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Introduction

|I| This document introduces the Transparent Reporting of Observational
: Studies Emulating a Target Trial (TARGET) guideline,

Which provides consensus-based recommendations for reporting
|N observational studies designed to estimate causal effects by emulating a
hypothetical randomized trial (target trial).



Rationale




Development of
TARGET checklist

Development: The TARGET guideline was developed using the Enhancing the
Quality and Transparency of Health Research (EQUATOR) framework involving,

1). Systematic reviews of reporting practices in published studies that had explicitly
aimed to emulate a target trial.

2). a 2-round online expert survey
3). a 3-day expert consensus meeting
4). Piloting of the draft checklist with stakeholders




Development of Checklist
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CHECKLIST

Table 2. TARGET Chacklist of Recommendead Items to Address in Reports of Studles Emulating a Target Trial®

Item
MNao. Checklist item
Abstract
- Identify that the study attermpts to emulate a target trial using observational data. State the study objectives and briefly
summarize the specified target trial
1 b Report the data sources used for emulation.
C Summarize key assumptions, statistical methods, findings and condlusions.
Intro-duction
2 Background Describe the scientific background of the study and the gap in knowledge.
3 Causal guestion Summarize the causal guestion.
a4 Rationale Describe the rationale for emulating a target trial with the available data. Cite randomized trials informing the design of the
target trial if applicable.
Methods
5 [ {Cite the data sources contributing to the analyses and for each one describe the following: original purpase, type, the geographic
locations, setting and time-period. If relevant, describe how the data were linked or pooled.
Target trial specification Target trial emulation
6 Speciy the companents ofthe target il protocolthat would answes e e L e o

the causal question.
Eligibility criteria
a Describe the eligibility oriteria.

Treatment strategies

b Describe the treatment strategies that would be
compared.

Assignment procedures

Report that eligible individuals would be randomily
[ assigned to treatment strategies and may be aware of
their treatment allocation.

Follow-up
Clarify that follow-up would start at time of assignment
d to the treatment stravegies. Specify when follow-up
would end.
Outcomes
e Describe the outcomes.

Causal contrasts

f Describe the causal contrasts of interest, including effect
measures.

ldentifying assurmptions

Describe assumptions that would be made to identify each
q causal estimand. Describe the variables, if any, related wo
these assumptions.

Data analysis plan

Faor each causal estimand, describe the data analysis

h procedures and any associated statistical modeling
assumptions, including approaches for handling
missing data.

ar ascertained.

Eligibility criteria

. Describe how the eligibility criteria were operationalized
with the data.
Treatment strategies

b Describe how the treatment strategies were operationalized
with the data.

Assignment procedures

Describe how assignment to treatment strategies was
operationalized with the data.

Follow-up

Clarify that follow-up starts at the time individuals were
d assigned to the treatment strategies. Desoribe how the end
of follow-up was operationalized with the data.

Outcomes

Describe how the cutcomes were operationalized with

£ the data.

Causal contrasts

f Describe how the causal contrasts were operationalized
with the data, including effect measures.

Identifying assumptions

For each causal estimand, describe assumptions made to
q.i identify it, inCluding assumptions regarding baseline
confounding due to lack of randomization.

= Describe how the variables related to these assurmmptions
3. were operationalized with the data.

Diata analysis plan

For each causal estimand, describe the data analysis
hi procedures and any associated statistical modeling
. assurmptions, including approachies for kandling
missing data.

For each causal estimand, describe any additional analyses
h.ii conducted to assess the sensitivity of the results to the
choice of operationalizations, assumptions and analysis.

(i e}



CHECKLIST

Table 2. TARGET Chedklist of Recommended Items to Address In Reports of Studies Emulating a Target Trial*

Item

No. (Checilist em
Abstrace
- Identify that the study attempis to emulate a targes trial using observational data. State the study objectives and briefly
SUmmarize the spectfied target trial.
1 b REpOrt the data SoUrces ised for emulation.
C Summarize key assumptions, stattsticl methods, findings and condusions.
Ingroduction
2 Background Describe the sclentHic backgrownd of the study and the gap in knowledge.
3 Causal guestion Summartze the musal ques ton.
4 Ratianaks ﬁqb:lm?p&méﬁrmlallml tamget trial with the awallabie daza. Oite randomized trals Infonming the design of the
Methads
5 Data Sounes

Clte the d3ta sowrces contributing to the analysas and for ech one describe the following: original purpese, type, the geographic
pooied.

locations, setting and time-period. I relevamnt, describe how the data were Inked or

Target triat spectication
Sgdmne cnn'g:‘rerﬁ Of the tanget trial protocol that woukd Znswer

Eligibillty criteria
2 Describe the eligibdity critera.

Tieatment serateqies

Describe the treatment strategles that would be
Compared.

Assignment procedures

Fieport that eligibie Individuals would be randomiy

(4 assigned to HETtment strateqles and may be aware of
thedr treatment allocation.

]

7

Target trizt emulation

DesCribE ROW the COMPONEMLS of the LIMEt trial Pt ool Wers emultes
‘with the observational data, induding how all varables were measured
OF ascertained.

Eligibility criteria

Destrine how the eligibillty cTiteria were operasionaiized
with thedasa,

Tieatment serategles

Desribe how the treatment stategies were apertionalized
with thedaga.

AssHnment procedures

a

]

Destribe how assignment to trestment strategles was

c operationalized with the tata.

Follow-up Follow-up
Clartfy that follow-up mulnsun.nﬂmenfasslgmm Ciarify that Follow-up SEarts 3t the Hme IRdmiouals were
] 0 ENE treatment Sbrategies. Speciy when Follow-up ] assInfied to the treatment straseqies. Describe how the end
would end. 0f follow- up was operationalized with the data.
Outcomes Outcomes
- Dscribe the outcomes. - ﬁggmmmwmmmlwm with
Causal contrasts Causal contrss
¢ Describe the Causal CONtrasss Of INterest, IRCluding effer: ¢ DesiTine oW the Causal Cnbrsts Were pperationallzen
MeSUres. With the d2£3, InCILing eFfect measures.
Identying assumpslons Mentifying assumptions
DesCride JSSLMPHCns Hat would De Mace to Nentify sacn FOI B30 C2US3L e5HMand, describe JSsumpHons mace to
9 causal estimang. Destribe the vaables, f any, retsed o 9! idenetfy It, Imlngasmmmregardlng naseline
these aEsumpsions. confounding due k0 oK of Tancomiation
i DesITIne NOW the Varables retted o these Jssmptions
i were operationalized with the data.
Data analyss pln Data analysis plan
For each causal estimand, cesoribe the gata analyss For each causal estimand, describe the dita analysts
n PIOCENUNES 3n any 3ssociied statisticl modeling - PrOCEES 3N 3ny 3550013ted Statistcal mooeling
Zssumptions, Including approaches for handling : assumptinns, including approaches for handling
missing data. milssing data,
FOr E3Ch C2us3l estimand, destribe any 2oaitional analyses
ni conducted b as5ess the Sensitivity Of the results i ihe
cholce of FESUMpLINS and analysis.

ipontinued)

Table 2. TARGET Chedklist of Recommended ttems to Address In Reports of Studies Emulating a Targat Trial* (continued)

ltem
ND. Checklls lkem
Resits
REpOrt NUMIDETS of INgMviduals assessed for elinility, elgibie, 2nd 2ssigned (0 each tregtment strateqy. A fiow diagram
B Participant selection s stramgly reco -
g Baseline data Describe the distribution of characieristios of Individuals 3t baseline, by breatment ssrabegy.
0 Folowp SUMImarize engh of follow-Lp and describe re2sons for end of foliow-up for each iFeatment strateqy and causal
[ontrast
11 Misingdatz Describe the frequency of missing data In ail variabies, by ireatment strateqy when applcable.
12 Outcomes Describe the frequency or distribution of Each CUtCOMe, by treatment strategy.
REpOrt Hne e¢fact ESHMates for each Causal cOnkrast Wit CoMESPONGIng MEdsures of precision, Including both absolute
13 Efecetimates and redative MEZSunes of effect, When applcable.
14 Addbionalanalyes EEF]-; ErEIJIIj O 2ll INaIYSES t0 25585 e SensiEtvity of e estimates to cholces In operationallzations, Zssumptions and
[Dilscussion
15 Interpretation Provide an Interpretation of the key Andings.
16 Limitations Dismuss the limitations of the study IIi'EIﬂE’l'lI'IF diffierences between the target tral and Its emulation and the plausioiliy
of Zssumptions, including ssumptions regarding hasaline mnfounding dueto Lack of rAndomization.
Other Infrmation
ArOVidE e INStiitiona| FesEarch baard of eHNICS COMMIttee that approved the study 2nd approval nUmbers,
17 Ethis B rBlEyant
18 Reghtration State whether, when and wher the study protocol was reglstered.
Sharing of study PrOvide INforMation on whesher dats, analytic cDde andJor oHer materials are accessible, and where and how they can
9 e
e J0CRSEED.
0 Fundigsmrces  Provide fhe SUrces of funding and detal €he role of the FUnders In (e GeSHn, Canduct and reporting of e stusy.
11 Conflicsofimterest  Stateany conflicks of INterest and financial discAosures for all Jughors.

* Repubilsned with permission from e TARGET group. The TARGET Checkitst s lcensd oy the TARGET group Linder the Crestive Commons Atibution-NoDervs
(CC BY-HD) 4.0 Intemational icense.




Example of an article

ORIGINAL ARTICLE

Target Trial Emulation Using Cohort Studies

Estimating the Effect of Antihypertensive Medication Initiation on
Incident Dementia
Lrin E. Bennett,« Chelsea Liu,e Emma K. Stapp,* Kan Z. Gianattasio,® Scott C. Zimmerman,«

Jingkai Wei,? Michael E. Griswold c Annette L. Fitzpatrick/¢ Rebecca F Gottesman," Lenore J. Launer;
B. Gwen Windham,c Deborah A. Levine/ Alison E. Fohner,ge M. Maria Glymour,c and Melinda C. Power®



Table 2. TARGET Checklist of Recommended Items to Address in Reports of Studies Emulating a Target Trial®

ltem
No. Checklist item
Abstract
3 Identify that the study attempts to emulate a target trial using observational data. State the study objectives and briefly
summarize the specified target trial.
- b Report the data sources used for emulation.

C Summarize key assumptions, statistical methods, findings and conclusions.




1. Abstract

Target Trial Emulation Using Cohort Studies

Estimating the Effect of Antihypertensive Medication Initiation on
Incident Dementia

Erin E. Bennett,a Chelsea Liu,e Emma K. Stapp,« Kan Z. Gianattasio,? Scott C. Zimmerman,<
Jingkai Wei,® Michael E. Griswold,c Annette L. Fitzpatrick/¢ Rebecca F. Gottesman,” Lenore J. Launer,’
B. Gwen Windham,c Deborah A. Levine/ Alison E. Fohner,e M. Maria Glymour,c and Melinda C. Powere

Background: Observational studies link high midlife systolic blood
pres|sure to increased dementia risk. However, the synthesis of evi-
dence from randomized controlled trials has not definitively demon-

Here, we emulate target trials of antihypertensive medication initia-
tion on incident dementia using three cohort studies, with attention

1a

tion on incident dementia using data from the Atherosclerosis Risk
in Communities study, Cardiovascular Health Study, and Health and
Retirement Study. We used data-driven methods to restrict partici-
pants to initiators and noninitiators with overlap in propensity scores
and positive control outcomes to look for violations of positivity and
exchangeability assumptions.

Methods: We emulated trials of antihypertensive medication initia-

Results: Analyses were limited by the small number of cohort
participants who met eligibility criteria. Associations between anti-
hypertensive medication initiation and incident dementia were incon-
sistent and imprecise (Atherosclerosis Risk in Communities: HR =
0.30 [0.05, 1.93]; Cardiovascular Health Study: HR = 0.66 [0.27,
1.64]; Health and Retirement Study: HR = 1.09 [0.75, 1.59]). More
stringent propensity score restrictions had little effect on findings.
Sensitivity analyses using a positive control outcome unexpectedly
sugeested antihypertensive medication initiation increased the risk
of coronary heart disease in all three samples.

Conclusions: Positive control outcome analyses suggested sub-
stantial residual confounding in effect estimates from our target
trials, precluding conclusions about the impact of antihypertensive
medication initiation on dementia risk through target trial emula-
tion. Formalized processes for identifying violations of necessary



ORIGINAL ARTICLE Study objectives

Target Trial Emulation Using Cohort Studies

Estimating the Effect of Antinypertensive Medication Initiation on o ,
Statistical Analysis

InCIdent Dementia We characterized participants who met eligibility crite-

ria, remained in the sample after restricting based on propen-

Erin E. Bennett,® Chelsea Liu,» Emma K. Stapp,® Kan Z. Gianattasio,® Scott C. Zimmerman,© sity score cutoffs, and were excluded after restricting based on
Jingkai Wei,d Michael E. Griswold ¢ Annette L. Fitzpatrick/¢ Rebecca E Gottesman,” Lenore J. Launer; propensity score cutoffs. In HRS, we weighted descriptive sta-
B. Gwen Windham,e Deborah A. Levinej Alison E. Fohnerg M. Maria Glymour,c and Melinda C. Power tistics by HRS sampling weights. Additionally, we calculated

absolute standardized mean differences comparing treatment
groups within each cohort after propensity score restriction to
assess achieved covariate balance.

To be consistent with existing trials, we quantified the
effect of antihypertensive medication initiation on incident
dementia using Cox proportional hazards models adjusted for
age, sex, education, race, study area (baseline study center for
ARIC and CHS and census region for HRS), apolipoprotein
E €4 allele status, and each participant’ propensity score. We
used robust sandwich variance estimators to account for par-
ticipants contributing to more than one subtrial. In analyses
using HRS, participants were weighted by both their HRS
sampling weight and stabilized inverse probability of attrition
weights 3233 (see Inverse probability of attrition weighting in a
HRS eAppendix: http:/links.Iww.com/EDE/C191), IWe then
compared these findings to those reported by prior RCTs of
antihypertensive medication use and dementia risk.

We also estimated the effect of antihypertensive medi-

Background: Observational studies link high midlife systolic blood
pressure to increased dementia risk. However, the synthesis of evi-
dence from randomized controlled trials has not definitively demon-
strated that antihypertensive medication use reduces dementia risk.
Here, we emulate target trials of antihypertensive medication initia-
tion on incident dementia using three cohort studies, with attention
to potential violations of necessary assumptions.

Methods: We emulated trials of antihypertensive medication initia-
tion on incident dementia using data from the Atherosclerosis Risk
in Communities study, Cardiove /

i . IWe used data-driven methods to restrict partici
pants to initiators and noninitiators with overlap in propensity scores
and positive control outcomes to look for violations of positivity and
exchangeability assumptions.|




1a. Briefly summarize the specified target trial.

Table 1.
Dementia=

Characteristics of Target Trial vs. Existing Placebo-controlled Trials of Antihypertensive Medication Use and Incident

Causal Contrast

Primary Eligibility Criteria BTreatment Strategies Follow-up Outcome of Interest

Target trial 65 years or older at baseline, SBP =140mm Hg | [Initiator of any antihyper- Until incident Incident Emulating an

at baseline, White or Black race. no dementia tensive medication vs. dementia, death, dementia intention-

at randomization, at least one follow-up visit noninitiator at random- loss to follow-up to-treat

(in HRS), no documented use of antihyperten- ization (in HRS), or for analysis

sives at or before baseline 6 years
Existing trials
ADVANCEY 55 years or older at baseline, diagnosed type 2 Combined perindopril and Maximum of 5.6 Incident Intention-to-treat
(N=11,140) diabetes at the age of 30, diagnosed CVD or indapamide vs. placebo years mean of 4.6 dementia

eligible risk factor, no definite indication or years

contraindication to study treatments or HbAlc

target
HYVET-COG!* 80 years or older at baseline, sitting SBP of Indapamide with addition Mean of ~2 vyears Incident Intention-to-treat
(N =3336) 160-200mm Hg, standing SBP of=140 mm perindopril vs. placebo dementia

Hg, sitting DBP of=110, no ongoing nursing

care, no dementia.
PROGRESS®P Cerebrovascular disease within past 5 years, no  Perindopril plus optional Mean of 3.9 years  Incident Intention-to-treat
(N=6105) clear indication for or contraindication to ACE  indapamide vs. placebo dementia

inhibitor.
SCOPE™ Age 7089 at baseline, SBP of 160—179mm Hg Candesartan vs. placebo  Maximum of 5 Incident Intention-to-treat
(N =4937) and/or DBP of 9099 mm Hg, MMSE =24, no years, mean of 3.7  dementia

stroke or MI within 6 months of baseline, no

dementia or preclusion to dementia ascertain-
ment.

years



1a. Briefly summarize the specified target trial.

lable 1. Characteristics ot |Ell'gE't Iral vs. tXIStlﬂg Placebo-controlled Irials ot Aﬂtlh}’p&l”[ﬁﬂﬂl\!e Medication Use and Incident
Dementiaz
Causal Contrast
Primary Eligibility Criteria Treatment Strategies Follow-uj : Outcome of Interest
Target trial 65 years or older at baseline, SBP =140mm Hg |Initiator of any antihyper- Until incident [ncident Emulating an
at baseline, White or Black race, no dementia | tensive medication vs. dementia, death, |  dementia intention-
at randomization, at least one follow-up visit noninitiator at random-  loss fo follow-up to-freat
(in HRS), no documented use of antihyperten- | ization (in HRS), or for analysis
sives at or before baseline 6 years
Existing trials
ADVANCE! 55 years or older at baseline, diagnosed type2 ~ Combined perindopril and Maximum of 5.6 Incident Intention-to-treat
(N=11,140) diabetes at the age of 30, diagnosed CVD or indapamide vs. placebo  years mean of4.6  dementia

eligible risk factor, no definite indication or
contraindication to study treatments or HbAlc
target

years




Table 1. Characteristics of Target Trial vs. Existing Placebo-controlled Trials of Antihypertensive Medication Use and Incident

Dementia
Causal Contrast
Primary Eligibility Criteria Treatment Strategies Follo',‘r-upa Outcome of Interest

Target trial 65 years or older at baseline, SBP =2140mm Hg |[nitiator of any antihyper- Until incident Incident Emulating an

at baseline, White or Black race, no dementia | tensive medication vs. dementia, death, dementia intention-

at randomization, at least one follow-up visit noninitiator at random-  loss to follow-up to-treat

(in HRS), no documented use of antihyperten- | ization (in HRS), or for analysis

sives at or before baseline 6 years
Existing trials
ADVANCE" 55 years or older at baseline, diagnosed type2 ~ Combined perindopril and Maximum of 5.6 Incident Intention-to-treat
(N=11,140) diabetes at the age of 30, diagnosed CVD or indapamide vs. placebo  years mean of 4.6 dementia

eligible risk factor, no definite indication or
contraindication to study treatments or HbA lc

years

Table 1. Characteristics of Target Trial vs. Existing Placebo-controlled Trials of Antihypertensive Medication Use and Incident

Dementia®
Causal Contrast
Primary Eligibility Criteria Treatment Strategies Follow-up Outcome of lnteresta
Target trial 63 years or older at baseline, SBP 2140mm Hg Initiator of any antihyper- Until incident Incident Emulating an
at baseline, White or Black race, no dementia  tensive medication vs. dementia, death, dementia intention-
at randomization, at least one follow-up visit ~ noninitiator at random-  loss to follow-up to-treat
(in HRS), no documented use of antihyperten-  ization (in HRS), or for analysis
sives at or before baseline 6 years

|F,xigtino trials

Follow-up

Within each subtrial, time on study began at the ran

domization visit and ended at the first of dementia diagnosis,
death, loss to follow-up (in HRS only), or elapsed follow-up
of 6 years, similar to the longest follow-up of completed RCTs

see Table 1).|Incident dementia was determined using hospi-

5 |

al records in ARIC, retroactively using cognitive test scores

follow-up time until their death.

Causal Contrast of Interest

and other cohort-collected data in CHS, and algorithmically
in HRS (see eTable 1; http://links.lww.com/EDE/C191 for

contamination after randomization.

Our causal contrast of inferest compared outcomes
across initiators and noninitiators, regardless of adherence or

intention-to-treat analysis."

[his 18 analogous to an




Briefly summarize the specified target trial

Statistical Analysis

We characterized participants who met eligibility crite-
ria. remained in the sample after restricting based on propen-
sity score cutoffs, and were excluded after restricting based on
propensity score cutoffs. In HRS, we weighted descriptive sta-
tistics by HRS sampling weights. Additionally, we calculated
absolute standardized mean differences comparing treatment
groups within each cohort after propensity score restriction to
assess achieved covariate balance | 8|
To be consistent with existing trials. we quantified the
effect of antihypertensive medication initiation on incident
dementia using Cox proportional hazards models adjusted for
age, sex. education, race, study area (baseline study center for
ARIC and CHS and census region for HRS), apolipoprotein
E e4 allele status, and each participant’s propensity score.[We
used robust sandwich variance estimators to account for par-
ticipants contributing to more than one subtrial. In analyses
using HRS. participants were weighted by both their HRS
sampling weight and stabilized inverse probability of attrition




1b. Report the data sources used for emulation.

gt e ermam s Es mE———— e m e ames mme mEamm e =

positivily assumpiions.

METHODS

The Atherosclerosis Risk m Communities (ARIC)
study began in 1987 and recruited participamts aged 4564

years from four US sites Jf Here we use dafa Trom clinic vis-
iz that occurred every 3 vears from 19871989 (visit 1) to

1906—1998 (visit 4), as well as data from annual follow-up
telephone calls, medical record surveillance, dementia ascer-

tainrent, and death records through 20100
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METHODS

The Atherosclerosis Fisk o Communities  (ARIC)
study began in 1987 and recrurted participants aged 4564
years from four US sites. ! Here we use data from clinic vis

its that occurred every 3 vears from 19871989 {visit 1) to
L906—1998 (visit 4), as well as data from annual follow-up
telephone calls, medical record surveillance, dementia ascer

tabniment, and death records through 20100

O MY Wodters Klirver Healih, Tec AN rekis reserved

data fn

iy
E 1584
nen” vi
Are Fan
trials n
numbe
within

|

ling vis

4 [ 199¢



Report the data sources used for emulation.

Methadologioal Cansideralians v Target Tnial Ermfation

The Cardwvascular Health Study (CHS) began i 1959

and recruited adults aged 63 years and older from four US
[N 1 |vear Z) 1o I9YE—199% {vear

participants completed up to 10 annual clinic visits. In year
5019921993, inves recruited an additional &ET
Black participants from three of the four sites, We restricted
tor those in the CHS Cognition study, a subset of CHS partici-
pants with dementia ascertainment who underwent beaimn mag-
netic respnance imaging (MELD and completed the Modified
Mini-Mental State Exam (AMSE) between 1992 and 1994 (MW

3608 ¥ Here we use data from clinke visits from year 3

through vear 11, including time to dementia from the time of

MBI theough year 11.
The Health and Retirement Study (HES) is a nationally

Methadologeca! Considerations i larget Tnal Emaufation a

The Cardiovascular Health Study (CHS) began i 1989
and recruited adults aged 65 years and older from four US
gites.”? From [9E9-1990 (vear 2) to 199501999 [year 1),
aarticipants completed up to 10 annual clinic visitsfn year
3O IR, imveatigatons recruwited an additional 687
Black participants from three of the four sites. We restricted
i those in the CHS Cognition smdy, a subset of CHS partici-
pants with dementia aseemainment who underwent beain mag-
netic resonance imaging (MR and completed the Modified
Mini-Mental State Exam (IMSE) between 1992 and 1994 (N

360814 Here we use dafa from clinke visits from year 3

through vear 11, including time to dementia from the time of
MEI theowgh year 11

The Haalth and Batironaont Shiwdo FHBRY io s nafuanalh

el trial
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:’|_\ 14}
while
nrting
T For
rial

UNT-

and recruited adults iI._I.'-\.'I.I [E3 Yoars and older from four US
sites.” From [9E9-1990 (vear 2} to 19981999 (year L1),
participants completed up to 10 annual clinic visis, In year
5 (1992-1993), invest

tas those in the CHS Cog
pants with demen

NElIC Mes0nance Imaging (MEI) and ;.'I.|:|'||‘l||.'1l\.‘|.1 the Mod u:‘d
Mlini-Mental State Exam (AMSE) between 1992 and 1994 (W

3605

W Here wie use data from clinge visits Trom year 3
through vear 11, including time to dementia from the time of
MR 1‘."|:'x:-|1;|i Vi

The Health and Retirement Study (HBRS) is a nationally
representative, longitudinal study of adults over age 50 and

their spouses who are interviewed every 2 years """ Every 6



Report the data sources used for emulation

Mlimi-Mental State Exam (IMSE) between 1992 and 1994 (N
= 360815 Here we use data from clinke visits from year 3
through vear 11, including time to dementia from the time of
MR

The Health and Retirement Study (HRS) 13 a nationally
representative, longitudinal study of adults over age 50 amd
spouses who are interviewed every 2 vears,
yCars, noenrolls new participants ages 3 1—36 o maintain
a representative sample of adults over 30, Since 20606 (wave
&), phyarcal measurements, including measurement of bloed
pressure, have been collected every 4 years on alternate halves
of the zample population. Algorithmic dementia ascertain-
meent is available from 2000 (wave 3) onwards. Here we con-
sider data from 2006 (wave 8} through 2018 (wave 14) {Health
and Retirement Study, 2021, RAND HRS Longiudinal File
2008 (V1) 2021).




Assumptions

LIFIC LU S - L= BRI, SERLI Y HER,

Control of Confounding: Derivation of
Propensity 5

propensity seores™ for antihypertengive med
ication initiation in each muliiply-impuied. cohori-specific,
stacked dataset 1o aceount for the expected lack of exchange-
alulity between initiators and noninitiators {Le. confounding ).
Variables measured at or before the baseline visit and their
asgociated interactions terms thouoht to be associated with
anfibypertensive medication  prescribing  and’or  initiation
were chosen a priont (see e Table 1; hitpdlinks arw.comEDE!
190 and included SBE age. sex, education, race, study aite,
biody mass ndex, apalipoprotein E e4 allele status, smoking,
presskon, total cholesterol, DBR self-rated health, cosonary

heart discase (CHD, stroke, and diabetes,
2 positivity assumption requites that both exposed
and unexposed participanis are available in sirata condi-
tigreal on all measured confounders; thus, treated people can
“stand " for comparable unireated people and vice versa

n C191) and included SBP, age, sex, education, race, study site,

; body mass index, apolipoprotein E 4 allele status, smoking,
i depression, total cholesterol, DBP self-rated health, coronary
1 heart dise :

positivity assumption requires that both exposed
fand unexposed participants are available in strata condi
Wtional on all measured confounders; thus, treated people can
t[stand " for comparable untreated people and vice versa ™
Vielations of positivity can be detected by lack of overlap in
the distributions of propensity scores among treatment cate-E
’Igvnrjﬁ; therefore, ivestigators often restrict analyses to the

subset of treated and untreated participants with overlapping

JMpropensity scores using cutoffs chesen through visual inspec
| tion of propensity score distributions or application of con

agi
AR
Ei
LSt
fic|
L&l

o SEIEC & POPUIATION WILH OVCTAQING [IOPERSITY SCORes
did not fully address r.:nnfﬂu.ndmb by u:u:lu.:mmn‘- .'mli that
the method used

[mportantly, unlike randomization, which
i5 expected to balance both measured and unmeasured con
founders, the success of propensity score methods depends on
whether sufficient prognostic factors for treatment have been
adequately measured *#+ Because hypertension is largely
asymptomatic.® reatment 8 influenced in part by clinical
judgment,” and indications for treatment change with time,
apturing factors that influence whether hypertensive mdivid
uals recerve treatment is especially difficult in the context of

mportanthy, our study may have drawn different conclu-




Statistical methods

Statistical Analysis

We charactenzed participants who met eligibalety crite-
ria, remained m the sample after restricting based on propen-
gity score cutedls, and were excluded after restricting based omn
propengity score cutefls. In HES, we weighted descripinve sta-
tistics by HES sampling weights, Additionallv. we caleulated
abaolute standardized mean differences comparing treatment
groups within cach cohort after propensity score restriction to
agsess achkeved covariate balance.

T be consistent with existing treals, we quaniified the
effect of antihypernensive medicaton initiation on incident
dementia using Cox proportional hazards models adjusied for
ape, sex, education. race, study area (bazeline stuwdy center for
ARIC and CHS and census region for HES), apolipogeosiein
E £4 allele statas, and each participant’s propensaty score. We
used robust sandwich vanance estimators to account for par-
ticipants confributing to more than one subirial. In analyses
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cach aobservational daraser, swe identified rmultiple
subzamples (e, “subtrials™), each of which could be ased
individually to emulate a target inial. Each subtrial iz defined
by a unigue baseline and randomization wisit. We defined a
unkgue “‘bascline’” cohort wigit for cach subtreal, with data o
cligihility criteria, SBPE and confounders of interest available
at the bascline visit or carlicr. This bascline smedy visit is anal
opous o the BOT recraitment of scrcening visit, We then ased
data from the subsequent cohort visit e clasgify persons as
antibypertensive miedication initiators or eeninitiatiors. This
subhsequent stwdy wisin, which swe refer 1o ag the “randomiza
tiem™ wisit, i analogous to the ROCT visit, at which paricipants
are randomly azgigned o reatmeent. The use of multiple salb-
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murmber of participanis included in analyvses when participants
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Used propensity scores to adjust for confounding and ensure

comparability between groups.
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Introduction
Background Describe the scientific background of the study and the gap in knowledge.

Causal question Summarize the causal question.

Describe the rationale for emulating a target trial with the available data. Cite randomized trials informing the design of the

Rationale target trial if applicable.

Methods

Cite the data sources contributing to the analyses and for each one describe the following: original purpose, type, the geographic

- i locations, setting and time-period. If relevant, describe how the data were linked or pooled.

Target trial specification Target trial emulation

Describe how the components of the target trial protocol were emulated
with the observational data, including how all variables were measured
or ascertained.

Specify the components of the target trial protocol that would answer
the causal question.

Eligibility criteria Eligibility criteria

Describe how the eligibility criteria were operationalized

a Describe the eligibility criteria. a with the data.

Treatment strategies Treatment strategies

b Describe the treatment strategies that would be b Describe how the treatment strategies were operationalized

compared. with the data.

Assignment procedures Assignment procedures

Report that eligible individuals would be randomly
assigned to treatment strategies and may be aware of
their treatment allocation.

Describe how assignment to treatment strategies was
operationalized with the data.




Background

2.

Introduction

(Epidemiology 2025;36: 49-59)

bservational studies are consistent with the hypothesis

that high systolic blood pressure (SBP), particularly in
midlife, adversely impacts late-life cognitive health.'# while
clinical trials do not provide definitive evidence supporting
blood pressure management for dementia prevention.>7 For
example, investigators from the SBP Intervention Trial—
Memory and Cognition in Decreased Hypertension (SPRINT-
MIND) found a benefit of intensive blood pressure control on
mild cognitive impairment (MCI) and on the combined out-
come of MCI and dementia, but not on the primary outcome
of incident dementia alone.® Multiple aspects of randomized
controlled trial (RCT) study design may contribute to this
apparent disconnect between observational and trial evidence,
including short follow-up time, highly selected samples, dif-
ferences in treatment adherence, and focus on late life vs. mid-
life intervention.” On the other hand, observational studies on
antihypertensive medication use and incident dementia may
be limited by residual confounding.’

Target trial emulation, a thoughtful framework for ana-
lyzing observational data as if it came from an RCT.'® pro-
vides an opportunity to explore factors that may contribute to
discrepancies between observational and randomized studies,
provided the approach generates unbiased effect estimates.
Target trial emulation cannot guarantee the elimination of
major sources of bias common to observational data analyses.

Black participants from three of the four sites. We restricted
to those in the CHS Cognition study, a subset of CHS partici-
pants with dementia ascertainment who underwent brain mag-
netic resonance imaging (MRI) and completed the Modified
Mini-Mental State Exam (3MSE) between 1992 and 1994 (N
= 3608).13-14 Here we use data from clinic visits from year 3
through year 11, including time to dementia from the time of
MRI through year 11.

The Health and Retirement Study (HRS) is a nationally
representative, longitudinal study of adults over age 50 and
their spouses who are interviewed every 2 years.!516 Every 6
years, HRS enrolls new participants ages 51-56 to maintain
a representative sample of adults over 50. Since 2006 (wave
8), physical measurements, including measurement of blood
pressure, have been collected every 4 years on alternate halves
of the sample population. Algorithmic dementia ascertain-
ment is available from 2000 (wave 5) onwards. Here we con-
sider data from 2006 (wave 8) through 2018 (wave 14) (Health
and Retirement Study, 2021, RAND HRS Longitudinal File
2018 (V1), 2021).

Detailed information on data collection, variable defi-
nitions, and dementia ascertainment procedures are available
in eTable [; http://links.Iww.com/EDE/C191. Participants of
each cohort provided informed consent. Cohort procedures
were approved by corresponding institutional review boards.
Statistical analysis for this article was classified as not human
subjects research by The George Washington University
Institutional Review Board.



2.Describe the scientific background of the
study and the gap in knowledge

Scientific background

fEprademricloge Z025;36: 49-59)

bacrvational studics are consistent with the hypothesis
that high systolic bleed pressure (SEF), particularly in
midlifie, adversely impacts late-life cognitive health, " while
clinkcal trials do mot provide definitive evidence supportin
resgure management for dementia prevention 7 For
example, mvestigators from the ® nervention Lrial
blemory and Copnition in Decreased Hypemension (SPRINT-
BAIN D found a benefit of intensive blood pressane control on
mild cognitive mmpairment (MO and on the combined ouwt-
comme of BT and dermentia, but not on the primary outcome
of incident dementia alone * BMultiple aspects of randomezed
coniralled frial (RCT) study design may contrnibute to this
apparcnt disconnect between observational and trial evedence.
including short follow-up time, highly selected samples, dif-
ferences in treatment adbercnce, and fecus on late Life va. muid-
life imtervention.® On the other hand, observational stedics on
antibypertensive medication use and incident dementia ey
be limited by residual confownding ®

bacrvational studies are consistent with the hypothesis
that high systolic blood pressure (SBP), particularly in
midlife, adversely impacts late-life cognitive health, ' while
clinical trials do not provide definitive evidence supporg

example, investigators from the SBP Intervention Trial

Memory and Cognition in Decreased Hyperiension (SPRINT-
MIMND) found a benefit of intensive blood pressure control on
mild cognitive impairment (MCI) and on the combined out
come of MCT and dementia, but not on the primary outcome

af incident dementia alone Jf |
controlled tnal (ROCT) study design may contnbute to this
apparent disconnect between observational and trial evidence,
including short follow-up time, highly selected samples, dif-
ferences in freatment adherence, and focus on late Life va. mid-
life intervention.® On the other hand, observational studies on
antibypertensive medication use and incident dementia may
be limited by regidual confounding.®

Target tnal emulation, a thoughtful framework for ana-
lyzing obscrvational data as iof it came from an RCT,'® pro-
vides an opporiunity to explore factors that may contnibute to

Evidence from
RCTs on the role of
antihypertensive
medication in
dementia
preventionis
inconclusive.



Yes, the criteria was met

Ml Gapin
knowledge

alignment of observational analyses with RCTs, these efforts
can be limited by the challenges of obzervational data. Here
we atternpted to emulate ta.n_._-..t irials 1:-i'.311t|.113.-j:-..L1-:-|:5:u.-|:- -
pCatio nutmtum and demephis - P PRV Vi

Estimates for incident dementia
wene incongistent and imprecise, and positive control analyses
suggested they were biased.
Large colorts are an atiractive observational data source
for target trial emulatson. They often have excellent outcome
ascertaimment, collect a wealth of data on potential confound
ra, and may be representative of a known target population.
Howewer, they often lack data on information that influences
linkcal decision-making. ™ Additionally, we found that few
ohort participants met cligibility criteria gimilar 1o those
applicd in RCTs. Whether cohort studies can be used fo val
idly emulate trials will rely on the extent to which relevant
data influencing treatment 18 captured and the available sam
ale gize given the inclusion criteria §
Lither comimon characteristics of cohort studies |m5.-'
alzo intreduce challenges for target trial emulation. For exam-
ple. the tirne clapsed between cohort visits may raise concerns
about muisclagsification of treatment status or misalignment of
confounder measurement and treatment initiateon, limiting the




3. Causal question

L

* Among adults aged 65 years and older with elevated systolic blood
pressure (2140 mm Hg) and no prior antihypertensive use or dementia,
what is the effect of initiating antihypertensive medication (vs. not
Initiating) on the 6-year risk of developing incident dementia?

* Thisis framed as an intention-to-treat contrast, comparing outcomes

between initiators and non-initiators, regardless of subsequent adherence
or treatment changes.



4. Rationale
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Challenges
In RCTs

Memory and Cognition in Decreased Hypertension (SPRINT-
NI found a benefit of intensive blood pressure control on
mild cognitive mmpairment (MO and on 1]1-.. mml:-m-..u:l out-
Come -:'st' MCT and dementia, i i bl ol

kbl aiiaibbienbaieae? N Ultiple aspects of randomized
ontralled tmal (RCT) study design may contribute to this
apparent disconnect between observational and trial evidence,
includimg short follow-up timee, highly selected samples, dif:
ferences in treatment adherence, and fecus on late Life va. mid
ife intervention d. observational studies on
antibypertensive medication use and incident dementia may
be limated by residual confounding. ®

Target tial emulation, a thoughiful framework for ana-
lyzing observational data as of it came from an RCT,'® pro-
wides an opporiunity to explore factors that may contnbute to
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Methods

5

Data sources

Cite the data sources contributing to the analyses and for each one describe the following: original purpose, type, the geographic
locations, setting and time-period. If relevant, describe how the data were linked or pooled.

Target trial specification

Specify the components of the target trial protocol that would answer
the causal question.

Eligibility criteria
a Describe the eligibility criteria.

Treatment strategies

b Describe the treatment strategies that would be
compared.

Assignment procedures

Report that eligible individuals would be randomly
assigned to treatment strategies and may be aware of
their treatment allocation.

Target trial emulation

Describe how the components of the target trial protocol were emulated
with the observational data, including how all variables were measured
or ascertained.

Eligibility criteria

Describe how the eligibility criteria were operationalized

d with the data.
Treatment strategies

b Describe how the treatment strategies were operationalized
with the data.

Assignment procedures

Describe how assignment to treatment strategies was
operationalized with the data.




Checklist item No. 5. Data Sources

* Cite the data sources contributing to the analyses and for each
one describe the following: original purpose, type, the geographic
locations, setting and time-period. If relevant, describe how the
data were linked or pooled.

* Yes, this paper cited the data sources contributing to the analyses
as shown previously in the 3 cohorts used (ARIC, CHS, HRS)



Linking and pooling
data

* Data from each cohort were analysed
separately, and sub trials were defined
within each cohort based on baseline
and randomization visit.

* Sub trial data were “stacked” into
cohort-specific analytic datasets,
allowing

L
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ltem 6a-h & 7a-h

Target trlal specification

the tﬂn‘ﬁﬂl‘ﬁ of the target trial protocol that woukd answer
the Caiisal questian.

Eliglbiliky criterla
a Diescribe the eligibility critera.

Treatment stratedies

Describe the treatment strategles that would be
compared.

ASElgnment procedures

Repart that eligible Individuals would be randomity
C assigned t0 treatment strateq les and may be aware of
thelr treatment alincasion.

Foliow-up
ClarHfy that follow-up would start 3t time of assignment

ad 10 tiE trEatmen Strateges. Spacy when follow-up
would end.

Dutcomes

] Desrribe Ehe SUtCOmes.

Causal contrasts

§ Describe the Causal CONtras:s of Ingerest, IRCluding effect
MeIsures.

Identying FEsUmpsons
Describe assumptions that would be made o Identify each

q causal estimand. Describe the varables, If any, related to
these assumpsions.

[ata analysis plan
For each causal estimand, desaribe the data analysis

. PrOCEOUNes and any associased staslsticl modeling
assumptions, Including 2pproaches for handling
missing data.

Target trisl emulation

Diescribe how the of thie target rial protocol Wers emulated
with the observational data, induding how all variables were mezsuned
of 3scertained.

Eligibility criterla

Desribe how the eligibility oriteria were operztionallzed
= with the data.

Treatiment serateqies

b Destribe how the trestmen: strategles were operationalized

with the data.
Assignment procedures
C DesTibe now asslgnnmwumtn‘entstmhaglam
operationalized with the data,
Follow-up
Clarify that follow-up starks 3t the time Individuals were
d Bﬂ|gl'ﬂﬂ 0 the treatment HEH.‘E'EIE. Describs how the end
OF FOlOW-Up W3S Operasionalized with the data.
DubiDmes
Describe how the outcomes were operationallzed with
E the data.
Causal contrasts
f D ribe Now the Calsal COntrass were [HEI?H[H'I:IUIEH
with the data, including effect measures.,
10BHHYING FESUmpons
For each causal estimand, describe assumptons made bo
gl Identify It, incluicing 2ssumptions reqanding teseline
confiounding due 0k of randomization.
q I Desoibe now the varzbles related tothese Bﬁg.ll'mtbl'ﬁ
: were operationalized with the data.
Data analysts plan
For each causal estimand, describe the data analysis
b Procedures and any associated statistical modeling
: assumptions, induding appraaches for handling
mitssing data,
For each causal estimand, describe anynﬂdltlu‘alnmlﬁa
il conducted to 2ssess the sensleivity of the results &0 the

cholce of operzionalizations, assumpsions and analysis.
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specification
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Emulation




Target trial

Specification

. Eligibility criteria

. Treatment strategies

. Outcome ascertainment

. Causal contrast of interest

. Positive control outcomes

. Propensity score methods

. Follow-up and Data collection
. Statistical analysis

0O N O O & WOWIN =

Emulated (mapped onto existing
cohort procedure)

. Eligibility criteria

. Treatment strategies

. Outcome ascertainment

. Causal contrast of interest

. Positive control outcomes

. Propensity score methods

. Follow-up and Data collection
. Statistical analysis
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Target trial specification

combonent

target trials {see Table 1),

Blood pressure lowering. In ARIC and CHS, medication use

wis ascenained by self-report or by review and recording of
Eligibility Criteria and Assignment of Treatment  medications brought to eohort visits. Use of blood pressure-

Stra

For ach subtrial, we included individuals with a base

white or Black race (given small numbers in other groups),

S0 | wwaiepidem.com

Epicemiolagy * Volume 36, Mumber 1, January 2025

lowering medications was self-reported only among those
who self-reported lyperiension in HRS, regardless of mea-
ling age 263 vears, bascling 3BP 2140 mm He, seli-identified | sured blood pressure.

Data from each subtrial within a cohort study were
o evidence of antihypertensive medication use at or before | then “stacked” into one cobon-specific anabytic datasen.
the bascline visit, nonmissing data on antihyvperiensive use at | Paricipants were included in each subtrial for which they met

2024 Wilters Klawer Health, Inc. AN rigits reserved

Methodaloglal Canslderations b Target Trial Emulation

Target trial emulation

tiators (those with no record of antiypentensive medication
use, including at the randomization visit), mimicking RCTs
that randomize participants to either initiation o noninitia-
tion of antibypertensive padeaiondadusaioe ol

was ascertained by self-report or by review and recording of
medications brought to cohort visits. Use of blood pressure-
lowerng medications was self-teported only among those
who self-reported lyperiension in HRS. regardiess of mea

Table 1. Characterlstics of Target Trial vs. Exlsting Placebo-controlled Trials of Antihypertensive Medication Use and Incldent

[rernentia®

Frimary Eligihility Criteria Treatmend Mrategles

Target rial ¢4 years or older at baseling, SBP 2140mm Hg  [atiator of any astihy pes-

at baseling, Whits o Black mee, no demenia lEnsive Bl alien va

al ramdomniEain, 3t least oo I.l|||!'-\-.1." VIl noningisor ol rasdom-

{in HES), no dopemented use of anibyperten.  ization
s ol or hefore baseling

Lamsal Contrast

Fallaw-ap Uibcame ol Interest
Leil imcident Incident Emulatizg an
dementia, death, dementian L2 AcHn-
Ings to lodhow-up lo-1real
(i HRE}, or for nalysis

i years

sured blond pressure,
ala from cach subtrial within 2 cohort study were
then “stacked” info one cobor-specific analyiic dataset
Participants were included in each subirial for which they met

& 2024 Walters Kluwer Health, Inc. Al rights reserved

N —

Component of
target trial

Eligibility criteria
Treatment
strategies
Outcome
ascertainment
Causal contrast
of interest
Positive control
outcomes
Propensity score
methods
Follow-up and
Data collection
Statistical
analysis
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CHECKLIST

Data analysis plan

For each causal estimand, describe the data analysis
procedures and any associated statistical modeling
assumptions, including approaches for handling
missing data.

Data analysis plan

h.i

h.ii

For each causal estimand, describe the data analysis
procedures and any associated statistical modeling
assumptions, including approaches for handling
missing data.

For each causal estimand, describe any additional analyses
conducted to assess the sensitivity of the results to the
choice of operationalizations, assumptions and analysis.




Defining the
analytical

sample

Defining the Analytical Sample

[n each observational dataset, we identified multiple
subsamples (1.e., “subtrials™), each of which could be used
individually to emulate a target trial. Each subtrial is defined
by a unique baseline and randomization visit. We defined a
unique “baseline” cohort visit for each subtrial, with data on
eligibility criteria, SBP, and confounders of interest available
at the baseline visit or earlier. This baseline study visit is anal-
ogous to the RCT recruitment or screening visit. We then used
data from the subsequent cohort visit to classify persons as
antihypertensive medication initiators or noninitiators. This
subsequent study visit, which we refer to as the “randomiza-
tion” visit, is analogous to the RCT visit, at which participants
are randomly assigned to treatment. The use of multiple sub-
trials nested within each observational dataset increases the
number of participants included in analyses when participants
within a cohort meet eligibility criteria for multiple sub-trials.

In the ARIC dataset, we created three subtrials with base-
line visits at visit 2 (1990-1992), visit 3 (1993-1995), and visit
4 (1996-1998), with corresponding randomization visits at visit



Propensity score derivation and restriction

Control of Confounding: Derivation of
Propensity Scores and Associated Cutoffs

We derived propensity scores?” forantihypertensive med-
ication initiation in each multiply-imputed, cohort-specific,
stacked dataset to account for the expected lack of exchange-
ability between initiators and noninitiators (i.e. confounding).
Variables measured at or before the baseline wvisit and their
associated interactions terms thought to be associated with
antihypertensive medication prescribing and/or initiation
were chosen a priori (see elTable 1: http://links.lww.com/EDE/
C191) and included SBP. age. sex, education. race. study site,
body mass index, apolipoprotein E £4 allele status, smoking,
depression, total cholesterol. DBP, self-rated health., coronary
heart disease (CHD)., stroke. and diabetes.

The positivity assumption requires that both exposed
and unexposed participants are available 1n strata condi-
tional on all measured confounders:; thus, treated people can
“stand in” for comparable untreated people and vice versa.2s
Violations of positivity can be detected by lack of overlap in
the distributions of propensity scores among treatment cate-
gories:; therefore. investigators often restrict analyses to the
subset of treated and untreated participants with overlapping
propensity scores using cutoftfs chosen through wvisual inspec-
tion of propensity score distributions or application of con-
ventional cutofls (e.g.. 5th and 95th percentile). Howewver, past
studies have demonstrated that health effect estimates can be
sensitive to the choice of cutoffs.??



Density plot
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Statistical Analysis

Statistical Analysis

We characterized participants who met eligibility crite-
ria, remained in the sample after restricting based on propen-
sity score cutotils, and were excluded after restricting based on
propensity score cutoffs. In HRS, we weighted descriptive sta-
tistics by HRS sampling weights. Additionally, we calculated
absolute standardized mean differences comparing treatment
groups within each cohort after propensity score restriction to
assess achieved covariate balance.

To be consistent with existing trials, we quantified the
effect of antihypertensive medication initiation on incident
dementia using Cox proportional hazards models adjusted for
age, sex, education, race, study area (baseline study center for
ARIC and CHS and census region for HRS), apolipoprotein
E 4 allele status, and each participant’s propensity score. We
used robust sandwich variance estimators to account for par-
ticipants contributing to more than one subtrial. In analyses
using HRS, participants were weighted by both their HRS
sampling weight and stabilized inverse probability of attrition
weights 3233 (see Inverse probability of attrition weighting in
HRS eAppendix;: http://links.lww.com/EDE/C191). We then
compared these findings to those reported by prior RCTs of
antihypertensive medication use and dementia risk.

We also estimated the effect of antihypertensive medi-
cation initiation on another positive control outcome, incident
CHD. using identical methods with the exception of restriction
to those without CHD at subtrial baseline and randomization.



Sensitivity analysis

In sensitivity analyses, rather than adjusting for par-
ticipant propensity scores, we weighted analyses by inverse
probability of treatment weights’? and ran propensity score-
adjusted and inverse probability of treatment weight mod-
els in HRS participants omitting HRS sampling weights. We
also estimated effects using alternate density cutoffs: a “low™
cutoff (half of each cohort-specific primary density cutoff), a
“high” cutoff (1.5 times each cohort-specific primary density
cutoff), and no density cutoff. Finally, we reran primary anal-
yses after matching on the propensity score, using a 4:1 ratio
of noninitiators to initiators (with replacement) and a caliper

of 0.1, rather than restricting using density plots and positive
control-based cutofis.
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ltem 8. Report numbers of individuals assessed for eligibility,
eligible, and assigned to each treatment strategy

|tem

No. Checklist item

Results

3 Participant selection Report numbers of individuals assessed for eligibility, eligible, and assigned to each treatment strateqy. A flow diagram

5 strongly recommended.

Yes, this paper reported the numbers of individuals assessed for eligibility.



Numbers at Each Stage Across all sub
trials in each cohort

:-ARIC
*Assessed for eligibility: 809 observations (2.1% of all subtrial person-observations).
Eligible after applying trial-like criteria: 809.
Included after propensity score restriction: 660.

substantially across cohorts (Figure 4); directionality of point
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OC H s participant-observations (N, = 809), 9.3% of CHS  inHRS(HR=1.09:95% CI=0.75, 1.59). Importantly, results

*Assessed for eligibility: 1,204 observations (9.3%). !
Eligible: 1,204. e
Included after propensity score restriction: 762.
« Treatment assignment. Initiators = 85; Non-initiators = 677. ;"
*‘HRS
*Assessed for eligibility: 1,227 observations (1.3%). : I o
Eligible: 1,227.
Included after propensity score restriction: 811. = __liii I I.l
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Participants

substantially across cohorts (Figure 4); directionality of point

RESULTS estimates was protective in ARIC (HR = 0.30; 95% C1 = 0.05,

Across all subtrials within a cohort, 2.1% of ARIC 1.93) and CHS (HR = 0.66: 95% CI = 0.27. 1.64) and adverse
participant-observations (N, = 309), 9.3% of CHS  inHRS(HR=1.09;95% Cl=0.75, 1.59). Importantly, results
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FIGURE 3. Number of participants included and excluded from each sub-trial in ARIC, CHS, and HRS. Because physical measure-
ments are taken on alternating halves of the HRS population at each wave, blood pressure data was missing for half of the HRS

participant-observations (N, = 1204), and 1.3% of HRS

participant-observations (N_, = 1.227) met eligibility crite-

ria before propensity score-based restriction (Figure 3). Final
analytical sample sizes in primary analyses after propensity
score-based restrictions were N, = 660 for ARIC, N , =762
for CHS, and N_,_= 811 for HRS. Participants excluded due
to high propensity scores tended to have higher SBP and were
more likely to report poor self-rated health and depression
compared with both included participants and those excluded
with low propensity scores (eTable 2; http://links.lww.com/

TOUW R TN faTe oA S A . Pt



BASELINE DATA



Checklist item No.9 &10

: Basaline data Dascribe the distribution of characteristics of individuals at baseline, by traatment strategy.

Summarize length of follow-up and describe reasons for end of follow-up for each traatment strateqy and causal

10 Follow-up contrast

Yes, The study reported detailed baseline characteristics of participants who met eligibility for the target
trials, and then again after propensity score (PS) restriction.



Iltem 9. Describe the distribution of characteristics of individuals at baseline, by treatment strategy.
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Yes, to all the Target checklist item No.8 -21

Clinical Review & Education Special Communication TARGET 2025 Statement

Table 2. TARGET Checklist of Recommended Items to Address in Reports of Studies Emulating a Target Trial® (continued)

Item

No. Checklist item

Results

- . Report numbers of individuals assessed for eligibility, eligible, and assigned to each treatment strategy. A flow diagram

8 Participant selection is strongly recommended.

g9 Baseline data Describe the distribution of characteristics of individuals at baseline, by treatment strategy.
Summarize length of follow-up and describe reasons for end of follow-up for each treatment strategy and causal

10 Follow-up .

11 Missing data Describe the frequency of missing data in all variables, by treatment strategy when applicable.

12 Outcomes Describe the frequency or distribution of each outcome, by treatment strategy.

13 Effect estimates Report the effect estimates for each causal contrast with corresponding measures of precision, including both absolute
and relative measures of effect, when applicable.

14 Additional analyses gsgﬁfgti;esults of all analyses to assess the sensitivity of the estimates to choices in operationalizations, assumptions and

Discussion

15 Interpretation Provide an interpretation of the key findings.

16 Limitations Discuss the limitations of the study considering differences between the target trial and its emulation and the plausibility

of assumptions, including assumptions regarding baseline confounding due to lack of randomization.

Other information
Provide the institutional research board or ethics committee that approved the study and approval numbers,

— Sl if relevant.

18 Registration State whether, when and where the study protocol was registered.

19 Sharing of study Provide information on whether data, analytic code and/or other materials are accessible, and where and how they can
materials be accessed.

20 Funding sources Provide the sources of funding and detail the role of the funders in the design, conduct and reporting of the study.

21 Conflicts of interest State any conflicts of interest and financial disclosures for all authors.

2 Republished with permission from the TARGET group. The TARGET Checklist is licensed by the TARGET group under the Creative Commons Attribution-MoDerivs
(CC BY-MD) 4.0 International license.



FOLLOW UP

ltem 10. Summarize length of follow-up and describe reasons for end of follow-up for each treatment
strategy and causal contrast



Follow-up

Within each subtrial, time on study began at the ran-
domization visit and ended at the first of dementia diagnosis,
death, loss to follow-up (in HRS only), or elapsed follow-up
of 6 years, similar to the longest follow-up of completed RCTs
(see Table 1). Incident dementia was determined using hospi-
tal records in ARIC, retroactively using cognitive test scores

and other cohort-collected data in CHS, and algorithmically
in HRS (see eTable 1; hitp:/links.Iww.com/EDE/C191 for

www.epidem.com | 51
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more details). Because cohort procedures for ARIC and CHS
included the collection of proxy interviews, medical records,
administrative data, and/or death records to identify incident
dementia cases among all participants, including those who
stopped attending study visits, there was no loss to follow-up
among ARIC and CHS participants. On the contrary, demen-
tia status 1s unknown for HRS participants who did not return
for follow-up visits. Thus, we only address loss to follow-up
using nverse probability of attrition weights in HRS. As
in clinical trials, participants who died during follow-up
and before developing dementia were allowed to contribute
follow-up time until their death.



MISSING DATA



Missing data

eligibility criteria; thus, participants who met inclusion criteria
for multiple subtrials were represented more than once in each
cohort-specific stacked dataset. Participants were not eligible
to be included in subsequent subtrials after being included (1)
in_a subtrial as an initiator. [Within each cohort-specific
stacked dataset, we imputed missing covariate data using
multiple imputation by chained equations (MICE) models to
avold loss of sample size due to missing data (see Imputation
methods eAppendix; http://links.lww.com/EDE/C191).

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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Outcomes

* Describe the frequency or distribution of each outcome, by
treatment strategy

* Yes, they did

Resalts: Analyses were hmited by the small number of cohart
participants who met eligibility criterin Associalsns between ants-
hyperiensive medscatson initiation ampd meslent dementia were inoon-
sasiend and tmprecise (Atherosclerosis Risk in Communibies: HE
(F.30 [0.03, 1.%93]. Cardiovascular Health Stady: HE = 066 [1.27,
|.64]; Health and Retirement Sdwdy: R = 19 [0.75, 1.39] ). More
strimgent propensity soore restrictions had hile effect on findmgs
sensiivity analyses using a positive control ovicome unexpectedly
sugeesied antthypertensive medication imitiation mcreased the nsk
o oowronary beart disease in all three samples.



Effect estimate

Incident dementia

of noninutiatars to inrtiators (wiih replacement) and a caliper
of (1.1, eather than restricting using density plots and positive
control-hased cutoffs,

We conducted analyses using SAS version 94 and
RStudio version 4.1.0. Analytic code may be made available

Upo Tequest

RESULTS

Across all subtrials within a cohort, 21% of ARIC
participant-observaions (N, = 809), 9.3% of CHS

halance of confounders between treatment groups (cTable ;
it ks Jww.comyEDEAC191. Few ARIC or CHS partici-
fats eligible for our target trials developed dementia (¢Table
4 itpualialg HITHS

The estimated effects of antihypertensive medication
Inifiation on mcident dementia wete precise and varied
sibstantially across cohorts (Figure 41, directionality of ot
estimaes was proicedive i ARIC (HR = 0.30; 9% (1= 065

Positive control outcome

Hazard raio (55% CI)

——

= —— =

Primasy eatot Primaey tuto, High cutef? Low eutoll No eutell

wisghind
FIGURE 4. Hazard ratios for asociations between antihypertensive medication initla

ifth incldant dementia and Incident

CHD in each cohort within & years. Fropensity score density cutoffs were as followsmdn: primary = 1.0, low = 0.5, high = 1.5;
CHE: primary = 2.6, low = 1.3, high = 3.9; HRS: primary = 2.0, low = 1.0, high :"

|.93) and CHS {HR = 0,66, 93% (1= 0.17, 1b4) and adverse |

i HRS (HR = L0% 93% Ii'l-ﬂ,ﬂ'}. L3 Tnportanty, esuls

from our positive conirol analysis suggested that antibyper-
tensive medication initiation was associated with an increased

risk of incident CHI in all theee samples (ARIC: HR = 1.25;
3% C1= 048, 321, CH5: HR = 1.19; 93% C1 =0.70. 2.00;
HRS: HR = 1.25; 93% C1=0.71, 2.18), contrary to expecta
1ons, ANCTING our propensity score culodls, matcling on or

56 | www.epldem.com

weighting by rather than adjusting for propensity scores, of
omitting HRS sampling weights did not appeeciably affect
conclusions (Figure 4. eTable 5 and & hitpelinks wweom/
EDECIL), although estimates for CHD in HES were gen-
erally lower after propensity score matching of amitting HRS
sampling weights.

40 2024 Wirdiers Kiwwer Health, Inc. ANl rigits reserved



Additional analyses



ensitivity analyses

potcnital violafions of the exclhanoeabality assumpiion, oF o

unmeasured confounding, as CHD shares many of the same l

risk factors as demeniia and stroke, and RCOTs dermonstrate
that aptilec . e BPEET ; =T o 5 S :
In =ensitivity analyses, rather than adjusting for par
ticipant propensily scores, e weighted analyses by ioverse
probability of reatment weights™ and ran proponsity scone-
adjusted and everse probabality of reatrment welght  wuod
Iz in HES participanis omitting HES sampling weichts e
alzo estimated cffects using alicrnate dengity cutoffs: a “low’™
utoff (half of cach cohort-specific primary dengity cwbadT), @
“high™ cutcd (1.5 times cach colwor-=
cutodfl. and no densitry cutoff fFinally, we reran proneary anal-
waesd atter matching on the propensity score, using & <41 ratio
of noninitiators o infiiators (with replacement) and a caliper
of 0.1, rather than restricting using densgity plots and positive
coninsl-based cwtofls.

Whe conducted analvses using 5AS version 9.4 and
BEStuden version 4. 1.0, Analytic code may be made available
(ETER TRl Fata (ITEE

RESULTS
Across all subtrials within a cohort, 2 1% of ARIC
participani-abscrvations (N, = 8&0%), 9.3% of CHS

propensity score cuteffs based on a positive control oulcome,
stroke; stroke shares confounders with the primary outcome
of interest, is known to be affected by antihyperiensive med-
e - 3

Wiz created overlapping density plots of propensity scores for
initiators and noninitiators within cach subtrial and identified
density cutoffs that would limit each subirial fo a subset of

51 | wwwiepldem.com

Copyright & 2024
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Walters Kluwer Health, Inc. Unauthe

HES cAppendiz httpe!/links lww.com/EDECIOL). We then
compared these findings to those reporied by prior RCTs of
antithyperiensive medication use and dementia risk.

We alzo estimated the effect of antihypertensive medi-
cation initiation on another positive control sutcome, incident
CHD, using identical methods with the exception of restriction
to those without CHD at subirial baseline and randomization.

o 2024 Wadters Kiawer Health, Inc. Al righis reserved
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Discussion

15

16

Interpretation

Limitations

Provide an interpretation of the key findings.

Discuss the limitations of the study considering differences between the target trial and its emulation and the plausibility
of assumptions, including assumptions regarding baseline confounding due to lack of randomization.

Other information

17

18

19

20
21

Ethics

Registration

Sharing of study
materials

Funding sources

Conflicts of interest

Provide the institutional research board or ethics committee that approved the study and approval numbers,
if relevant.

State whether, when and where the study protocol was registered.

Provide information on whether data, analytic code and/or other materials are accessible, and where and how they can
be accessed.

Provide the sources of funding and detail the role of the funders in the design, conduct and reporting of the study.

State any conflicts of interest and financial disclosures for all authors.



Discussion

DISCUSSION

While target trial emulation improves the conceptual
alighment of observational analyses with RCTs, these efforts
can be limited by the challenges of observational data. Here
we attempted to emulate target trials of antihypertensive med-
ication initiation and dementia risk using data from three
large, observational studies. Estimates for incident dementia
were inconsistent and imprecise, and positive control analyses
suggested they were biased.

Large cohorts are an attractive observational data source
for target trial emulation. They often have excellent outcome
ascertainment, collect a wealth of data on potential confound-
ers, and may be representative of a known target population.
However, they often lack data on information that influences
clinical decision-making.*® Additionally, we found that few
cohort participants met eligibility criteria similar to those
applied in RCTs. Whether cohort studies can be used to val-
idly emulate trials will rely on the extent to which relevant
data influencing treatment 1s captured and the available sam-
ple size given the inclusion criteria for the desired target trial.

Other common characteristics of cohort studies may
also introduce challenges for target trial emulation. For exam-
ple, the time elapsed between cohort visits may raise concerns
about misclassification of treatment status or misalignment of

subtrials (e.g., because clinical guidelines or prescribing
practices change over time). Where propensity score overlap
1s achieved, 1t can be difficult to determine whether there are
sufficient numbers of participants across the entire range of
propensity scores. Using density-based cutofts chosen using a
positive control outcome ensures a minimum density of par-
ticipants across the range of propensity scores where there is
support for positivity while allowing propensity score ranges
to vary across subcohorts and maximizing sample size.
Interestingly, after the restriction of the sample to those
with indications for treatment, further restricting our sam-
ple population to subsets with more homogenous propensity
scores did not materially change findings. This 1s consistent
with pharmacoepidemiology reports reporting that trimming
to select a population with overlapping propensity scores
did not fully address confounding by indication,*? and that
the method used to trim propensity scores had little impact
on associations.* Importantly, unlike randomization, which
is expected to balance both measured and unmeasured con-
founders, the success of propensity score methods depends on
whether sufficient prognostic factors for treatment have been
adequately measured.®®4445 Because hypertension is largely
asymptomatic,*® treatment is influenced in part by clinical
judgment,* and indications for treatment change with time,



Ethics

Detailed information on data collection, variable defi-
nitions, and dementia ascertainment procedures are available

:// W / [C191 [Participants of
‘l each cohort provided informed consent. Cohort procedures
were approved by corresponding institutional review boards.

Statistical analysis for this article was classified as not human

subjects research by The George Washington University
[nstitutional Review Board.
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Conclusion

 TARGET provides guidance for reporting
analyses of observational data that aim to
estimate causal effects by explicitly
emulating a target trial.
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