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aistics is the cornerstone of evidence-based
guantitative research. Statistical analysis and
utputs pave the way for clinical and policy
lecision-making, thereby impacting the health
status of countless individuals across the world. Various
studies have shown that statistical reporting is
inappropriate and incorrect in biomedical journals[1-3].
Uniformity and transparency in statistical reporting
strengthens the validity and reliability of the scientific
literature. Most biomedica researchers are not
comfortable with statistics and hence the reporting of the
statistical output is quite varied, confusing and
meaninglessto thereader. Thisarticleattemptsto provide
an overview of good practices of reporting statistics in
biomedical research literature.

The statistical reporting guidelines and styles being
presented in this article draw from instructions for
authors of Indian Pediatrics, International Committee of
Medical Journal Editors (ICMJE) guidelines, Enhancing
Quality and Transparency of Heath Reporting
(EQUATOR) guidelines, and current practices observed
inthe published research literature[4-6].

Asdifferent journals have their specific requirements
regarding reporting of statistics, it is necessary that the
authors go through the instructions for authors and some
already published articles of the journals to which they
intend to submit their manuscript for publication.
However, the guiding principle of reporting statistical
analysesisto

“Describe satistical methods with enough detail to
enable a knowledgeable reader with access to the
original datato verify thereported results[4].”

REPORT STATISTICSWHEN RELEVANT

“Can we do some statistical analysisand report fromthis
data here?”

This is a common non-specific question which
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biomedical researchers ask their colleagues who help
them in data-analysis. The requirement in this caseisto
insert some statistical test result in the manuscript,
without giving athought to the fact asto how it would fit
in with the research objectives. The question reflects the
investigator's lack of clarity and understanding of their
research/study objectives. Had they been clear about their
research objectives, the question would have been
something like this: “How to compare these means?’ Or,
“What isthe effect of thisvariable over another one?’ Or,
“Is there an association between these variables?” The
point of serious concern is that even the peer-review
process, at times, fail to pointedly enquire about the
relevance and the resultant interpretation of the statistical
testsapplied.

At times, biomedical researchers are not even aware
of the purpose of statisticsbeing appliedintheir research.
They just want to have it becauseit’'sa‘cool’ thing to do
or their belief that it increases the chances of publication.
Some are of the notion that without reporting a‘ p-value',
a study is considered as irrelevant. An understanding of
the conceptual framework of the study is important
before embarking on the dtatistical analysis. The
appropriate application of statistical testswould then aid
inthe meaningful deconstruction and interpretation of the
study results. This would also make the discussion and
the conclusion sections more meaningful. Statistics is a
vital part of biomedical literature, but only if it'srelevant.
Else it loses its importance. Statistical tests should be
applied and reported where it is relevant and not just for
the sake of reportingit.

Statistical tests are used in biomedical research
broadly for two reasons:

1. Estimation studies. In this type of studies, there is no
hypothesis statement. The research questionisto find out
a ‘population estimate’ from a given ‘sample data’ [7].
Examples of such estimates include determining the

VOLUME 53—SEPTEMBER 15, 2016



KHAN & RAMJI

mean weight for age Z-score (WAZ) of under-five
children or proportion of underweight births in the
newborn population. In these two examples, the mean
WAZ score and the proportion are the statistics to be
estimated using the sample dataset. In both these cases
there is no hypothesis testing involved. Statistical
applications for such objectives will primarily be
restricted to reporting of Standard Errors of Means and
Proportions and their related confidence intervals (ClI),
and will be devoid of any p-value. Statistics is employed
here to extrapolate the result from the sample data to the
population data in quantitative terms. Hence, statistical
tests and the accompanying p-vaues are irrelevant while
reporting population estimates.

2. Inferential studies (Hypothesis testing). These studies
intend to determine an association between two or more
variables. These studies usually are designed to test a
hypothesis[7]. Case control studies, experimental studies
(randomized or non-randomized, with or without control
group), typical cohort studies have a null hypothesis at
the start and fall in this category. Statistical tests of
significance and the accompanying p-values and effect
sizes become relevant and should be reported in studies
having hypothesistesting asan objective.

In a research manuscript, statistical methods and
statistical outputsarereported in the Methods section and
the Results section, respectively. What and how you
report the statistical methods and outputs in your
manuscript will also depend on the journal you are
submitting your manuscript to.

REPORTING OF STATISTICAL METHODS

METHODS SECTION

IN THE

The statistical methods reported in the methods section
will depend on the study design and objective of the
study. Box 1 presents the key points to be noted while
reporting statistical methods in the methodology section
of abiomedical research manuscript.

In the case of observational studies, this section
should report all methods used, including those for
confounder control. The section must address how
missing data was addressed (including loss to follow-up
in cohort studies), subgroup anaysis if any that were
planned, and how matching was done for cases and
controls (in the case of case-control studies). When
reporting randomized trial's, the methods used to compare
the primary and secondary outcomes and any additional
analysis that were planned must also be reported in this
section. The details of what to report in the method
sectionsare available in the reporting guidelinesfor each
study design[6]. Thestatistical tests employed should be
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Box 1 STATISTICAL INFORMATION TO BE INCLUDED IN THE
METHODS SECTION

« All the statistical methods employed in the study.

* Any data transformation done for the purpose of
statistical analysis.

« ldentify any uncommon statistical method applied,
with a reference.

« The order of the statistical methods described
should follow that of the objectives mentioned.

* Report the statistical tests in the context of the
research objectives, and not as generic
statements.

« Use appropriate statistical tests for analyzing
paired data.

« Consider the type of distribution while selecting
and reporting statistical tests.

* Mention the statistical analysis software packages
used for data analysis only for complex analysis.

mentioned with respect to the variables being analysed,
rather than as standalone general statements. Some
examples of stating the test used could be “ Categorical
datatotest for presence of association between failureto
regain birth weight and the likely risk factors was
analysed using Fishers exact test”, or “ The strength of
association between the factors and failure to regain
birth weight among the infants studied was determined
using oddsratiosand confidenceintervals’ [8].

This section must aso report methods used to
transform raw data prior to analysis such as converting
non-normal to normal distribution, collapsing categories
in categorical data, etc. While reporting common tests
used such as Chi-sguare, Fisher exact, student t-test,
linear regressions, no citations are needed. However,
when reporting more complex analysis, the authors must
cite the source, which should preferably be a standard
textbook [9]. There is no need to report the analytical
software used for the basic descriptive analysis. In the
case of statistical analysis involving hypothesis testing,
reporting the analytical softwareisuseful and very much
required. The apha level used to define statistical
significance must a so be mentioned in this section. Box 1
presents the key points to be noted while reporting
statistical methods in the methodology section of a
biomedical research manuscript.

REPORTING OF STATISTICAL RESULTS

The numerical results must be presented keeping the
study objectives in mind. Box 2 presents the important
points to be kept in mind while reporting statisticsin the
results section of aresearch manuscript.
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What must be included? For descriptive statistics, the
point estimate and 95% confidence interval should be
reported. For comparative studies, rates, risk, ratiosor the
mean difference along with their precision such as 95%
confidence interval or standard deviation must be
reported.

If P-values areincluded, the actual valueupto 1 or 2
decimal spaces may be reported (e.g. P=0.2 or P=0.41);
values less than 0.001 should be reported as P<0.001.
P-values should not be reported as “not significant” or
“NS'.

When reporting outcome results, first the results of
primary outcomes must be reported and later that of the
secondary and any other sub-group analysis. Post-hoc
analysis that had not been pre-specified must not be
reported.

Box 2 presents the key messages regarding reporting
of statisticsin theresults section of aresearch manuscript.

What can be omitted? Most statistical softwares will
churn out aplethora of outputs during analysis. Typically
the outputs would include test statistic (e.g., chi-square
statistic, t-statistic, F-statistic), p-vaue, and degrees of
freedom; all of these can be omitted including p-values
(but some reviewers would insist on the reporting of p-
values). In manuscripts reporting randomized controlled
trials, p-values should not be reported when comparing
baselines variables/characteristics. Similarly, regression
analysis outputs would include multiple data outputs

Box 2 REPORTING STATISTICAL OUTPUTS IN THE RESULTS
SECTION OF THE MANUSCRIPT

* Avoid nontechnical uses of technical terms in
statistics.

« Explicitly state the groups being compared.

* Report exact P-values, and not just as significant
or non-significant.

« Do not report P-values as 0.000. In such cases,
report as P<0.001.

* Report the effect sizes with their confidence
intervals.

e Usually P-values with effect sizes and the
associated ClI are sufficient while reporting the
statistical test results, unless the journal asks for
additional details.

* Do not use the term ‘correlation’, a statistical
method to assess the relationship between two
continuous variables, to describe ‘association’.

« Refer to relevant reporting guidelines for the study
design e.g., STROBE, CONSORT.
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which may include coefficients, R2, standard errors and
p-value. It is best to avoid reporting these in the results
unless they serve a useful interpretive function. Itisalso
best not to include complex statistical formulas[10].

Sudy Design-specific Statistical Results

Observational studies: For these, provide unadjusted
estimates and, if applicable, confounder-adjusted
estimates and their precision (e.g., 95% confidence
interval). Make clear which confounders were adjusted
for and why they were included. Report category
boundaries when continuous variables were categorized
[11]. If relevant, consider trandlating estimates of relative
risk into absol uterisk for ameaningful timeperiod.

Randomized controlled trials: For these, provide results
for each primary and secondary outcome, and the
estimated effect size and its precision (such as 95%
confidence interval). For binary outcomes, presentation
of both absolute and rel ative effect sizesisrecommended
[12].

When reporting correlation, identify the correlation
being reported — Pearson or Spearman. Report the 95%
Cl and the Pvalue. Whilereporting regression analysis, it
isbest to depict inatabular format.

CONCLUSIONS

Reporting statistics in biomedical research literature has
become more transparent, uniform and reliable. The
medical researcher should report relevant statistics and
provide meaningful interpretations in their research
manuscripts. Pvalues should not be reported alone. If at
al, they should be reported along with effect sizes and
their confidence intervals. The test statistic and degrees
of freedom can usualy be omitted. Both, the summary
statistics and the inferential statistics should be given
careful consideration while reporting. Specific statistical
tests require specific componentsto be reported. Various
guidelinesare now availableto aid the medical researcher
for reporting methods. It is important that the specific
journal guidelinesregarding reporting of statisticsshould
be strictly followed when preparing and sending a
manuscript for publication.
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