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Abstract

Background: Youthandadolescenhon-medicaluseof prescriptionmedicationgNUPM) hasbecomea nationalepidemic.
However, little is known aboutthe associatiorbetweenpromotionof NUPM behaior andacceswia the popularsocialmedia
microbloggingsite, Twitter, which is currentlyusedby athird of all teens.

Objective: In orderto betterassesiNUPM behaior online, this study conductssuneillanceand analysisof Twitter datato
characterizehefrequeng of NUPM-relatedtweetsandalsoidentifiesillegal accesdo drugsof akusevia online pharmacies.

Methods: Tweetswere collectedover a 2-weekperiodfrom April 1-14,2015,by applyingNUPM keyword filters for both
generic/chemicahndstreetnamesassociatedavith drugsof atuseusingthe Twitter public streamingapplicationprogramming
interface. Tweetswerethenanalyzedfor relevanceto NUPM andwhetherthey promotedillegal online accesgo prescription
drugsusinga protocolof contentcodingandsupervisednachinelearning.

Results: A totalof 2,417,662weetswerecollectedandanalyzedor thisstudy Tweetdfilteredfor genericdrugsnamesomprised
232,108tweets,including 22,174uniqueassociatediniform resourcdocators(URLs), and 2,185,554tweets(376,304unique
URLSs)filteredfor streenamesApplying aniterative proces®f manuakontenttodingandsuperviseanachindearning,81.72%
of the genericand 12.28%of the streetNUPM datasetsvere predictedas having contentrelevantto NUPM respectrely. By

examininghyperlinksassociatedvith NUPM relevantcontentfor the genericTwitter datasetywe discoveredthat 75.72%0f the

tweetswith URLsincludedahyperlinkto anonlinemarketingaffiliate thatdirectly linkedto anillicit onlinepharmag adwertising
the saleof Valium withouta prescription.

Conclusions: This studyexaminedthe associatiorbetweenTwitter content NUPM behaior promotion,andonline accesso
drugsusinga broadsetof prescriptiondrugkeywords.Initial resultsareconcerningasour studyfoundover 45,000tweetsthat
directly promotedNUPM by providing a URL that actvely marketedthe illegal online sale of prescriptiondrugsof aluse.
Additional researchs neededo furtherestablisithe link betweenTwitter contentandNUPM, aswell asto helpinform future
technology-basetbols, online healthpromotionactiities, andpublic policy to combatNUPM online.

(J MedInternet Res2015;17(12):e280) doi:10.2196/jmir5144
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Introduction

Prescriptiondrug abuse among youth and adolescentss a
recognizedhationalpublic healthcrisis [1]. Currentdataand
behaioral trends on “non-medical use of prescription
medication” (NUPM) are largely derived from nationally
representatie anorymous self-administeredsuneys that ask
Americanhigh schoolstudentsto self-reportrecentand past
drug aluse behaior [2,3]. However, the rapid increasein
Internetuse socialmediaengagementandnearuniversalaccess
to mobile devices among teens (aged 13-17) allows for
augmentatioof traditionaINUPM suney datawith otherdigital
source®f informationthatarereadily availablefor “big data”
analysisand that can be used for health suneillance and
prevention [4,5]. Specifcally, Internetusersare increasingly
“self-reporting” their behavior on a variety of healthsubjects
outside of structured surweys via multiple online social
networking channels,including platforms such as Twitter,
Facebook|nstagramplogs,andothersocialsharingsites.In
orderto leveragethis secondangourceof informationthatcan
contritute to a better understandingof NUPM, this study
identifies,characterizesanddescribegprescriptiondrugaluse
trendsand behavior via the popularmicrobloggingplatform,
Twitter, which hasalreadybeenassociatedvith risky health
behaior andis heavily populatedby youth and adolescents

[1,6,7].

Twitter currentlycommandsome316 million actve monthly
usersand,thoughnotthe predominansocialmediasiteamong
teensijs usedby anestimateanethird of thisagedemographic
andby 23%of all onlineadults therebyservingasanimportant
socialandcommunicationnformation-basedesearchool [4,8].
Additionally, comparedto other social network platforms,
Twitter provides one of the mostversatilepublic application
programming interfaces (APIs), allowing usersto access
large-scaleeal-timeandhistoricalcommunicatiordata though
certain limitations in collecting such data exists (discussed
belaw).

Hence, this study seeksto leveragethe ability to access,
constructandanalyzdargecorversationatlatasetfrom Twitter
in order to assesshow NUPM is being promotedin this
ervironmentof Internetuserssimilarto previousstudiesusing
Twitter to addresstherimportantpublic healthissuesincluding
drug safety[9-17]. The study also expandson prior studies
assessinghe associationbetweenNUPM and Twitter by
examiningwhethertheconteniof usergeneratedweetsdirectly
enablesNUPM accesgo prescriptionmedicationdrom illicit
online pharmacie$7,10,18,19. lllegal marketingandsalesof
prescriptiondrugsby online pharmaciess animportantpublic
health and patient safety issue that the World Health
Organization,US Food and Drug Administration, US Drug
EnforcementAgeng, and other staleholdersrecognizeas
needingto beaddressefil,6,7,19).

Methods

Themethoddor this studyconsistof two distinctphasesdata
collection(Phasel) anddatacoding,analysisandvisualization
(Phase2). We describesachof thesephasesn detailbelow.

http://www;jmir.org/2015/12/e280/

Katsukietal

Phasel: Data Collection

Phasd of thestudyfirstidentified prescriptiordrugscommonly
alusedby youth and adolescentsisinginformation available
from the National Institute on Drug Abuse and developed
keywordsasfilters that werethenappliedto the collection of
Twitter data (see Figure 1 for keywords used and visual
depiction of the datacollection strateyy) [20]. We usedthe
identified drug'sgeneric/chemical/internationabnproprietary
name (eg, oxycodone)and brand name (eg, OxyContin,
Percocet)n onesetof datacollected(ie, GenericNames)and
thecommon‘street” or “slang” namegeg, oxy, oxycotton)of
drugsin anothersetof datacollection(ie, StreetNames)n order
to optimizecorversationatlatacaptureassociateavith NUPM
promotionandbehaior [21,22]. Datawerecollectedfrom the
public Twitter StreamingAPI, and we appliedthe identified
keywords/fltersasendpointsn thedatacapture This provided
uswith multipleraw JavaScriptObjectNotation(JSON)datasets
of Twitter feedsandassociatednetadatdor furtheranalysis.

The study conductedan analysisof a 2-weeksubsetof data
collectedandanalyzedisingthis processrom April 1-14,2015
(ie, Study Data). The two separatedatasetsof tweets (one
filteredfor adrug’'sgenerimameandasecondor streethames)
werecollectedfrom the Twitter StreamingAPI usingstreamR
packagein R (CRAN), which was deployed on cloud-based
computingservicesofferedby AmazonWeb ServicesAWS)
via AmazonEC2t2.microinstancesin accessindhe Twitter
StreamingAPI, we usedtwo different setsof Twitter apps,
ConsumerKeys (APl Keys) and ConsumerSecrets(API
Secrets)in orderto maximizedatacaptureandlowerthechance
of hitting the Twitter StreamincAPI cap.The2-weeksubsebf
datais partof alarger Twitter NUPM datamining projectthat
hascollected3 months'worth of dataandthatis undegoing
separateanalysis. AWS serviceswere chosendue to their
relative low cost (discussedbelowv) and primarily for their
stability in collecting,transferringandstoringdatagenerated
for this project.Specifcally, thereliability of AWS (guaranteed
availability of 99.95%% for external connectvity) ensures
contiguityof datawhenusingmultiple instanceso collectdata
from the Twitter StreamingAPI.

R for streamingTwitter datawas run on an RStudio Sener
preconfguredon an AmazonMachinelmage(ami-45¢72a01)
originally developedand madefreely accessibldo the public
(Louis Aslett's RStudio Sener Amazon Machine Image
website).Streamingwas scheduledo iteratively initiate and
endevery 24 hours,generatingdaily JSONfiles thatincluded
Twitter datafiltered for prescriptiondrug aklusekeywords.In
the event that streamingwas interruptedfor ary reason,the
script was written to automaticallypromptthe restartof the
streamingcollectionprocessThedaily fileswereautomatically
transferredo aseparatéile storagesenervia SCPdatatransfer
andoriginal files on the AWS sener weredeletedvia SSHif
thetransferwassuccessfulDataanalysiswasperformedon a
local machine(Dell PrecisionT5810,64GB memory 4 CPU
cores)or on an Amazon EC2 m4.4xlage instance (64GB
memory 16 CPU cores).The R scriptsandshell scriptsused
in this studyareavailablefrom the GitHub website.

JMed InternetRes2015]| vol. 17| iss.12 | e280| p.2
(page numbemot for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Katsukietal

Figure 1. Datacollectionstratey.

Phase2: Data Coding, Analysis, and Visualization the secondandthird authorswho actedas humancodersand

: ' ' independentlyeviewed andcodeda subsebf 1000randomly
Phase of this studyinvolvedanalyzingdatafor characteristics selectedtweetsfrom eachinstance . The secondauthor with
of interesty conductingdatacontentcodingusingasupervised expertiseandtrainingin substancatusebehaior, trainedthe
machindearningprotocol. Theprocessvasfirst carriedoutby  third authorfor contentcoding. Theserandomlysampledweets
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(including the textual content and select metadata)were
reviewed and coded for the following characteristics:(1)
relevanceto NUPM behaior (ie, reviewing tweetsandassessing

Table 1. Contentanalysiscategories.

Katsukietal

if they actuallydiscussedNUPM behaior and/orpromotion)
and(2) assessinflUPM characterizatioffpositive or negative
promotion/attitudes)seeTablel for detailson contentcoding).

Relevantvs non-releant

Favorable,non-favorable,neutralcontentanalysis lllicit onlinesourceinformation

Relevant: ContaineccontentdiscussingNUPM
behaior, attitudesjnformationaboutbuying on-
line, reportinghealtheffects

Non-relevant: Topicsnot associateavith NUPM
(eg, sports,consumegoods news reportsmusic,

without sufficient contentto code treatment

Non-favorablepromotion:Providing information
lawful useof drugsin clinical settings)andtweets onrisk, sideeffects,or informationon addiction

Favorablepromotion.Emphasizingeneits and/or OnlineaccessProviding a URL/hyperlink
minimizing risksregardingNUPM andgenerally
promotingNUPM lifestyle/behaior

to “buy” or “online purchase’of prescrip-
tion drugs

Risk characteristicef onlinepharmag
linkedto content:Online pharmay identi-
fied as“unapprosed” or “rogue” on Legit-

scriptsite®

3 egitScript: “rogue” is catgyorizedasa websitethatappearso beintentionallyor knowingly violating applicablelaws or regulations;“unappraved”
is catgyorizedasverified aslackingcompliancewith LegitScriptstandard®r otherapplicabldaws andregulations.

This subsetof humancodedtweetswas then usedto train

machineclassifers for “relevance” and “f avorability” by a

SupportVectorMachine(SVM) algorithmin R thatwasthen
appliedto thefull datasebdf collectedtweets.Accuragy of the

modelswastestedwith 10-fold cross-alidationswith 3 repeats
usingthecaretpackagd?23]. In orderto createafeaturevector
representatiorof each document(tweet), a corpus of the

subsampledweetswas generatedisingthe tm packagen R

[24]. This processnvolved datacleaningby transformingall

textsto lowercaseremoving uniformresourcéocatorg URLS),

numberspunctuationsandstopwords(Englishlanguageplus
“re” and“rt”), aswell asword grouping(n-gramsyollowedby

generatiorof a Term-DocumenMatrix.

Qualitatve analysisof tweetswasthenconductedy analyzing
the sourceJSONTwitter datain streamRpackagethat parses
JSONfiles andtransformsthemin R dataframes.Additional
analysisvasconductedy exportingJSONdatato CSV(comma
separatedalues)formatandimportingit into softwareNVivo
10 (QSRInternational)for further datastorage organization,
and managementR was also usedto visualizea word cloud
associateavith thehighestfrequeng termsdetectedn Twitter
contentin orderto betteridentify thematiccateyoriesin thedata
(“wordcloud”package).

We also manually codedthe subsetof tweetsdeterminedas
relevantfor NUPM for identification of ary URLs/hyperlinks
in tweetsadwertisingonlinesaleof prescriptiordrugs.We used
theNVivo NCaptureeatureto archve websiteswith hyperlinks
in orderto review contentanddeterminef they wererelevant
to NUPM, acted as marketing affiliates, or directly sold
prescriptiondrugsonline. A review of therisk statusof illicit
onlinepharmag NUPM links wasachieredby cross-referencing
websitesassociatedvith hyperlinksusinga databaséom the
private Internet monitoring compary, LegitScript, which
provides information on websites likely in violation of
applicabldawsin oneor morecountrieq25].

All tweetsclassifed asNUPM-relevantthatalsohadavailable
latitudeandlongitudedataweregeocodedisindividual points
onto a contiguousmap of the United Statesusing ArcGIS
version 10.1 (Esri). A publically available basemapwas
downloaded from the Esri website, and a scale of 1
centimeter:150kilometers was applied. For the geographic

http://www;jmir.org/2015/12/e280/

coordinatesystem,we adoptedthe World GeodeticSystem
1984standardZip code—l&el dataonthenumberof individuals
by agegroupwasdownloadedromtheUS CensuBureauand
the kerneldensityfunctionwasusedto createa heatmagfrom

this data,therebydisplayinga gradientfrom blue to red for

lower density of individuals betweenages15-19 to higher
densityof individualsin this agegroup,respectrely. Thiswas
doneto visualizethedistribution of NUPM geocodedweetsto

regionsof the United Stateswith a higherdensityof teensand
youngadults.

Results

Data Collection Results

We experiencedho detectablenterruptionsin serviceduring
the2-weekstudydataperiodfor ourtwo separat®studicAWS

instancesln total, our study datayielded 2,417,662tweets,
comprising232,108genericnametweets,72.53%(n=168,355)
of which werein English;and2,185,554streetnametweets,
81.74%(n=1,786,626)f which werein English. Study data
for thegenerimameinstanceyielded1.44%(n=3351)thatwere
geocoded for geographic location (a similar rate of

location-enabletiveetscomparedo previousstudieq26,27]),

and 49.84% (n=115,685)that included URLs (comprising
22,174 unique URLSs). Similarly, our street name NUPM

instanceyielded1.39%(n=30,274geocodedweetsand43.51%
(n=951,107hatincludedURLSs (comprising376,304unique
URLSs). We describepreliminarydatacharacteristicandtheir
associationrwith NUPM promotion,behaior, and accesdor

bothinstancesn the next section.

We note that during the study data period we recevved limit

notices(limit count)for bothinstancesollectingdatafrom the
public streamingAPI indicatingthata filtered streammatched
more tweetsthanthe rate limit allowed to be delivered[28].

Twitter limit noticesprovide a total count of the numberof

undeliveredtweetssincethe APl connectiorwas openedand
can contetualize how representatie filtered data collected
from the Twitter public API is comparedto the full Twitter

firehose(which offersfull andcompleteaccesgo currentand
historictweets) A total countof 247 tweets(correspondingo

0.1%of collectedtweets)and8327(0.38%)in thegenericand
streetnameinstancesverereportedrespectiely.
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Word Frequencyand Association

Prior to conductingour contentcodingfor studydata,we first
conductedext mining andanalysisn R usingthetm package.
After generatinga Term-Documenmatrix, we analyzediwitter
NUPM contentfor word frequeng andassociationThe most
frequentlyobseredwordscontainedn thegenerimamedataset
(frequeng countincludesall wordsusedin a tweetincluding
non-keyword terms)werefor severaldrugssubjectto abuseby
youth andadolescentincluding: Valium (6.23%of all words
obsenred,n=50,769rank#1), Adderall(5.33%,n=43,426ank
#3), andXanax(4.48%,n=36,486 rank#4). Therelative high
frequeng of specifc NUPM keywords indicatesthat even
without using a separateprocessfor iteratively filtering and
coding of Twitter content,the original filters appliedin this
instanceweremorelikely to yield a reasonabl@ercentag®f
NUPM relevanttweetsgiventhe specifcity of keywords.

Corverselyin thestreeinamenstanceyeimmediatelynoticed
that non-specit streetnamesfor drugs (primarily “speed,
which refers to amphetamine;“reds; which refers to
barbituratesand“benz; whichrefersto benzedrinejvereused

Figure 2. Word cloudfor genericinstance.

Katsukietal

in several thousandf tweetsunrelatedto drug abuse. The
presencef tweetshatwere“noisy” (ie, prescriptiordrugatuse
slangtermsthat introduceextremenoiseasthey are usedin
more commonwordsor returnresultsaboutunrelatedopics)
in this instancenecessitatedurther filtering of the dataset,
pointing to the needfor betterconstructionof keyword filters
during the initial datacollection phase[29]. Basedon these
preliminary results,we conducteda separatdfiltering of the
streetnamedataseto excludethe above threekeywordsthat
introducednoiseand usedthis new datasetf 79,949tweets
duringthecontentanalysigprocessThewordswith thehighest
frequeng in the streethameinstancewere“skippy” (slangfor
the drug Adderall/Ritalin, 2.73% of all words obsenred,
n=12,453rank#1), “yellows” (slangfor barbiturates2.08%,
n=9511,rank #2), “uppers” (slangfor amphetamine<.08%,
n=9498, rank #3), “barbs” (slang for barbiturates,1.35%,
n=6168rank#4),and"oxy” (slangfor OxyContin/Oxycodone,
1.15%,n=5269 rank#5).

Two separateword clouds were generateddepicting the
frequeng of all wordsobseredin thetext of tweetsanalyzed
for bothinstancegseeFigures2 and3).

dilted  parcocat

still hyundai vicodin

=lighithy

adderaiiihadme

sonata

aot B need Qget

‘a‘gﬁﬁpoan
one

without
IEI‘I

adderall:
Sivaliu

phamacy
make

licks

equiwalent

B ELET
m-:u:-nllgm

take presc

like 3

markthomas

meth

Eb u y toot=ie

1
zale ol

naol
sttectively 0 rchase “pep prescription
adderallhadmereally

Twitter NUPM Characteristics

In the next step,we appliedour supervisednachinelearning
contentcodingprotocolin orderto more specifcally identify
contentrelevantto NUPM. We usedthis procesgo filter out
“false positve” tweets that were unrelatedto NUPM but
neverthelessvere returnedin filtered resultsas the keyword
appearedsomeavherein the text or metadatd22]. Coding of
databetweenthe 2 humancodersachiered a relatively high
level of intercoderagreementior bothsubsamplesf datafrom
the two instances(all Cohens kappasfor characteristics
reviewedweregreateithan.83andhadameanscoreof k=.91).
Supervisedmachinelearning was conductedby defining a

http://www;jmir.org/2015/12/e280/

RenderX

feature space of documents (tweets) with a unigram
term-documentmatrix. The accurag scoreof the classifer
models of tweet relevance to NUPM, when evaluated by
repeatingl0-fold crossvalidationthreetimes,was94.5%for
thegenerimamedatasetind93.5%for thestreethamedataset,
while accurag scoref favorability for thegenericnamedata
were 95.1% and 94.1% for the streetname data. We also
comparedthe performanceof models built from different
word-groupingunits(unigrambigram trigram,andcombination
of 1-3 grams); however, larger grouping units did not add
significant performanceimprovementcomparedto unigram
analysis.We thereforeusedthe model createdwith unigram
text datafor thefinal analysis.
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Figure 3. Word cloudfor streetinstance.
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Applying this classifer to the genericnamedatasetieldeda
total of 135,776tweets(81.72%of the Englishtweetswith at
leastonekeyword)thatwerepredictedo berelevantto NUPM
behaior or promotion.Converselyfalsepositvesweredetected
in high frequeny in the streetnameinstanceeg, OXY, which
is a stock listing symbol for the publicly traded compary
Occidental PetroleumCorporationand #uppers,which is a
Twitter hashtagor userswho engagein political discussion),
with only 9817(12.28%tweetspredictedasrelevantto NUPM.
OftheNUPM relevanttweets anestimate®8.59%(n=133,863)
and78.76%(n=7732)favorably promotedNUPM behaior in

the generic name and street name instances,respectiely.

Finally, afterfiltering bothinstance$or NUPM-relesanttweets,
1.36%(n=1842)and3.1%(n=308)weredetectedisgeocoded,
in the genericnameand streethnameinstancesyespectiely,

with mostof the tweetsoriginating from usersin California,

Texas, and New York. In a map comparing individual

geolocatabletweets with zip code—leel kernel density of

individuals aged 15-19, there was a positive relationship
obsered betweenNUPM tweetsandareaswith higheryouth

density(seeFigure4).

Figure 4. GeocodedNUPM relevanttweetsby intensityandagedemographics United States.

lllegal Online Accesso Prescription Drugs

IntheNUPM relevanttweetsfor thegenerimamedatasetthere
were 59,845 hyperlinks with 5039 unique URLSs. The vast

http://www;jmir.org/2015/12/e280/
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majority of thesehyperlinks(88.54%n=52,988)weretweeted
at least9 times. We then manually reviewed the websites
connectedo hyperlinksfor contenttweetedat least9 timesin
order to determineif websitesactually marketed or sold
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prescriptiordrugs.Themostfrequentlyobsered URL wasfor
apurportednlinepharmag usingthename*CostaPharmac’
It was mentionedin 75.72% (n=45,317)of all tweetswith
hyperlinksandonfurtherinspectiorwasidentifiedasanonline
marketing affiliate site that promotedthe online purchaseof
Valium (diazepam)a benzodiazeping/pe of medicationused
as a tranquilizerthat is commonly abused.A total of 8171
differentTwitter usersweetedor retweetedo this affiliate site
that contained within its websitecontent,a directlink to an
illegal onlinepharmag. Importantly thelinkedonlinepharmag
was categorizedas “rogue” by LegitScriptindicatingthatthe
website appearsto be intentionally or knowingly violating
applicablelaws or regulations.On review of WHOIS records,
it appearso belocatedn RussiaseeFigure5 for visualization
of tweet, hyperlinks, and connectionbetweenwebsites).By
countingthenumberof userdollowing accountshatmentioned

Katsukietal

the URL, we estimatethat contentcontainingthe hyperlink
connectedwith this illegal online pharmag wasbroadcasto
over 250,000total Twitter userswithin the 2-weekstudydata
period.We alsoobseneda muchsmallernumberof additional
tweets with hyperlinks to NUPM accesspoints that either
adwertisedthe saleof a prescriptiondrug and then linked to
anothersite or actually claimedto sell the drug directly to
customersvia their online storefront.All associatedinks to
online pharmay sitesreviewed were categyorizedas “rogue’
Additionally, other links we obsened promotedNUPM but
were not associatedvith an online pharmag. This included
Twitter contentwith links to hip hop songspromoting the
NUPM lifestyle, NUPM promotionalitemssold on eBay and
a tweet linking to a websiteselling nutritional supplements
adwertised as substitutesfor NUPM drugs (see Table 2 for
examples).

Table 2. Exampleof differentcateyoriesof NUPM tweetswith websitelinks.

Category Tweetcontent

Description

Lifestyle: individual
user

RT @[ANONYMIZED]: "I wannatry xanax"Me
https://t.co/XpTErzo6W6

Lifestyle:individual
user(polydrugmen-
tion)

Lifestyle: music
shithttps://t.co/9N72RO00rs

Commercialindividu-

al seller @eBay

Commercialcompa-

ny naturalremedy#&herbalremedttp://an.ly/MsyqQ
Onlinepharmag—re- RT @[ANONYMIZED]: How to Buy Valium Online
latedlink http://t.co/qkDY8ZJ08W

RT @[ANONYMIZED]: Prescriptiordrugs,shav me
lovePercocetdAdderall,Xanry bars getcodeinenvolved

RT @[ANONYMIZED]: Godosomexanax,crankthis

Checkout XanaxPill Necklacehttp://t.co/lfeGgeOlt4ia

Overthe counter?Adderall?#Xanaxsubstitutganxiety-

Retweef individual userpromotingdrug atuseinitiation with
link to videowhereusershaws pills in hand

Tweetdescribingpromotionof polydrugabusewith severaldif-
ferenttherapeuticlasses

Retweetwith link to streaminghip hopsongpromotingprescrip-
tion drugahusebehaior

Link to eBayselleraccountor a Xanaxpill barnecklacehat
promotesNUPM lifestyle

Tweetlinking to websitesellingnutritionalsupplementthatare
adwertisedassubstitutego AdderallandXanax

Retweetwith link to marletingaffiliate thatincludedalink to
anillicit onlinepharmag

We notethatin thestreehamedatasetnoNUPM onlineaccess the streetnamedatasetyevealingthat noneof the links were
links weredetectedT hiswasdeterminedy manuallyreviewing associateavith anonline pharmag.

all 653uniqueURLsincludedin theNUPM relevanttweetsfor

Figure5. Twitter NUPM contentillicit online pharmag relationship.
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Overall Costand Accessibility

Importantin assessinthefeasibility of this studyis describing
the overall cost of project implementation.Primarily, we
attemptedo conducthedatacollectionphaseof this studywith
computationabndsoftwareresourceslreadyavailablein the
public domain. This includedthe useof the R programming
languageas a data collection and analysisplatform, which
utilized several software packageghat were openaccessand
free to use.Sincethe Twitter StreamingAPI collectsdatain
real-time contiguityof dataprimarily depend®nthereliability
of the network connectvity. We thereforeusedAWS services
to ensurefidelity of our data collection (ie, service level
guaranteesf 99.95%uptime).Overall, AWS servicedo support
this studyweredeliveredat low cost,at a total expenseof US
$17 per instancewith 40GB of storagespace(excluding the
AWS free Tier of 750 machinehoursper month of t2.micro
instancesjor atotal datacollectionperiodof approximatel\3
months (analysisfor the entire period of data collection is
ongoing).Becausdeesfor AWS servicesare variablebased
upon size of storage,CPU utilization, and memory size, by
regularly transferringdatato anexternalstoragespaceonecan
also minimize the costrequiredfor datastoragedirectly on
AWS.

Discussion

Principal Results

Basednouranalysiof thestudydatacollectedjt appearshat
NUPM promotionvia Twitter is occurringfrequentlyfor specifc
keywords associatedvith a drug’s chemicalor genericname
and yields large-scaledatasetsthat require the appropriate
combinatiorof analyticalandcomputingtoolsto appropriately
assesgpotentialbehaioral risk factorsand online accessin
comparisonthemoreindistinctuseof NUPM streetor popular
nameghatincludesdescripte or nonspecit termsintroduced
more noise and far fewer relevant results comparedto the
genericnamedatasetFrom a datacollection standpoint,our
2-weekperiodof studydatayieldedover 2 million tweetsfrom
bothinstanceswith atotal of 6.02%(n=145,593)determined
relevantto NUPM behaior or promotionbasedon our useof
supervisednachindearningfor contentanalysis.

Our most concerningfinding was that in the genericname
instance a significant percentagé33.37%,n=45,317)of the
machineclassifed NUPM relevant contentoriginatedfrom a
highly propagtedlive hyperlink to a marketing affiliate that
provided direct accesgo prescriptiondrugsof alusethrough
an illegal online pharmag. The marketing affiliate site
adwertisesthe online saleof several drugsof aluse,including
Ativan, Ambien, Lunesta,Valium, and Xanax, amongother
classesof prescriptiondrugs. The tweetsfor this hyperlink
variedslightly in content,but all blatantly adwertisedthe sale
of Valium (eg, “RT @[usernamanorymized]: Valium Online
WithoutPrescriptiofURL]” or“RT @[usernamanorymized]:
Whereto Buy Valium Online[URL]") andwereretweetedy
a large network of Twitter accountspotentially exposing
hundredsof thousandf Twitter usersto NUPM promotion
and access.As a Drug EnforcementAgeng/ SchedulelV

controlledsubstancetheonlinesaleof Valium andotherdrugs

http://www;jmir.org/2015/12/e280/
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that carry the potentialfor abhuseanddependencas in direct
violation of the Ryan Haight Online Pharmag Consumer
ProtectionAct, a federallaw namedafter a SanDiego Teen
who lost his life after overdosingfrom illegally purchasing
prescriptionpainkillers online[1,6].

Finally, therelatively low countin undeliveredtweetscompared
to thetotal tweetscollectedin eachinstancemayindicatethat
our data collection methodology has a higher rate of
completenesf9.9%for thegenericnameinstanceand99.7%
for thestreenameinstance pndis amorerepresentagie sample
comparedto what is generallyrepresentedn the literature
regardingthe Twitter PublicAPI [22]. It mayalsoindicatethat
by creating separatevirtual instancesfor data collection
operatingondifferentkeywordfiltersandconsumekeys/access
tokens,our datacollection processcan avoid StreamingAPI
rate limits (usually estimatedat 1% sampleof all tweets).
Overall,thestudysupportdindingsfrom prior studieghathave
usedthe Twitter StreamingAPI to collect large amountsof
Twitter contentinsteadof licensingcontentfrom a third-party
dataresellerthatmaybecost-prohibitve to certainresearchers
(ie, the startingprice for a GNIP Twitter datasetequesis US
$1250)[13,26,30,31].

Limitations

There are certain limitations to our study that impact the
generalizabilityof resultsto NUPM behaior and promotion
via Twitter. Whenhandcodingtweets humancodersobsened
thatsometweetswereextremelyshort(ie, 1-2 words)anddid

not contain contentthat indicatedthat it promotedNUPM

behaior or accesseventhoughthe keyword wascontainedn

the tweet. Thesetweetswere codedasnonrele&antby human
codersasthey would likely beinterpretedoy Twitter usersas
nonreleantandwereavery smallpercentag€<5%) of overall

human codedtweets. Additionally, the text of sometweets
containechyperlinksto imagesandothermediaassociatewith

the tweet that helped contetualize the content/messager

confrm promotionof NUPM behaior. Althoughhumancoders
reviewedtheseimagesthatwerelinkedto thesetweets,which

aided in their interpretation of content classifcation, our
machindearningalgorithmwasnotableto analyzethis media
in subsequentmachine classifcation prediction. We also
estimatedhenumberof Twitter usersvho potentiallyreceved
therogueonlinepharmag Valium hyperlink by examiningthe
followers_countfield of the user statuses.Although this

approachs limited in thatthe analysiscanbe performedonly

retrospectiely andthusthe followers_countmay differ from

the time the tweets were actually generatedthe result is

indicative of how a Twitter usernetwork can play a role in

promotingillicit online pharmacieso a broadbaseof users.

Finally, given the large scaleof data collectedper instance
relativeto theshorttime periodexamined futurecontentcoding
of NUPM Twitter datawill likely needto be assistedwith
additional high-performancecomputationaltools/servicesn
orderto make sucha projectscalableover a longerperiod of
datacollection.Further moreiterative roundsof humancoding
using Twitter datacollectedover alongerperiodof time with
morediversityin Twitter usersandcontentcouldhelpimprove
the machinelearning processPossiblesolutionsto augment
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trainedhumancodingincludethe useof crowdsourcinglarge
networks of human coders(eg, Amazon Mechanical Turk

workers)or theuseof new contentcodingservicesn thecloud,
suchasthoseofferedby the compary DiscoverText, thatoffer

cloud-basedkxt analyticssolutiongargetedfor analyzingsocial
mediadata[32,33]. Thesaoolsandplatformshave alreadybeen
utilizedin previoussubstancatusestudiesandcouldbeapplied
to future work analyzinga larger datasetof NUPM tweets
[11,32-34]. We also did not filter for languageas we are
consideringthe possibility of using languageinformation in

future studies Here,however, we contentcodedonly English
tweetsandnot non-Englishtweets(19.14%,n=462,6810f the
dataset.)We alsoencountere@ handfulof “dead” links in the
hyperlinksmanuallycodedfor associatiomvith anillicit online
pharmag, thoughwe notein both caseghis wasanextremely
small percentagef the total tweetscollectedover the study
period.

Comparison With Prior Work

Thefew studieghathave specifcally examinedtheassociation
betweenTwitter andNUPM have focusedbntestingtheability
to illegally advertise illicit online pharmag contentvia a
fictitious Twitter account qualitatively assessingweetsabout
prescriptioropioids,onlinesocialengagemenbetweemetworks
of prescriptiondrug akusersthat use Twitter, and Twitter use
to promotedrug akuse of Adderall amongcollege students
[7,10,19,35]. This studyexpandson previousstudieso further
explore how the Twitter ervironment can promote NUPM
behaior andaccesdy examininga broadsetof prescription

drugkeywordsassociatewith abuseby youthandadolescents.

The study builds on previous researchthat hasuseddifferent
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setsof prescriptiondrugandcommon/slandceywordsto filter

and analyzeTwitter data,as well as prior studiesthat have

analyzedthe content of hyperlinks detectedin large-scale
dataset®f filteredtweetsfor otherpublic-healthrelatedtopics
[16,36-38].

Conclusions

As youth and adolescentsincreasingly engage in online
communities, social relationships,and cornversationsabout
NUPM via popular social media platforms such as Twitter,
additionalresearchs critical in orderto leveragestratgiesof
“infoveillance” to collect dataneededto tailor future public
health interventions attemptingto combatprescriptiondrug
aluse amongthis vulnerablepopulation[5,39]. Importantly
analysisof real-time datavia Twitter, can help inform and
conttualizetraditionalpublic healthsuneillanceapproaches
collectedthrough national surveys and also help proactiely
identify changingand emeging trendsin prescriptiondrug
alusebehaior thatareuniqueto the online ervironment.The
studyalsoidentifies Twitter asa potentialsourcefor information
illegally promotingthe sale of controlled prescriptiondrugs
directlyto consumersyhichis aconcerningpbsenationgiven
the inherentrisk of aluse, dependeng and questionable
authenticityof medicinegprovided by online pharmaciesvho
arein violationof applicabldaw, includingtheUS RyanHaight
Act. Theseresultssupportrenaved focusto betterunderstand
theseunderstudied¢thannelsof NUPM promotionandneeded
commitmentto develop technology-basetbols, online health
promotionactivities, and public policy protectingyouth and
adolescentfrom prescriptiondrugakuseonline.
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