincludedpatientsprevi-
ouslytestedfor CYP450,historyof organtransplant,currentmalabsorption,treatmentof
invasivesolidtumorsor hematologicmalignanciesin thelastyear,endstagerenaldiseaseor
currentdialysis.Of 655patientsassessedfor eligibility, 412did not meettheinclusioncriteria
and133patientsdeclinedto participate.(Fig1).

Randomization and intervention

Prior to enrollmentthetreatmentassignmentsweregeneratedasablockrandomsample,with
50patientsassignedto eachtreatmentarm in blocksof 100patients.Therandomizationwas
carriedout in Rversion3.1.1(Vienna,Austria).Thestudystatisticianprovidedtheprincipal
investigatorwith alist of 400randomassignmentsof potentialstudysubjectsthatwereran-
domizedin blocksof 100(50for eachstudyarmwithin eachblockof 100.)Patientsmeeting
eligibility criteriawerenumberedchronologicallybasedon thedateof consentandwere
assignedto eacharmaccordingto therandomizationlist.All patientsin thetestedgroup
receivedaphysicianorderfor pharmacogenetictesting.Patientswereenrolledfrom February
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2015to December2015andeachpatientwasfollowedfor 60daysfrom dateof hospitaldis-
chargewith follow-upendingin February2016.Thestudyenrolledatotalof 110patientscom-
prisedof 53controlsand57interventionalrecipients.

Baselinedatawasextractedfrom patientchartsandmanuallyenteredinto thestudydata-
base.Thestudypharmacistrevieweddrug-druginteractions(DDIs), DGIs,andcumulative
drugand/orgeneinteractionsin thetestedgroupusingtheYouScript1 generatedreportsand
CDSTto providedrug therapyrecommendationsto clinicians,afterwhichprescriptionswere
alteredatcliniciandiscretion.Patientsin theuntestedgroupwerescreenedfor DDIs using
standarddrug information resources(Lexicomp)with recommendationsactedon according
to clinician judgment.Time to changetherapywassimilar to thosein thetestedgroup.

Outcome measures

Theprimary outcomesincludedthenumberof re-hospitalizationsandED visitsat30andat
60days.Theexploratoryoutcomesincludedthetime to thefirst re-hospitalization,time to the
first ED visit,numberof fallsduring thestudy,deaths,scoreson selectOutcomeandAssess-
mentInformation Set(OASIS)qualitymetricsat30and60days,andclinicaldecision-making
(proportion of recommendationsacceptedbystudypharmacistandpassedon to clinicians
andtheproportion of recommendationsacceptedbyclinicians).TheselectedOASISmetrics
includedoverallstatus,pain,confusion,anxiety,disruptivebehavior,assistancewith activities

Fig 1. Patient selection flow chart. Of 655 home health patients assessed for eligibility, 412 did not meet the inclusion

criteria and 133 patients either declined to participate, refused home health, already enrolled or the clinician would not

order pharmacogenetic testing. Of 110 randomly allocated patients, 53 patients in arm 1 were assigned to not receive

intervention and 57 patients from arm 2 were assigned to received pharmacogenetic intervention. CYP, cytochrome; DDI,

drug-drug interaction; DGI, drug-gene Interaction; DDGI, drug-drug-gene interaction; ED, emergency department; ESRD,

end stage renal disease; N, number of patients.

doi:10.1371/journal.pone.0170905.g001
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of daily living, anddepression.Datawasextractedfrom thepatientchartuponadmissionand
recordedusingacasereport form (CRF)at30daysand60days.All datawasmanuallyentered
into thestudydatabase.

Genotyping and CDST

Buccalsampleswereobtainedfrom eligiblepatientsfor determinationof genotypeand
shippedto GenelexCorporation(Seattle,WA). Genelexisaccreditedby theCollegeof Ameri-
canPathologists(CAP1073709);certifiedundertheClinicalLaboratoryImprovement
Amendments(CLIA No. 50D0980559);isWashingtonStateMedicalTestSiteNo. MTS-
60353885;NewYork StateDepartmentof Healthlicenseno.PFI8201;andlicensedto perform
highcomplexityclinical testingin all USstates.DNA extractionsfrom buccalswabswereper-
formedusingtheMagJETgenomicDNA extractionkit from ThermoFisher(Waltham,MA).
Genotypeswereobtainedusingalaboratory-developed,multiplexPCRbasedtestsfollowedby
singlebaseprimer extensionfor variantdetectionbymassspectrometry(MassArrayAnalyzer
4System,AgenaBioscience,SanDiego,CA). PharmacogenetictestingincludedPCRbased
assaysto detectall commonandrarevariantswith knownclinicalsignificanceatanalytical
sensitivityandspecificitygreaterthan99%[18]. ThetestedallelesincludedCYP2C9:
�2,�3,�4,�5,�6,�8,�11,�13,�15;CYP2C19: �2,�3,�4,�5,�6,�7,�8,�9,�10,�12,�17;CYP2D6:
�2,�2A,�3,�4,�5,�6,�7,�8,�9,�10,�11,�12,�14,�15,�17,�19,�20,�29,�35,�36,�41,genedeletionand
duplications;CYP3A4: �22;CYP3A5: �3;andVKORC1: c.-1639G>A.Thegenepanelwas
decideduponbasedon thehigh frequencyof variationandthevarietyof commonmedica-
tionsthat it effects.TheCYPsselectedaretheCYPsthathavebeenshownto haveaconsistent
relationshipwith drug levels[4, 5,19,20].Theabsenceof apositivetestresultfor all variants
listedresultsin theassignmentof a�1 wild typestatus.

Thepharmacogeneticdefinition (CYP2C9, CYP2C19,CYP2D6,CYP3A4 andCYP3A5) and
inferredphenotypescalling(ultrarapid,normal,intermediateandpoormetabolizer)isconsis-
tentwith therecentlypublishedguidancefor allelefunction statusandphenotype[21]. Two
increasedfunction alleles,or morethantwo normal function alleleswereinferredasultrarapid
metabolizer;combinationsof normal function anddecreasedfunction alleleswereinferredas
normalmetabolizer;combinationsof normal function,decreasedfunction,and/orno function
alleleswereinferredasintermediatemetabolizer,andcombinationsof no function alleleswere
inferredaspoormetabolizer.In addition,thecombinationsof CYP2C19 normal function and
increasedfunction allelewasinferredasultrarapidmetabolizer;andthecombinationsof
CYP2C19 increasedandno function allelewereinferredasintermediatemetabolizerbasedon
CYP2C19 publishedguidelines[22]. TheCYP3A5 phenotypedesignations,non-expressers
(poor metabolizer),intermediateexpressers(intermediatemetabolizer)andexpressers(nor-
malmetabolizer)arebasedon theCYP3A5 guidelines[23]. With respectto VKORC1, acom-
mon noncodingvariant(c.-1639G>A,rs9923231)issignificantlyassociatedwith warfarin
sensitivityandreduceddoserequirements,asc.-1639Acarriersrequirelowerinitial warfarin
dosesthanc.-1639Gcarriers[24].

PatientphenotypesandmedicationlistswereanalyzedbyYouScript1 andverifiedbya
clinicalpharmacist.YouScript1 isaCDST(S1Appendix)thatperformsacomprehensive
analysisof patientmedicationregimenandtheir geneticsusingaproprietaryalgorithmanda
curateddatabaseof theprimary literatureto predictchangesin drug levels[15,16].Thereport
(S1Appendix)includedtypeanddateof samplecollection,thetestsconducted,thegenotype
for eachgenetested,thepatient'sgeneticphenotypefor eachgenetested,themedicationsthe
patientwastaking,andprescribingsuggestions.YouScript1 alsocategorizesthetypeof inter-
action(DDI, DGI, andcumulativedrugand/orgeneinteractions)andassignsawarning
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category.Thestrongestwarningis ªcontraindicatedºfollowedbyªmajorº, ªmoderateºand
ªminorº impact.Evidence-basedmedicationor dosechangeguidancewasprovidedfor all
ªcontraindicatedº,ªmajorº andªmoderateªwarnings.Reportswerereviewedby thestudy
pharmacistwhoprovidedfinal druganddosechangerecommendationsto fit patientneeds
andforwardedto clinicians.

Statistical analysis

Statisticalanalysiscomparedtheprimary andexploratoryoutcomesbetweentestedand
untestedgroups.Descriptivestatisticsarepresentedasmeansandrangesfor countand
ordinal outcomesandaspercentagesfor binaryoutcomes.All countoutcomeswerecompared
betweentestedanduntestedgroupsusingPoissonregression,andall Poissonregressionmod-
elswerediagnosedfor over-dispersion.Whenover-dispersionwasdetected(p<0.05),theneg-
ativebinomial regressionwasusedinsteadof thePoissonregression.substantialThelog-rank
testwasusedto comparetime-to-eventoutcomes.Thetime-to-eventoutcomeswerefurther
describedusingKaplan-Meierestimates(curvesandestimatesat30and60daysshown)and
hazardratiosestimatedfrom theCoxproportionalhazardsmodel.Ordinal outcomes(OASIS
metricsandPHQ-2scores)werecomparedusingtheWilcoxonranksumtest.Fisher's
exacttestwasusedto comparetheproportion of patientdeaths.Theeffecton mortality was
expressedbyarisk ratio calculatedfrom alog-link generalizedlinearmodel(with confidence
intervalcalculatedusingprofile likelihoodfrom themodel).Patientdeathsandthecomposite
eventoutcomes(analyzedbothascountsandtimesto thefirst event)wereaddedpost-hocto
theexploratoryoutcomes.Compositeeventoutcomesincludedre-hospitalizations+ ED visits
+ deathsandre-hospitalizations+ ED visits(whereoverlappingeventswerecountedasone).
Bothwerecomparedat30andat60daysandasthetime to thefirst compositeoutcomeevent.
Calculationswerecarriedout in R,version3.2.3(Vienna,Austria).All testsweretwo-sided.
P<0.05wasusedto denotestatisticalsignificance.Asthestudywasdesignedasapilot, tests
werenot adjustedfor multiple comparisons.

Results
A totalof 57testedpatientswerecomparedto 53untestedpatients(Fig1).Table1 reports
patientdemographicsoverallandfor testedanduntestedgroups.Themean(n = 110)agewas
75.6yearsand81.8%of thepatientswere65yearsandolder.Thepercentageof femalepatients
in thetestedgroupanduntestedgroupwere56.1%and67.9%respectively.Thepopulationin

Table 1. Demogra phic characte ristics of patients.

Demogr aphics Overall (n = 110) Tested (n = 57) Untested (n = 53)

n % n % n %

Gender Male 42 38.2 25 43.9 17 32.1

Female 68 61.8 32 56.1 36 67.9

Race White 109 99.1 57 100 52 98.1

African American 1 0.9 0 0 1 1.9

Age 50–64 yrs 20 18.2 6 10.5 14 26.4

65+ yrs 90 81.8 51 89.5 39 73.6

Overall Age Mean SD Mean SD Mean SD

75.6 10.7 76.5 9.4 74.6 11.9

%, percentage; n, number of patients, SD, standard deviation; yrs, years.

doi:10.1371/journal.pone.0170905.t001
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theareawherethetrial wasconductedispredominatelywhiteÐ86.8%in 2010[25]. Theaver-
agepharmacogeneticrisk, thelikelihoodthat testingwouldrevealsubstantialgenebaseddrug
interactions,for thetestedanduntestedgroupswas33.2%and34.3%respectively.Themean
OASISscorefor overallhealthat thestartof interventionin thetestedanduntestedgroups
was2.64and2.63respectively(S1Table).

Tables2and3compareprimaryandexploratorycompositeoutcomesbetweenthetested
groupandtheuntestedgroupat30and60dayspost-discharge.Reductionin thenumberof re-
hospitalizations,EDvisitsandin thecompositenumberof outcomeswereobservedat30days.
At 60days,primaryandexploratorycompositeoutcomespost-dischargewereconsiderably
lowerin thetestedgroup.Asshownin Table2,at60daystwenty-eightpatientsin theuntested
grouphadno EDvisit,whileeighteenhadonevisit, fivehadtwo visits,onehadthreevisitsand

Table 2. The number of patients by the number of events for each primary outcome, by the treatmen t group.

Events 0 events 1 event 2 events 3 events 4 events

Number of Re-hosp italizations (30 days)

Untested 38 10 5 0 0

Tested 46 9 1 1 0

Number of Re-hosp italizations (60 days)

Untested 31 13 3 6 0

Tested 41 14 1 1 0

Number of ED Visits (30 days)

Untested 36 13 4 0 0

Tested 44 12 1 0 0

Number of ED Visits (60 days)

Untested 28 18 5 1 1

Tested 39 14 4 0 0

ED, emergency department; Untested group (n = 53); Tested group (n = 57).

doi:10.1371/journal.pone.0170905.t002

Table 3. Comparis on of primary and explor atory outcome s between the treatme nt groups.

Outcomes Untested (n = 53) Tested (n = 57) RR (95% CI)� p value�

Mean (range) Mean (range)

Number of Re-hosp italizations (Primary Outcome)

At 30 days 0.38 (0–2) 0.25 (0–3) 0.65 (0.32–1.28) 0.21

At 60 days 0.70 (0–3) 0.33 (0–3) 0.48 (0.27–0.82) 0.007

Number of ED visits (Primary Outcome)

At 30 days 0.40 (0–2) 0.25 (0–2) 0.62 (0.31–1.21) 0.16

At 60 days 0.66 (0–4) 0.39 (0–2) 0.58 (0.34–0.99) 0.045

Composi te Number of Re-hospi talizations + ED visits (Exploratory Outcome)

At 30 days 0.57 (0–2) 0.37 (0–3) 0.65 (0.37–1.13) 0.13

At 60 days 1.04 (0–4) 0.54 (0–3) 0.52 (0.32–0.86) 0.01��

Composi te Number of Re-hospi talizations + ED visits + Deaths (Exploratory Outcome)

At 30 days 0.58 (0–2) 0.37 (0–3) 0.63 (0.36–1.09) 0.10

At 60 days 1.10 (0–5) 0.54 (0–3) 0.50 (0.30–0.81) 0.005��

CI, confidence interval; ED, emergency department; RR, relative risk;

�Poisson regression model;

�� the dispersion assumption violated and the negative binomial regression was used instead.

doi:10.1371/journal.pone.0170905.t003
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onehadfour visits.In thetestedgroupthirty-nine patientshadno EDvisitsat60dayswhile
fourteenhadonevisit andfour hadtwo visits.At 60daysthirty-onepatientsin theuntested
grouphadno re-hospitalization,whilethirteenhadonere-hospitalization,threehadtwo re-hos-
pitalizationsandsixhadthreere-hospitalizations.In thetestedgroupforty-onepatientshadno
re-hospitalizationat60dayswhilefourteenhadonere-hospitalization,onehadtwo re-hospitali-
zationsandonehadthreere-hospitalizations.Asshownin Table3,themeannumberof out-
comesperpatientin thetestedvs.untestedgroupfor re-hospitalizationswas0.33vs.0.70
(relativerisk (RR),0.48;95%confidenceinterval(CI), 0.27±0.82;p = 0.007);EDvisitswas0.39
vs.0.66(RR,0.58;95%CI, 0.34±0.99;p = 0.045);re-hospitalizations+ EDvisitswas0.54vs.1.04
(RR,0.52;95%C,0.32±0.86;p = 0.01).Thetestingreducedthenumberof re-hospitalizations,
EDvisits,andcompositenumberof re-hospitalization+ EDvisitsat60daysby52%,42%and
48%respectively.Thetruere-hospitalization,EDvisits,andcompositenumberof re-hospitaliza-
tion + EDvisitsreductionin apopulationsimilar to thisstudywill likely fall between18%to
73%,1%to 66%,and14%to 68%(95%CI) respectively.Sixdeathswereobservedin theuntested
groupversusonedeathin thetestedgroup,an85%reductionin therisk of deathin thetested
group(RR,0.15;95%CI, 0.01±0.87;p = 0.054).At 60days,themeancompositenumberof re-
hospitalizations+ EDvisits+ deathswas0.54for thetestedgroupversus1.10for theuntested
group(RR,0.50;95%CI, 0.30±0.81;p = 0.005).For thecompositeexploratoryoutcomesat60
days,thedispersionassumptionwasviolated,sonegativebinomial regressionwasusedinstead.
At 30days,testedgroupeventswerelowerbut theeffectwassmallerthanat60days.

Table4 comparestheexploratorytime-to-eventoutcomesbetweenthetestedanduntested
groupsat30daysand60days.Thehazardratio (HR) was0.59for time to thefirst re-hospitali-
zationand0.60for time to thefirst ED visit.TheHR for thetime-to-compositeeventout-
comesfor re-hospitalizations+ ED visitsandre-hospitalizations+ ED visits+ deathswas0.59
(95%CI, 0.34±1.02;P= 0.056)and0.57(95%CI, 0.33±0.99;P= 0.041),respectively.Fig2A
and2BpresentstheKaplan-Meiercurvesfor thetime to first re-hospitalizationandto thefirst
EDvisits.At 60-days,thecumulativeratein thetestedversusuntestedgroupfor re-hospitaliza-
tion ratewas28%vs.43%(log-ranktestfor theentirefollow-up:P= 0.10);cumulativeED visit
ratewas32%vs.49%(P= 0.09).Fig2Cand2D presentstheKaplan-Meiercurvesfor thetime-
to-cumulativecompositeeventoutcomesfor re-hospitalizations+ EDvisitsandre-hospitaliza-
tions+ ED visits+ deaths.

Thecomparisonof selectedOASISmetricsbetweenthetestedanduntestedgroupis
addressedin S1Table.Scoreswereevaluatedanddocumentedat time of admissionto home
health,at30days,andat60daysfollowingenrollmentfor improvementin overallstatus,pain,
confusion,anxiety,depression,disruptivebehavior,andtheneedfor assistancewith activities

Table 4. Comparis on of the time-to-ev ent outcome s between the untested and tested groups.

Time-to -event Outcomes Cumulati ve % events at
30 days

Cumula tive % events at
60 days

p value� HR (95% CI)

Untested Tested Untested Tested

Days to the first Re-hospitalization 29% 19% 43% 28% 0.10 0.59 (0.31–1.12)

Days to the first ED visit 30% 23% 49% 32% 0.09 0.60 (0.33–1.10)

Composite event: Re-hospitalization + ED visit 40% 28% 58% 39% 0.056 0.59 (0.34–1.02)

Composite event: Re-hospitalization + ED visit + Death 42% 28% 59% 39% 0.041 0.57 (0.33–0.99)

ED, emergency department; HR, hazard ratio values at 60 days, Cox proportional hazard model; CI, confidence interval;

�p-value (log-rank test);

%, percentage; cumulative % events were estimated by the Kaplan-Meier estimator.

doi:10.1371/journal.pone.0170905.t004
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of daily living. Thedifferencesin theoverallall scoresat30daysand60daysbetweenthetested
anduntestedgroupswererelativelysmall.Themeannumberof fallsperpatientwas0.11and
0.09for thetestedanduntestedgroupsrespectively.

Tables5and6comparedifferencesin thedistribution of CYP450metabolicphenotypes,
anddifferencesin theseverityof DDI (binaryandcumulative),DGI, or DDGI betweenthis
homehealthtrial andanotherpublishedstudypopulation[16]. Asseenin Table5,for eachof
thegenesof interestalargefractionof patientswerecharacterizedashavingaªrisk phenotypeº.
Thephenotypebreakdownof evaluatedpatients,byenzyme,wasasfollows:42.9%wereinter-
mediateor poor CYP2D6 metabolizers;64.9%wereintermediate,poor,or ultra-rapidCYP2C19
metabolizers;29.8%wereintermediateor poor CYP2C9 metabolizers;10.5%intermediate
CYP3A4 metabolizers;and12.3%wereCYP3A5 intermediateexpressers.Themeannumberof
all YouScript1 recommendationsperpatientin thetestedgroupwas2.18andthemeannum-
berof gene-basedrecommendationswas1.49.Thepercentageof testedpatientsshowingoverall

Fig 2. Cumula tive rate (%) for re-hosp italizations , ED visits, and composit e events using Kaplan -Meier estimator.
2A and 2B represent the Kaplan-Meier curves for the time to first re-hospitalization and to the first ED visits, respectively.

2C and 2D represent the Kaplan-Meier curves for the time-to-cumulative composite event outcomes for re-hospitalizations

+ ED visits and re-hospitalizations + ED visits + deaths, respectively. ED, emergency department; p, p value. The vertical

lines on the survival curves show the times when event-free subjects reach the end of their protocol pre-specified follow-up

of approximately 60 days (55–65 days).

doi:10.1371/journal.pone.0170905.g002
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YouScript1 interactionseveritywith ªchangeor majorº recommendationswas35.1%andwith
ªconsideror moderateºrecommendationswas21.1%(Table6).YouScript1 recommendations
wereacceptedby thestudypharmacistwhoreviewedtherecommendationsbasedon additional
patientfactorsandneedsandthenprovidedfinal recommendationsto clinicians.Of the124
recommendationspassedon to clinicians,96werefollowed(77%),6werenot followed(5%),
and22wereunknown(18%).Byunknown,it meantthat it couldnot bedeterminedwhether
thereviewingphysicianfollowedaspecificprescribingsuggestion.

Discussion
Pharmacogenetictestingof genescodingfor drugmetabolizingenzymeshasthepotentialto
optimizemedicationprescribing,dosing,andmonitoring by identifyingmetabolizerpheno-
typestatus.Althoughover137medicationshavepharmacogeneticconsiderationsin their label
[20], thevalueof testinghasyetto beestablished.Althoughsomevalidationisneeded,it
shouldbenotedthatapproximatelyone-halfof themostcommonlyprescribeddrugsin the
United StatesundergometabolismviaCYP450enzymes.Similarto creatinineclearance
(CrCl) rateasabiomarkerof kidneyfunction,CYPgeneticstatusservesasabiomarkerof the
patient'sability to metabolizedrugsviaCYP450enzymaticpathways.FDA guidanceregarding
pharmacokineticsin patientswith impairedrenalfunction suggeststhatdosingrecommenda-
tionsbebasedon creatinineclearanceor estimatedglomerularfiltration rate(eGFR)and
otherrelevantpharmacokineticparameters,suchasareaunderthecurve(AUC), half-lifeand

Table 5. Distributi on of evaluated cytochrome P-450 (CYP) metabo lic phenotype s between the Home Health Trial and another published study
population [16].

Pheno type Hocum et al. Prevalenc e, % Home Health Trial Prevalenc e, %

CYP2D6#

Normal Metabolizer 52.8 57.1

Intermediate Metabolizer 37.7 37.5

Poor Metabolizer 6.8 5.4

Ultrarapid Metabolizer 2.7 0.0

CYP2C19

Normal Metabolizer 42.1 35.1

Intermediate Metabolizer 25.8 31.6

Poor Metabolizer 2.6 1.8

Ultrarapid Metabolizer 29.5 31.5

CYP2C9

Normal Metabolizer 67.5 70.2

Intermediate Metabolizer 29.1 26.3

Poor Metabolizer 3.4 3.5

CYP3A4

Normal Metabolizer 92.4 89.5

Intermediate Metabolizer 7.6 10.5

CYP3A5

Non-Expresser 72.3 87.7

Intermediate Expresser 20.5 12.3

Expresser 7.2 0.0

#When gene duplication is detected for CYP2D6 alleles of different activity (e.g. one inactive allele and one active allele), the technology cannot distinguish

which allele is duplicated and therefore cannot assign a definitive phenotype. There were 560 CYP2D6 phenotype results in the AJHP cohort and 1 result in

the Home Health Trial cohort affected by this, and they were omitted from this phenotype prevalence analysis.

doi:10.1371/journal.pone.0170905.t005
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Cmax[26]. Similarly,patientCYPgeneticstatusandtheresultingalterationsto CYPenzyme
activityarefundamentalto understandingtheAUC, half-lifeandCmaxwhichmeasureand
determinecirculatingdrug levels.Olderpatientsmayrealizeagreaterbenefitfrom pharmaco-
genetictestingalongwith anappropriateCDSTbeingatheightenedrisk for polypharmacy
andadversemedicationoutcomes[27]. This trial assessedtheclinical impactof pharmacist
medicationmanagementwith accessto pharmacogeneticprofiling integratedwith cumulative
drug-geneinteractionwarnings(YouScript1 CDST).Inhibition of CYPenzymaticactivityby
concomitantmedication(s)candramaticallychangeaperson'smetaboliccapacitypresenting
with aphenotypethatdoesnot matchwith thegeneticphenotype[28]. YouScript1 algorithms
combineall drug-geneanddrug-druginteractionsto predictthecumulativeeffectof all inter-
actingcomponentson anaffecteddrug.This is important becausenormalandintermediate
metabolizerscanbe`phenoconverted'to poormetabolizers.Thephenotypepredictionfrom
genotypedatadependsheavilyon theallelicvariantspresentin apopulationof interestand
thenumberof allelesbeinginterrogated.An overestimateof thenormal-functionof CYPsis
likely to occurwhenaconsiderablenumberof no- anddecreased-functionallelesaremissed.
In addition,othergenetic,physiological,pathological,andenvironmentalfactorson CYP
expressionandactivitymayalsohaveanimplication.Interpretationof thefunctionalconse-
quencesof predictedphenotypesfor drugclearancein vivo, andthustranslationinto specific
dosingguidelinesfor individual drug-diplotypepairs,will benefitfrom futuregenotype-strati-
fiedpharmacokineticstudiesfor high-priority drugs[29].

Thestudypopulationwasselectedto haveahigherthanaveragereturn on pharmacogenetic
testingdefinedby thelikely frequencyof drugsinteractingwith CYPs.Patientswhowereaged
50andolder,enrolledin homehealth,andtakingor initiating treatmentwith at leastonemed-
icationwith asignificantDDI or DGI asdefinedbyFDA boxedwarning,FDA cautionary
labeling,clinical literatureor YouScript1 algorithm-predictedsignificanteffectwere
included.To verifypatientsweresimilar in eacharm,thedistribution of diagnosis(patient

Table 6. Comparis on of YouScript �Šrecommen dation severity of drug-drug, drug- gene, and drug-
drug-g ene interaction between the Home Health Trial and another published study population [16].

Interacti on Severity Hocum et al.(n = 20534), % Home Health Trial (n = 57), %

Overal la

Change/Major 8.9 35.1

Consider/Moderate 36.7 21.1

Monitor/Minor 23.5 31.5

No Change/None 30.9 12.3

DDIb

Change/Major 5.4 22.8

Consider/Moderate 22.9 19.3

Monitor/Minor 8.3 7.0

No Change/None 63.5 50.9

DGI/DDGIc

Change/Major 3.9 17.5

Consider/Moderate 23.4 28.1

Monitor/Minor 28.4 29.8

No Change/None 44.3 24.6

a Most severe drug-drug, drug-gene, or drug-drug-gene interaction detected for each patient
b Most severe drug-drug (binary and cumulative) interaction detected for each patient
c Most severe drug-gene or drug-drug-gene interaction detected for each patient

doi:10.1371/journal.pone.0170905.t006
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diseases,disordersandrelatedhealthproblems)andmedicationutilization betweenthetested
anduntestedgroupswerecompared.Thediagnosisresults(S2Table)showedsignificantdif-
ferencesonly in thefrequencyof thecerebrovascularconditionsandeyediseases.Finding
statisticallysignificantdifferencesfor two conditionsisnot unusualamongtwenty-sixcom-
parisons(1.3suchdifferenceswouldbeexpected,on average.)Additionally, thefrequenciesof
thesetwo conditionswerehigherin thetestedgroup.Despitethis,therewasanoverallreduc-
tion in ED visitsandre-hospitalizationsat60days.Therefore,not adjustingfor this imbalance
appearsto be,in fact,conservative.All otherdiseases,disordersandhealthrelatedproblems
betweenthetwo groupswerenot statisticallysignificantandlikely did not impactthepre-
sentedoutcomesof thestudy.

Homehealthpatientsarepolypharmacytreatedsubjects;theaveragenumberof drugsper
patientin thisstudywas11.6.Theaveragedrugcountatbaseline(beforepharmacogenetic
profiling basedintervention)wasrelativelybalancedbetweenthetestedanduntestedgroups
(11.6vs.11.8;p = 0.6,two samplet-test).On comparingthefrequencyof drugsprescribed
betweenthetwo groups(S3Table),no majordifferencewereobservedvalidatingarelatively
goodbalancebetweenthetwo arms.A major52%reductionin thenumberof re-hospitaliza-
tionsanda42%reductionin thenumberof ED visitsat60dayspost-dischargewasobserved
in thetestedversustheuntestedgroup.Thisfinding occurredin anHHA that,accordingto
2015HomeHealthQuality Improvementreportingwasin the5th-12th-percentilegroupfor
theCMSre-hospitalizationbenchmark.TheHHA received4.5of 5starsin theCMSHome
HealthComparerating.

Reducingratesof re-hospitalizationhasattractedattentionfrom policymakersasawayto
improvequalityof careandreducecosts.ED visitsarealsoanimportant causeof morbidity,
andmayoftenbecausedbyADEs,particularlyamongpatientsaged65yearsandolder[30].
Sixdeathswereobservedin theuntestedgroupversusonedeathin thetestedgroup,an85%
reductionin therisk of death.However,becauseof thesmallsamplesizeit isunclearif it was
directlyrelatedto pharmacogenetic-guidedtreatment.Thedeathin thetestedgroupoccurred
beforepharmacogeneticresultsweresentto theclinician.

Thefactthatmostpatientsarenot normalmetabolizersfor at leastoneCYPdrugmetabo-
lizing enzymeisextremelyimportant whenmanagingapatientmedications.Thewiderange
of CYPisozyme-encodinggenevariantssuggeststhatalargenumberof DGIsandDDGIs
mustgoundetectedwithout pharmacogenetictesting.Thetotalnumberof patientswith risk
phenotypes,aswellastheincidenceof DGIsandDDGIs identified,supportstheuseof risk-
basedpharmacogenetictesting[16]. Interestingly,thisstudyhadmanymoresevereinterac-
tions(Table6) thantheHocumetalstudy[16] likely becauseof higheraveragedrugcount
(11.6vs.8.2).In addition,themeanage,percentageof patientswhowere65+years,andthe
racialdifferenceswerehigherin thisstudy(S4Table).Also,thehomehealthpatientsin this
studyareall beingreleasedfrom thehospitalto homehealth,sotheytendto belesswell thana
typicalambulatorypatient.

Thelimitationsof thisstudyincludesmallsamplesize,useof arandomizedpopulation
within oneinstitution andundeterminedimpactof thegenetictestingon patient-provider
interactions.Also,theaveragetime to changedrug therapywasapproximately3 weeks;only
oneweekshortof the30-daytime point whichcouldhaveimpactedthetime-to-eventout-
comeat30days.However,thebenefitsof pharmacogeneticprofiling at30daysarepossibleif
theaveragetime to changetherapyisshortened,but theimpactisstill lesscertainsincein
someinstancesasit maytakelongerfor thebenefitsof theinterventionto materialize.This
studywasplannedasapilot studyandthereforeno powercalculationswerecarriedout.
Despitethesmallsizeof thestudy,otherfactorssuchasage,gender,raceandbaselinehealth
status(OASIS)wererelativelybalancedbetweenthetwo studyarms.Becauseof thisbalance,
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thesmallsizeof thestudyandthetypeof theoutcomes,theanalyseswerenot adjustedfor
covariatesto avoidanincreasedtypeI error [31,32].Whenresultswereadjustedfor categori-
calageall p-valuesweresmallerthanthecorrespondingunadjustedp-values.Theunadjusted
p-valuespresentedin our resultsarethusappropriatelymoreconservativecomparedto the
adjustedp-values.Actualcostandchargedatawasnot available.Therefore,costsavingswere
modeledbasedon Medicareaverageall-causereadmission[33] andED visit cost[34], result-
ing in a$4382perpatientcostsavingsin 60days(S5Table)prior to thecostof intervention,
resultingin decreasedhealthcareresourceutilization.Follow-upwaslimited to 60dayspost-
discharge,but overtime additionalsavingscouldincreasethevalueobtainedfrom theone-
time expenseof testingastheresultscanbeusedfor ongoingpatientmanagement.A recently
conductedcost-effectivenessanalysisshowedcost-savingswhenconsideringaone-time
genetictestto avoidlifetimeADRs[35].

In conclusion,weconductedapragmatic,prospective,randomizedcontrolledclinical trial
testingcomprehensivemedicationmanagementdeliveredbyclinicalpharmacists,incorporat-
ing pharmacogenetictestingalongwith appropriateCDSTversususualcare.Thishomehealth
trial mirrored apreviouslypublishedprospectiveobservationalstudywhichdemonstratedthat
pharmacogeneticCYPtestingof ambulatoryelderlyexposedto polypharmacyreducedhospi-
talizationsby39%andED visitsby71%comparedto amatchedretrospectivecontrol cohort.
Thisstudyoffersapotentiallyimportant opportunity to minimizeADEsandreducehealth
resourceutilization andmarksanimportant steptowardsaccomplishingthegoalsof the
Triple Aim (improvedcareof theindividual, improvedhealthof thepatientpopulationand
decreasedpercapitalcosts)[36]. To further validatethesefindings,additionalprospectivecon-
firmatory studiesinvolvingreal-worldapplicationsin largerpopulationsin thesameandalter-
natesettingsareneededto broadenits acceptancein routineclinicalpractice.
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