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here have been condensed from
T heHowguidelines
To Report Statistics in Medicine; Annotated
Guidelines for Authors, Editors, and Reviewers.1
Authors should also consult other checklists for
reporting specific research designs, such as the
Consolidated Standards of Reporting Trials statement (CONSORT)2 for reporting randomized controlled trials, the Transparent Reporting of Evaluations With Nonrandomized Designs (TREND)
statement3 for reporting nonrandomized trials, and
the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement4 for
reporting of observational studies.

Guidelines To Be Addressed in the
Introduction
Describe the Background, Nature, Scope, and
Importance of the Problem That Led to the Study
Many authors assume, incorrectly, that readers of
their article will know why the research was done
and, by extension, why the research is important.
This assumption often results in a scientific report
that begins with what was done, rather than why it
was done.2,5
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State the General Purpose of the Study and
Identify Any Theoretical or Scientific Approach
Taken To Address the Problem
The importance of stating the purpose of a research project is obvious, but such a statement is
often missing from research articles.2,6
Tell Who Funded the Study and Describe the Role
of the Funding Agency in the Conduct of the Study
and the Publication of the Results
Descriptions of the role of the funding organization in the design and conduct of the study; the
collection, management, analysis, and interpretation
of the data; and the preparation, review, or approval
of the manuscript are now often required by medical
journals.7
Guidelines To Be Addressed in the
Methods
State the Specific Objectives of the Study,
Including Any Formally Stated Research Questions
or Hypotheses
Identify the Research Design and Explain Why
This Design Was Chosen
At a minimum, report whether the study was a
randomized controlled trial, a cohort study, a casecontrol study, or a cross-sectional study.
Identify the Institutional Review Board(s) That
Approved the Protocol and Confirm That Written
Informed Consent Was Obtained
Describe the Target Population of Interest
The description of the population of interest
should include relevant demographic, diagnostic (including the stage of disease), prognostic, and comorbid factors.8 –11 In addition, major subgroups of
interest in the population should be identified.12
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“Race” is a social construct that has no precise
biological meaning.13,14 So, if race or ethnicity is
reported, indicate the following: (1) the classifications used, (2) who classified the patients, (3)
whether the classification options were defined by
the patient or the researcher, and (4) why race or
ethnicity was assessed for the study.7

In observational studies, participants are assigned
to groups on the basis of their exposure or disease
status. Thus, the case definition and the procedures
for assessing exposure and diagnosis must be carefully defined and rigorously applied.

Describe How Potential Participants Were
Identified and Recruited and Report the Eligibility
Criteria for Participating in the Study

In addition to a complete description of the
intervention,2,5 the indications for initiating, modifying, and discontinuing it may need to be described,18
as well as the details of diagnosis and management.19

It may be necessary to specify how the criteria
were diagnosed or assessed in the patients.15 In
particular, report whether the study was restricted to
patients with isolated disease (more typical of explanatory studies) or included patients with comorbidities (more typical of pragmatic studies), and provide
some assessment of the spectrum of disease included
in the study.2,5
Report the Target Sample Size and How It Was
Determined
In many studies,2– 6 sample size is ideally determined with the aid of a statistical power calculation.
Such a calculation is based on several factors but
especially on the minimum difference to be detected
and how willing investigators are to miss this difference.
Identify the Location(s) and Setting(s) Where the
Data Were Collected
It may also be appropriate to describe the referral
pattern of patients.16,17 Patients who are referred to,
and who are admitted to, a tertiary care center may
differ from those who present to a physician in
private practice or to a community hospital, for
example.
Tell How and When Patients Were Assigned to
Groups
Random assignment and a procedure called “minimization” are acceptable and preferred for clinical
studies. Nonrandomized assignment has substantial
drawbacks and is not preferred.2,5,6
The purpose of random assignment is to prevent
selection bias, or systematic variation in the assignment of patients, by introducing chance, or random
variation, into the group assignment process. Simple
random assignment (as opposed to random assignment using blocking and stratification) does not
ensure that the experimental and control groups are
of equal size, or of similar composition. It does
ensure that any differences in size or composition are
the result of chance and not bias, however.

Describe the Intervention or Exposure of Interest

Identify the Outcomes Assessed, Explain How Each
Was Quantified, and Indicate Whether the
Measures Were Validated
The term operational definition describes a variable in quantifiable or measurable terms. Using
standard, established definitions and measures
makes comparing results across studies easier.20,21
Outcomes used in lieu of direct clinical end points
that measure how a patient “feels, functions, or
survives” are termed surrogate end points.22,23 They
are usually laboratory measurements, such as CD4
cell counts (a surrogate end point for AIDS). However, the validity of surrogate end points is rarely
rigorously established.23
Groups of outcomes are termed composite end
points, the occurrence of any one of which is counted
as an event. For example, a common composite end
point for atherosclerotic heart disease is the occurrence of acute angina, heart attack, or stroke. Such
end points are useful because they capture the larger
effect of a treatment on a disease. When composite
end points are used, the frequency of events for each
of the component end points should be reported,
especially when the component end points differ
greatly in severity.
Identify Possible Sources of Bias, Confounding,
and Error, and the Measures Taken To Control for
Them
The term bias refers to systematic error: anything
that results in consistently underestimating or overestimating the size or direction of the treatment
effect. Activities to prevent bias include random
sampling, random assignment, blinding, administering interventions, and data collection procedures
according to tightly written protocols, third-party
oversight of research, and checks and balances in
data collection, analysis, and interpretation.
Confounding refers to factors that obscure the
relationship between the presumed cause and presumed effect. Activities to prevent confounding include restricting enrollment in the study by exclud-
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ing potentially confounding variables, matching
patients on key variables to reduce variation, random
assignment, stratification, and multivariate analysis,
which controls for confounding statistically.
Finally, the term error refers to nondifferential,
random error (biological variation) as well as to
imprecision in measurements and mistakes in data
collection, analysis, or interpretation. Hypothesis
testing can provide a measure of random error (the p
value); validated and reliable data collection methods
can reduce measurement error; and careful, rigorous
attention to detail throughout the research process
can minimize mistakes.
Statistical Methods
Indicate the Minimum Change or Difference in the
Outcome(s) Considered To Be Clinically Important
The minimum difference considered to be clinically important is often not stated in scientific articles, but it should be.24
Identify the Relationships Analyzed and the
Statistical Techniques Used To Analyze Them
Confirm that the Assumptions of the Statistical
Analysis Were Met

Provide a Schematic Summary of the Study
Identifying the Number and Disposition of
Participants at Each Stage of the Study
A schematic summary is a diagram that depicts the
research design and identifies the size of the groups
at each stage of the research (Fig 1).5,25 Such a
summary helps account for all patients throughout
the study, identifies the denominators of the groups
at each stage of the study, and usually indicates the
study design. The form of the diagram is not as
important as its ability to communicate visually.
Indicate the Degree to Which Participants Adhered
to the Protocol and Explain Any Exceptions or
Deviations From the Protocol
Deviations from the protocol can introduce bias,
so the degree to which the protocol was followed is
important. In particular, the number, reasons, and
timing of deviations from the protocol or withdrawals
from the study should be reported.26,27
Studies with high dropout or withdrawal rates (say,
ⱖ 15%) should be interpreted cautiously.2,28 High
dropout rates may indicate serious problems with the
treatment under investigation, problems with the
conduct of the study, or large losses of data, all of
which can bias the interpretation of the results.

A statement that the assumptions were met is
usually all that need be included.2,5

Report the Results of the Study, Preferably in
Figures or Tables29 –31

Identify Any Planned Subgroup or Covariate
Analyses

At a Minimum, Report Absolute Values for All End
Points, Including Within-Group Changes or
Between-Group Differences

Subgroup analyses planned in advance of the study
are less likely to be the result of “data dredging,” in
which investigators search for something that is
statistically significant.5 A more powerful alternative
to subgroup analysis, however, is to assess the potential interaction between two variables on the outcome of interest.
Identify the Statistical Software Package(s) Used
To Analyze the Data
Although commercial programs generally are validated and updated and have met the test of time,
the performance characteristics of privately developed programs are often unknown.
Guidelines To Be Addressed in the Results
Identify the Time Frame of the Study: Give the
Dates of the Enrollment, Treatment, and Data
Collection Periods, and the Reasons for Selecting
Those Dates
www.chestjournal.org

An absolute difference is the actual difference
between measurements expressed in the units of the
difference. For example, if the mean weight of a
group dropped from 72 to 65 kg, the absolute
difference is 7 kg. The relative difference is expressed as a percentage; here, the percentage change
is 9.7% (7 kg/72 kg ⫽ 9.7%). Because a change from,
say, 2 to 1 kg is the same percentage reduction as a
change from 2,000 to 1,000 kg, reporting a 50%
decrease for both examples, although accurate, can
be misleading; hence, the absolute difference becomes important.
Report the Number or Percentage of Patients Who
Improved (or Not), as Well as Group Values for
Important End Points
Many studies report only group values for end
points, which can hide individual variation among
patients. For example, in studies20,32 of HIV/AIDS
patients, the median gain or drop in T4 cell counts is
often reported for each treatment group. Individual
CHEST / 130 / 4 / OCTOBER, 2006
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Figure 1. A schematic summary of a randomized clinical trial.

patients may have different responses than others in
their group, however, so it is often useful to know
how many patients had, say, improved T4 cell
counts, as well as the median value for the group.

between adverse clinical events and laboratory-determined toxicities.

Provide Confidence Intervals for All End Points

To avoid charges of selective reporting, all observations should be accounted for. Missing data can be
handled in several ways.35 In complete case reporting, patients with missing data are simply excluded
from the analysis. Such exclusion effectively reduces
the sample size and also violates the intent-to-treat
strategy in experimental studies, both of which are
undesirable. Values can also be imputed for missing
data using any of several methods. Patients with
missing data can also be included in the denominator
of rates to provide more conservative estimates.26

The results of a study are actually estimates of
what might be expected if the treatment were to be
given to the entire population of interest.5 Confidence intervals indicate the precision of such an
estimate.
Describe the Nature and Frequency of Common or
Severe Side Effects and Adverse Events for Each
Group
Adverse events have been conspicuously underreported in journal publications.2,5,33,34 For each
group, give the following: (1) frequency, (2) severity
(a matter of degree), (3) seriousness (a matter of
threat to health or well being), and (4) timing of
adverse events.33 General statements about the frequency of side effects (“there were few side effects”)
are uninformative.33 It is also helpful to distinguish

Account for All Observations and Participants and
Explain Any Missing Data

Guidelines To Be Addressed in the
Discussion
Summarize the Results
The primary comparison should be discussed first.
Secondary analyses of interest should be discussed
later and should be presented as exploratory.
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Interpret the Results and Suggest an Explanation
for Them
Someone once said that “group means do not
present for treatment”; therefore, do not confuse
statistical significance with clinical importance! Biological plausibility, the cogency of the theory being
tested, and the strength of other related evidence are
more important than p values in interpreting results.2,5,36
Describe How the Results Compare With What
Else Is Known About the Problem: Review the
Literature and Put the Results in Context
Placing the results in the context of existing knowledge helps readers to interpret the work. Science is
also cumulative and systematic and thus depends on
investigators to show how their work is related to the
rest of science.5
Suggest How the Results Might Be Generalized
The purpose of any single research study is to
produce results that can apply to the population of
interest.5 The population of interest should be defined by the inclusion and exclusion criteria. However, the more specific the definition of a population
and the more tightly controlled the experiment, the
more difficult it may be to generalize the results to a
larger, more heterogeneous population outside the
controlled environment of medical research, in the
day-to-day activities of health care.
Discuss the Implications of the Results
The two questions most readers (and journal
editors) want answered about a research study is “So
what?” and “Who cares?” In other words, how will
medicine be different as a result of this research? If
the topic of the research was of marginal interest to
begin with, the implications of the results will also be
of marginal interest.
Discuss the Limitations of the Study
If possible, describe the sources and implications
of potential bias, confounding, and error in the
research design or problems with data collection,
analysis, or interpretation. Disclosing weaknesses or
limitations may be difficult, but honesty is an integral
part of science. Identifying difficult areas in research
may also help other investigators to avoid similar
problems.
List the Conclusions
Listing your conclusions will help you be more
specific about what, exactly, your study adds to the
practice of medicine.
www.chestjournal.org
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