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RESUMO

SZNEJDER, ReleNorryl.d Evi dentei bui-»es metodol

caso na pr8ticdl¥Mesecg.Dborodo@bado em iCi °nc
Facul dade de Ci °ncias M®di cas, Uni versi dad:
Janeiro, 2025.

A produ-«o0o de =evid°ncias <cient2ficas n:a
ansforma-«o profunda nas %l timas duas d®
s sistemas de informa-«o, pela ado-«0 cre

uso ampliadoasde sbaseisai s e administrativa:
nt e xReoaWoral d EvV(iRWEnNNcCeemer gi u como componer
dicina contempor ©nea, fornecendo estimat:i

tiliza-«0 e impacto econ!mico em cengs8r .|
randomi zados (RCTs) . Eset aditseud ea mallait g @, eisn
seados -War IRkaData (RWD), realizados em di
Yad e supl ement ar brasileira, par a demons
mpreens«o da pr8tica real e coppodemend ads
i d°rmOcipas.meiro estudo avaliou mais de 549
gi t al -adtee npdri onmetnat o , identificando padr »es
cami nhamen tsoo caoor rpor ofrtsoi co e f atores associ
resul t asdtorsa rdaenmoai x a axa de encaminhame
ambiente digital e perfis espec?2ficos
corrOnxdg@undo estudo utilizo

ra rexvahore€f£oldestLerLo |l de ex

rmitindo analisar control e | pz2dico e cus

en- a ateroscler-tica cardiovascul ar (AS

opor - «o0 de gpancdioe nnheetsa satliinp2 di cas e mai or e

om ASCVD, evidenciando | acunas no cui dado

n8lises de dados Oemeraegaoeegscsaldo i nNves:H
ratamento, sobrevi da oosb sdeer waada een tceuss tcoosm dcic

«-pequen®@lsul as metast8tico (NSCLC). A ansgli

ubstanciais entre efic8cia observada em R

ariabilidade nos custos assdci@uarst 0" se slti

escreveu padr»es popul acionais de uso de

i pacientes, demonstrando ampl a ut il iz

requentes com outros anal g®si cos. Os res

i gi | Oscwmimerpci al i za- «0 basAgaidrat egr aadosde eae

demonstra que RWE ® indispens8vel para cor

compl exi dade, permitindo responder a pergu

RCTs. A tese concl ui gue RWE n«o supatotui

compl ement ar e ceoxnd e nmbauane vind° nci as, of erec

fundamentais para decis»es cl2nicas, organi

[Enp—y

® QO c

t
e
toi u Processamen
ames | aborato
[
v

“O(’DQJ(DOU)D_<OQJQJ

b
S
C
e
di
e
O
n
r
P
P
d
P
C
a
t
n
S
v
d
m
f
v

Pal axthav BReaWor |E/i denReeaWor IRt a; processamen

|l i nguagem natural; efetivi.dade <cl 2n



ABSTRACT

SZNEJDER, RHeealVo y | d Evi dMewtcleodol ogi cal Cont
Applications i n20QlbelBi.cdleskPr d®Ooutcter ado em Ci
iFacul dade de Ci°ncias M®dicas, Universidad
Janeiro, 2025.

The production of scientific evidence in healthcare has undergone a profound
transformation over the past two decades, driven by the digitalization of clinical
information systems and the widespread availability of administrative, operational, and
clinical data. Within this evolving landscape, Real-World Evidence (RWE) has
emerged as a fundamental component of contemporary medical research, providing
critical insights into effectiveness, safety, utilization patterns, and economic impact in
settings that are not accessible through randomized clinical trials (RCTs). This
dissertation aims to analyze, integrate, and discuss four original studies based on
Real-World Data (RWD), conducted across distinct clinical domains within the Brazilian
private healthcare system, in order to demonstrate how RWE enhances the
understanding of real-world practice and complements traditional sources of evidence.
The first study evaluated more than 549,000 consultations delivered through a digital
urgent care platform, identifying real-world utilization patterns, predictors of referral to
in-person emergency departments, and factors associated with high-frequency use.
The findings revealed a low referral rate, high rates of clinical resolution within the
digital environment, and distinct profiles of users more likely to exhibit recurrent
utilization. The second study employed Natural Language Processing (NLP)
techniques to extract LDL-C values from unstructured laboratory reports, enabling a
comprehensive evaluation of lipid control and healthcare costs among individuals with
and without atherosclerotic cardiovascular disease (ASCVD). The results
demonstrated that only a minority of high-risk patients achieved guideline-
recommended LDL-C targets and that ASCVD patients had significantly higher annual
healthcare costs, highlighting substantial care gaps and the essential role of digital
technologies in scaling RWE analyses. The third study examined real-world treatment
patterns, observed survival, and direct medical costs among patients with metastatic
noni small cell lung cancer (NSCLC). Based on integrated administrative and clinical
data, the study found pronounced discrepancies between RCT-based efficacy and
real-world effectiveness, as well as significant variation in costs across therapeutic
strategies, underscoring the importance of RWE for economic evaluation and decision-
making in oncology. The fourth study described population-level prescribing and
utilization patterns of metamizole (dipyrone) in over 380,000 patients, revealing
widespread use across diverse age groups, marked seasonality, and frequent co-
administration with other analgesics. These findings reinforce the critical role of large-
scale RWE analyses for post-marketing surveillance and monitoring of commonly used
medications. Collectively, the four studies illustrate that RWE is indispensable for
understanding the complexity of real-world clinical practice and for addressing
guestions that are impractical or infeasible to investigate through RCTs. This
dissertation concludes that while RWE does not replace randomized trials, it occupies
a complementary and essential position within the broader continuum of evidence,
supporting clinical, organizational, and regulatory decision-making in modern
healthcare systems.



Keywords: Real-World Evidence; Real-World Data; Natural Language Processing;
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| NTRODUC¢EO

A produ-«o de evid®ncias cient2ficas em
com transforma-»es profundas nos sSi st ema:
epidemiol - gica e no ecossistema tecnol - gi
contempor ©nea. Durnmuwltee- «do®cded adsi,r eat rfiozes, de
protocol os assistengiademi hasnee@eument e em e
randomi Raddemilzed Cont rRATsed Teroinaslisd-eumados
para avalia-«o de efic8cia pvoress®isa ec aepsatcaib

rela-»es causais com el®@viddidPComitgaro, met odro

percep-«o0 das l i mi ta-»elst ainfteor emd eqqueaose R
representatividade guant o - aplicabilidad
cotidianas N«od6 t emnti rmplud dd o nado a i ncorpor

crescenttladdos e evid°ncias provW@Worileahtleat @ao R
ReaVor |l d Evi dén?c®, RWE)
Diversos autores ressaltam que popul a-»e

substancial mente das popul a-»es que vivenci

mai s jovens, menos complexas, mais aderente
altamentce ale®pdd€omo consequ°nci a, a gener
achados pode ser l i mi t ada, particul ar ment
mul ti morbidade el evada, barreiras de acess:
di sso, 0s RCTs r ar atheeda et acla pdauma me loe caudor r e
incluem varia-»es de pr8tica <c¢l 2nica, uso
fragment adas, eventos rar os, padr »es comp
retal® Em muitos cen8rios, perguntas essenci a
icomo ades«o a tratamentos, persist°nci a, e

em subgrupos vulner 8vei s fien «doe ssedrmp enih®v eipse r

abordadas pwirdoRCaITsr eletri - »es |ogi28ddas cas, ®t

Em paralelo a essas | imita-»es, as %l tin
expl os«o na di sponi bilidade de dados cl
rotineiramente por sistemas de saw¥wde: pr on
(utiliza-«0o deenecarsopoaspncientes coberto

sa¥de) , | audos | aboratoriai s, regi stros de
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di spositivos digitais, telemedicina e plata
dadobkiteral ment e, ifdado-¥omdled mbhatdiac ofnsWD )t ,u i R €
substrato rico, cont2nuo e massivo pa¥Y?a obs
Quando analisados de f or ma sistem8tica,

epidemi ol ogi a, estat2stica e infer°«WWoradcat
Evidence (RWE), que fornece estimativas de

custos edhiowmadoses fundamentais paraltdeci s»e

A incorpora-«o de RWE em processos de re
e formula-«o0o de pol?2ticas de saWwde tem ex
Document os e s tEruuwtoyreaamt eMse ddat EMAY , ABembgot i ol
Paper on t heWolbsled oda tRaa &ikenr vNeonnt i onal St udi es
Wor | d Ev(ideanee 2024) , estabel ecem diretr
met odol - gi ca, governan-a e padroni za- «o0 p
cient-®fliseoood and Drug ARDMEBMsitinBeégoando RWE
framewar k abomaegwl)at - ri o desd2i'@e mtpuroyw aCGkrmoe «d
i ncluindo orienta-»es espec?2ficas para exp
estudocsomersci ali za-«0 e uso de RWE como com

cl 2 n% g2 s

Diversas revis»es e an8lises de consens
espa-0 nactoammjadretn®vi d°nci as, compl ementando
estimativas de efetividade em cen8rios reai
raros, capturar heterogeneidade de tratamen
ssi st? hb%c M®t sdos mo dtearrngoest, tcroimeolt ®e milcatsi dms

a
empropensi teyf raomerwade ks nfer °néciianckcausdbd aqu
sistemati zados por ChHiesran 81 n& eR @liicrean a&\vimpk i & h o
consideravel mente a robustez anal 2tica de ¢
e fortalecendo a éXedibilidade da RWE

Em paralel o, a integra-«oigpeocecssameqgit ®:
l i nguagenNantautruarlalLailnguag®&LP) o c eMessanmignaes Ldeear n
Aprendi zado MEe)BMgghatmaopos massiowmps ) a- «o di s
item expandido significativamente a capacic
estruturadas de alta qualidade. Estudos rec
extra-«o de dados <c¢cl 2nicos n«o esttrrayteutr-ard o

| aboratori aid®s*@3compleesasade de investiga-«o
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inerentes s DBbsesc pmpaepedadorsescente de ar qu
i nteroper8vei s, baseadas em rho danews o k@ da
OMORIYHDSI|I na sustenta-«o do us®38e RWE em | a

No cen8rio brasileiro, a expans«o de p
bancos de dados da sawde suplementar e o d
Dados em Sa¥wde (RNDS) c¢criam condi-»es favor
assi m, desaf il drsa gmeernstias-t«<eom de si st emas, bai
heterogeneidade de qualidade dos dados e es

probl emas que evidenciam a necessidade de
concretas da?RWE?ho pa?2s

Neste context o, esta tese wutiliza quatro
baseados em RWD para ilustrar e analisar c¢r

em cen8rios assistenciais distintos:

1.Servi-o0o digttaeinddeneptont{ A digital), av
seguran-a, recorr°ncia e deter mi-namndrerso d
em mais de 549 mil atendi ment os.

2.Control e |l i p2dico e custos em Doen- a
(At herosclerotic Car ddSoCwWaDs)c ulcaorm uissoe adsee N
| audos | aboratomiesiud t wcdbdaedert obCyYLDem (L

ambiente real

3.COncer de ppdogwen@msad as maNtoamSmaBItli cGe I(! L
CangcemNSsSCLC) , relacionando sobrevida, ut |
e custos em um sistema privado de sa@¥de.

4 Padr»es popul acMenhaimisRidieierudsnoa )d,e descr eve

380 mil wusu8rios para caracterizar pr 8ti
Apesar das di feren-as cl2nicas, esses e
estruturais centrais da RWE: (1) operam e

popul a-»es de alt2ssima relevO©ncia num®ric
coletados par@a3pesnguegraam m¥l tiplos sistema
realizam an8lise retrospectiva da prs8tica

para estruturar, processar, corrigir, corre
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concenster aeanm efeti vidade, comportamentd assi
di mens»es frequentement.e inacess2veis via F

| mportante ressaltar que esta tese n«o t €

substitui-«o0o dos RG%s, maesmdednfmi e mr 8o espa-
de evid°ncia e destacar o papel singular da
avalide «xmodel os de cuidado, nNo monitorament
gera-«o de informa-»es relevant esiipmalauian do
seu papel complementa?®l® de apoio aos RCTs
Dessa for ma, esta introdu-«o0o estabel ece
para a constru-«o0o da tese. -Na @®r Fyxnohamesmrt .
Te-rica, aprofundando defini-»es, conceito
model os i nt dmmaneiwmargkislsate- ri os que s uWdrelnd am

Evidence no s®cul o XXI
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1FUNDAMENTAC¢CEO TECRI CA

1. Evol u-«0 hist-rica da produ-«o0o de evid°nc

A pesquisa c¢cl?2?nica passou por mudan-as
com a consolida-«0 dos ensaios cl2nboos® 1 a
para avalia-«o0o de efic8cia de interven-»es
introduzir Nii g @, metnhd d ol e sistem8tico de
infer°ncia causailntemnalftwaNgir dinttydet o, desd
s®cul o XX, diversos autores v°m apontando ¢
a complexidade da pr8tica reabm mepetcimal meod

idosas e usu8rias intensivas dos sistemas d
® |imiittada

O movimento da medicina baseada em evid®
f or mal de evid°ncias, mas tamb®m evidenci ol
t al como ocorre nos contextos reais. Revi s

RWE destacampgund°®°mcida exclusiva de RCTs p

regulat-rias | imita a compreens«o da efet:i
heterog®neos e silstEsnas mowmphenxtoes esti mul ou
de dados observacionai s, emnifcairalanceornvtiegi lc@
posteriorment e, ampliado par a efeti-vidad
comercializa-«o0, vigil©ncia epidemiol - -gica
organi ztadci onal
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1. ReaWwor |l d Data (RWD): defini-»es, fontes e

1.21Def i ni - «xo for mal

Os chamados dados d&Womuddbatreal RWBeast«o,
gerais, todas as informa-»es geradas rotine
ambiente experi mental dos ensaios c¢cl 2nicos
FDA e da EMAmnse nmasagda acategoria os dados p

assistenciais, administrativos, operacionai

-~

eutilizados de forma secund8ria para fin
econt!mica od.regulat- -ria

Diferentemente dos dados gerados em RCTs

pr-®efinidos e com vari8veis cuidadosamente
Ssubproduto natur al do cui dado: S«0 registr
deci s»es clhmantas, géaat uoade servi-o0os ou mo

Essa origem pragm8tica ® ao mesmo tempo Vv
confere grande proximidade com a pr8tica r
aus°ncia de padronidea-ikmof drdrea-l o, awairiaasbi | i
Y

otenciais ilMconsist°ncias

1. 2Fontes t2picas de RWD

As font es de RWD formam um ecossi stema

principais, podem ser destacadas: (1) pro
concentram diagn-sticos, prescri-»es, evolu
resultados de egmp@mp3Sutipbanofsé2) bases admin
contas m®di cas, sinistros, autoriza-»es de
outros registros ligados ao faturamento e
el etr*nica e de di smemssag- «qou ed ep emerd itceam r ec o
terap°uticas; (4) bancos de dados | abor at
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espec2ficos guanto apresentados sob a for

espec2ficos de doen- as, como registros de
de doen-as raras; (6) pl ataformas de telem
i nfor ma-reesatsecnldi mentos remotos, triagens,

dados gerados diretamente pelos pacientes,
wear ableplicativos m-veis e dispositivos co
e inqu®ritos enpildaerngiab lessgefacloas e

Essa diversidade de fontes representa un
permite enxergar a trajet-ria assistencial
t empo, i mp»e a nhecessidade de processos i
|l i mpeza del dadosaturAa enfatiza que a heter
granul aridade e de completude pode introdu
m®t odos de harmoniza-«o e ri/t3@mi ositclhar pa |
o potenci al dos RWbDa sd edbee ngddiea naxlou mdp@nci a, m e
dos sistemas de informa-«o e dalsos gaum pierss wian

confi 8veis para pesqui sa.

1. ReaWor |l d Evidence (RWE): conceito, valor e

13.0e RWD a RWE

ReaNorl d Evidence (RWE) n«o se confunde

resultado da an8lise sistem8tica de RWD el
estat2sticos e computacionais adegquade,s a
portanto, da t rgainsstfroorsmacl«?onidceosr,e admi ni str a
infer°ncias v8lidas sobre efetividade, S e
recursos e implatto econ!mico

Essa passagem de RWD par a RWE press:
fundamentais: (1) a clareza da pergunta de
de vista c¢cl?2nico, organizacional ou regul at

termos de compl°entcucdche ,e cvoanlsiidsad e ; (3) o dese
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ao objetivo, incluindo defini-«o de coorte,
m®t odos <capazes de mitigar oomrfsegn dubns®esr vdae
sele-«o0 e erros de classifica-«o. Sem esse
dados n«o se converte em evid°nci®f, mas ape

1.3 .\al or da RWE

A literatura internacional atribui ) RV
di ficil mente podem ser obtidas apenas com
RWE permite avaliar a efetividade de i nt

heterog°neas, osnétreqguoeaotrgamarpd sce nstuabdos em RC

idosos, pacientes com multimorbidade, mi nor
sa¥d®e Em segundo lugar, viabiliza o estudo o
gue requerem coortebsomgobsopextedsasde segui
delineamentos expertimewtais tradicionai s
Em terceiro lugar, a RWE possibilita i
padr »es de utiliza-«o0o de medicament os, pr o
capturando cC omo oS pacientes de fato uti
coti #ilanBm quarto Jlugar, permite descrever

ntensifica-«o0 ou desescallbanbeemeatr o at eeapt et

de pr8tica cl 2nica, fornecendo uma cartogr
condi-»es r2gidds'®Hms genstaood ugar, a RWE
particul armente Yt l para avaliar model os
cC omo programas estruturados de tel emedic
interven-3%%82-4d9 gitai s

Em sexto lugar, desempenha papel essenci
no c8lculo de impacto econ®!mico de terapi a
pragm8ticos, contribuindo diredteamentdeadgar a
or-ament 8ej amentpol&sePtoor ifailm, a RWE tem sido
mai s em processos regulat-rios, seja para a
monitorament o dec osmeegrucriaan -iaz ap «9 , reaval i a- «

deci s»es de d&$itnvesti mento
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13 . BWE em decis»es regulat-rias

Do ponto de vista regulat- -rio, a i ncor g
ossibilidade te-rica para se tornar realid

2iCentury GCaurees AAodument os subsequentes da

O O T

ados e evid°ncias do mundo real podem ser

ndica-«o0, -demeseoekesl pza-«0 e ajustes de rot
crit®rios definiadbisl i déeaderad i didggeNam&so o @ [
EMA publ i couQ?2 2ge fplaercttiirendocepb2p Bt a- »es espe.

o 29 ©

xplicitam os requi sitos para que RWD e I
eqgul at -rias, enfatizando governan- a, padr

-~

control & 7d% vi ®s

Al ®m das ag°ncias regulador as, institui
s a¥de, como NI CE, CADTH e | QWi G, passaram
an8lises de i mpacto or-ament 8ri o, efetivi
terap°utico, sobbeet8pdiodami Boeas«xo, COMO onNc

teraplias e doénllalsSEm atroadsos esses contextos,
os ensaios <c¢cl2nicos randomi zados, mas ampl
evid®ncia sobre o dessmpentmundas reeadtnoleagi
S

i stemas de sh®%de concretos

1. 4 i mi t aoseenssadi o0s cl 2nicos randomi zados e c(
R WE

Os ensai os cl 2nicos randomi zados const

medi cina contempor ©nea para estimar rel a-»

control adas. Entretanto, sua capacidade de
reai s de sa¥Alel i® driatitraad adest aca, de f or ma
restri-»es estruturais que tornam os RCTs

perguntas relevantes para €9 2nicos, gestore
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Uma | imita-«oseentganenmr&lfiez®- «xo dos resu
i nclus«o e exclus«o dos ensai os, necesss8rioa

selecionando amostras gue frequent ement e

mul ti morbi dddes fnd@gei s, mi nori as ®t ni cas
concomitantes e UsSuSs8rios i ntensi vos dos S i
achados, embora v8lidos em seu contexto e .

adequadamente o desempenh8t idcads !Pienaler ven- »es

Outra | imita-«o0o igual mente i mportante di
operacional dos ensai os. RCTs exigem re
monitoramento cont2nuo, centros integrados
| ongos per 2 o0doasmednet oac oPepraan hdi veosas ppedr gest
utiliza-«o, intensifica-«0 terap°utica, sot
i mpacto eco:mnlaonixtoos tornam oS ensaios invi 8§

pergunta exige amosdmmanmmamesntvas$pidali®angado

Al ®m di sso, oS RCTs operam em condi - »
acompanhament o. Paci efnmtecguenme aemdbaeimossupor
monitoramento e incentivos para seguir rig

raramente ocorre fora do ambiente experi me
ensai os pode superestimar a efetividademresc
sistemas de sa¥%de heterog°neos, com disponi
prestadores e n2vefs distintos de ades«o
OQutra | i mise-«@o rtefmproe de respost a. Em
deci s»esic@modam crises sanits8rias, introd

expans«o acelerada dei modBCoOs pedemteaci he!

para forneceapoevtiudh®anscidaesvi do "~ s suas etapa
aprova-«o, recrut!dgménto e execu-«o
Por f i m, hg8 perguntas que, por princz2pio

podem ser respondidas por ensai-osmer &indlciosa
em grandes popul a-»es, comparar estrat®gi as
Ssisteméddeeosaesti mar i mpacto econ®mico real
pragm8geilédNsesse censdMiroe d &vRdahce surge <co
met odol - gica compl ementar. Ela amplia o es:s
popul a-»es reai st,entcriaajiest -adampl eaxsassi se cont e

Hern8n e Robins, entre outros autalrvemr(gpt of
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trial e muwloartoi opnont e conceitual entre o rig

pr8ti¢tia Aeprloposi -«0o ® clara: embora a RWE

ela ® i1indispensS8vel para preencher | acuna
experi mentais e para contextwualizar a efic$8§
e impactoamo dosi di st’edas de salide
15M®t odos epidemiol -gicos e estat2sticos mo
A credibil i-Woardled dEav iRkeeance depende da qual
depende i givealtmelnMez de for ma aiinddeas ma® tso ddoes
utilizados para transformar registros obsert
RWE se baseia em dados n«o randomi zados, a
para qual glue®® anglise

Um primeiro conjunto de desafios envol
bservacicomdiosuomd®mrge qguando fatores associ a
Xposi-«0 e ao desfecho distorcem a rela-«o

rocessos n«o aleat-rios que incluem ou ex

—

etando a comparabiUBi tstder mat iragnr gniggess ser r

o ©9 T @d O

classifica-«o de vari 8vei s, oriundos d

consi stentes. E nd ae sotuu ddoes idnet esrovberne-wie s i ni

e
n

tempo,-seopaaticul armemmertal eVt agmtee bsbuasge (.
e

r2odos em que o indiv2duo n«o poderia api

atribu2dos ao®®tempo exposto
Ao | ongo das duas Yal t 1 mas d®cadas, a
desenvolveram um arsenal de m®todos destir

T®cni cas baseadas em esamarte hd tnrgp t oepi Enavaetr bspen ¢

probabil ity swei ghmpilnagnente wutili zadas ©par a
covari 8veis entre grupos comparados, mi ti ga
cen8rios mais complexos, especial mente quan

| ongo do tempo, amededaasgi @st sutpuwerr mitem est

ajustados para3essas din©micas
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A emul a-«o0 -devensproposta de forma si st
Robi ns, repr esenttuaal a vpaanr-toi caud maenent e r el eve

parte da formul a- «o expl2cita de um RCT

el egibilidade,mpdbneéepanelras (de exposi-«o e
reproduzir essas condi-»es no estudo obseryv
e aproxima o racioc2nio inferencial do padr

Al ®m das t ®cni cas par a control e de Y
desempenham papel fundament al , permitindo
di ferentes suposi -»es, cen8rios e model os
m®t odos regmessi on di yaont8iveuist yi nstrument ai
estimativas quase experimentais, desde que

veri fi’cadas

OQutro ei xo metodol -gico que tem transfor
i ntegra-«o com tecnologias digitais. O pro
viabiliza a extra-«o de informa-»es releva
como valonegibhabprachados de i magem3 38t de
Model onsacdhei ne temraeaidg utilizados para iden

prever trajet-rias terap°uticas e det®ctar

Arquiteturasi sdteaei dadddes de model os de padr c

propostos em i nOKDS# i vaseOMOBI aborativas
PCORnNet, permitem que m¥% tiplos centros <coc
aumentando a escala e a r¥produtibilidade d

Assim, a RWE contempor©nea n«o se baseia

combina-«0 sofisticada de desenho epidemio
dados, buscando sempre aproximar a i nfer®°n

hi stori camerst @aoss ncsiaads ¢l 2ni cos.

160 papel da tecnologia no ecossistema de R

A tecnologia constitul N«O apenas um S u|

estruturante para a produ-«o de RWE. A tran
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ampliou substancial mente n«o apenas o0 volur
sua granularidade, dive¥lsidade e potenci al

Entre as tecnologias -mai ® weloevantNedsP, pdc
I nfor ma-»es contidas em textos l'ivres, co
i magem, descri-»es cl2nicas e resumos de al
i nf or ma- «icxkoc re?stti8caestruturada em campos cod
transformar esses textos em vari 8veis mensu
significativo. OC eistwldw? dsoo bmes tlLaDLt ese i | us
transfor ma- «o: snpms NLPel sanmahi dar control
popul acional a partir 2de |l audos n«o estrutu

Outra dimens«o tecnol - -gica importante de
vest2veis e sensores conectados. Esses equ
de alta resolu-«o temporal, permitindo moni
sono, @ra&mstser i al e outros par©metros fisiol
pode ser considerado RWD e abrindo novas po
e persond&@fizados

Al ®m di sso, framevwoDkSd caoamoi OHMIOPAS ¢ omo
PCORnNnet t°m promovido padroni za-«0 semOntic
provenientes de diteae®taes dinfiesied naime saaepaal 2i sses
de forma EhmpagsSavepdadroni za-«odataas sprxhadas a
reposit-rios centralizados, capazes de ar
estrutpur adogsu)it et ur aspidpiesitiprniclisesdas aet omat i
sequenci al de tragrteméntcq@velies,dadefsor-a a r
confiabilidade da RWE.

A literatura internacional ressalta que,
i mportante, a qualidade fundamental dos dad
evid°ncia depende n « o apenas dos algorit
consist°nciadeda damphetreabilidadé dasiimnpf
tecnol ogi a e governan-a caminham juntas:
anal 2ticas,; a segunda garante que tais po
cient2fico, seguran-a e transpar°nci a.
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17RWE no contexto brasileiro

O desenvol vi m¥nrtlod diaviRkekeance no Brasil oc
mar cado simultaneament e por grande pot enc
i mportantes. De um |l ado, o pa2s disp»e de

com mil h»es de bgeuree fpircoid8urzi ogr andes vol umes
e cl2nicos diariamente. Esse universo de
prontu8rios eletrtnicos e registros de tele
rica para estud®®® observacionais

Somege a I sso0 adpnasewva-raéhdeepo®sst -ri os es:
otimizados para conselégaieoanPri vadasaldzt iec
e a r8pida expans«o da telemedicind9durgaret e
ampliou a gera-«o de registros estruturad:c¢

di gP® aODstro movi mento relevante no pa2s ® ¢

Naci onal de Dados em Sa¥de (RNDS), que al me
sistemas p%blicasnde pripeadpectcva de uma in
i nteroperabilidade.

Entretanto, o ecossistema brasileiro tar
fragmenta-«o0o entre sistemas p¥blicos e priwv
bai xa interoperabilidade e aus°®°ncia de pad

regi staoisntvemgsamente entre provedores e reg

e a validade de vari8veis essenciais. A au
padronizado, a ado-«o0 ainda irregular de pi
sistem8ticmadli Md Pleear ™iisgponi bilidade | i mi:
treinados em infer°ncia caluwsalr es termun ge i oa (
da RWE n%cional

Al ®m disso, 0o marco regulat- -rio brasilei

® incipiente em rela-«o0o amermacdhaaloecs eur amaw
jur2dicas e institucionais. A integra-«o en
fammac°utica e - rg«os regul adores tamb®m ®
pontuais mais do que em um ecoSsSsistema art.

Mesmo assime oblsemravaexpans«o da produ- «c

anos, com estudos de efetividade comparat:
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bases administrativas da sa¥%wde supl ementar

estudos de telessa*de em | arga escala e ir
privadas?%.®°bQusstgasat ro estudos desta tese se
tend°ncia e demonstram, na pr8tica, qgue o
i nstitucionais para produzir RWE de alto im

gue a infraeotdonst er @a, govem®tan-a sigam evol U

18Conex«o0o com oS quatro estudos da tese

€ luz da fundamenta-«o0 te-rica apresent e
contempor ©neas, 0SS quatro estudos que comp»
di stintas, mas compl ementares, do paradigm
conjunto pr-pei dadesf omPesdos e perguntas d
convergem para a mesma | -gica: utilizar i n

-

esponder quest»es que n«o seriam adequadan

radicionai s.

—+

Em primeiro lugar, os estudos cobrem qua
sa¥de: tel emediactiennadi enmanpoormtigi tal, contr ol
cardiovascul ar, tratamentpe qen@Eniceas met gput
(NSCLC) e uso pMepg wlma @iogireabtndk. Essa diver si
a amplitude de temas que podem ser i nvest
versatilidade metodol  -gfka da RWE contempor

Em segundo Il ugar, cada estudo wutiliza wu

estudo de telemedemiom gravda prontus8rio el
di gi?®al o estudo | ip2dico wutiliza | audos |
convertidos em dados estruturados porsemnei o
em uma base administrativa de operadora, <co
e 0 estudo ded iddiggiaa amma rced Ponisceo popul aci onal
registros @agd.miAd srtegwntiirv fontes t«o distinta
de formatos de RWD e a import©ncia da <ca

interpretar informa-»es de origens heterog?®
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Em terceiro lugar, os estudos abordam |
cas, |l og2sticas, econ®'micas ou metodol -
i sar padr »es de recorr°ncia de tel eme
i entes, eke r BMOLdevall Duckkdss nNn«o estruturad
i mar sobrevida e custos terap°uticos em
descrever padr »es popul acionai s de uso
sumi do s«o0o tarefas qause R&Tsr.a pbsl saars op eersgeu
tido apenas em um ambiente observacional

Ssi stemas de sa¥%de.

Em quarto lugar, o0os estudos utilizam m®t
RWE: regress»es multivariadas, processanm
sobrevida, an8lise de <custos, estratif
fus«o«wi aigeresal/’deA wanri @daide met odol - gi
obustez da tese, ao demonstrar que a RWE
um conjunto integrado de abordagens.

Por fim, o0os estudos respondem a demandas
rdam seguran-a e adequa-«o0 de model os di
controle de fatores de risco cardiovasc
ni co deonealapgiacas modernas e descrevem
i camentos de grande penetra-«o popul ac

nscendem seu valor acad’°mico estrito e ¢

t«o, planej ament og,i cian ceo rvp ogri@m@droc iitaelcpnzs - «
sa for ma, a tese demonstra n«o apenas
icabilidade pr8tica e seu potenci al de

d°ncia capaz de orientar pol2ticds e mel
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2CONTEXTUALI ZAC €O

21A emerg°ncia da RWE como ei xo central da

A asc
mudan- a
ombi na -
ol ume d

stat2st

T 0o < O

assasse
Paral el a
com enve
crescent

Ness

e
causalid

"'s mval t

opul ac
aria-»e

peraci

o

bserva-
|l t ernat

spectro

@ ® 9 O O < T

mpl as e
Essa

ma s da

observac
i nsights
e i nstit
demonstr
i nterven

heteroge

ens «oWodd dRekEavli dence nas %l ti mas dusz¢
estrutur al na forma como o0 <conhec
«o de digitaliza-«o0o de sistemas de
e dados grtrade savarn- meimeatmedol - gi co
ica e <c¢ci°ncia de dados permitiu q
m a ser analisados c omo i simo (
ment e, si st esnasc admad\sésate npd rerxarsg mc o
| heci mento populacional, multimorbi
e presst&d®sobre custos

contexto, os RCTs, embora per mane-
ade em condi -»sghicmonst r ol adthes par ac
pl as quest»es que emergem do cui deé
onal , padr »es de utiliza-«o, ades
S regionai s d ecc opmeSrtciicaa ,i zse gD aonu- ac
nall de model os organizacionais s-:

«0 sistem8ti t&@.AFRWEUIisdiadce ,c qtoird iaar c
i va, mas como complemento necess§8r
da medicina baseada em evid®°ncias
contYé%t&alizadas

mudan-a de paradigma n«o decorre ap
mat uri dade crescente de m®t odos

i onai s, reali zar i nfer°nci as robus

cl2nicdéd% Begulgadnozas, ohananci ador e
ui - »es acad’°micas passaram a reco
ada em ambientes experimentai s,

-»es se comportam na r eaarliiadbaidei,d aa
nei dades S hlerentes ~ pré8tica
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22Panorama internacional : consolida-«0 meto
O desenvolvimento da RWE internacional (
padroni za-«o0 t®cnica, institucionaliza-«o0 r

por me2ilostdoCent urey d@u rsausgafscdiamacse doc ememthe c e
explicitamente o] papel da RWE em expans»
comercializa-«0 e decis»es @86 AeBRbA| cponame
nstfinamawoornkos o DARWI N ErUe fel epcuthbi l@inoapiaeretr & - »
espec2ficas que defgfumémdpddr »govdrnan-a e
egul at -rfi-é6.'4de RWD

Il niciativas ©paralelas, como P @ORmaertt,i rOH
cria-«o de uma estrutura consistente e reg
consolidaram model o9 i pe ladnaad @&st i ccoonsu nrse pel i ¢ §v
que institui-»es em diferentes pa?238e3 Icsmtr
aumentou substancial mente a comparabilidad
reproduzir achados, fortalecendo a credibil
editorial, peri-dicos de alto i mpacto pass:
esudos obser vaciieosnpae csi arlonbeunstteo sem oncol ogi a,
raras, imunoterapia, vacinas ‘el essawude e

Esse movimento demonstra um amadureci me
dei xou de ser vista como evid°ncia de seglL
centr al em debates <cient2ficos e regul at
rotineiros e matdadolpegimast iaavan-cri a-«o de
vid°inmaias pr-xima da realidade, mai s ampl
di sponi'Fi |l idade
230 cen8rio brasileiro: potencial e |l imita-

N o Brasi |, 0 potenci al par a produ- «o
supl ement ar, por sua escala e informati za-

administrativos e cl 2nicos. O avan-o da t e
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mai s a gera-«o de registros digitais em co
institui-»es pmraitwadvaay eladomts®m qual i dade, col
informa-»es | aboratoriais, med?f%.adme nRNBRA,s &
i ntegrar progressivamente bases de dados pb?

uma i nfraestrutura nacional de interoperabi

Ai nda assim, l i mita-»es persistem. A
heterogeneidade nos padr»es de registro, a
model os de dados, a | imita-«0 na ado-«o0 de
restrita deegppeeodiaslsiioaachos em infer°ncia ca
inviabilizam ang8lises pl enament e A%t Wwada
governan-a regulat-ria, embora em evolu-«o,
compar 8veis s da®nagsncias internaci

Mesmo com esses obst8culos, o pa?s j§&8 p
8reas, e a tese aqui apresentada contri bui
aplicar m®t odos contempor©neos em quatro d:¢
supl ementar, @ewoabtraddde e o valor da pe:
reais no cont%®xto brasileiro

24 0s quatro estudos como s2ntese pr8tica do

Os quatro estudos desta tese represent al
concreta da amplitude e do potencial da RWE
de RWD, aborda uma quest«o n«o contempl ad:
m®t odos gue sehdet edlm owaréee da epidemiologi
contempot3®heas

O estudo de telemedicina evidencia como
model os assistenciais inovadores, caracter
recorr°ncia e sedur®nestoper dei aDal demonstr
tecnol egip&ci al meinptaer aNLtPr ansf or mar dados n«
vari 8veis anal2ticas capazes de s?8stCeretsar de
de NSCLC revela a diverg°ncia entre efic8c

contextos de alttear acpo®mptliecxai,d aedwei denci ando a
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para decis»es de incorPphdt Roxof e miMeotasemit zaaieen

demonstra como a RWE pode serviomerprapi gnl

of erecendo uma das descri-»es popul aci ona
medi camento em céhtexto brasileiro

Esses estudos, portanto, materializam a
conceito, mas um conjunto integrado de pr 8§
ger ar conhecimento aplic8vel e relevante

s avid és
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3OBJETI VOS

3. 10bj e

tiv

Avali a

O potenci

( RWE)
grande

servi -

por
s b

os,

medi camen

o ger al
r, em di ferentes contextos assiste
al , as aplica-»es, 0 Ss-Whrelnee f E€x1 den

mei o da ans8lise intégmaadamedémagqoat

asWaesr ldle Retad ( RWD) , contempl ando a
gual i dade assistencial, efetivi
tos e Iimpacto econ!mico em cenS8rio

3. 0bjetivos espec?2ficos

a)Descrever padr »es reai s de utiliza-«o
atendi mento (PA digital), identificando
encami nhament osoaor rpor ohgasi co, di n©mi c a
caracter2sticas opeRWR. onais captadas po
b)Avaliar o controle |ip2dico e 0s custos
doen-a ateroscler-tica <cardiovascul ar (
administrativas e | aboratoriais, i ncl ui
l i nguagem naturala(INAPJosasph«aocaesatrutur ad
c)Esti mar sobrevida observada, l i nhas de
associados ao cuidado de pacientes com
pequenas metast8tico (NSCLC) , util i zan
caracterizar i mpact oe ae csondtemipcro§8 tei cpaa dern» eos
d)Descrever e analisar padr Meetsa npioBpoyliea @in@r) ¢
em mai s de 380 mi | i ndiv2duos, I dent i
frequentes, combina-»es terap°uticas e
faixas et 8rias.
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e)lntegrar transversal mente oS achados [
benef2ci os, |l i mita-»es, desafi os met odoa
di ferentes dom2zni os cl 2ni cos, bem como

formas de evid®°nci a.
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4MATERI A1 S E METODOS

A presente tese adota uma estrutura base
i nstitucional da Universidade do Estado di

Materiais e M®todos ® composta por duas par

l1.Descri-«0o metodol -gica geral, comum ao c
2.Descri-«o0o resumida da metodol ogia de ca
destaque para os el ementos de RWD/ RWE qu
evid°@Gada. artigo segue metodol ogia pr-p
correspondent e.

4. Desenho geral da tese

A tese ® composta por quatro estudos obs
fundameenm agfdroandes bases de dados de mundo r
fontes da sa%de suplementar brasileira. Tod

T Uso secundS8rio de dados original ment e

assistenciais, operacionais ou administr

9 Desenhos n«o intervencionai s, sem mani pu
T An8lise retrospectiva de registros estr

entre prontu8rio eletr!nico, |l audos t e:

| aboratoriais e registros administrativo

T Aplica-«0 de m®todos epidemiol - -gicos e

pergunta de pesqui sa,;

T anfase na consWoulagoEded&Rrade, seguindo 1

ag°ncias regulat-rias e boas ©prs8ticas r
| SPOR) .

Todos o0os estudos que comp»em esta tese fo

dados anoni mizados, em conformidade com a |

a Lei Ger al de Prote-«o de Dados (LGPD), e
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pesquisa com dados secundS8rios. Cada invest

avalia-«o0o ®tica e recebeu aprova-«o indivioc

Pesquisa (CEP)

4. Fontes de dados de mundo r eal ( RWD)

As bases wutilizadas incl uem:

f Prontu8rios el etr®*nicos de telemedicine
anota-»es m®dicas de atendi mentos digit a
9 Bases administrativas de opguiaaords debr
com detal hament o dos servisosauaesi gher
di agn-sticos e¢lodd)i,f ipradoesda(ndkel@ld8S) e dad
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Abstract

Study objective

Digital urgent care services have expanded rapidly as an alternative access point for low- and moderate-acuity
conditions. Despite increasing adoption, real-world evidence characterizing utilization patterns, repeat visits,
and predictors of referral to in-person emergency departments (EDs) remain limited. We aimed to describe
utilization patterns of a large digital urgent care service in Brazil and identify risk factors associated with (1)
high recurrence of use and (ii) physician-directed referral to a physical ED.

Methods.

We conducted a retrospective real-world data study using electronic health records from a large private digital
urgent care service in Brazil. All encounters between February 1, 2024, and February 28, 2025, were included.
A total of 549,875 encounters from 235,958 patients were analyzed. Demographic, clinical (ICD-10 chapters),
operational (consultation duration, use of prescriptions, exam orders, sick leave certificates), and utilization-
intensity variables were evaluated. Multivariable logistic regression models were fitted to identify factors
associated with ED referral and high recurrence (=3 encounters during the study period).

Results.

Most encounters involved adults aged 19-59 years (470,871; 85.6%) and female patients (57.2%). The overall
ED referral rate was 9.2% (50,477 encounters). In multivariable models adjusted for demographic, clinical,
and utilization characteristics, male sex was associated with lower odds of ED referral (OR 0.81; 95% CI1 0.79—
0.83). Consultation duration was also independently associated with referral probability, with higher odds
observed for longer encounters (OR 1.05 per minute; 95% CI 1.04—1.05), even after adjustment for case mix
and diagnostic categories. The issuance of prescriptions, exam orders, and sick leave notes was associated with
substantially lower odds of referral. High recurrence of use (=3 encounters) was observed in approximately
one-third of patients and was independently associated with the 19-59-year age group (OR 1.82; 95% CI 1.76—
1.88) and with diagnoses from mental health, musculoskeletal, and nonspecific symptom chapters. The
issuance of sick leave certificates was also associated with higher recurrence (OR 1.49; 95% CI 1.47-1.51).

Conclusion.

Real-world evidence from a high-volume digital urgent care service in Brazil shows high adoption among
adults, low ED referral rates, and a distinct subgroup of recurrent users. Demographic, diagnostic, and
operational factors help identify patients at greater risk for ED referral and high utilization, with important
implications for protocol development, care coordination, and demand management in digital urgent care
models.

Keywords: real-world data; digital urgent care; telemedicine; recurrence; referral; emergency department.
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INTRODUCTION

The rapid expansion of digital urgent care services has transformed how populations access immediate care for low- and
moderate-acuity conditions. In many countries—particularly following the COVID-19 pandemic—rvirtual urgent care has
become an important entry point to the health system. broadening access and reducing pressure on in-person emergency
departments. International studies have documented substantial increases in tele—urgent care utilization, along with
changes in care patterns and downstream referrals to emergency services, .2

In Brazil, although the use of telemedicine has grown rapidly. real-world data (RWD) describing utilization patterns.
clinical resolution. and factors associated with repeat visits or referral to physical emergency departments remain scarce.
RWD is internationally recognized as essential for understanding the real-world performance of health services, informing
regulatory decisions, and supporting public health planning.?* Within Latin America, evidence on RWD derived from
digital care environments is even more limited.”.

Repeat use of digital urgent care platforms is a recurring concern in the tele-urgent care literature. Some authors suggest
that telemedicine may increase overall demand for acute care.t,” whereas others report that repeat ufilization is more
strongly associated with patient clinical profiles and underlying conditions than with the digital model itself.® Similarly,
clinician-directed referral to an in-person emergency department is considered a critical indicator of the safety and
resolution capacity of digital urgent care services.

Despite the rapid expansion of digital urgent care across the region. no large-scale real-world study in Latin America has
evaluated independent predictors of both repeat utilization and emergency department referral—key dimensions of
service performance, resolution and safety. This study seeks to address these knowledge gaps by analyzing a large real-
world dataset to identify demographic, clinical, and operational factors associated with high recurrence of use and
physician-directed ED referral within one of Brazil's largest private digital urgent care programs. These findings may
support the refinement of clinical pathways. protocol development. and integration between digital and in-person
emergency care.

METHODOLOGY
Study design and setting

This was a retrospective observational real-world data (RWD) study using electronic health records (EHR) from a large
private digital urgent care service in Brazil. The service is staffed by licensed physicians who provide synchronous video
consultations 24/7. O PA digital tem como propdsito o manejo de queixas agudas de baixa e média complexidade, com
possibilidade de emissdo de prescricdo, solicitacdo de exames, atestados e, quando necessario, encaminhamento a pronto-
socorro fisico.

The digital urgent care service operates under a standardized guidelines covering the most common syndromes and
diseases encountered in emergency care. These protocols include structured guidance for history taking, past medical
history assessment, systematic evaluation of signs and symptoms, and recommendations for diagnostic testing and
treatment. For each syndrome., predefined red-flag criteria indicate the need for referral to in-person emergency
department care, such as chest pain suggestive of angina, asthma with severe dyspnea, and suicide attempts or acute self-
harm risk in the context of psychiatric conditions.

Data source and real-world data governance

All encounters were registered in the company’s proprietary Electronic Health Record (EHR) system, with structured
fields completed in real time by physicians. Access to the system requires biometric authentication, ensuring user
traceability and data integrity. A nursing quality team performs routine sampling-based audits of clinical documentation.
All data used in this study were fully anonymized prior to extraction, with removal of identifiers according to Brazilian
LGPD standards.

Ethical considerations / IRB exemption

Because the dataset was fully anonymized, with no possibility of re-identification, and because the study involved
secondary use of operational health data without intervention or interaction with patients, it met criteria for IRB
exemption according to international standards for de-identified RWD research (e.g., U.S. 45 CFR §46.104). A formal
IRB review was therefore not required.
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Inclusion and Exclusion Criteria

All digital urgent care encounters conducted between February 1, 2024, and February 28, 2025, were eligible for
inclusion. The study encompassed patients of all ages and both sexes, and only encounters with complete demographic
information, a valid ICD-10 chapter classification, and a documented physician disposition were retained for analysis.
For patients under 18 years of age, all digital visits were performed with the participation of a parent or legal guardian, in
accordance with service policy.

Encounters were excluded if they lacked required analytic fields, as detailed in the study flowchart, or if the clinical
documentation was incomplete. Encounters with recorded durations longer than 40 minutes were also excluded, as these
were deemed to represent system-related recording errors rather than true consultation times.

Outcomes and covariates

The study evaluated two clinical outcomes extracted from the operational electronic health record (EHR) used during all
digital urgent care encounters.

Primary outcome: high recurrence of digital urgent care use, defined as =3 encounters per patient during the study period.
This operational definition followed internal utilization benchmarks and prior tele-urgent care literature.

Secondary outcome: physician-directed referral to a physical emergency department (ED) during the digital encounter
(binary: yes/no). The study did not track whether the patient subsequently attended an ED; therefore, the physician’s
documented disposition was used as the definitive clinical decision.

Covariates were selected based on clinical relevance and prior evidence in studies of tele-urgent care utilization: (a)
Demographics: age, age groups (0-9, 10-18, 19-59, >60 years), sex at birth; (b) Clinical information: ICD-10 chapter
classification for the primary diagnosis (e.g., infectious diseases, respiratory diseases, symptoms/signs, musculoskeletal
disorders, mental health disorders), and Carr-Hill ¢ 2(:omplexity index (continuous); (c¢) encounter characteristics:
consultation duration in minutes, day of the week, and month of encounter; (d) use of clinical resources during the digital
visit: test/exams orders (yes/no), prescription issuance (yes/no), and sick leave certificates (yes/no).

Carr-Hill index is a validated measure of clinical complexity and workload used in UK primary care allocation models;
we adapted its continuous scale as a proxy for case complexity.

Statistical Analysis

All analyses were performed using Python 3.10 with the packages pandas, statsmodels, and scikit-learn. Continuous
variables were summarized as mean (standard deviation) or median (interquartile range, IQR) based on distributional
assessment. Categorical variables were reported as absolute counts (N) and relative frequencies (%). Between-group
comparisons (e.g., referred vs. not referred; recurrent vs. non-recurrent users) were conducted using the Pearson chi-
squared test for categorical variables and the Wilcoxon—Mann—Whitney test for continuous variables.

We performed descriptive analyses using frequencies, proportions, and measures of central tendency. To identify factors
associated with physician-directed referral to a physical emergency department and with high recurrence of digital urgent
care use (=3 encounters), we fitted multivariable logistic regression models. Covariates included sex, age group, ICD-10
chapter, consultation duration, the Carr-Hill clinical complexity index, and use of clinical resources (prescriptions, exam
orders, and sick leave certificates). We estimated odds ratios (ORs), 95% confidence intervals (95% Cls), and p-values.
Model discrimination was assessed using the area under the receiver operating characteristic curve (AUC), and calibration
was evaluated with the Hosmer—Lemeshow goodness-of-fit test. Collinearity was assessed using the variance inflation
factor (VIF). All analyses were conducted using Python.

Forest plots were displayed using a logarithmic scale, as logistic regression coefficients are estimated on the log-odds
scale. Log transformation centers odds ratios symmetrically around the null value (OR=1), facilitating interpretation of
both protective and risk associations within the same visual dimension. It also produces confidence intervals that are more
proportional and comparable. Linear scales distort visualization by compressing values below 1 and exaggerating values
above 1; therefore, the log scale is the statistically appropriate standard for graphical representation of logistic regression
results.
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Multivariable Models

Two multivariable logistic regression models were constructed:

1. Model A: Factors associated with referral to a physical ED — Outcome: referral = yes/no (binary logistic
regression)

2. Model B: Factors associated with high recurrence (=3 visits) — Outcome: recurrence >3 vs. <3 (binary logistic
regression)

Both models included the following prespecified covariates: sex, age group, ICD-10 chapter, test orders, prescriptions,
sick leave certificates, consultation duration, and Carr-Hill index. Covariate selection was driven by clinical plausibility
and literature-based relevance (not automated variable selection). Odds ratios (ORs), 95% confidence intervals (95%CI),
and p-values were reported.

Model discrimination was assessed using the area under the receiver operating characteristic curve (AUC). Model
calibration was examined with the Hosmer—Lemeshow goodness-of-fit test.

Collinearity and Interaction Assessment

Pairwise collinearity was assessed using the Variance Inflation Factor (VIF). A conservative cutoff of VIF < 2.5 was
applied as the threshold for acceptable collinearity, consistent with methodological recommendations for large cohort
logistic models. No variables exceeded this threshold. Two-by-two interactions between major covariates (e.g., age X
ICD-10 groups, sex x ICD-10 groups) were tested but retained only when improving model fit without inducing
instability.

Scaling and Transformations

Consultation duration (continuous) was examined for linearity in the log-odds using restricted cubic splines; as the
relationship was approximately linear, the raw minute-based scale was retained. No additional transformations were
necessary.

Significance Level

Statistical significance for multivariable regression coefficients was set at p < 0.05 (two-tailed). Confidence intervals
were calculated at the 95% level.

Missing Data

The digital urgent care platform captures structured fields at the point of care; therefore, missing data rates were extremely
low. Records missing sex (0.02%), age (0.006%), ICD-10 chapter (0.03%), or consultation timestamp (0.02%) were
excluded from the analytic dataset. Because the proportion of missingness for any analytic variable was < 0.1%, no
imputation procedures were required, and complete-case analysis was performed. A detailed flowchart of exclusions is
shown in Figure 1.

RESULTS

A total of 549,875 encounters from 235,958 unique patients were included in the final analytic dataset. Overall, 57.2%
(314.456) of encounters involved female patients. The mean age was 31.5 years (SD 12.7), and most encounters fell
within the 19-59-year age group (470.871, 85,6%). Table 1 presents the baseline demographic and clinical characteristics.

The most frequent ICD-10 chapters were Chapter [ (Infectious diseases): 139.077 (25.3%), Chapter X (Respiratory
diseases): 119.909 (21.8%), Chapter XVIII (Symptoms and signs): 79.625 (14.5%), Chapter XIII (Musculoskeletal
disorders): 39.839 (7.2%) and Chapter V (Mental health disorders): 35.717 (6.5%).

Prescriptions were issued in 78.1% (429.335) of encounters, diagnostic tests in 16.3% (89.312), and sick leave reports
in 44.6% (245.189). The median consultation time was 5.2 minutes (IQR 4.3-6.6).

ANNEMERGMED-S-25-02419 - Submitted on 12/02/2025 - Sznejder, H.

45



MN®PWb~c Uzt HAI REGHDb

FErE BN

E~EA

Among the 549,875 digital urgent care encounters analyzed, 50,477 (9.2%) resulted in a physician-directed referral to a
physical emergency department. Compared with encounters that did not result in referral, referred patients were younger,
with a lower mean age (29.9 vs. 31.7 years) and median age (28 vs. 30 years). Consultation duration was slightly longer
among referred cases, although the absolute difference was minimal (median 5.4 vs. 5.2 minutes). Encounters that led to
referral showed markedly lower use of digital clinical resources: prescriptions were issued in 38.1% of referred encounters
versus 82.1% of non-referred encounters; diagnostic tests were requested in 2.2% versus 17.7%; and medical leave
certificates were provided in 3.0% versus 48.8%. High-frequency utilization was also less common among referred
patients, with only 5.8% having three or more encounters, compared with 25.5% among those not referred. Diagnostic
distribution differed between groups, with referred encounters showing a higher proportion of ICD-10 Chapter XVIII
diagnoses (symptoms, signs, and abnormal clinical or laboratory findings: 27.0% vs. 13.2%) and lower proportions of
respiratory diseases (12.4% vs. 22.8%) and infectious diseases (20.1% vs. 25.8%). These patterns indicate that ED referral
within the digital urgent care service was concentrated among younger patients and those presenting with more
nonspecific or undifferentiated clinical complaints, as reflected in the ICD-10 distribution and the lower use of digital
management resources. Baseline demographic and clinical characteristics by encounter outcome (discharge vs in-person
ED referral) are summarized in Table 2.

The distribution of encounters showed a marked predominance of adults aged 2039 years, who together accounted for
64.4% of all visits (35.4% among those aged 20-29 years and 29.0% among those aged 30-39 years). In contrast, children
aged 0-9 years and older adults aged 60 years or more represented a substantially smaller proportion of encounters (7.3%
combined). This age pattern was consistent across sexes, with similar proportional contributions in both female and male
users. As demonstrated in Table 3, these findings indicate that the digital urgent care service was used predominantly by
young and middle-aged adults, with relatively limited utilization at the extremes of age.

Operational indicators by age group

The number of patients treated and the corresponding ED referral rate for each age group are summarized in Table 4.
The overall ED referral rate across all encounters was 9.2%.

Utilization intensity and referral rates varied across age groups. Adolescents and young adults (15-29 years) demonstrated
the highest encounter frequency, averaging more than 2.7 visits per patient. ED referral rates were highest at the extremes
of age, reaching 13.8% among children aged 0—4 years and 16.5% among adults aged 80 years or older. In contrast,
referral rates were lowest among middle-aged adults (7.5%—8.4% in the 30-59-year groups). These patterns indicate that
both very young and older patients were more likely to be referred for in-person evaluation, whereas middle-aged adults
represented a lower-risk group despite moderate utilization intensity.

Encounter duration showed a highly skewed distribution, with 91% of consultations lasting between 2 and 10
minutes. Very short encounters (<2 minutes) represented only 2.1% of all visits and had the highest ED referral
rate (11.6%). The largest volume of encounters occurred in the 2—-5-minute and 5-10-minute ranges (41.9%
and 49.4% of all visits, respectively), with ED referral rates between 8.5% and 9.7%. Consultations lasting
10-20 minutes accounted for 6.2% of encounters and had a similar referral rate (9.4%), while very long
encounters (>20 minutes) were rare (0.4%) and showed an 8.3% referral rate. As expected, mean encounter
time, the number of exams per encounter, and the prescription rate increased progressively across duration
strata. Overall, encounter duration demonstrated limited discriminative ability for ED referral, as referral rates
varied modestly across duration categories. Table 5 summarizes variables variations across different encounter
duration brackets,

We explored encounter duration as a potential discriminator for ED referral using ROC-based approaches.
However, no clinically meaningful cutpoint was identified: Youden’s index remained very low across
candidate thresholds (including 2—5 minutes), indicating that consultation time alone has poor discriminative
ability. Therefore, encounter duration was retained in the multivariable models as a continuous covariate rather
than being dichotomized

Factors associated with referral to a physical emergency department

The associations between demographic, diagnostic, and operational variables and the outcome of clinician-directed
referral to a physical emergency department are presented in Table 6.
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In the multivariable analysis (Table 6), male sex was associated with lower odds of referral to a physical emergency
department (OR 0.81; 95% CI 0.79-0.83), after adjustment for age, diagnostic category, clinical complexity, and resource
use. Adolescents aged 10—18 years and adults aged 19-59 years had higher odds of referral (26.1% and 7.7% increases,
respectively) compared with children aged 0-9 years, whereas older adults aged 60 years or more had lower referral odds
(13.1% decrease).

Diagnoses related to mental health and respiratory conditions were associated with substantially lower referral probability
(61.7% and 48.7% reductions, respectively) compared with the reference ICD-10 chapter, suggesting high clinical
resolution for these presentations within the digital environment. Diagnoses from the musculoskeletal chapter were also
associated with lower referral odds (OR 0.88; 95% CI 0.85-0.92). Higher Carr-Hill complexity scores were associated
with modestly lower probability of referral (OR 0.90 per unit; 95% CI 0.89-0.92).

Consultation duration was positively associated with referral (OR 1.05 per additional minute; 95% CI 1.04-1.05),
indicating that longer encounters were more likely to result in recommendation for in-person evaluation. Conversely,
exam orders (89.3% reduction), sick leave certificates (95.5% reduction), and prescriptions (79.3% reduction) were
strongly associated with lower odds of referral, suggesting that when clinicians are able to formulate a diagnostic or
therapeutic plan during the digital encounter, the need for physical ED assessment decreases substantially. A forest plot
graph of factors associated with referral to a physical emergency department was created to illustrate the impact of each
variable, as seen in Figure 2. It shows the results of the multivariable logistic regression model (odds ratios are displayed
on a logarithmic scale with 95% confidence intervals).

Factors associated with high recurrence of digital urgent care use

The multivariable logistic regression model evaluating factors associated with high recurrence of digital urgent care use
(defined as 3 or more encounters during the study period) is summarized in Table 7

In the analysis of high recurrence of digital urgent care use (>3 encounters during the study period), the multivariable
model (Table 5) showed that male sex was associated with lower odds of recurrent use (OR 0.65), after adjustment for
age, diagnostic profile, and operational variables. Adolescents aged 1018 years and, more prominently, adults aged 19—
59 years demonstrated higher odds of recurrence compared with children aged 0-9 years (OR 1.32 and OR 1.82,
respectively), whereas adults aged 60 years or older did not differ significantly from the pediatric reference group. A
forest plot graph of factors associated with high recurrence of digital urgent care use was created to illustrate the impact
of each variable, as seen in Figure 3. It shows the results of the multivariable logistic regression model (odds ratios are
displayed on a logarithmic scale with 95% confidence intervals).

Using ICD-10 Chapter XVIII (symptoms, signs, and abnormal clinical and laboratory findings) as the reference, higher
recurrence was observed among patients presenting with mental health conditions (Chapter V) and musculoskeletal
disorders (Chapter XIII), while respiratory diseases (Chapter X) were associated with lower recurrence. Less frequent
diagnostic categories (“Other chapters™) also showed slightly lower odds of high recurrence relative to Chapter X VIIL

Regarding resource use, issuance of sick leave certificates was strongly associated with high recurrence (OR =1.49). In
contrast, exam orders and prescription issuance were associated with lower recurrence probability. Higher Carr-Hill
complexity scores were also associated with reduced odds of high recurrence, and longer consultation duration
demonstrated a modest inverse association (OR ~0.98 per minute).

LIMITATIONS

The outcome “referral to a physical emergency department” reflects the clinician’s recommendation during the digital
encounter and does not capture whether patients ultimately presented to an in-person ED. Therefore, the referral rates
reported here represent clinical guidance rather than actual downstream utilization of emergency services.

Our group also did not have access to “hard” clinical outcomes such as hospital admissions, return visits to physical EDs,
or mortality. The absence of these endpoints limits our ability to fully assess the safety and effectiveness of digital urgent
care from a longer-term clinical perspective.
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The data used in this populational study were derived exclusively from a large private health system in Brazil, which may
limit generalizability to public-sector settings or to health systems in other countries. Patterns of utilization, access, and
case mix may differ substantially across organizational and socioeconomic contexts.

Finally, although real-world data provides valuable insight into routine clinical practice, the quality of the analysis is
dependent on the completeness and accuracy of information entered by clinicians and recorded within the electronic
health record system.

DISCUSSION

This study identified independent predictors of both repeat utilization and clinician-directed referral to an in-person
emergency department (ED) in one of Brazil’s largest digital urgent care programs. Overall, the findings align with
international reports of virtual urgent care use, particularly regarding the predominance of low-acuity acute conditions,
younger patient profiles, and high levels of clinical resolution achieved during digital encounters.

With respect to ED referral, the multivariable model (Table 6, Figure 2) demonstrated that male sex was associated with
lower odds of referral even after adjustment for age, diagnostic category, clinical complexity, and operational
characteristics. Adolescents aged 10-18 years and adults aged 19-59 years had higher odds of referral compared with
children aged 0-9 years, whereas adults aged 60 years or older demonstrated slightly lower probability of referral.
Diagnoses related to mental health, respiratory diseases, and musculoskeletal disorders were associated with reduced
referral likelihood, suggesting that when the clinical presentation falls clearly into a defined diagnostic category, digital
urgent care encounters tend to achieve greater resolution than in cases dominated by nonspecific or undifferentiated
symptoms.

These findings are consistent with the international literature on direct-to-consumer telemedicine and virtual urgent care,
where most consultations involve relatively simple acute conditions — such as upper respiratory infections, dermatologic
complaints, and self-limited low-acuity issues.>” U.S. studies of direct-to-consumer telemedicine show that only a
minority of virtual urgent care visits represent true substitution for in-person visits; one study estimated that approximately
12% replaced an in-person evaluation.® In pediatric populations, telemedicine use has expanded mainly for acute
respiratory infections, yet patients often continue to seek care across multiple points of service, suggesting
complementarity rather than full replacement.? In our dataset, 41% of pediatric encounters (<18 years) were driven by
respiratory complaints.

The ED referral rate observed in this study (9.2%) was relatively low, reinforcing the premise that well-structured digital
urgent care services can effectively manage the majority of low- and moderate-acuity cases. Referral in this context
functions primarily as a safety mechanism for presentations with higher clinical uncertainty or potential severity. For
comparison, a Canadian study by McLeod et al. reported that 12.5% of patients had an in-person ED visit within 72 hours
of a virtual urgent care encounter.!' Although methodologically different, this provides a useful benchmark for
interpreting referral dynamics in digital urgent care environments.

Patterns of resource use further support this interpretation. Exam orders, sick leave certificates, and prescriptions were
strongly associated with lower odds of ED referral. This suggests that when clinicians can establish a diagnostic or
therapeutic plan during the teleconsultation — including ordering tests, prescribing medications, or providing work-leave
documentation — the need for in-person assessment diminishes substantially. Prior studies have shown that virtual urgent
care encounters are associated with different — and often lower — patterns of diagnostic testing and antibiotic prescribing
compared with in-person care, without reductions in quality.'” These findings highlight the importance of clinical
protocols tailored to telemedicine, which guide diagnostic reasoning and safe decision-making when physical examination
and immediate diagnostic testing are limited.

Regarding high recurrence (>3 encounters), the multivariable model (Table 7, Figure 3) demonstrated a distinct pattern.
Male sex was associated with lower odds of recurrent use, whereas adults aged 19-59 years exhibited the highest
recurrence compared with children aged 0-9 years. This is consistent with studies showing greater adoption of
telemedicine among working-age adults with chronic disease burdens, functional demands related to employment, or
preferences for rapid access to acute care.>*

Higher recurrence was observed among patients presenting with mental health conditions and musculoskeletal disorders
— conditions that often involve prolonged or fluctuating symptom trajectories. In contrast, acute respiratory illnesses were
associated with lower recurrence, consistent with their typically self-limited course. International literature similarly
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reports increased use of telemedicine for mental health and chronic conditions, partly as a strategy to reduce in-person
urgent and emergency visits, with mixed results depending on organizational model and continuity of care.®

The strong association between sick leave certificate issuance and high recurrence may reflect presentations with
prolonged functional impact, requiring reassessment or documentation renewal. Conversely, exam orders and prescription
issuance were associated with lower recurrence, suggesting that establishing a clear diagnostic and therapeutic plan during
the initial encounter may reduce need for subsequent visits. U.S. studies indicate that virtual urgent care users often rely
on repeated acute visits rather than transitioning to longitudinal primary care, underscoring the need for integrated digital—
physical care pathways.!?

The inverse association between the Carr-Hill clinical complexity index and both ED referral and recurrence suggests
that higher-complexity patients may use digital urgent care more selectively within broader care ecosystems already
connected to specialty care or chronic disease programs. Consultation duration demonstrated opposite associations with
each outcome—increased odds of ED referral but decreased odds of recurrence—likely reflecting two processes: (1)
complex or ambiguous cases requiring longer evaluation that ultimately warrant physical examination, and (2) more
comprehensive clinical resolution achieved in longer encounters, reducing the likelihood of future presentations.

Overall, this study contributes substantially to the limited body of large-scale real-world evidence on digital urgent care
in Latin America. Prior Brazilian literature has focused primarily on pediatric initiatives or specific public-sector
telemedicine programs, without detailed analyses of recurrence or ED referral.” By integrating clinical, operational, and
utilization data from a high-volume digital urgent care service, our findings support the development of evidence-based,
digitally integrated care pathways that enhance safety and reduce unnecessary referrals.

Our findings suggest key implications for health system planning: (i) the need for targeted clinical pathways for diagnostic
groups associated with high recurrence (e.g., mental health, musculoskeletal conditions); (ii) the potential value of
structured use of prescriptions, exam orders, and sick leave documentation to increase teleconsultation resolution; and
(iii) the importance of coordinated-care strategies for patients with higher clinical complexity, integrating digital urgent
care with primary and specialty care as well as with physical emergency services.

CONCLUSION

Real-world data from a high-volume digital urgent care service in Brazil demonstrates that virtual urgent care is widely
used by adults and is associated with a generally low rate of clinician-directed referral to in-person emergency
departments. At the same time, we identified a meaningful subgroup of users with recurrent utilization patterns, linked to
specific age groups, diagnostic profiles, and the issuance of sick leave certificates.

Demographic, diagnostic, and operational factors — including consultation duration, exam orders, prescriptions, and sick
leave documentation — can help identify patients at higher risk for in-person referral and high utilization of digital urgent
care services. These findings have practical implications for the development of clinical protocols, refinement of referral
criteria, and integration of digital urgent care with other levels of the health system, particularly for chronic disease
management and for coordinated care of high-frequency users.
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Table 1. Baseline demographic and clinical characteristics for all eligible digital urgent care (DUC) encounters

Variable Results
Total number of encounters 549,875
Total number of unique patients 235,958
Average age in years (SD) 31.5(12.7)
Median age in years (IQR) 30 (24 -39)
Average encounter time in minutes 5.9
Median encounter time in minutes, (IQR) 52(44-6.7)
Female encounters (% of total) 314,456 (57.2%)

Male encounters (% of total)

Encounters with prescription (% of total)
Encounters with requested exames (% of total)
Encounters with medical leave report (% of total)
Encounter's outcome = ED referral (% of total)

Unique patients with 3 or more encounters (% of total patients)

Patients per ICD-10 Chapter
I. Certain infectious and parasitic diseases (% of total)

X. Diseases of the respiratory system (% of total)

XVIIIL Symptoms, signs and abnormal clinical/lab findings (% of total)

XIII. Diseases of the musculoskeletal system and connective tissue (% of total)
V. Mental and behavioural disorders (% of total)

Others (% of total)

235,419 (42.8%)
429,335 (78.1%)
89,312 (16.2%)
245,189 (44.6%)
50,477 (9.2%)
77,63 (32.9%)

139,077 (25.3%)
119,909 (21.8%)
79,625 (14.5%)
39,839 (7.2%)
35,717 (6.5%)
135,708 (24.7%)
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