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Although observational studies have identified modifiable risk factors for Alzheimer disease and related
dementias (ADRD), randomized controlled trials (RCTs) of risk factor modification for ADRD prevention have
been inconsistent or inconclusive. This finding suggests a need to improve translation between observational
studies and RCTs. However, many common features of observational studies reduce their relevance to designing
related RCTs. Observational studies routinely differ from RCTs with respect to eligibility criteria, study population,
length of follow-up, treatment conditions, outcomes, and effect estimates. Using the motivating example of blood
pressure reduction for ADRD prevention, we illustrate the need for a tighter connection between observational
studies and RCTs, discuss barriers to using typically reported observational evidence in developing RCTs, and
highlight methods that may be used to make observational research more relevant to clinical trial design. We
conclude that the questions asked and answered by observational research can be made more relevant to clinical
trial design and that better use of observational data may increase the likelihood of successful, or at least definitive,
trials. Although we focus on improving translation of observational studies on risk factors for ADRD to RCTs in
ADRD prevention, the overarching themes are broadly applicable to many areas of biomedical research.

antihypertensive agents; blood pressure; cognition; dementia; epidemiologic methods; observational studies;
randomized controlled trials

Abbreviations: ADRD, Alzheimer disease and related dementia; ARIC, Atherosclerosis Risk in Communities Study; ATE, average
treatment effect; BP, blood pressure; HRS, Health and Retirement Study; ITT, intention-to-treat; RCT, randomized controlled
trial; SBP, systolic blood pressure.

INTRODUCTION

Globally, the number of older adults with Alzheimer dis-
ease or related dementias (ADRD) will reach approximately
115 million by 2050 (1, 2). The personal and societal impacts
of dementia are enormous (3–5), and the global cost associ-
ated with dementia was estimated to be US$818 billion in
2015 (6). Currently, we have no treatments to stop or slow
the progression of ADRD (1, 2, 7).

From 2002 to 2020, only 1 new drug was approved by
the US Food and Drug Administration for the treatment of
Alzheimer disease, reflecting a failure rate of randomized
controlled trials (RCTs) of pharmaceutical interventions of
99.6% (8). Thus, efforts to address the ADRD epidemic
increasingly focus on risk-factor modification (9–13).
However, evidence across ADRD risk-factor modification

prevention trials has been inconsistent or inconclusive,
precluding strong conclusions about the efficacy of any
particular strategy (14).

RCTs of risk-factor modification are typically fielded
on the basis of observational evidence. Lack of conclusive
trials suggests a need for improving translation of observa-
tional studies on risk factors for ADRD to RCTs of risk-
factor modification for ADRD prevention. Currently, many
common features of observational studies reduce their rel-
evance to designing RCTs. Observational studies routinely
differ from RCTs with respect to eligibility criteria, study
population, length of follow-up, treatment conditions, out-
comes, and estimated effect. As a result, questions asked and
answered by observational studies often have little relevance
to the decisions that need to be made when designing an
RCT.
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In this narrative review, we use the motivating exam-
ple of blood pressure (BP) and ADRD to illustrate the
need for a tighter connection between observational stud-
ies and RCTs, discuss barriers to using typically reported
observational evidence in developing RCTs, and highlight
methods that may be used to make observational research
more relevant to clinical trial design. We conclude that the
questions asked and answered by observational research
can be made more relevant to clinical trial design and that
better use of observational data can increase the likelihood
of definitive, if not successful, trials. Although we focus on
improving translation of observational studies on risk factors
for ADRD to RCTs in ADRD prevention, the overarching
themes are broadly applicable to many areas of biomedical
research.

BP MANAGEMENT FOR ADRD PREVENTION

Collectively, the existing literature suggests an age-
dependent association between BP and late-life cognitive
health. Midlife hypertension appears to confer excess risk
of later-life cognitive decline, cognitive impairment, and de-
mentia, whereas there is little evidence that hypertension in
later life leads to cognitive loss (15–17). Although the story
is likely somewhat more complicated—for example, BP may
differentially affect multiple dementia-related pathogenic
processes (18), differences in duration of hypertension,
rather than age at onset, may account for the age-dependent
pattern of findings (19), and specific patterns of BP over
time may be particularly detrimental (20, 21)—the weight
of the observational evidence supports the idea that better
BP management, particularly in midlife, will lower risk of
cognitive decline and dementia.

Over the past 30 years, multiple RCTs have evaluated
the effect of antihypertensive medication use on cognitive
health (Web Table 1, available at https://doi.org/10.1093/
epirev/mxac002). Taken individually, these trials have not
demonstrated that intervening to lower BP through use of
antihypertensive medications prevents cognitive impairment
or dementia during follow-up. However, many RCTs were
halted early, and authors report protective point estimates
with confidence intervals that include the null or report
positive results only for secondary cognitive outcomes.
Thus, although the trial results do not demonstrate that
antihypertensive medication use is an effective strategy for
ADRD prevention, they also do not definitively demonstrate
that it is an ineffective strategy. For example, in the
Systolic Blood Pressure Intervention Trial, Memory and
Cognition in Decreased Hypertension (SPRINT MIND)
study, researchers evaluated whether assignment to intensive
lowering of systolic blood pressure (SBP) to a target of 120
mmHg versus standard lowering of SBP to a target of 140
mmHg affected dementia risk (22, 23), but the trial was
stopped early for demonstrated benefit on cardiovascular
health. Ultimately, SPRINT MIND did not show a benefit of
the intervention on dementia risk (hazard ratio = 0.93, 95%
confidence interval: 0.73, 1.18), but researchers reported a
protective effect on a secondary outcome, mild cognitive
impairment (MCI; hazard ratio = 0.83, 95% confidence
interval: 0.70, 0.99) (22, 23).

Given lack of clear evidence from individual trials, meta-
analyses of findings from multiple RCTs are appealing. How
ever, conclusions drawn from meta-analytic efforts vary;
authors disagree on whether different trials can be meta-
analyzed and, if so, which trials meet criteria for inclusion
in the meta-analysis, including criteria related to risk of bias
(24–27). Therefore, definitive conclusions elude the field.

Fielding RCTs that do not provide definitive answers can
cause harm. RCTs are extremely expensive and take years to
conduct. For example, the amounts of the awarded federal
contracts funding the Systolic Blood Pressure Intervention
Trial, the parent of SPRINT MIND, exceed $120 million (28,
29). Public perception and trust in biomedical research are
also at stake, because we have spent time, money, and energy
on an endeavor that did not yield definitive conclusions. Trial
participation is also at risk. Why would potential participants
volunteer to participate in an RCT if they do not think the
knowledge to be gained is worth the risks and inconvenience
of participation?

Although the best available observational evidence showed
a convincing link between lower BP and reduced dementia
risk, RCTs of BP lowering for ADRD prevention fielded on
this evidence have been neither successful nor conclusive.
These findings suggest a need to revise our approach to
future ADRD prevention trials to maximize likelihood of
successful, or at least definitive, trials.

DIFFERENCES BETWEEN OBSERVATIONAL STUDIES
AND RCTS

Better use of observational studies to inform choices about
clinical trial design may increase the likelihood of successful
trials and definitive results. However, most observational
studies do not currently provide information needed to effec-
tively guide clinical trial design. Using the example of BP
management and ADRD prevention, we consider differ-
ences in the composition of the study population, length
of follow-up, treatment and exposure conditions, outcomes,
and analytic approaches across observational studies and
related RCTs, and we discuss how observational researchers
can alter their approach to be more relevant to RCT design
(Table 1).

Eligibility criteria and sample composition

Although not universal, observational studies typically
have few restrictions on participation beyond age or locality
requirements and often use probability sampling methods to
recruit samples representative of the target population. For
example, the Atherosclerosis Risk in Communities (ARIC)
Study and the Rotterdam Study have both been used to inves-
tigate the link between BP and late-life cognitive or brain
health (20, 30–36). In ARIC, random probability sampling
from available registers was used to recruit participants rep-
resentative of 4 US communities; eligibility criteria required
only that participants be noninstitutionalized, community-
dwelling adults aged 45 to 64 years (37). Similarly, the
Rotterdam study recruited residents of 1 district of Rotter-
dam using random sampling from an existing register, with
eligibility criteria requiring a minimum age of 55 years (38).
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Table 1. Comparison of Randomized Controlled Trials and Observational Study Design Features

Feature Common in RCTs
Common in

Observational Studies
How to Make Observational Studies More

Relevant to RCT Design

Eligibility
criteria

Narrow, with a defining risk
factor

Few restrictions on study
participants

Compare estimated effects within subgroups,
particularly those aligning with particular risk
strata or potential for disproportionate benefit

Sample com-
position

Convenience samples, with
potential for highly
selected samples

Clinical or population-based
samples

Systematically evaluate effect modifiers and
report subgroup effect estimates; reweight
estimates or apply restriction to explore effects
in samples with different composition

Length of
follow-up

Relatively brief, with
intervention often lasting
for only ∼12–48 months;
stopped when
continuation would result
in harm to 1 group

Feasible and common to
follow participants for
years to decades

Evaluate how exposures relate to subsequent
outcomes in the short, medium, or long term;
quantify the likelihood and timing of other
benefits and harms of change in exposure that
might lead to termination of treatment in a trial
(e.g., evidence of benefit or harm on a different
outcome)

Treatment
conditions

Test intervention vs. control
condition (e.g., a specific
medication regimen);
intervention condition is
chosen based on
expectation it will lead to
a desired risk factor
status

Contrast groups with given
levels or intensity of an
exposure (e.g., presence
or absence of a risk
factor at a given time)

Evaluate the impact of treatments that affect
risk-factor status or changes in exposure using
methods that address issues of confounding by
indication and reverse causation; evaluate
heterogeneity in estimated effects of changes
in exposure based on the presumed cause of
exposure change (e.g., medication, lifestyle
change, prevalent disease); use study designs
that exploit sources of variation in exposure
that are unlikely to be confounded (e.g.,
quasi-experimental study designs)

Outcome Primary outcome
prespecified, sometimes
with governmental or
marketing approval in
mind

Based on outcome
measure available in the
data and most
statistically significant

Systematically report results for all available
measures, regardless of statistical significance,
to identify heterogeneity in strength of effect

Analysis Analyses are prespecified;
intent-to-treat analysis
estimating the average
marginal treatment effect
of randomization

Analytic options are
endless; conventional
analysis is often a
conditional effect
estimate comparing
those with or without a
given exposure

Report average marginal effect of exposure
(contrasting everyone vs. nobody exposed) to
provide bounds on potential effect sizes,
recognize or estimate attenuation due to
nonadherence and bias due to misclassification

Abbreviation: RCT, randomized controlled trial.

As such, few people are systematically excluded from par-
ticipation, and the resulting sample should be representative
of and generalizable to the population sampled (although
it is important to acknowledge that participant refusal or
selective attrition may lead to a sample that is not truly
representative (39–41)).

RCTs are typically convenience samples because they rely
on accessible patient populations and advertising to recruit
participants. As such, they are not necessarily representa-
tive of or generalizable to the defined target population of
interest. They also typically have much narrower eligibility
criteria. In addition to age and study setting, inclusion crite-
ria are designed to exclude persons without indications for
treatment, exclude those for whom the effect of treatment
is known, and to enrich the sample with those at high

risk of the outcome (Web Table 1). For example, SPRINT
MIND required participants to be at least 50 years old,
and to have no history of diabetes or stroke, high risk of
cardiovascular events, and SBP of 130–180 mmHg, with
more specific SBP criteria based on the number of antihy-
pertensive medications taken (22, 23). RCTs also frequently
impose multiple exclusion criteria, based on logistical or
other concerns. For example, exclusion criteria for SPRINT
MIND reflect safety or feasibility concerns and select for
persons likely to adhere to the protocol and complete follow-
up (e.g., indication for a specific antihypertensive medi-
cation, arm circumference incompatible with accurate BP
readings using standard equipment, expected survival of <3
years, active alcohol abuse, lack of support from a primary
health provider, history of missed clinic visits).

Epidemiol Rev. 2022;44:17–28



20 Power et al.

Observational studies can be used to identify persons who
are most likely to benefit from a given intervention through
estimation of subgroup effects. This information can then
be used to set inclusion and exclusion criteria that focus the
resulting trial on those most likely to benefit. For exam-
ple, it may be useful to stratify the observational sample
based on risk profiles or other characteristics. Observational
researchers often avoid reporting extensive subgroup anal-
yses, given legitimate concerns about power and the likeli-
hood of false-positive results that result from “data fishing.”
Although a single observational study may not be adequately
powered to formally test for effect modification, estimates
within any single data set may lack desired precision, and
subgroup estimation can increase type I error, it is rare
that there is only 1 data set in which an analysis could be
performed. Routine reporting of subgroup analyses across
multiple studies would provide trial planners a source of
evidence on relevant heterogeneity in treatment effects and
ensure that chance findings are disproven by subsequent
research.

Observational studies could also be used to provide an
assessment of whether an effect is likely to be observable
given the eligibility constraints of RCTs. Although there is
growing interest in using the transportability framework to
use trial results to estimate effects in external, real-world
populations (42–45), application of this concept in reverse
may also allow observational researchers to provide insight
into the expected outcome of RCTs in samples that more
closely resemble those who would meet criteria for inclusion
in a trial. Given the large amount of data observational
studies typically obtain, it should be possible to apply restric-
tion, weighting, or transportability algorithms to observa-
tional data to estimate associations in samples that resemble
trial populations. Such analyses would provide insight into
whether trial-eligibility criteria influence the likelihood of a
positive trial and can be used to explore whether it is worth
focusing on a specific target population, given safety and
feasibility constraints.

Length of follow-up

Observational epidemiologic studies of risk factors for
disease often use data collected across decades of follow-
up; for example, analyses in the North Karelia/FINMON-
ICA cohorts reporting that midlife hypertension increases
dementia risk were based on a mean 21 years of follow-
up (46). Similar findings in ARIC were based on a median
23 years of follow-up (30). To the contrary, RCTs rarely
follow participants for longer than 5 years. For example,
mean follow-up for dementia was 5 years in the Systolic
Hypertension in the Elderly Program (SHEP) trial (47) and
2.2 years in the Hypertension in the Very Elderly Trial
Cognitive Function Assessment (HYVET-COG) trial (48).

The relatively short follow-up period for RCTs is unlikely
to change. Unlike observational studies, for which length of
follow-up is limited only by continued funding and partici-
pant goodwill, the length of RCTs is constrained by safety
and feasibility concerns. RCTs also do not always achieve
planned follow-up. For example, RCTs are stopped early if
there is demonstrated benefit or harm. This can be a barrier

to definitive results for sub-studies or secondary outcomes,
which may only be adequately powered under full follow-
up. This was an issue in trials of pharmacologic blood-
pressure lowering for ADRD prevention. For all of the trials
listed in Web Table 1, the primary goal of each RCT was
to establish benefit or harm on a cardiovascular outcome;
cognition or dementia were secondary outcomes or were
primary outcomes for a sub-study. Many of the trials were
stopped early because the intervention was shown to have
benefit on cardiovascular health. This made it impossible
to ethically continue to study the effect of receiving the
intervention on cognition across the intended duration of
follow-up.

Although extended follow-up of trials is becoming more
common (e.g., ACCORDION MIND (49); SPRINT MIND
2.0 (50)), such follow-up essentially turns the trial into an
observational study. At the end of the trial, results are made
publicly available, treatment assignment is unblinded, and
all participants are encouraged to change to the new standard
of care identified by the trial; persons followed from this
point forward are no longer randomly assigned or blinded
to a treatment condition. Thus, although extended follow-up
may make it possible to quantify the long-term, intention-
to-treat (ITT) effect of a short period of intervention, it does
not allow estimation of the ITT effect of long-term, sustained
intervention.

Because observational studies often follow participants
for years to decades, they may be able to provide useful
insight into the expected effect of an exposure at a given
age over a variety of follow-up periods. Conceptual models
and associated methods from the field of environmental
epidemiology may be particularly relevant to this task (e.g.,
see the study of Wang et al. (51)). Such models aim to iden-
tify etiologically relevant periods or patterns of exposure,
while recognizing that most exposures are ubiquitous but
of varying intensity, that there may be critical windows in
the life course when exposure is particularly harmful, and
that there is often a lag between exposure and an observable
effect on the outcome. This framework can be applied to
observational data in an attempt to identify health effects
of an exposure over multiple periods (short, medium, long
term), and can be used to provide an assessment of whether
we would expect to see a benefit of intervention within a
feasible follow-up period. Work of this nature has been done
in the area of BP and cognition. Observational studies with
short follow-up are mostly null, whereas studies of midlife
hypertension and late-life cognition—which, by definition,
have decades of follow-up—most reliably report an adverse
association (15). Combined with evidence that increasing
duration of hypertension is relevant to cognition (19), these
observational studies suggest that short-term interventions
on BP are unlikely to provide measurable reductions in
dementia risk. Given this, it is unsurprising that the existing
RCTs of BP reduction for ADRD prevention do not demon-
strate benefit within 2 to 5 years of follow-up.

Many interventions have multiple plausible effects, and
trials often explicitly specify secondary endpoints of inter-
est. If effects on a primary outcome are established (e.g., car-
diovascular events), it is no less important to understand the
impact of intervention on other outcomes (e.g., dementia).
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A full picture is required to identify optimal treatments,
because treatment decisions initiated because of benefits on
1 health outcome may be bolstered or balanced by benefits
or harms to a second outcome. Observational studies can
help us design trials that are less likely to have inconclusive
findings for secondary outcomes when trials are terminated
early. Most observational studies collect data on a wide
variety of participant characteristics, health behaviors, and
health outcomes; as such, they can be used to predict the
likely and varied benefits and harms of an intervention.
Because they are not limited to a primary outcome, obser-
vational studies can be used to evaluate the likelihood of
early termination due to other benefits or harms—essentially
accounting for the competing risks of the other likely out-
comes in the trial—allowing for a more informed approach
to the design of RCT sub-studies. For example, if findings
from observational studies suggest it is reasonably likely
that we would obtain evidence of benefit or harm on the
primary outcome before the end of the full, planned, follow-
up period for a given trial, it may be justifiable to power sub-
studies assuming shortened follow-up, to ensure enrollment
and follow-up for sub-studies begin at the same time as
primary enrollment, and/or to choose a clinically relevant,
sensitive, intermediate endpoint (e.g., cognitive change) as
the secondary or sub-study outcome of interest.

Exposure or treatment conditions

The treatments tested in trials often bear little resemblance
to the exposures contrasted in the observational studies
used to motivate trials. Observational studies investigating
risk factors for disease typically contrast persons with and
without a given exposure or, alternately, persons with dif-
fering intensities of exposure. For example, observational
studies of BP on dementia test whether risk of dementia
differs across those with and without hypertension or across
those with different SBPs at a defined point in time. To the
contrary, RCTs of risk-factor modification for disease pre-
vention typically test a treatment that affects the risk factor
identified in observational studies. For example, trials of
BP lowering for ADRD prevention typically test the impact
of receiving a specific antihypertensive medication (vs. a
placebo) or of being assigned to pharmacologic treatment
with the goal of reaching a target BP (vs. an alternate target)
(Web Table 1).

As such, RCTs test the effect of randomization to an inter-
vention that might achieve a given level of a risk factor (e.g.,
antihypertensive medication use). This is potentially quite
different from the impact of having a given level of a risk fac-
tor (e.g., SBP of 145 mmHg), or even the impact of a change
to a given level of a risk factor (e.g., decline in SBP from 160
mmHg to 145 mmHg) for several reasons. Assignment to an
intervention in an RCT may or may not produce the expected
risk-factor change. For example, in HYVET-COG, the dif-
ference in BP achieved between the intervention and control
groups was substantial (SBP 15.0 mmHg, diastolic BP 5.9
mmHg) (48), whereas in the Study on Cognition and Prog-
nosis in the Elderly (SCOPE), the difference was minimal
(SBP 3.2 mmHg, diastolic BP 1.6 mmHg) (52). Moreover,
treatments tested in RCTs may influence outcomes through

multiple mechanisms. For example, antihypertensive med-
ication use may influence ADRD risk through effects of
the medication on brain calcium regulation, modulation of
the renin–angiotensin system, or anti-inflammatory effects,
in addition to any effects through lowering BP (53). These
other effects would not be captured in an observational
study that contrasted risk of ADRD across studies showing
differences in BP. As such, differences in risk across groups
defined by risk-factor status in an observational study may
not directly correspond to the effect of a treatment intended
to change risk-factor status in a trial.

In addition, exposures are often correlated with each other
and across time. This raises questions about whether the
association between a given exposure and outcome in an
observational study reflects a causal effect of that expo-
sure at that time on the outcome. First, the exposure of
interest may not be the causal agent driving the observed
association in the observational study. For example, residual
confounding may lead to an association that does not reflect
a causal effect. Second, risk-factor status is correlated over
time within an individual. Therefore, the fact that we observe
an association between risk-factor status at a given time and
an outcome in an observational study does not necessarily
mean that that exposure at that time affects the outcome.
For example, an individual who is hypertensive at age 70
years was very likely hypertensive at age 55 years and
will likely remain hypertensive at age 90 years. They may
also be more likely to experience episodes of extremely
high BP. If BP affects risk of ADRD through the cumula-
tive effects of decades of hypertension or through repeated
episodes of extremely high BP, we should see an association
between hypertension at age 70 years and dementia risk
in an observational study. However, in this case, we would
not expect that achieving a nonhypertensive target BP level
for 1 year at the age of 70 years (e.g., in the context
of an RCT) would produce a difference in dementia risk
equivalent to the association between hypertension at age 70
years and incident dementia observed in the observational
study.

Observational studies can better inform clinical trials by
providing exposure contrasts that align with treatments we
can test in a trial. In the context of BP and risk of ADRD,
careful evaluation of the impact of treatments known to
affect BP (e.g., antihypertensive medication use) are war-
ranted. That said, naïve comparisons of groups with and
without the treatment are unlikely to provide sufficient infor-
mation to guide trial design. For example, simple com-
parisons of ADRD risk across persons with and without
antihypertensive medication use in observational data will
not recover the causal effect of antihypertensive medica-
tion use on dementia risk, because of to reverse causation
(e.g., cognitive impairment leads to poor adherence or de-
prescribing of antihypertensive medications), confounding
by indication (e.g., persons with antihypertensive medica-
tion use are more likely than their nonmedicated counter-
parts to have prior hypertension and clinical or subclinical
cardiovascular disease, which increase ADRD risk), and
interpretational difficulties due to correlation of medication
status over time (i.e., medication status at a single time point
is unlikely to be the causal agent, just as SBP at age 70
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years was not likely to be the causal agent, but is correlated
with it). Instead, careful analyses, using methods designed
to address these issues (e.g., restriction to persons with an
indication for medication use, new user designs, propensity
score matching, active comparators) are necessary (54–56).
However, it is important to note that careful analyses may
not be sufficient. For example, if reverse causation is likely,
it may be impossible to estimate short-term effects of a
potential intervention in observational data.

Simple comparisons of persons with and without exposure
change may also be useful but will suffer from similar issues.
In addition, they are likely to be confounded by measured
and unmeasured factors and will be difficult to interpret
without full understanding of the causes of exposure change
(e.g., BP can change because of heart failure, atherosclero-
sis, exercise, diet, medication use). Analyses that evaluate
heterogeneity in the estimated effect of changes in exposure
based on the presumed cause of exposure change may be
particularly valuable. However, this presents a challenge,
because data sets with sufficient sample size (e.g., claims
data) are unlikely to have sufficient information to identify
causes of exposure change and adequately control for con-
founding.

It should also be noted that observational study analyses
designed to estimate the effect of treatments or exposure
change may be limited by absence of an adequate com-
parison group. If all of those with specific indications for
treatment receive treatment, or if everyone in a group defined
by participant characteristics experiences similar exposure
change, there is no one comparable to contrast them with,
and it will not be not possible to estimate a causal effect of
exposure in this group (57).

In the face of these substantial challenges, observational
studies that take advantage of natural experiments that create
variation in exposure, where variation is unlikely to be
strongly confounded, provide another useful and comple-
mentary appoach (58). For example, changes to treatment
guidelines for SBP in nationalized health care settings may
provide an opportunity to compare those just above the
threshold needed to treat to those just below, which can
provide an estimate of the causal effect of BP management
on dementia (Adina Zeki Al Hazzouri, Columbia University
Mailman School of Public Health, personal communication,
2020).

Outcome

Researchers conducting observational studies often eval-
uate associations with numerous outcome measures. The
ability to triangulate across outcomes can be a strength of
observational research. This is particularly true for obser-
vational research in ADRD. Dementia is a syndrome, char-
acterized by cognitive and functional impairment preceded
by cognitive decline (59). It has a long preclinical phase,
characterized by accelerated cognitive decline and accumu-
lation of brain pathology (60). Although brain pathologies
are used to define etiologic subtypes (61–63), the correspon-
dence between brain pathology and dementia is imperfect
(62). Thus, examination of associations with multiple mea-
sures of brain and cognitive health can provide reassurance

that associations are not attributable to outcome-specific
sources of bias, allows study of the preclinical phase, and
can provide insight into etiologic mechanisms. However,
the wide variety of measures available in the observational
study setting can also be a limitation. Identical measures
are rarely used in studies, reporting is often selective, and
it can be difficult to understand whether heterogeneity of
findings is related to heterogeneity of measurement or other
factors. For example, observational studies of risk factors for
ADRD and related outcomes rarely use the same cognitive
test batteries, dementia ascertainment approaches, or even
the same cutoffs for classifying amyloid positron emission
tomography scans (64, 65), and use of different measures of
the same construct has been shown to affect study findings
(66–68).

To the contrary, RCTs must specify a primary outcome—
often with considerations related to Food and Drug Admin-
istration approval in mind—and trial findings are evaluated
on the basis of findings with this outcome. For example, in
most trials testing pharmacologic BP lowering for ADRD
prevention, researchers use cognitive impairment, dementia,
or significant cognitive decline as their outcome (Web Table
1). There is a strong rationale behind this choice. These
are the outcomes that matter to the patient. However, these
outcomes are not ideal, because they represent the end state
of a long and variable pathologic process and are unlikely
to occur during the follow-up period of the trial unless the
underlying pathologic process has already begun; thus, most
trials are not able to test effects on disease initiation, only
disease progression. Similarly, these outcomes are common
to multiple etiologic processes. If treatment affects only 1 of
these etiologies, the impact of the intervention on risk will
be modest at best (61). Although use of a causal intermediate
outcome would be preferable, our poor understanding of the
disease processes that lead to ADRD currently precludes use
of biomarkers of pathologic change as outcomes in RCTs.
Likewise, variation in cognitive test batteries across studies
contributes to difficulties in identifying robust measures
for use in the trial setting, and cognitive change does not
necessarily reflect dementia pathogenesis.

Observational studies can better inform clinical trials
through robust and systematic reporting of estimated effects
with all available outcomes. Reporting of this nature will
allow assessment of the likely heterogeneity of the strength
of effect with different measures of related outcomes, which
will contribute to selection of RCT outcome measures. In the
context of outcomes like dementia, where impact of inter-
ventions may take years to decades to detect, observational
studies will necessarily be instrumental in identifying and
validating intermediate outcomes that can then be used as
outcomes in both observational studies and RCTs (69).

Analysis

Observational studies are used to test multiple hypothe-
ses. Although an observational analysis may be motivated
by a specific hypothesis, analyses are rarely specified in
advance, and exploratory data analysis often informs final
reporting. Ultimately, observational studies typically report
conditional contrasts of risk across exposure groups, using
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Table 2. Archetypal Questions Asked and Answered by Observational Studies and Randomized Controlled Trials in the Context of Blood
Pressure and Alzheimer Disease or Related Dementias Prevention

Observational Study RCT

Of people from community X, do those with a SBP of 140 mm Hg
at age 50 years have lower dementia risk at age 70 years than
those with a SBP of 120 mm Hg at age 50 years, conditional on
sociodemographic characteristics, health, and health behaviors
at age 50 years?

In persons we can recruit at our clinics, who are at high risk of
cardiovascular disease, who are likely to adhere to the study
protocol, and have a SBP >160 mm Hg despite available of
clinical care and current standards of care, does being randomly
assigned to receive Y dose of drug Z for up to 2 years reduce
dementia risk compared with being randomly assigned to receive
placebo for up to 2 years?

Abbreviations: ADRD, Alzheimer disease and related dementias; RCT, randomized controlled trial; SBP, systolic blood pressure.

regression adjustment to address confounding. The stated or
unstated goal of such studies is often to estimate the average
treatment effect (ATE); that is, how much would the outcome
differ on average if each person were exposed compared
with if they were unexposed? To the contrary, RCTs are
generally designed to test a single primary hypothesis and
a set of predefined secondary hypotheses. Analysis plans
are prespecified and focus on ITT estimates, which preserve
the benefits of randomization on risk of bias (e.g., balance
of measured and unmeasured factors eliminates bias due to
confounding). However, the ITT provides the marginal aver-
age treatment effect of randomization, rather than treatment.

Observational studies can be used to estimate effects that
align with those quantified in RCTs. For example, we can
design observational analyses to estimate the ATE for an
intervention that is plausible to randomly assign in a trial
(e.g., the effect of initiating of antihypertensive medica-
tion use on incident dementia). Although such analyses
are particularly useful, they will not produce a parameter
that would equal the ITT estimate from the corresponding
clinical trial. Observational studies necessarily estimate the
average treatment effect of treatment, not randomization.
Because correspondence between the randomization and
treatment received is imperfect, and there is often measure-
ment error in observational study data, we would not expect
the ITT estimate to match the ATE. That said, the ATE
may provide a plausible upward bounds of a potential ITT
effect. It may also be useful to use the ATE to estimate
the likely ITT effect in a trial, under assumptions about the
degree of attenuation due to nonadherence and the influence
of measurement error, or as an estimate of the per-protocol
effect that may be observed in the context of a trial.

We note that modern causal inference methods may be
particularly useful when attempting to estimate the ATE or
other causal contrasts relevant to RCT design (e.g., marginal
structural models or structural nested models for the effects
of time-varying treatment (70, 71); causal mediation meth-
ods, particularly interventional direct/indirect effects for the
effects of intervention on causal mediators (72); the estima-
tion of the effect of treatment on statistical surrogates as a
proxy for long-term effects of treatment (73)). All of these
methods come with their own assumptions, strengths, and
limitations, and we refer the reader to the extensive literature
on these methods.

EMULATION OF RCTS IN OBSERVATIONAL DATA

Currently, researchers conducting observational studies
are often asking and answering questions of little relevance
to RCT design (Table 2). Earlier we suggested ways to adjust
observational data analyses to make observational analyses
better inform clinical trial design. However, in isolation,
implementation of these suggestions one by one will only
marginally improve translation of observational studies to
clinical trials.

The questions asked and answered in observational data
do not have to differ substantially from those asked and
answered by RCTs. We can use observational data to analyze
the observational data in a way that explicitly attempts to
answer questions that could be tested in an RCT (i.e., we can
emulate the target trial in the observational data) (74, 75).
For example, we could use observational data to answer the
question of whether, among those with an indication for BP
management, does initiating antihypertensive medication
use reduce dementia risk by at least 10% over the next 5
years. In fact, many of the ideas we discuss above are pieces
of the overall approach one would take emulate a target trial
in observational data.

At its core, target trial emulation is simply an organiza-
tional structure for causal inference. It focuses the researcher
on defining the eligibility criteria, treatment strategies,
assignment procedures, follow-up period, outcome, causal
contrast of interest, and analysis plan for observational
analyses in such a way that it corresponds to the desired
target trial. Although there are limits on what sorts of trials
we can realistically emulate (74), and data availability can be
a substantial barrier to implementation, target trial emulation
is possible. For example, a recent study using data from
the Rotterdam Study estimated the effect of hypothetical
interventions on SBP and smoking on risk stroke and
dementia (36). Results suggest that SBP reductions would
reduce risk of stroke, but not dementia, over a 15-year
intervention period. This is consistent with the findings of
existing RCTs, which show robust effects of pharmacologic
interventions designed to lower BP on cardiovascular health
but not dementia (Web Table 1). Analyses of this nature
could be used to explore a variety of related questions that
are useful to RCT design, including, “Is possible to observe
a beneficial effect of treatment within the ethical, safety, and
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Figure 1. Proportion of Atherosclerosis Risk in Communities (ARIC) and Health and Retirement Study (HRS) participants who are and
are not in the target population for selected randomized controlled trials (RCTs) of blood pressure management for Alzheimer disease and
related dementias (ADRD) prevention. (A) The proportion of ARIC visit-5 participants. (B) Proportion of HRS wave 2006 or 2008 participants
who participated in the enhanced face-to-face interview, allowing collection of biomarker and physical measurement data, who are in the
target population of selected RCTs of blood pressure management for the prevention of ADRD. Selected RCTs do not require presence of
cardiovascular disease, diabetes, or prior stroke for eligibility. Target populations are defined as presented in Table 1. Note: We were unable
to estimate proportions in HRS for the Study on Cognition and Prognosis in the Elderly (SCOPE) or Heart Outcomes Prevention Evaluation–
3 (HOPE-3), because of the absence of data required for determining target population eligibility; we excluded all persons who were taking
antihypertensive medications when evaluating Systolic Hypertension in the Elderly Program (SHEP) criteria (SHEP allowed participation of
persons taking antihypertensive medications if they met systolic blood pressure criteria after withdrawal of medication use); we assumed HRS
participants younger than 70 years do not have dementia (dementia status is algorithmically defined only for those older than 70 years); and
all estimates ref lect the proportion in the target population among those with nonmissing data on variables needed to define target population
membership. Abbreviations: HYVET-COG, Hypertension in the Very Elderly Trial Cognitive Function Assessment; MRC, Medical Research
Council; SPRINT, Systolic Blood Pressure Intervention Trial; SYST-EUR, Systolic Hypertension in Europe.

feasibility constraints of an RCT?” and “What would the
trial with the greatest likelihood of providing a definitive
answer look like?”

ISSUES OF DATA AVAILABILITY AND POTENTIAL
SOLUTIONS

One pervasive difficulty with using observational data to
better inform RCT design is data availability. Although this
is particularly true for target trial emulation, data availability
can be a barrier to implementation of many of our recom-

mendations (Table 1). Only a small fraction of participants
in observational studies would be eligible for inclusion in
most RCTs. For example, the proportion of ARIC or Health
and Retirement Study participants who are part of the target
population of selected RCTs of BP lowering for ADRD
prevention is often very small (Figure 1). The schedule of
data collection in observational studies is also often limited
compared with the frequency and depth of relevant data
collected by corresponding trials. Most cohort studies collect
data at intervals of years, whereas trials typically collect
data at shorter intervals. Although administrative databases,
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such as electronic health records or claims databases (e.g.,
Medicare) offer an attractive alternative, these sources have
limitations. Availability of data is uniquely tied to participant
characteristics, because the type and timing of data are
determined by timing of patient encounters and clinical or
billing needs. In addition, privacy concerns about this type
of data may preclude pooling or linkage of data with other
sources.

Observational data also frequently have limited diversity
of study participants. Historically, both observational studies
and RCTs in the United States recruited samples that were
predominantly non-Hispanic White. Although new RCTs
are increasingly diverse, the diversity of existing observa-
tional studies is often limited by historical decisions about
recruitment. These studies often lack sufficient representa-
tion from racial/ethnic minority groups to robustly estimate
effects in these groups (76). This is problematic because risk
is unequally distributed, and treatment effects may differ
across groups. For example, Black Americans are about
twice as likely to have cognitive impairment or dementia
than Whites (77–81), and drug responses varied by race/eth-
nicity in approximately 20% of new molecular entities tested
between 2008 and 2013 (82).

In this context, a combination of data sources is often
a prerequisite to implementing methods that increase rele-
vance of observational studies to trial design (Table 1) or for
target trial emulation. Assuming that all studies pull from the
same source population, data from multiple studies can be
combined using a variety of existing approaches. When indi-
vidual data are available, it can be pooled and harmonized.
Although seemingly simple, in practice harmonization can
be difficult or impossible because of differences in measures
collected and measurement schedules across studies. Collec-
tion of a consistent set of core measures across observational
studies (and their related RCTs), supplemented with study-
specific measures, would help overcome this difficulty and
would allow for better cross-cohort harmonization.

When data are comparable enough to allow synthesis
but cannot be directly pooled and harmonized (e.g., due to
privacy restrictions), other approaches may be necessary.
Meta-analysis (83), related Bayesian approaches (84, 85),
coordinated analyses (86, 87), or aggregate-data based
approaches (88) are often used to produce combined effect
estimates. Partially or fully synthetic data approaches
may also permit data sharing and pooled analyses while
remaining consistent with data privacy goals (89–97).

Although convenient, the assumption that different stud-
ies pull from the same source population underlies the
validity of all of these methods for combining data sources.
However, it should not be assumed that this assumption
holds (68). Additional methods work (e.g., within the trans-
portability framework (42–45)) will be necessary to allow
combination of data sources where this assumption is vio-
lated.

CONCLUSIONS

Well-powered RCTs are considered the gold standard
for causal inference in biomedical research (98). In a per-
fect world, there would be a seamless handoff from obser-

vational researchers to trialists. Observational researchers
would build the case for whether and how to intervene on
a particular risk factor and provide insight into choice of
target population, outcome, and follow-up time. Trialists
would then use that detailed evidence to make decisions
about whether and how to field an RCT. Unfortunately,
the questions asked and answered by observational studies
often have little relevance to the decisions that need to
be made when designing and fielding an RCT. However,
observational studies can be analyzed in ways that make
them more relevant to trial design, and better use of observa-
tional studies to inform choices around clinical trial design
should increase the likelihood of successful, or at least
definitive trials. Ultimately, analyses in observational studies
should inform not only what the RCT design should be but
also—given the substantial cost in money, time, and public
trust accompanying nondefinitive results—whether an RCT
should be fielded at all.
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