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Abstract In comparative effectiveness research (CER), ensuring internal, construct, and external
validity is crucial. Internal validity determines whether observed outcomes are causally
linked to an intervention; construct validity assesses whether a study measures what it
intends to; and external validity relates to generalizability in routine practice. Double-
blind randomized trials optimize internal validity by minimizing bias and confounding,
while construct validity is strengthened through pre-specified protocols and standard-
ized data collection. However, controlled conditions limit external validity. Pragmatic
RCTs improve generalizability but may compromise internal validity due to open-label
designs. Observational CER studies—including observational studies following the
target trial emulation framework—offer broader external validity and feasibility in
less time and at lower cost. However, due to lack of random assignment, these studies
are susceptible to measured and unmeasured confounding. Several techniques help
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Introduction: Design Options for
Comparative Effectiveness Research

Continued evaluation of the effectiveness and safety of
health interventions, as well as the assessment of potential
off-label use of therapies, requires rigorous comparative
effectiveness research (CER) studies. Such evidence can be
generated using a range of study designs, including
blinded clinical trials; pragmatic, often open-label clinical
trials that may be registry-based or linked to electronic
health record (EHR) data;1 and observational comparative
effectiveness and safety studies designed to emulate hy-
pothetical or existing target trials. However, key consider-
ations must be addressed, including the feasibility and
resource requirements for designing and conducting these
studies, as well as ensuring their validity to make the
findings relevant and impactful for clinical care. This brief
review summarizes the utility and challenges of various
types of CER studies for generating clinical evidence. It
highlights when each design may be appropriate and
reasonable, discusses key validity considerations for ap-
propriate interpretation to inform patient care, and pro-
vides illustrative examples in the domain of thrombosis
research.

Randomized Trials for Comparative
Effectiveness Research: Internal, Construct,
and External Validity Considerations

Randomized controlled trials (RCTs) are often considered the
gold standard regarding CER. Random assignment of inter-
ventions helps balance both measured and unmeasured
factors across trial groups, while blinding of the intervention
minimizes post-assignment biases in treatment administra-
tion, testing procedures, and outcome reporting. These two
factors strengthen the internal validity, which refers to the
extent to which the observed outcomes are causally attrib-
utable to the intervention (exposure) rather than other
factors.

Preparing a pre-specified protocol and monitoring adher-
ence to it, prospectively capturing and auditing data using
pre-defined elements and instruments, and adjudicating
outcomes can all improve construct validity. This type of

validity refers to the extent to which the study population,
the interventions and adherence to them, and clinical out-
come definitions and execution measure what they are
intended to measure.

Double-blind RCTs often lack external validity, which
refers to the generalizability of the findings to related
populations and settings outside the exact conditions of
the study. In particular, RCTs often have stringent eligibility
criteria and detailed protocols for follow-up, which are
costly, time-consuming, and challenging to generalize to
patients in routine care settings who typically have
complex comorbidities and limited resources for treatment
and follow-up. In addition, RCTs may underrepresent certain
racial or ethnic groups, which is important given known
variations in clinical outcomes of thrombotic diseases be-
tween populations, such as White patients versus those of
Asian descent.2 Moreover, the delivery of interventions in
RCTs may or may not reflect routine clinical practice. For
example, the mAFA-II trial3 implemented holistic atrial
fibrillation management using a mobile health platform
based on the Atrial Fibrillation Better Care (ABC) pathway.
The feasibility of this approach in routine care settings was
later supported by the MIRACLE-AF trial, which successfully
delivered the ABC pathway through village doctors sup-
ported by telehealth in rural communities.4 In other settings,
however, complex interventions or those that require exten-
sive resources may not be actionable in resource-limited
environments.

Simple pragmatic RCTs may more accurately reflect
patients in routine practice. Registry-based trials are often
less costly, can be pragmatic, and have the capacity to test
representativeness in routine practice through access to
the parent registry. However, they are often open-label
and may have slightly lower internal validity due to less
stringent control measures. Achieving adequate represen-
tation of patients in RCTs is a complex issue that may
require solutions beyond trial design alone. For example,
female representation is low in many clinical trials and
some studies suggest that having a diverse trial leadership
team helps improve diverse patient representation for a
variety of reasons.5

Beyond limitations in representation, inclusiveness, and
retention of participants across demographic subgroups,

mitigate these concerns, including a detailed pre-specified protocol, tools such as
propensity score matching to balance measured confounders, falsification endpoint
testing for assessing the presence of unmeasured confounders, and quasi-experimental
designs (including instrumental variable analysis), which may be able to address both.
Pre-specified sensitivity analyses and triangulation with complementary data sources
further enhance robustness. Construct validity in observational CER depends on
accurate patient profiling and validated computational phenotypes for identifying
patients, exposures, and outcomes. Thoughtful study design and analytic rigor are
essential for balancing these validity considerations. This brief review highlights these
issues with examples from thrombosis research.
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RCTs may be unfeasible in many scenarios due to the rarity
of the condition, ethical challenges, or prohibitive costs
and resource requirements. Furthermore, evidence from
RCTs is often not durable over time.6,7 For instance, the
DAPT trial established evidence for prolonged dual anti-
platelet therapy after drug-eluting stent implantation.8

However, subsequent analyses showed different results
when reweighted to represent contemporary patient pop-
ulations and use of second-generation drug-eluting stent
technology.9 In addition to potential changes in clinical
characteristics over time, improved implantation techni-
ques, facilitated by use of intravascular imaging have
reduced the risk of adverse events such as stent thrombo-
sis and thus reduced the potential benefit from prolonged
dual antiplatelet therapy.10,11

CER Using Observational Data
The above-mentioned limitations of traditional RCTs, com-
bined with the increasing availability and granularity of
data sources based on routine practice (real world), in-
cluding EHR data and administrative claims, and advances
in design and analytic methodology, have stimulated
interest in observational methods to assess the effective-
ness and safety of healthcare interventions. The availabil-
ity of a broader range of data elements, such as national
claims data linked with prescriptions and death registries,
patient-level registries, and rich multicenter EHR data,
allows for the inclusion of variables not typically available
in most claims databases, such as reports of imaging
studies. This can enhance patient profiling and improve
both internal validity—by adjusting for confounders—and
construct validity—by providing more accurate profiling of
patients and outcomes.

Off-label use represents another area where observa-
tional CER studies can provide valuable insights when RCT
evidence is lacking. For example, for decades, metformin
was contraindicated in patients with renal impairment
due to concerns about lactic acidosis, limiting its use in
diabetic patients who often have concurrent kidney dis-
ease. However, multiple observational studies demon-
strated the safety of metformin in mild to moderate
chronic kidney disease, and the FDA revised labeling for
metformin to permit its use in patients with mild–moder-
ate kidney impairment.12 In contrast, studies of direct oral
anticoagulants (DOACs) in patients with rheumatic heart
diseases highlight potential limitations of observational
data. Despite promising initial observational findings,13

RCTs such as INVICTUS indicated harm,14,15 highlighting
the need for cautious interpretation of observational evi-
dence. Particularly, in this example, the observational CER
study lacked robust foundations for construct validity in
patient selection, exposure definition, and outcome mea-
surement, and it did not account for unmeasured con-
founders.13 With stronger methods, the results may have
more closely approximated those of an RCT.

Observational Studies Following the Target
Trial Emulation Framework: Strengths,
Limitations, and Validity Considerations

The target trial emulation framework16,17 has been in-
creasingly used to guide observational CER studies. The
framework, which provides a structured process to mimic
the design and analyses of RCTs, is intended to reduce
biases when conducting research using observational data
by drafting a pre-specified protocol that establishes the
eligibility criteria, exposure variables (substitutes for
interventions in RCTs), outcome variables, follow-up peri-
od, and analytical approaches and to make it available to
reviewers and readers. These elements can help mitigate
the impact of confounders to improve internal validity,
particularly compared with other forms of observational
CER studies, and improve transparency related to adher-
ence to pre-specified methods.

Observational CER studies that follow the target trial
emulation framework can allow for inference in areas
where RCTs are nonexistent due to difficulties with trial
design or conduct, can complement RCTs by generating
effectiveness and safety data among patients who may
have been routinely excluded from RCTs,18–24 and can be
conducted at a fraction of the time and cost of a traditional
RCT. However, observational CER studies, including those
that follow the target trial emulation framework, have
inherent limitations that are necessary to consider during
study design, analysis, and reporting, and interpretation at
bedside.

With respect to internal validity, the exposure variables
(interventions) in observational CER studies that follow the
target trial framework are not randomly assigned, and
baseline characteristics are less likely to be balanced. Sev-
eral methods, including multivariable regression and pro-
pensity-score weighting or matching, can help adjust for
measured confounders. The list of variables should not be
selected based on statistical criteria only. In particular, it is
necessary to use an informed approach based on theoretical
models (e.g., directed acyclic graphs) that consider the
relationships between exposures and outcome. These mod-
els should be informed by clinical content experts who have
good appreciation of measured and unmeasured factors
that may impact the outcomes. Sensitivity analyses and
subgroup analyses can help strengthen the robustness of
the results, and falsification endpoints might partially
alleviate the concern for unmeasured confounders. Howev-
er, residual and unmeasured confounding remain possibili-
ties. For instance, administrative claims data are often
unable to account for important patient and prescriber
behaviors, such as choices between various therapies or
no treatment, which could influence the observed findings.
Instrumental variable analysis is a technique used to ad-
dress both measured and unmeasured confounders in ob-
servational CER studies. It relies on identifying a valid
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instrument—a variable that is associated with the exposure
variable but influences the outcome variable only through
its effect on the exposure. However, the challenge with this
approach lies in finding an instrument that meets the
necessary assumptions for validity.

Beyond these issues, true intention-to-treat analyses,
where participants are analyzed according to their assigned
treatment rather than actual treatment to provide conser-
vative unbiased estimates, are not feasible in observational
CER studies. An initiators (as-started) analysis, though not
based on random assignment, provides a partial approxi-
mation,16,25 and a sustained treatment effect analysis is
proposed as an approximation of as-treated analysis of
RCTs.16 Finding a suitable no treatment comparator group
is also a major challenge in observational CER studies that
follow the target trial framework due to concerns for
confounding and selection bias. Biases impacting internal
validity can also arise in subsequent care (performance
bias), subsequent assessment (detection bias), or follow-
up duration (attrition bias) due to lack of blinding. Finally,
in RCTs, and particularly observational CER studies that
follow the target trial framework, clustering of observations
(e.g., within sites) can be addressed to avoid biases assess-
ment of the treatment effect of the interventions on out-
comes of interest.

To ensure construct validity in observational CER studies,
it is crucial to develop computable phenotypes using data
from administrative claims, such as International Classifi-
cation of Diseases (ICD) codes and Current Procedural
Terminology (CPT) codes, in ways that have been validated
against “ground truth” (which can be approximated from
clinical information in medical charts).26,27 This approach
helps accurately identify interventions and outcomes, min-
imizing the risk of misidentifying patients or producing
false positive or negative results. Furthermore, there may be
patient and clinical characteristics ascertained in clinical
trials that cannot be matched exactly in claims or EHR data,
including cancer staging or imaging parameters.28 As for
outpatient drugs, claims data can tell us if a prescription
was filled but will not inform us whether the patient
actually took the drug. In RCTs, this is typically comple-
mented by drug diary and drug-level testing.

A key strength of observational CER studies that follow the
target trial framework, especially those conducted using
routine practice data, is their generalizability (external
validity). These studies can capture diverse patient popula-
tions with respect to age, sex, race, ethnicity, location, and
treatment settings. However, some data sources may still
have limited external validity, such as Department of Veteran
Affairs data, which overrepresent male individuals. As an
increasing number of large, compiled datasets are also being
curated, ascertaining the provenance of these data sources
and understanding which patients and data elements they
represent would be essential for utilizing them for CER
analyses.

Practical Considerations for Clinical
Investigators Conducting CER Studies

To effectively leverage RCTs or observational CER studies to
address clinical questions, it is crucial to understand their
inherent characteristics and to enhance the quality of
modifiable components that influence internal validity
(►Fig. 1). At the design phase, the tradeoffs between
internal and external validity for different forms of RCTs
and observational CER studies should be considered to
select the appropriate design (►Table 1). Approximating
the standards of RCTs using the target trial framework in
observational CER studies can strengthen the design and
internal validity. As for construct validity, standard proce-
dures applied in many RCTs including prospective screen-
ing, core laboratories, and blinded event adjudication help
maximize the construct validity for various data elements.
In observational CER studies using claims data, efforts
should be made to use validated algorithms to ascertain
disease conditions, exposure variables, and outcomes
(►Tables 2 and 3). In studies that use EHR data, including
both registry-based RCTs and observational CER studies,
incorporation of validated natural language processing tools
and large language models may help automate the extrac-
tion of detailed complex data elements to improve con-
struct validity and efficiency.26,29

At the level of reporting the results in scientific manu-
scripts, RCTs are familiar to many readers. However, regard-
ing observational CER studies that follow the target trial
framework, the use of the term trial and other RCT-related
terminology may mislead some readers into assuming the
study design involves actual randomization. Therefore, it
would be beneficial for manuscripts reporting results from
CER studies based on the target trial emulation framework to
clearly specify the observational design used in these
studies.30,31

Heterogeneity of Treatment Effect in CER
Studies

Heterogeneity of treatment effect (HTE) refers to the
variation in the magnitude or direction of a treatment’s
effects across different subgroups or individuals. If there
is a high degree of HTE among certain subgroups in a
clinical trial, the external validity of the results may be at
risk. Failing to consider HTE can also mask a true treat-
ment effect that is restricted to specific subgroups. For
example, if a stroke trial includes a wide range of patients,
most of whom are enrolled within 24 hours of stroke
onset, the overall treatment effect of fibrinolytic therapy
may appear limited. However, subgroup-specific analyses
are likely to reveal a distinct treatment effect in
patients who present within the first 3 hours of symptom
onset. Similar principles can apply to observational CER
studies.
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Practical Considerations for
Implementation of Results in Practice

Both RCTs and observational CER studies can vary in
methodological and reporting quality. Therefore, it would
be important for the readers to familiarize themselves
with essential components of successful CER studies.
Although not all clinicians are research methods experts,
they should review the CER studies to understand that
there was a clear central question, that the question was
pre-specified, that appropriate tools were implemented to
identify patients and to assess outcomes (construct validi-
ty), that appropriate measures were taken to minimize
bias and confounding in providing a causal inference for
the intervention toward the outcome of interest (internal

validity), and that the findings are reasonably applicable to
patients whom they see in clinical practice (external
validity). ►Tables 2 and 3 share illustrative summaries in
thrombosis research both for observational CER studies
and RCTs.

Conclusion

Both RCTs and observational CER studies play vital roles in
advancing our understanding of the effectiveness and safety
of health interventions. As the field evolves, besides consid-
erations for cost and feasibility, careful attention to internal,
construct, and external validity will be essential for the
design, conduct, and interpretation of high-quality CER
studies.

Fig. 1 Comparison of randomized clinical trials (RCTs), pragmatic clinical trials (PCTs), and observational comparative effectiveness research
(CER). This figure provides a conceptual comparison of RCTs, PCTs, and observational CER across key dimensions, including study design, clinical
setting, patient eligibility, treatment allocation and follow-up, and the emphasis on internal versus external validity. Although these categories
reflect general methodological principles, individual studies may vary. For example, observational CER can incorporate rigorous inclusion criteria
or leverage prospective registry data, and some explanatory RCTs may adopt more flexible protocols depending on study objectives. In addition,
although pharmacologic interventions are depicted here for illustrative purposes, these principles broadly apply to other types of health
interventions evaluated in clinical research. Many elements of construct validity are already fulfilled in RCTs since the patients are selected
prospectively and the intervention is being randomly assigned prospectively. For outcome ascertainment, core laboratories (for blood, imaging,
or other biomarkers) and blinded adjudication (for clinical outcomes) help improve the construct validity. Observational CER studies need
detailed pre-specified plans for construct-validated approaches for selecting patients, exposure variables, and outcome variables. Created in
BioRender. Hays, A. (2025) https://BioRender.com/wdvcf1j.
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Table 1 Summary of design, execution, and validity trade-offs in comparative effectiveness research

Feature Double-blind
randomized
controlled trial

Pragmatic
randomized
controlled trial
(e.g., registry-based)

Observational
emulation of
target trial

Internal validity þþþþþ þþþþ þþþ
Construct validity þþþþ þþþþ þþþ
External validity þþ þþþþ þþþþþ
Cost þþþþþ þþþþ þþ
Resource intensity þþþþþ þþþ þþ
Expertise requireda þþþþþ þþþþþ þþþþþ
Ethical complexityb þþþ þþ þ
Ability to provide detailed phenotyping þþþþ þþþþ þþþ

Notes: Plus signs (þ) represent a consensus-based semiquantitative scale indicating the relative magnitude or intensity of each feature (e.g., cost,
validity, expertise) across study types. A higher score does not necessarily indicate greater desirability—for example, higher cost (“þþþþþ ”) is less
desirable than lower cost (“þ ”).
“þ ”¼ very low/minimal; “þþ”¼ low/modest; “þþþ ”¼moderate; “þþþþ”¼ high; “þþþþþ ”¼ very high.
aAll comparative effectiveness study designs need sufficient expertise. For clinical trials, the domains of expertise include trial design, clinical
research methods, biostatistics, and leadership skills. For observational comparative effectiveness studies, in addition to clinical research methods
and biostatistics, expertise is often required in data science and causal inference using observational data.

bEthical complexity refers to the degree of ethical complexity inherent to each study design. For randomized controlled trials, especially placebo-
controlled or double-blind trials, ethical considerations may include withholding potentially beneficial treatments or subjecting participants to
investigational therapies. Pragmatic trials often pose fewer ethical challenges as they are conducted in routine clinical care settings with treatments
already in clinical use. Observational studies, including comparative effectiveness research based on routine care data, generally involve the least
ethical complexity, as there is no experimental intervention or randomization, though issues related to data privacy, biospecimens, and informed
consent may still apply.
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