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Statistical methods have become an essential component of all empirical biomedical research. Science requires that these methods are
fully reported with complete accuracy so that the evidence base could be fully appraised for validity, reliability, and generalizability. To
meet this objective, Statistical Analyses and Methods in Published Literature (SAMPL) guidelines have been prepared for statistical
reporting in biomedical publications. This communication proposes substantial improvement of these guidelines to make them more

comprehensive, organized, compact, and easier to adopt.
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eporting of research is done to apprise others

of the new development. This objective is

more effectively achieved when the communi-

cation contains enough detaills of the
methodology and all other aspects so that the reader is
convinced about the validity of the results, can assess
their generalizability, and isableto replicate the resultsif
needed.

Statistical methods have become an essential
component of all empirical research publications, moreso
for biomedical research that confronts enormous
uncertainties due to biological and environmental
variability, sampling fluctuations, epistemic bottlenecks,
and biases. Science requires that these methods are fully
reported with complete accuracy so that the results could
be fully appraised for validity, reliability and
generalizability, and evidence-based medicine is
strengthened. To meet this objective, Statistical Analyses
and Methodsin Published Literature (SAMPL) guidelines
[1] have been prepared for statistical reporting in
biomedical publications. However, these guidelines have
some lacunae. For example, these guidelines mentioned
about identifying the variables separately for Primary
Analysis, for Reporting Hypothesis Tests, for Reporting
AssociationAnalysis, for Reporting RegressionAnalysis,
and several others. Some of the essentids such as
comparability of groups and robustness have been
missed. These guidelines need to be reorganized on the
lines of other reporting guidelines such as CONSORT.
Thiscommunication proposes substantial improvement of
these guidelines to make them more organized, compact,
and easier to adopt.
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ERRORSIN MEDICAL RESEARCH

Errors commonly creep into medical research endeavors,
sometimes|eading to falseresults[2-7]. loannidis[3] has
expressed near inevitability of some false conclusions
and has suggested designs to increase the chances of
producing true results. PLoS Medicine editors [4] have
opined that thoseinvolved in publication of research must
make all effortsto reduce the chance of false conclusions.
While some of this malaise can be attributed to the
inappropriate methodology and questionable practices
used in empirical research [5], some can betraced to poor
reporting [7] that can happen even with otherwise good
quality research. These deficiencies often render
published results unusable [1,8]. Guidelines such as
CONSORT, STROBE and STARD [9] have been
developed for improved reporting of medical studieswith
different designs in the hope that adhering to these
guidelines would reduce the chance of occurrence of
theseerrors.

Satistical Errors

Many of the research errors are statistical in nature such
as in design, elicitation of data, their processing and
analysis, and the interpretation of the results [10-15].
Altman and Bland [16] in 1991 estimated that more than
50% papers at that time had some statistical errors and
Wullschleger, et al. [17] found 64% (of atotal 441) articles
published in 2012 in three prime cardiovascular journals
had inappropriate use of standard error of mean. Such
errors often go unnoticed by the readers[18]. Sometimes,
these errors can result in a statements that can jeopardize
life and health of many people in course of time when
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inadequately substantiated result is used to treat millions
of patients [10]. This is accentuated when the future
research is built on the existing inadequately proven
results. Techniques to avoid such statistical errors have
been described earlier [19,20].

Performing the appropriate analysisis different from
accurately describing it, and there is no way for a third
person to assess what was actually adopted except by
reporting in the publications. It is expected that much of
these errors can be avoided by improved statistical

reporting.
STATISTICAL REPORTING

Statistical reporting in biomedical publication is an
important part of the Material and Methods section but it
also affects the way the results are understood and
interpreted. Several studies have observed that the
statistical reporting in some biomedical publications is
inadequate [11-14]. These studies suggest that this
inadequacy generally occurs at three levels. (i)
incomplete reporting leaving out room for readers to
impute guess: (ii) willful or inadvertent erroneous
reporting that has potential to arouse suspicion about the
results; (iii) and inadequate interpretation of the
statistical results. Much of this deficiency can be
effectively addressed if the publications adhere to a
standard guideline of itemsfor reporting of the statistical
methodology so that it is fully reported in a proper
manner without missing any essential component. This
may al so encourage researchersto usetheright statistical
methods at various stages of their research.

Much of the clarity in reporting comes from clear
statements about how the data were collected; what
analysis was done how; why that particular analysis was
appropriate for the problem in hand; and how the
conclusionwasdrawn. Statistical methodsin an empirical
research can be intricate multivariate and multilevel
analysesor can be specialized such astime seriesanalysis
whose description is admittedly challenging, but many
errors have been observed in basic methods used in
biomedical publications[21]. Astheseare basic methods,
there is a tendency to use and describe them without
sufficient care[22]. The proposed guidelines are focused
on these basic methods only.

Guidelinesfor Statistical Reporting

In view of the common occurrence of statistical errorsin
biomedical publications, attempts have been madein the
past to present guidelines for statistical reporting
[17,23,24]. Subsequently, Lang and Altman [1] compiled
a set of guidelines for basic statistical reporting for
articles published in biomedical journals. They caled it
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IMPROVED SAMPL GUIDELINES

“Statistical Analyses and Methods in the Published
Literature” or the SAMPL Guidelines, and these are now
part of the EQUATOR network [9]. The authors
acknowledgethat these guidelinesarelimited tothe basic
methods but consider them sufficient to prevent most of
the reporting deficiencies as the basic methods are also
the most commonly used methods. The first guiding
principle for these guidelines is that the statistical
methods should be described with sufficient detail for a
knowledgeable reader to verify the reported resultsif the
data are provided to him, and the second principle is to
report enough details of the descriptive statistics from
which other indicators such asrelativerisk and oddsratio
arederived.

Besides that the current SAMPL guidelines have not
included some of the basic methods such ascomparability
of groupsand robustness of results,theseare alsorepititive.
They also need to bereorganized inacompact formjust as
are other statements such as CONSORT, STROBE and
STARD. These statementshave been revised fromtimeto
timeasand when new knowledgeisacquired anditistime
torevisethe SAMPL guidelinesaswell to makethem more
organized, compact and easy to adopt. We have
undertaken this exercise and the guidelines have been
substantially revisedin content and format (Tablel). Most
notabl e changeisthe compl ete reorgani zation of format to
anumbered list for easy adoption. Thisa soremoves much
of duplication. Other notable changes are inclusion of
background information of the subjects, reporting of
standardized rates (where needed) for comparability,
robustness of results, not reporting mean and SD for
extremely small sample size, and careful reporting of
cause-effect inference. Thereare several other changesto
make the guidelines more comprehensive and easy to
understand. Thereorganizationisintermsof alist with 16
items, many with sub-items, which can also be used asa
checklist. First 13 items will be required by almost any
biomedical publication based on empirical data and the
remaining 3 items are for specialized methods. To avoid
duplication, there is no separate item on ANOVA and
ANCOVA asreporting of theseisincluded in other items.
Bayesian analysisisalso excluded asitisnot acommonly
used method in biomedical publications. Hazard ratio is
excluded because of its specialized nature. Now, thereisa
clear demarcation of itemsto bereported for each analysis
undertaken by the researcher although we continue to
adheretothe principlesenunciated earlier [1].

Thisrevision is also restricted to the reporting of the
basic methods. The advanced methods such as Cox
regression, cluster analysis, and multivariate analysis of
variance (MANOVA) are excluded in the hope that a
qualified biostatistician will be involved when such
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IMPROVED SAMPL GUIDELINES

TABLE | IMPRoOVED SAMPL GUIDELINES FOR REPORTING BASIC STATISTICAL METHODS IN BIOMEDICAL PUBLICATIONS

Topic

No.

Item

Subjects under study

Samplesize

Hypothesis

Variablesunder study

Antecedents and outcomes

Descriptive summaries

M odification of raw data

Basdlineinformation

Comparability of two or
more groups

Main method of analysis

Estimation

1

2a

2b

3b

4b

5b

10a

10b

11

Identify the target population, state the method of selection of the sample, total sample size,
stratification if any, and the groups under study.

Statethe samplesizefor each group and justify the sizefor the stated precision, alphaerror, and/
or power. For power, specify the smallest effect size considered medically important with
reasons.

State the number of missing values, outliers and other exclusionswith reasons, comment on the
representativeness of the samplefinally availablefor analysis, and describe possible biaseswith
measurestaken to control them.

State all the hypotheses keeping the study objectivesin mind.

State the minimum effect size to be considered as medically important, if applicable, with its
rationale (see Item 1b). For equivalence and non-inferiority studies, give the largest medically
unimportant margin with reasons.

Stateall thevariableson whichthe datawere collected and identify the ones on which the present
analysiswasdonealong with therational e of the choice of variables. Statetheunit of measurement
of each, and describethevalidity of the methods of measurement for each variable.

Categorize continuous datafor presentation of distribution if needed. If helpful, give histogram
and comment on the distribution pattern, particularly of the outcomevariables.

If dichotomous or polytomous categories have been used in analysis of continuous variables,
explaintherational e of these categoriesintermsof clinical implication.

In the case of analytical studies, identify the antecedent factors under study, the outcomes of
interest, and the covariatesincluded.

Definetheeffect of interest in terms of the variablesincluded in the study (the effect size can be
difference between means or between proportions, odds ratio, correlation coefficient, phi
coefficient, or any other measure).

Summarizethe data—Provide mean (SD) (and not mean + SD) or median (IQR) of each continuous
variable depending upon the Gaussian or (highly) skewed distribution, respectively (do not use
SE here). For IQR, givethevaluesof thefirst and third quartile. Do not give such summariesfor
groupswith n<4; givetheoriginal valuesinstead. For categorical data, state actual frequency in
different categories and the percentage if n >20. All summaries should be with the appropriate
degree of decimal accuracy asspecified at theend of theseguidelines*.

Describe transformation such as log and square-roct, if any, with reasons and the method of
calculation of scores, and rates and ratios, and fully specify the numerator, denominator and
multiplier (per cent, per million, etc.) for each where applicable. For rates, specify thetime period
(per day, per year, €tc.).

Summarize al important demographic and clinical features of the subjects in each group,
particularly thosethat can affect the outcome (see ltem 6).

Before comparing two or more groups with respect to outcomesin terms of summaries such as
means, proportionsin different categories, and rates, confirm that the groupsare comparablewith
regard to the baseline composition of the subjectsfor factors (such asthe agedistribution) that can
affect the outcome. If not comparable, report the re-computed summaries after proper
standardization. If standardization required but not done, state reasons and explain how the
outcomesin variousgroupscan still be compared.

Describe the method for each analysis, confirm the validity of the underlying assumptions, and
justify the parametric and non-parametric methods used for different variables. Providereference
or explain the methods not in common use. State the software used for analysiswith version.

Identify post-hoc analysisif any, including sub-groupsanalysis, and interpret thisasexploratory
and not confirmatory.
For descriptive part of the study, provide estimate of the mean, proportion, difference, etc. with

95% confidence interval (Cl). Justify the Gaussian approximation in case this is used for
computing the Cl. In caseany other confidencelevel isused, providetherationale.
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TABLEI (continued)

IMPROVED SAMPL GUIDELINES

Topic

No.

Item

Tests of tatistical hypothesis12a

Robustness of results

12b

13

Statethe statistical hypothesisfor each test. Givethe name of each test and itsexact P-valuewith
df where relevant. For P<0.001, state with less than sign and for P>0.999 with more than sign.
Indicatewhether thetest isone-tailed or two-tail ed with the reasons thereof. Avoid the use of the
term statistical significance and do not mention significance level (such as o = 0.05) for your
results. Mention about any adjustment made for multiple comparisons and for using multiple
testsfor any conclusion. Distinguish between family-wise error rate and experiment-wise error
rate. Also mention the Cl for the effect size such asmean difference between thegroups.

Report all the results and not just those that have low P-value. Interpret larger P-value as
inconclusive and not as negative result unless the power is high to detect a specified medically
important effect. Distinguish between results with low P-value (conventional statistical
significance) and medical significanceof theresults.

Comment about the statistical limitations of the study in addition to the other limita-tions.
Statistical limitations could be due to imprecision of the measurements, restricted analysis
because of the nature of the dataor size of samplein different groups, not fulfilling the underlying
assumptions, lack of representativeness of the sample, compromised design, lack of internal or
external validations, and such other deficiencies.

Thefollowing are needed if these methods have been used in your paper
Correlationand cause-effect 14a  Report theva ue of therelevant correlation coefficient. If described aslow, moderateor high, give

Regressionanalysis

Survival anaysis

14b

14c
15a

15b

15c
16a

16b

the categories with their biological implications. Interpret conventional Pearson correlation
coefficient for assessing linear relationship and not for any genera relationship between
continuous variables. For associ ation between categorical variables, includethefull contingency
tableand explainif any categorieswere merged for analysis purpose.

Distinguish between association/correl ation and cause-effect. If cause-effectisimplied, rule out
all possiblealternative explanations such asthe role of confoundersand biases.

Distinguish correl ation/associ ation from agreement.

Describethe purpose of the regression analysis (explanatory or predictive), identify theresponse
(outcome) and regressor (antecedent) variableswith the sel ection processif any, assesscolinearity
between independent variables, and provide medical and statistical rational e of the chosen model
(linear/nonlinear, simple/multivariable). State the size of sample available for running each
regression and comment on its adequacy. In case the model is being used for prediction of
individual vaues, give predictioninterval and not the CI for mean. Do not predict for valuesmuch
beyond thevaluesactually studied.

Report the regression equation with comments on its adequacy based on indicators such as
coefficient of determination (n?2, whoselinear component isR?) for quantitative and generalized
R2 for logistic regression, and report exact P-value for each regression coefficient with the
associated Cl. For quantitative dependent in ssmple linear or curvilinear regression, plot the
regression line or curve with scatter where helpful and comment on the randomness of the
residuals. For logistic regression, specify thereference category for categorical regressors, give
oddsratio (OR) and the ClI for each variable—adjusted aswell asunadjusted. For cohort studies,
state the number of subjectswith positive and negative outcomes, and therelativerisk with their
Cl — again adjusted as well as unadjusted. In the case of multivariable regression, interpret
regression coefficient as adjusted only for the other variables in the model and give plausible
biological explanation of themodel obtained.

Specify whether and how the model wasvalidated, or why it could not be validated.

Describe the purpose of the survival analysis, identify the beginning- and the end-point for the
duration under study, specify censoring, name the survival analysis method with the
confirmation of the assumptions, plot thesurvival curveand report themedian survival timewith
theCl, and discussthe pointsof inflexioninthesurvival curve, if relevant.

Where helpful, givethe table with the estimated survival probability at each follow-up with the
Cl.
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TABLEI (continued)

Topic No. Item

16c  Specify the method used for comparing two or more survival curvesif applicableand give exact
P-value. Interpret it for overall survival pattern and not for specific time-points.

Decimal accuracy (rounded) as follows

Percentages- Onedecimal placeif n<100 and two decimal placesfor n>100;

Mean and SD (Median and |QR) - Onedecimal placemorethantheoriginal values,

Correlation coefficient - Generally two decimal places,

Oddsratio, relativerisk and hazard ratio - Generally two decimal places;

P-values - Exact P-valuesto three decimal places and not as P <0.05 or P>0.05 (For extremely small values, write P <0.001, and for
extremely high values, write P>0.999).

advanced methods are used and the reporting will be embracing uncertainty. PL_oSMed. 2005;2:€272. _
adequate. The basic methods covered by theseguidelines 5. Golder WA. [Systematic errors in clinical studies:
are generally used by those also who use advanced A comprehensive survey]. Z Rheumatol. 2017;76:71-82.

(Articlein German).
6. Baerlocher MO, O'Brien J, Newton M, Gautam T, Noble J.
Dataintegrity, reliability and fraud in medical research. Eur

methods. To retain thefocus, other methodol ogical aspects
such as design, allocation and randomization as well as

issues relating to proper graphs,_ diagrams anq tables are Jintern Med., 2010:21:40-5.

excluded. These suggested guidelines continue to be 7. Altman DG. Poor-quality medical research: What can

described in amanner that a statistically literate medical journals do? JAMA. 2002;287:2765-7.

researcher can adopt without much help of a statistician. 8. Glasziou P, Altman DG, Bossuyt P, Boutron |, Clarke M,

As in the case of origina version [1], this suggested Julious S, et al. Reducing waste from incomplete or

revision too is not prepared by a ‘formal consensus- unusable reports of biomedical research. Lancet.

building process’ but is prepared after consulting various 2014,383:267- 76. _ _

other guidelines[24-27]. 9. EQUATOR Network. Enhanci ng QUAIity and
Transparancy of Health Research. Available from: https://

CONCLUSION www.equator-network.or g/reporting-guidelines. Accessed
January 9, 2019.

We hope that the editors of the biomedical journalswill ~ 10. Indrayan A. Statistical fallacies and errors can also

incorporate these guidelines in their instructions so that jeopardize life and health of many. Indian J Med Res.

thereporting of basic statistical methods canimproveand 2018;148;677-9.

evidence-based results are reported. Thereal solutionto ~ 11. Lang T. Twenty statistical errors even YOU can find in
poor statistical reporting will come when authors and 2:5‘?3'“691‘1'703' research articles. Croatian Med J. 2004;
statisticians learn more about research methodology and B

i aysi d aso | : ; 12. Strasak AM, Zaman Q, Pfeiffer KP, Gébel G, Ulmer H.
sppropriate anaysis, an So learn to communicate it Statistical errorsin medical research—areview of common

properly [11]. Deficient statistical reporting underscores pitfalls. SwissMed WKly. 2007;137:44-9.
the need to expose the medical researchers to detailed 13, ShenJ, Gou'L, Tang J. Analysis of common on statistical
texts [28,29] and structured biostatistics courses so that errors in biomedical journals]. Zhongguo Xiu Fu Chong
the methodol ogy and reporting canimprove. JianWai KeZaZzhi. 2007;21:541-3.

14. Lee S. Avoiding negative reviewer comments. Common
Funding: None; Competing interest: None stated. statistical errors in anesthesia journals. Korean J

Anesthesiol. 2016;69:219-26.
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