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What is an observational study?

Observational studies and randomized controlled trials (RCTs) are the major study types to investi-
gate the effect of exposures and treatments in clinical research. In observational studies, differences
in the outcome are observed without making an intervention or manipulating the independent vari-
able (non-experimental study). In contrast, RCTs assign patients to treatment and control arms by
randomization (experimental study). It is well known that observational studies have a tendency to
provide more biased treatment effects and show more heterogeneity in the effect estimates because
of confounding (Grimes and Schulz, 2002).

As a result the pyramid of evidence ranks observational studies below randomized controlled trials
(RCTs), but this simplified view has been challenged (Vandenbroucke, 2008). RCTs are designed to
control for measured and unmeasured confounding (through randomization and blinding), but their
quality critically depends on adequate design and implementation. When randomization is compro-
mised, treatment effects can be inflated (loannidis et al., 2001; Kunz and Oxman, 1998). Thus, the
premise that RCTs provide higher-quality evidence than observational studies critically depends on
their scientifically rigorous and robust methodology.

Indeed, not all RCTs are of the same quality and, unless adequately designed, conducted and re-
ported, they may not provide better evidence to assess the efficacy and/or safety of medical therapies
than observational studies (Grossman and Mackenzie, 2005). Deemed to provide the highest level of
evidence in medical research and considered as the gold-standard in clinical decision making, RCTs
are often conducted in highly selected populations and managed in tightly controlled settings. As
such, RCTs may fail to reflect real-world clinical practice. Observational studies can provide addi-
tional evidence when including a more diverse patient population, a wider spectrum of treatment
types and dosages, and should also be considered when conducting meta-analyses of interventions
(Shrier et al., 2007). Furthermore, there are settings where RCTs would be impossible or unethical.
Hence, observational studies that are based upon real data obtained from patient healthcare records,
medical databases, and registries are considered complementary to RCTs in assisting clinical decision
making.

The quality of evidence depends not only on study type

Sometimes results from observational studies and RCTs do not align and may even provide contradict-
ing results. A number of interventions or exposures seemed effective in observational studies only to
be later contradicted by evidence from RCTs (loannidis, 2005). Fortunately, contradicting results are
more the exception than the rule.

In fact, observational studies and RCTs are more often in agreement than in disagreement (Ross,
2014). A2014 Cochrane review found little evidence that results from observational studies and RCTs
systematically disagreed (Anglemyer et al., 2014). Thus, factors other than study type need to be
considered when exploring reasons for lack of agreement. Instead of ranking observational studies
against RCTs, we should be open to all types of evidence that rely on rigorous clinical science and good
research practice (Faraoni and Schaefer, 2016).

The danger from bias

In observational studies, the presence of bias can cause a systematic error in the effect estimate and
compromise the validity of the results. A 2002 report established a link between measles, mumps,
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and rubella (MMR) vaccines and autism, but subsequent studies showed no evidence of an associa-
tion. The initial finding was likely due to recall bias in the survey data Andrews et al. (2002). Bias can
compromise the truth and even cause patient harm.

Oxford’s University’s Catalogue of Bias' is a comprehensive guide on the various biases. It is impor-
tant to reflect on potential bias in an observational study, but also RCTs at risk despite randomization
and, therefore, bias is commonly assessed in Cochrane systematic reviews (Higgins et al.,2011; Sterne
etal.,2019). In an RCT, risk of bias can arise due to problems with randomization, deviations from the
intended intervention, missing data, or selective reporting.

Although observational studies can have a higher risk of bias, statistical techniques (like validation
of parameters, comparison of population characteristics, matching, propensity scores, etc.) can con-
trol for confounding, and, when correctly used, can provide more accurate risk estimates. It then
becomes clear that, to correctly interpret the results, the quality and methods used for data analy-
sis must be carefully assessed. The STRATOS initiative” provides accessible and accurate guidance in
the design and analysis of observational studies. Moreover, field-specific methodological standards
and guidelines should be consulted. For example, methodological considerations for the conduct of
pharmacoepidemiological studies in COVID-19 were proposed recently (Pottegard et al., 2020). An-
other example is the EMS’s guidelines for registry-based studies which are under development.®

The importance of using reporting guidelines

Reporting guidelines have been developed for various study types to improve the quality of pub-
lished research. Most prominent is the CONSORT statement (Schulz et al., 2010) which has been
widely adopted for the reporting of RCTs. Reporting guidelines for other study types are also avail-
able, but they are less known to clinical researchers and therefore less widely adopted. In particular,
the STROBE statement for reporting observational studies (von Elm et al., 2007) is not used by or not
even known to a considerable proportion of authors of observational studies (Sharp et al., 2019). Dif-
ferent checklists are available for cohort studies, case-control studies and cross-sectional studies. An
overview of available reporting guidelines is provided by the EQUATOR network.”

A case for a checklist

In order to further support the quality of observational studies, we have compiled a checklist named
“SHORT: a Simple cHecklist for Observational Research in clinical sTudies” (Table 1). The aim of this
checklist is to guide clinical researchers to various good research practices in the design, conduct,
analysis, and reporting of observational studies to ensure the highest standards of scientific quality,
integrity, patient safety and investigator objectivity. The checklist reflects on good practices in obser-
vational studies and also includes more recent proposals (e.g., registration of observational studies).
Arecentreview outlined the mostimportant problemsin medical research (Bradley et al., 2020). Study
registration and a novel publishing scheme called registered reports can effectively address many of
the problems, such as presenting exploratory results as confirmatory, known as HARking®, or exploit-
ing analytic flexibility to obtain the desired results (p-hacking). But also outcome switching and pub-
lication bias become less likely with a registered study.

Novel proposals aimed to improve observational research are inspired from best practice in RCTs.
RCTs are much more regulated, for example, study registration is mandatory in RCTs, as well as re-
porting of results after study completion. Observational research would benefit from registration as
well as hypotheses and methods are prespecified (Loder et al., 2010), and some have aries to also
amend a statistical analysis plan (Thomas and Peterson, 2012). ClinicalTrials.gov permits to register
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observational studies as well, and not only RCTs. Other platforms to register any type of study are
available, for example the Open Science Framework (osf.io). However, registration of observational
studies is not yet the standard, perhaps also because many journals do not require it.

In the current explosion of COVID-19 research output, it is more important than ever to generate reli-
able, reproducible, and transparent evidence. The European Medicines Agency (EMA) recently called
for transparency in observational studies in COVID-19.° According to EMA researchers should post all
protocols and reports from observational COVID-19 studies in the EU PAS register’ to ensure trans-
parency and scrutiny of study design and results.

Note

This primer is a summary of the preprint “SHORT: A simple checklist for observational research in
clinical studies” (Schwab et al., 2021).

®https://www.ema.europa.eu/en/news/ema-calls-high-quality-observational-research-context-covid-19
Thttp://www.encepp.eu/encepp/studiesDatabase.jsp



Table 1: SHORT checklist for observational research in clinical studies

Category No. Items Yes/No
Literature 1 (@) Has a systematic literature review been conducted on the current O
review state of the research?
Protocol 2 (@) Isaprotocol or study plan available? O
registration (b) Was the protocol registered (e.g., on clinicaltrials.gov)? (Loder O
et al., 2010; Williams et al., 2010)
(c) Was the protocol published or a “registered report” considered? O
(d) Is a statistical analysis plan (SAP) available? (Thomas and Peter- O
son, 2012)
Are the following items publicly available before acceptance for
publication?
(e)  Study protocol O
(f)  Statistical analysis plan (SAP) O
(g) Other relevant materials and documents (e.g., contracts) O
Sources 3 (a) Waspotentialsources ofbiasconsidered inthe design of the study? O
of bias (b)  Were potential sources of bias critically discussed in the discussion O
section?
Good 4  (a) Was atrained statistician/biostatistician involved in the project? O
statistical
practice (b) Is one of the authors taking responsibility for the availability and O
integrity of the data?
(c) Wasasample size calculation performed? O
(d)  Were the grounds the anticipated effect size explained? O
Study 5 (@) Were STROBE (von Elm et al., 2007) guidelines (or any other rele- O
reporting vant guidelines) followed?
(b)  Were all performed analyses reported? O
(c) Were exploratory analyses declared as exploratory? O
Publication 6 (@) Were ICMJE authorship guidelines followed? (Ross, 2014) O
(b)  Were contributor roles reported? (Anglemyer et al., 2014) O
Data and code 7 (@) Was data shared with all authors, reviewers and editors through- O
sharing out the publication process?
(b)  Was code shared with all authors, reviewers and editors through- O
out the publication
(c) Canallresults be reproduced? O
(d)  Are there no contractual agreements that deny investigators and O
reviewers the right to examine the data independently?
(e) Are de-identified raw data publicly available to scientists and re- O
viewers for inspection?
Ethics 8 (a) Was ethical approval granted? All, even low-risk observational O
studies, require formal ethical approval.
Declaration 9 Have the following conflicts of interest been declared?
of interests (@) Monetary interests (payments, benefits such as travel, hospitality O
and conference fees, etc.)
(b)  Non-monetary interests (memberships of committees, etc.) O
(c) Institutional conflict of interests O
(d) Do allinvestigators vouch to follow standards and procedures that O

ensure that the design, conduct, or reporting of research is not bi-
ased by any conflicting financial and/or academic and/or institu-
tional interests?



https://clinicaltrials.gov/

References

Andrews, N., Miller, E., Taylor, B., Lingam, R., Simmons, A., Stowe, J., and Waight, P. (2002). Recall bias,
MMR, and autism. Arch. Dis. Child., 87(6):493-494. doi:10.1136/adc.87.6.493.

Anglemyer, A., Horvath, H. T., and Bero, L. (2014). Healthcare outcomes assessed with observational
study designs compared with those assessed in randomized trials. Cochrane Database Syst. Rev.,
(4):MR000034. doi:10.1002/14651858.MR000034.pub2.

Bradley, S. H., DeVito, N. J., Lloyd, K. E., Richards, G. C., Rombey, T., Wayant, C., and Gill, P. J.
(2020). Reducing bias and improving transparency in medical research: a critical overview
of the problems, progress and suggested next steps. J. R Soc. Med., 113(11):433-443.
doi:10.1177/0141076820956799.

Faraoni, D. and Schaefer, S. T. (2016). Randomized controlled trials vs. observational studies: why not
just live together? BMC Anesthesiol., 16(1):102. d0i:10.1186/s12871-016-0265-3.

Grimes, D. A. and Schulz, K. F. (2002). Bias and causal associations in observational research. Lancet,
359(9302):248-252. d0i:10.1016/S0140-6736(02)07451-2.

Grossman, J. and Mackenzie, F. J. (2005). The randomized controlled trial: gold standard, or merely
standard? Perspect. Biol. Med., 48(4):516-534. doi:10.1353/pbm.2005.0092.

Higgins, J. P. T., Altman, D. G., Getzsche, P. C., Jiini, P.,, Moher, D., Oxman, A. D., Savovic, J., Schulz,
K. F., Weeks, L., Sterne, J. A. C., Cochrane Bias Methods Group, and Cochrane Statistical Methods
Group (2011). The cochrane collaboration’s tool for assessing risk of bias in randomised trials. BMJ,
343:d5928. doi:10.1136/bmj.d5928.

loannidis, J. P.,, Haidich, A. B, Pappa, M., Pantazis, N., Kokori, S. I., Tektonidou, M. G., Contopoulos-
loannidis, D. G., and Lau, J. (2001). Comparison of evidence of treatment effects in randomized and
nonrandomized studies. JAMA, 286(7):821-830. doi:10.1001/jama.286.7.821.

loannidis, J. P. A. (2005). Contradicted and initially stronger effects in highly cited clinical research.
JAMA, 294(2):218-228. doi:10.1001/jama.294.2.218.

Kunz, R. and Oxman, A. D. (1998). The unpredictability paradox: review of empirical com-
parisons of randomised and non-randomised clinical trials. BMJ, 317(7167):1185-1190.
doi:10.1136/bmj.317.7167.1185.

Loder, E., Groves, T., and MacAuley, D. (2010). Registration of observational studies. BMJ, 340:¢c950.
doi:10.1136/bmj.c950.

Pottegard, A., Kurz, X., Moore, N., Christiansen, C. F., and Klungel, O. (2020). Considerations for
pharmacoepidemiological analyses in the SARS-CoV-2 pandemic. Pharmacoepidemiol. Drug Saf.,
29(8):825-831. doi:10.1002/pds.5029.

Ross, J. S. (2014). Randomized clinical trials and observational studies are more often alike than un-
like. JAMA Intern. Med., 174(10):1557. doi:10.1001/jamainternmed.2014.3366.

Schulz, K. F., Altman, D. G., Moher, D.,and CONSORT Group (2010). CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMJ, 340:¢332. doi:10.1136/bmj.c332.

Schwab, S., Ruschitzka, F., Rogler, G., and Held, L. (2021). SHORT: A simple checklist for observational
research in clinical studies. doi:10.31219/osf.io/sbjpn.

Sharp, M. K., Bertizzolo, L., Rius, R., Wager, E., Gomez, G., and Hren, D. (2019). Using the STROBE
statement: survey findings emphasized the role of journals in enforcing reporting guidelines. J.
Clin. Epidemiol., 116:26-35. d0i:10.1016/].jclinepi.2019.07.019.



https://doi.org/10.1136/adc.87.6.493
https://doi.org/10.1002/14651858.MR000034.pub2
https://doi.org/10.1177/0141076820956799
https://doi.org/10.1186/s12871-016-0265-3
https://doi.org/10.1016/S0140-6736(02)07451-2
https://doi.org/10.1353/pbm.2005.0092
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1001/jama.286.7.821
https://doi.org/10.1001/jama.294.2.218
https://doi.org/10.1136/bmj.317.7167.1185
https://doi.org/10.1136/bmj.c950
https://doi.org/10.1002/pds.5029
https://doi.org/10.1001/jamainternmed.2014.3366
https://doi.org/10.1136/bmj.c332
https://doi.org/10.31219/osf.io/sbjpn
https://doi.org/10.1016/j.jclinepi.2019.07.019

Shrier, 1., Boivin, J.-F., Steele, R. J., Platt, R. W., Furlan, A., Kakuma, R., Brophy, J., and Rossignol,
M. (2007). Should meta-analyses of interventions include observational studies in addition to
randomized controlled trials? a critical examination of underlying principles. Am. J. Epidemiol.,
166(10):1203-1209. doi:10.1093/aje/kwm189.

Sterne, J. A. C., Savovic, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, I., Cates, C. J., Cheng,
H.-Y., Corbett, M. S., Eldridge, S. M., Emberson, J. R., Hernan, M. A., Hopewell, S., Hrobjartsson, A.,
Junqueira, D. R, Jiini, P., Kirkham, J. J., Lasserson, T., Li, T., McAleenan, A., Reeves, B. C., Shepperd,
S., Shrier, I, Stewart, L. A., Tilling, K., White, I. R., Whiting, P. F., and Higgins, J. P. T. (2019). RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ, 366:14898. doi:10.1136/bm;|.l4898.

Thomas, L. and Peterson, E. D. (2012). The value of statistical analysis plans in observational research:
defining high-quality research from the start. JAMA, 308(8):773-774. d0i:10.1001/jama.2012.9502.

Vandenbroucke, J. P. (2008). Observational research, randomised trials, and two views of medical
science. PLoS Med., 5(3):e67. doi:10.1371/journal.pmed.0050067.

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gatzsche, P. C., Vandenbroucke, J. P., and
STROBE Initiative (2007). Strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. BMJ, 335(7624):806-808.
doi:10.1136/bm;j.39335.541782.AD.

Williams, R. J., Tse, T., Harlan, W. R., and Zarin, D. A. (2010). Registration of observational studies: is it
time? CMAJ, 182(15):1638-1642. doi:10.1503/cmaj.092252.

Version from February 8,2023.
This work is published under a Creative Commons Attribution 4.0 International license (CC-BY 4.0).
Edited by Simon Schwab (0000-0002-1588-2689) and Leonhard Held (0000-0002-8686-5325).



https://doi.org/10.1093/aje/kwm189
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1001/jama.2012.9502
https://doi.org/10.1371/journal.pmed.0050067
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1503/cmaj.092252
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1588-2689
https://orcid.org/0000-0002-8686-5325

