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The randomised trial is the preferred study design for evaluating the effectiveness and safety of 

interventions. Yet such trials can be prohibitively expensive, unethical, or take too long. When it is 

not possible to carry out a randomised trial, observational data can be used to answer similar 

questions. Here, we describe the process of using observational data to emulate a target trial, which 

applies the study design principles of randomised trials to observational studies that aim to estimate 

the causal effect of an intervention. The target trial provides a formal framework to help avoid self-

inflicted biases common to observational studies. 

The need for target trial emulation 

Observational studies can provide evidence on the effectiveness of interventions when randomised 

trials are not feasible because they are expensive, unethical, or take too long. Causal inference 

using observational data is, however, challenging; not only are observational studies prone to 

confounding bias due to the lack of randomisation, but incorrect study design choices (such as the 

specification of the start of follow-up) can also cause self-inflicted biases.1 Such study design flaws 

can be overcome by first designing a hypothetical randomised trial—the target trial—that would 

answer the question of interest, then emulating this target trial using the available observational 

data and appropriate methodology.2 3 
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How to design a target trial 

The first step is to specify the protocol of the trial that ideally would have been conducted, within 

the constraints of the available observational data. Several elements are considered at this stage 2 4 5: 

eligibility criteria, treatment strategies, assignment procedures, outcome(s), follow-up, causal 

contrasts of interest (eg, the intention-to-treat effect), and statistical analysis plan. The target trial 

must be a pragmatic trial because observational data cannot be used to emulate a placebo controlled 

trial. Box 1 describes each component of the target trial protocol. 

 

 

Box 1 

Components of target trial protocol 

Eligibility criteria 

In randomised trials, eligibility is based on the characteristics of the participants at enrolment. 

Researchers must therefore ensure that eligibility criteria of the target trial are explicitly stated 

and are only based on values that are available at baseline, never after. 

Treatment strategies 

Formulation of the treatment strategies should include the specific treatments a participant could 

be assigned to in the target trial, and, if a sustained strategy, the length of time participants 

should adhere to this strategy, and any legitimate reasons why they could discontinue or switch 

from the assigned treatments. An example would be the initiation of 10 mg/day atorvastatin at 

baseline and continuation for five years or until the development of a contraindication versus no 

initiation of any statin at baseline or within the next five years, until the development of an 

indication for statins. 

Assignment procedures 

In the target trial that would ideally be undertaken, eligible, enrolled participants would be 

randomised to a treatment strategy. However, observational data reflect treatments that have 

already been given in routine clinical practice and as such, the emulation must assign individuals 

to the treatment strategy with which their data are compatible, and adjust for baseline covariates 

to control for confounding. An untestable assumption is that treatment is randomly assigned 
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within levels of the baseline covariates identified as potential confounders. The minimum set of 

covariates required to adjust for confounding should be chosen using a causal directed acyclic 

graph.2  

Outcome(s) 

The definition of the outcome must be clearly stated (eg, using ICD-10 (international 

classification of diseases, 10th revision) diagnostic codes), along with the validity and reliability 

of the measurement algorithm or tools used. 

Follow-up 

Start of follow-up should coincide with three conditions: when eligibility criteria are met, 

treatment strategies are assigned, and study outcomes begin to be counted. In a randomised trial, 

these three conditions often coincide by design, but it is easy to deviate from this rule when 

designing an observational study, which can result in biases such as selection of prevalent users 

or immortal time bias.6 Follow-up then usually continues until the earliest of: occurrence of an 

outcome, censoring, death, competing events (depending on the effect being estimated), or end of 

follow-up (administrative or otherwise).7  

Causal contrast of interest 

In randomised trials, the main causal contrast is often the intention-to-treat effect (ie, effect of 

treatment assignment). An observational analogue of the intention-to-treat effect can be targeted 

if data on treatment assignment are available (eg, prescription) and participants are analysed 

according to the treatment strategy with which their data are compatible at baseline. However, it 

is also possible to target the per protocol effect (ie, the effect that would have been observed 

under full adherence to the assigned treatment strategy (see below)). 

Statistical methods 

When carrying out an intention-to-treat analysis using observational data, standard statistical 

methods can be used to adjust for baseline covariates. When carrying out a per protocol analysis 

in either randomised trials or observational studies, participants should be censored when they 

deviate from their assigned treatment strategy. G methods, which enable the identification and 

estimation of the effects of generalised treatment plans under less restrictive assumptions than 

standard regression methods, must then be used to adjust for prognostic factors (before and after 

baseline) associated with adherence. 2 8 9 Planned subgroup and sensitivity analyses should also 

be specified. 
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In their paper in The BMJ,10 Urner and colleagues present an emulated pragmatic randomised 

controlled trial to estimate the effect of treatment with extracorporeal membrane oxygenation 

compared with conventional mechanical ventilation on hospital mortality within 60 days of 

admission to the intensive care unit in patients with covid-19 associated respiratory failure. By 

using the target trial framework, the authors avoided biases common to the design of such 

observational studies and estimated a per protocol effect using appropriate statistical methods 

(cloning, censoring, and weighting). In this setting, the use of traditional statistical methods (not G 

methods) could have introduced additional biases—for example, by falsely adjusting for 

consequences of treatment.11  

 

When and why should target trial emulation be used 

The target trial framework should be used to estimate the causal effect of interventions from 

observational data. Explicitly defining the protocol of the target trial, before emulating it using 

observational data, helps avoid many common design pitfalls. For example, observational studies 

that include prevalent users of a treatment are prone to selection bias.8 This bias happens when an 

active arm includes participants who had already initiated treatment before the start of follow-up. 

These participants must have survived and remained event-free (if no history of the outcome event 

is specified in the eligibility criteria) while receiving treatment until the start of follow-up. Thus, 

participants that initiate treatment and survive this arbitrary period of time are often artificially 

healthy. This selection bias cannot happen in a randomised trial because individuals must be alive, 

event-free, and not taking the treatment of interest, when assessed for eligibility. 

 

Conclusion 

Observational studies are susceptible to confounding, regardless of the study design. However, the 

emulation of a target trial using observational data will yield the same effect estimate as that of a 

randomised trial if the emulation is successful. 

Competing interests: All authors have completed the ICMJE uniform disclosure form 

at www.icmje.org/disclosure-of-interest/ and declare: no support from any organisation for the submitted 

work; AAM reports receiving research grants from Forte (2020-00029), Vetenskapsrådet (2021-02236) , and 

the Strategic Research Area in Epidemiology and Biostatistics at Karolinska Institutet outside the submitted 

work; GD reports receiving research funds from the Patient-Centered Outcomes Research Institute on target 

https://doi.org/10.1136/bmj-2022-071108
http://www.icmje.org/disclosure-of-interest/


BMJ.2022;378:e071108       doi: 10.1136/bmj-2022-071108 

Page 5 of 5 

trial design for case control studies (ME-160936748); NI reports receiving research grants from the UK 

Office for National Statistics and Canadian Institutes of Health Research; TK reports receiving research 

grants from the Gemeinsamer Bundesausschuss (G-BA-Federal Joint Committee (Germany)), 

Bundesministerium für Gesundheit (BMG-Federal Ministry of Health (Germany)) outside the submitted 

work, and has received personal compensation from Eli Lilly and Company, Teva Pharmaceuticals, 

TotalEnergies SE, The BMJ, and Frontiers. 

References 

1 Huitfeldt A, Hernan MA, Kalager M, Robins JM. Comparative Effectiveness Research 

Using Observational Data: Active Comparators to Emulate Target Trials with Inactive 

Comparators. EGEMS (Wash DC) 2016;4:1234. PubMed doi:10.13063/2327-9214.1234 

2 Hernán MA, Robins JM. Causal Inference: What If. Chapman & Hall/CRC, 2020.  

3 Dickerman BA, García-Albéniz X, Logan RW, Denaxas S, Hernán MA. Avoidable flaws in 

observational analyses: an application to statins and cancer. Nat Med 2019;25:1601-6. PubMed 

doi:10.1038/s41591-019-0597-x 

4 Hernán MA, Robins JM. Using Big Data to Emulate a Target Trial When a Randomized 

Trial Is Not Available. Am J Epidemiol 2016;183:758-64. PubMed doi:10.1093/aje/kwv254 

5 Kutcher SA, Brophy JM, Banack HR, Kaufman JS, Samuel M. Emulating a Randomised 

Controlled Trial With Observational Data: An Introduction to the Target Trial Framework. Can J 

Cardiol 2021;37:1365-77. PubMed doi:10.1016/j.cjca.2021.05.012 

6 Hernán MA, Sauer BC, Hernández-Díaz S, Platt R, Shrier I. Specifying a target trial 

prevents immortal time bias and other self-inflicted injuries in observational analyses. J Clin 

Epidemiol 2016;79:70-5. PubMed doi:10.1016/j.jclinepi.2016.04.014 

7 Young JG, Stensrud MJ, Tchetgen Tchetgen EJ, Hernán MA. A causal framework for 

classical statistical estimands in failure-time settings with competing events. Stat Med 

2020;39:1199-236. PubMed doi:10.1002/sim.8471 

8 Hernán MA, Alonso A, Logan R, et al. Observational studies analyzed like randomized 

experiments: an application to postmenopausal hormone therapy and coronary heart disease. 

Epidemiology 2008;19:766-79. PubMed doi:10.1097/EDE.0b013e3181875e61 

9 Urner M, Barnett AG, Bassi GL, et al; COVID-19 Critical Care Consortium Investigators. 

Venovenous extracorporeal membrane oxygenation in patients with acute covid-19 associated 

respiratory failure: comparative effectiveness study. BMJ 2022;377:e068723. PubMed 

doi:10.1136/bmj-2021-068723 

10 Griffith GJ, Morris TT, Tudball MJ, et al. Collider bias undermines our understanding of 

COVID-19 disease risk and severity. Nat Commun 2020;11:5749. PubMed doi:10.1038/s41467-

020-19478-2 

https://doi.org/10.1136/bmj-2022-071108
https://pubmed.ncbi.nlm.nih.gov/27891526
https://doi.org/10.13063/2327-9214.1234
https://pubmed.ncbi.nlm.nih.gov/31591592
https://doi.org/10.1038/s41591-019-0597-x
https://pubmed.ncbi.nlm.nih.gov/26994063
https://doi.org/10.1093/aje/kwv254
https://pubmed.ncbi.nlm.nih.gov/34090982
https://doi.org/10.1016/j.cjca.2021.05.012
https://pubmed.ncbi.nlm.nih.gov/27237061
https://doi.org/10.1016/j.jclinepi.2016.04.014
https://pubmed.ncbi.nlm.nih.gov/31985089
https://doi.org/10.1002/sim.8471
https://pubmed.ncbi.nlm.nih.gov/18854702
https://doi.org/10.1097/EDE.0b013e3181875e61
https://pubmed.ncbi.nlm.nih.gov/35508314
https://pubmed.ncbi.nlm.nih.gov/33184277
https://doi.org/10.1038/s41467-020-19478-2
https://doi.org/10.1038/s41467-020-19478-2

