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High-quality randomized clinical trials (RCTs) occupy the
highest position on the evidence pyramid, either as stand-
alone studies or as part of meta-analyses. However, the inter-
pretation of an RCT is often complicated and involves an un-
derstanding of the factors involved in the overall study design,
decisions regarding prespecified outcome measures, assump-
tions made in statistical analysis plans, actual conduct of the
trial, event rates observed and estimates of uncertainty around
the outcomes, and generalizability of the findings. In addi-
tion, the long-standing concern about the difference be-
tween statistical significance and clinical importance contin-
ues to be discussed, along with other issues, including the
balance of potential benefits and risks, the cost of the inter-
vention, and the value that individual patients and a popula-
tion might achieve from the intervention. The interpretation
of an RCT must consider all of these factors.

These issues and others related to the reporting and in-
terpretation of RCTs sometimes conflate the very different roles
of scientific journals (and editors), study investigators (includ-
ing research methodologists), and the ultimate consumers of
the trials (including other researchers, clinicians, and pa-
tients). The distinction among these roles is critical.

The Role of Journals and Editors
Journals and editors have 2 fundamental roles with respect to
RCTs. The first is to conduct editorial evaluation and peer re-
view with the goal of reaching a conclusion about whether the
study findings are likely to represent an estimate of the truth.
This process entails assessment of whether the study design
and the statistical methods were appropriate to answer the
question posed by the researchers and, if so, whether the study
execution may have introduced important problems that un-
dermined its validity. The evaluation also includes determin-
ing whether the study adhered to the protocol, statistical analy-
sis plan, and trial registration as specified by the investigators.

This review process is not always straightforward and may
be complicated by various factors, such as early stopping of
the trial (for futility or other reasons), poor adherence to study
interventions, high loss to follow-up, or extensive modifica-
tions in trial procedures or prespecified statistical analytic
plans. Moreover, because no study is perfect in design or ex-
ecution, judgment is required as to whether there is a high like-
lihood of validity despite study flaws and limitations.

The second role of journals and editors is to try to ensure
that the article as published represents a precise, accurate, and
clear scientific report of the study as designed and executed,
and that the report includes the key material an informed
reader needs to critically evaluate the study. This involves pre-
senting an article using a standard format that, in the judg-

ment of the journal, communicates the information in a con-
sistent and accessible way, and that does not go beyond what
the data in the trial support. For clinical trials, reporting guide-
lines, such as the Consolidated Standards of Reporting Trials
(CONSORT),1 and CONSORT extensions, such as for reporting
noninferiority and equivalence trials2 or multiple-group trials,3

provide a useful framework for presentation of the main ele-
ments of trial methodology and results.

A key principle is that the published article is intended to
represent a faithful scientific record of the clinical trial. The
report needs to follow the study protocol and statistical plan
as prespecified or formally amended, with strong justifica-
tion for deviations. The report does not represent the study
the editors or external peer reviews would have preferred the
investigators had designed. Equally important is that the re-
port of the trial does not represent the study other method-
ologists and statisticians would have designed given their pref-
erence, even if their community may be moving in directions
different from when the trial was formalized. The obligation
of the journal is to report, not to modify, the trial, although in
some cases, it may be reasonable for reviewers and editors to
request additional analyses to supplement and clarify the pre-
specified analytic approach.

It is also important for researchers and readers to recog-
nize that the article is not the study. The report of the trial can
only be a limited representation of the study in the same way
that a photograph of a body is not the body, and even a body
is only a representation of a person. While appended proto-
cols and statistical analysis plans can provide details about the
study design, it is impossible for the article to fully convey what
occurred during the execution of the trial, and impractical for
the article to present all the raw data collected (or even, usu-
ally, all the analyzed data). The published article represents a
formalized record of the study, with limitations in what can
be communicated even if article length were not a barrier.
Moreover, if the article is only a summary of the study, the Ab-
stract is but a skeleton of the article. The Abstract cannot pro-
vide sufficient detail to critically appraise the study for valid-
ity, and for studies that have any complexity the Abstract
should not be used as the basis for nuanced interpretation, even
if caveats are included.

Some trials have straightforward results, such as those that
have very little dropout of enrolled participants, no early ter-
mination, clinically meaningful end points, unambiguous pri-
mary results, and reasonably consistent secondary end points.
When this is not the case, it is responsibility of the journal edi-
tors to make sure that the challenging issues are clearly con-
veyed and that the nuances are objectively addressed in the
Discussion section of the article.
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The Role of Investigators and Methodologists
As with all fields of science, the sciences of study design and
statistics are in constant evolution. Methods that were con-
sidered standard and important at the time a trial was de-
signed may no longer be favored by the time the trial is fin-
ished, particularly for trials that take many years to complete.
As one example, for an older trial last observation carried for-
ward may have been the acceptable and prespecified ap-
proach to handling missing data at the study inception, but this
approach has generally been superseded by other techniques
such as multiple imputation, when appropriate. Other meth-
ods such as Bayesian statistics have gained traction but have
not become widely embraced as a new standard.4,5 Many other
issues in study design, such as the best approach to signifi-
cance testing, are still under active discussion.

For instance, recently there has been rekindling of the
debate about the use of the term “significance” and reporting
of P values based on statistical testing when reporting find-
ings from clinical trials (and other types of studies).6 Some
have advocated removing the term “significance” from
descriptions of the results of clinical trials, simply providing
effect sizes, generally with 95% confidence intervals, and
allowing the authors (and readers and others) to use some
other approach to interpret whether the observed findings
are likely to represent a true effect vs a sampling error, as well
as whether the effect size is important. These arguments
acknowledge that the most commonly used significance
threshold of .05 represents a historical tradition rather than a
rationally established cut point. Others have continued to
advocate for describing results of clinical trials in terms of
statistical significance, in part because of the need for a start-
ing point in discussion; decisions that are made by regulatory
bodies, such as the US Food and Drug Administration, which
are generally dichotomous; and the need to assist clinicians
and patients in their interpretation and operationalization of
clinical trial results.

Over time, the research community comes to a consen-
sus about preferred methods—a consensus that may last only
until the next set of methods are developed. As the commu-
nity evolves, the newer methods become integrated into study
design and then appear with increasing frequency in the stud-
ies submitted to the journals. For example, when alternatives
to hypothesis testing using significance thresholds become es-
tablished, they will be incorporated into the study from in-
ception. When this process occurs, those methods become part
of the scientific report.

However, at times, journals may publish post hoc analy-
ses that use other or newer methods that may be as (and in
some cases, perhaps more) informative than the preplanned
design, although these reports should include proper context
for the new analyses and appropriate caveats. For example, a
post hoc Bayesian reanalysis of a previously published RCT that
compared the effects of venovenous extracorporeal mem-
brane oxygenation (ECMO) vs conventional mechanical ven-
tilation on mortality among patients with severe acute respi-
ratory distress syndrome was performed because of divergence
between the clinical vs statistical significance of the trial find-
ings and continued controversy over the benefit of ECMO.7

The Role of Readers and Other Interested Individuals
Clinicians may have the most challenging role in understand-
ing the results of RCTs because they have to take the (neces-
sarily) incomplete information provided in the scientific re-
port, decide whether it is potentially actionable, and, if so,
decide whether and how the findings can be applied to indi-
vidual patients. An Editorial that puts the study in context of
other research, delves into the clinical implications, and high-
lights the limitations in study interpretation can be helpful for
readers in interpreting the study.8 But ultimately it is the re-
sponsibility of the clinician and others to read the article in
depth, and in particular to consider complex issues raised in
the Discussion, where strengths and limitations can and should
be addressed at length.

Approaches Used at JAMA for Reports
of Randomized Clinical Trials
For clinical trials submitted to JAMA, authors are required to
ensure that the study design and results are reported with fi-
delity to and consistency with the a priori decisions that in-
vestigators made in designing their trials, as prespecified and
documented in the trial registration, study protocol, and sta-
tistical analytic plan. The editors review these documents care-
fully for consistency and to ensure that authors provide ex-
planations and justification for any differences among these
documents. Investigators declare in those documents the hy-
potheses being tested in the trial, the primary outcome the
study is designed to examine, and the statistical criteria that
allow investigators to evaluate the probability or implausibil-
ity of observing the results obtained. These factors form the
basis for the interpretation of a trial that demonstrates the ef-
fect of an intervention, or the interpretation of a trial that fails
to demonstrate an effect (ie, “null” or “neutral” results), in
either case determined by a priori criteria.

For trials in which investigators use a frequentist approach
(the most common approach to statistical inference in the cur-
rent clinical literature) in the design and analysis, the reporting
of results should reflect that approach, including interpreta-
tion based on the prespecified effect size estimate, the sample
size anticipated (vs achieved), and the criteria and threshold for
declaring statistical significance. For studies in which hypoth-
esis testing involves prespecified use of P values, those values
should be reported with the study results, along with confi-
dence intervals for estimates of effect size. Findings should be
described as “statistically significant differences” (or “no sta-
tistically significant differences”) rather than just differences, to
differentiate between the results of the prespecified statistical
testingandtheclinical interpretationofthetrial.Effectsizeslikely
tohaveclinicalrelevancearetermed“clinicallyimportant”rather
than “significant” to help make this distinction clear.

For trials in which investigators designed the study using
a Bayesian approach (or other evolving designs) rather than a
frequentist approach to analysis, the reporting of the results
should be consistent with the prespecified analytic plan and
follow accepted norms for that analytic approach.

The presentation and interpretation of the results from most
clinical trials are usually straightforward. The results for the pre-
specified primary outcome take priority and precedence over all
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other outcomes, should be the focus of the submitted manu-
script, and should be reported in detail. For instance, in a parallel-
group trial, results usually include reporting of absolute event
rates for the primary outcomes for the study groups, with be-
tween-group differences and confidence intervals reflecting the
estimated uncertainty around the effect size, and risk ratios, as
appropriate. The primary outcome forms the basis for the Dis-
cussion section and for the Conclusion of the article.

Clinical trials also include prespecified secondary analyses
and outcomes, subgroup analyses, exploratory outcomes, and
post hoc analyses. These findings are commonly included in re-
ports of clinical trials but must be presented appropriately, ob-
jectively, and in context. Authors should indicate the number
of secondary outcomes and how many are being reported in the
manuscript. The methods and analyses on which these find-

ings are based should be detailed in the Methods section of the
manuscript, and the findings should be reported in the Results
section and should be clearly designated according to prespeci-
fied definitions and analytic plans; they should be presented in
an organized, logical, and consistent fashion. With analyses of
outcomes beyond the primary outcome, it is essential that ap-
propriate prespecified analytic strategies are in place to ac-
count for type 1 error due to multiple comparisons; interpreta-
tion of these outcomes must address the possibility of false
discovery and erroneous inferences, and acknowledge that these
observations may need to be considered exploratory.

Despite the prominent position of the Abstract in a re-
search article, the inherent space limitations necessitate that the
Abstract of the report of an RCT be considered only a presenta-
tion of the key points in study design and the key study results.

Box. Examples of Abstract Conclusion and Relevance Statements for Some Clinical Trials That Highlight Important Limitations, Caveats,
or Other Important Factors in the Trial Interpretation

For most clinical trials, the conclusion can be represented with
a single statement of the primary outcome:

“Among obese patients undergoing surgery under general
anesthesia, an intraoperative mechanical ventilation strategy with
a higher level of PEEP and alveolar recruitment maneuvers,
compared with a strategy with a lower level of PEEP, did not reduce
postoperative pulmonary complications.”9

For some clinical trials, an additional statement in the Conclusion
and Relevance section may be helpful to highlight important
limitations or other issues, or to provide caveats to aid in
interpretation, without overstating the importance of the study.
• For a trial that had event rates that were lower than expected or

failed to achieve anticipated sample size:
“Among ambulatory adults with hypertension, treating to
a systolic blood pressure goal of less than 120 mm Hg compared
with a goal of less than 140 mm Hg did not result in a significant
reduction in the risk of probable dementia. Because of early
study termination and fewer than expected cases of dementia,
the study may have been underpowered for this end point.”10

• For a trial that encountered unexpected challenges, such as
imbalance in baseline characteristics between groups, differential
drop-out or crossover between groups:

“Among patients with AF, the strategy of catheter ablation,
compared with medical therapy, did not significantly reduce the
primary composite end point of death, disabling stroke, serious
bleeding, or cardiac arrest. However, the estimated treatment
effect of catheter ablation was affected by lower-than-expected
event rates and treatment crossovers, which should be
considered in interpreting the results of the trial.”11

• For a trial that reported preliminary findings or results from
a single-center investigation and needs to signal the importance of
additional confirmatory research before results are adopted in
clinical practice:

“In this emergency department, use of a bougie compared with
an endotracheal tube + stylet resulted in significantly higher
first-attempt intubation success among patients undergoing
emergency endotracheal intubation. However, these findings
should be considered provisional until the generalizability is
assessed in other institutions and settings.”12

• For a trial in which the primary outcome may meet prespecified
criteria for declaring statistical significance, but the observed effect
size does not meet the prespecified criteria for the minimally
important clinical difference:

“Among patients undergoing THA, paracetamol plus ibuprofen
significantly reduced morphine consumption compared with
paracetamol alone in the first 24 hours after surgery; there was
no statistically significant increase in SAEs in the pooled groups
receiving ibuprofen alone vs with paracetamol alone. However,
the combination did not result in a clinically important
improvement over ibuprofen alone, suggesting that ibuprofen
alone may be a reasonable option for early postoperative
oral analgesia.”13

• For a trial in which the primary outcome met prespecified criteria
for declaring statistical significance, but the observed effect size
was modest and the interventions were associated with important
adverse events:

“Among patients with moderate to severe OA of the knee or hip
and inadequate response to standard analgesics, tanezumab,
compared with placebo, resulted in statistically significant
improvements in scores assessing pain and physical function,
and in PGA-OA, although the improvements were modest and
tanezumab-treated patients had more joint safety events
and total joint replacements. Further research is needed to
determine the clinical importance of these efficacy and adverse
event findings.”14

• For a trial in which the primary outcome does not meet the
prespecified criteria for declaring significance, but the
interpretation should include consideration of observed
effect size:

“Among patients with morbid obesity, use of laparoscopic sleeve
gastrectomy compared with use of laparoscopic Roux-en-Y
gastric bypass did not meet criteria for equivalence in terms of
percentage excess weight loss at 5 years. Although gastric
bypass compared with sleeve gastrectomy was associated with
greater percentage excess weight loss at 5 years, the difference
was not statistically significant, based on the prespecified
equivalence margins.”15
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For clinical trials published in JAMA, the Abstract includes
a description of the study population, brief information about
theinterventionsbeingcompared,anddesignationoftheprimary
and secondary outcomes. The Results section of the Abstract
highlights the primary outcome, with detailed reporting of its re-
sults, including absolute rates for the outcomes. Reporting the
results of secondary outcomes is determined on a trial-by-trial
basis. For example, reporting findings from a trial that has a lim-
itednumberofprespecifiedsecondaryoutcomes(ie,2or3)isusu-
ally more straightforward than reporting findings in a trial with
multiple secondary outcomes (ie, 10 or 20). In the former, these
results may be considered for inclusion in the Abstract. However,
in the latter, reporting of only selective results without the con-
text required to interpret these within the totality of the numer-
ous secondary outcomes examined creates challenges and
may represent an unbalanced presentation of the study findings.
The results of other outcomes, such as exploratory and post hoc
analyses, are not included in the Abstracts of clinical trial reports
in JAMA but are reported in the full article.

For articles published in JAMA, the final section of the Ab-
stract is entitled Conclusions and Relevance; it also serves as
the Conclusion at the end of the Discussion section. The pri-
mary interpretation is a sentence that represents an objective
statement of the results of the primary outcome and is usu-
ally reported in the PICO format (patient/population, inter-
vention, comparator, outcome). It is based directly on pre-
specified criteria (such as threshold for declaring statistical
significance or for meeting noninferiority criteria).

However, for some clinical trials the editors may con-
clude that a straightforward PICO statement alone is insuffi-

cient in the overall context of the study results. In these re-
ports, the editors may then suggest that authors include a
second sentence in the Conclusion and Relevance section to
help ensure that important limitations and other issues are
highlighted for readers, or to provide caveats to an interpre-
tation based on significance testing, without overstating the
importance of the study. Various examples from RCTs re-
cently published in JAMA are included in the Box. The con-
tent for this additional sentence is always based on informa-
tion included in the Abstract (usually related to the primary
outcome) and as such is necessarily conservative; nuanced in-
terpretation or speculation requires far more information than
the Abstract can provide and is the role of the Discussion sec-
tion of the article.

Conclusion
The interpretation of the results of RCTs must be understood
in the context of the importance of the question, design and
conduct of the trial, generalizability, preexisting evidence, ac-
tual results and consistency of results, statistical testing, and
clinical importance. To fully appreciate and understand the
findings of a clinical trial requires careful reading of the en-
tire article, including study methods, results, and the Discus-
sion section. Precise and objective reporting, not only in the
Abstract but throughout the report of the trial, is the starting
point for proper interpretation, and no single approach in de-
scribing the results of RCTs will obviate the need to consider
numerous factors in the final interpretation. Ultimately, cli-
nicians, often with patients, need to determine the impor-
tance of the findings and the application in clinical care.
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