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ABSTRACT

In the design of scientific studies it is essential to decide on which scientific questions one aims to answer, 
just as it is important to decide on the correct statistical methods to use to answer these questions. The cor-
rect use of statistical methods is crucial in all aspects of research to quantify relationships in data. Despite 
an increased focus on statistical content and complexity of biomedical research these topics remain diffi-
cult for most researchers. Statistical methods enable researchers to condense large spreadsheets with data 
into means, proportions, and difference between means, risk differences, and other quantities that convey 
information. One of the goals in biomedical research is to develop parsimonious models - meaning as sim-
ple as possible. This approach is valid if the subsequent research report (the article) is written independent 
of whether the results are “statistically significant” or not. In the present paper we outline the consider-
ations and suggestions on how to build a trial protocol, with an emphasis on having a rigorous protocol 
stage, always leading to a full article manuscript, independent of statistical findings. We conclude that 
authors, who find (rigorous) protocol writing too troublesome, will realize that they have already written 
the first half of the final paper if they follow these recommendations; authors simply need to change the 
protocols future tense into past tense. Thus, the aim of this clinical commentary is to describe and explain 
the statistical principles for trial protocols in terms of design, analysis, and reporting of findings. 
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INTRODUCTION
Generalized linear models, sequential analysis, time 
series, survival analysis, design of experiments, 
residuals and diagnostics, likelihood inference and 
statistical approximation – are all topics that might 
cause confusion and distract the consumer of a 
research paper, rather than help to clarify the objec-
tive of a biomedical research project. Despite the fact 
that the statistical content and complexity of biomed-
ical research has increased steadily over recent 
decades,1 with reports of clinical trials containing a 
wealth of data comparing treatments,2 there is still a 
need to educate researchers in order to allow for 
“parsimonious statistical thinking”. Researchers, with-
out a solid knowledge of clinical epidemiology and/
or biostatistics, are often increasing the complexity 
of their model in their eagerness to explain “every-
thing”, assuming that a statistician will “show up 
later” and “sort the whole thing out”. One of the goals 
in biomedical research is to develop parsimonious 
models to allow the testing of a hypothesis to be as 
simple as possible. The idea of parsimony, is here 
used synonymous with “Occam’s razor”, and states 
that when “everything else is equal, simple models are to 
be preferred over complex models”.

Applied statistics should not focus too much on dis-
tributions or probabilities, but rather focus on the ‘a 
priori’ approach to “telling the good story”; that is, 
focus – a priori - on how to present the project when 
the data collection has been finalized, and analyzed. 
When designing a research study it is important to 
decide on the statistical methods that will apply 
before starting the data collection. Researchers, who 
cannot disclose the anticipated outline of their paper 
a priori, are most likely introducing bias into the bio-
medical literature.2 The end user of biomedical 
research, might infer erroneous conclusions (after 
synthesis) from the totality of the available evidence, 
as a consequence of the complete results of all con-
ducted studies on a question of interest not being 
available in the public domain, thereby introducing 
publication and/or selective outcome reporting 
bias.3 Biostatistics is the use of numbers to quantify 
relationships in data, whether empirical or causal, 
and thereby answer the scientific questions raised in 
the original protocol. This approach is valid if the 
subsequent research article is written independent 
of whether the results are “statistically significant” 

or not. It is very unfortunate, that the process of run-
ning the main analyses requires only little time, 
whereas preparing a manuscript requires consider-
able effort, and thus frequently leads to situations 
where the scientists ponder (post hoc) whether it is 
worth manuscript preparation. They weigh the per-
ceived importance and priority of the question, the 
statistical significance of any (quickly obtained) 
results, and other evidence circulating at the time.4 

Statistical methods should enable the researcher to 
reduce a large spreadsheet with collected variables 
(including outcome measures and design variables) 
into means, proportions, and difference between 
means, risk differences, and other quantities that 
convey information. In principle this kind of statis-
tics are called descriptive statistics, enabling the 
reader to do most of the subsequent statistical tests 
by hand while reading the paper5 a phenomenon 
often referred to as transparent reporting of statisti-
cal data. The use of explicit numerical information 
will be enhanced if authors remain focused on the 
original ‘Statistical Analysis Plan’ (SAP) as outlined 
in the pre-specified protocol of the study.

The authors objective for this manuscript is to pro-
vide suggestions and considerations on what to pre-
pare before initiating the study (collecting data), 
with an emphasis on having a rigorous protocol stage 
that leads to a full article manuscript, independent 
of statistical findings.

CONCEPTUALIZING COHORT STUDIES AS 
IF THEY WERE RCTS
Valid evidence on the benefits and risks of healthcare 
interventions is essential in decision-making. Ran-
domized controlled trials (RCTs) are considered the 
ultimate method for providing evidence on efficacy. 
Frequently, however, the RCTs are criticized for focus-
ing on highly selected popula tions and outcomes. 
Therefore cohort studies can be thought of as natural 
experiments in which outcomes are measured in real 
world rather than in experimental settings. Whether 
the statistical design is based on observational or ran-
domized data, the reporting of both types of studies is 
often of insufficient quality, and poor reporting ham-
pers the assessment of the strengths and weaknesses 
of a study and the generalizability of its results. 
Because of this, a group of scientists and editors devel-
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oped the CONSORT (Consolidated Standards of 
Reporting Trials) statement to improve the quality of 
reporting of RCTs,6 and the STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy) statement with recommendations on how to 
improve the quality when reporting from observa-
tional studies.7 The STROBE statement covers cohort, 
cross-sectional, and case-control designs. Often the 
ideas and intentions of cohort studies are similar to 
RCTs in that they compare outcomes in groups that 
did and did not receive an intervention (Exposed vs. 
Unexposed, respectively). The main difference is that 
allocation of individuals is not by chance (random) in 
the observational studies. Rigorous RCTs eliminate 
selection bias, balancing both known and unknown 
prognostic factors, in the assignment of treatments.6 
If done inadequately, treatment comparisons may be 
prejudiced, whether consciously or not, by selection 
of participants of a particular kind to receive a partic-
ular treatment. 

Unlike RCTs, cohort studies are always vulnerable to 
selection bias. In cohort studies, factors that deter-
mined whether a person received the intervention 
could result in the groups differing in factors related 
to the outcome, either because people were preferen-
tially selected to receive one treatment or because of 
choices that they made. These baseline differences 
in prognosis could “confound the assessment of the 
effect” of the intervention. Confounding means “con-
fusion of effects”;7 as a consequence, authors could 
naively consider a cohort study comparing individu-
als exposed to those individuals without exposure as 
a quasi-randomized trial when building the SAP. This 
should then be followed by a clear description about 
which (potential) confounding factors they would 
adjust for in the final and fully adjusted model. Infor-
mation on the distribution of potential confounders 
in the intervention and compa rison groups is usually– 
and preferably - provided in the first table of a manu-
script reporting from a cohort study. 

Confounding is a problem only if some baseline char-
acteristics are unevenly distributed between the 
intervention and comparison groups. When reporting 
such a study, where you compare groups at baseline 
(Exposed vs. Unexposed or Intervention vs. Placebo), 
it is tempting to report a p-value, despite the fact that 
the test probably either has a low statistical power, or 

are impossible to interpret as it is the case for RCTs.6 
In assessing cohort studies, it is important to identify 
potential confounders and to examine their distribu-
tion in the exposed and control group. Although 
unknown confounders are always difficult to deal 
with in cohort studies, a systematic approach can be 
used to identify known and potential confounders. 
Typical features could be demographic (e.g., age and 
sex), medical (e.g., concomitant disease/conditions), 
previous or current exposure to drugs, and social and 
behavioral factors (e.g., habits, exercise and diet). 
When comparing different potential confounding fac-
tors between groups at baseline, as previously sug-
gested by Mamdani et al, the authors recommend 
alternative to traditional significance testing, authors 
use standardized differences or effect sizes to exam-
ine ‘between group differences’ in patient characteris-
tics.8 The most important thing in regard to detecting 
bias due to confounding (assessed at baseline), is that 
it cannot be judged solely by statistical significance; 
usually the impact of a potential confounder is judged 
pragmatically on whether the adjustment for the 
“confounding variable” changes the estimate of asso-
ciation. The authors of this manuscript recommend 
that authors of cohort studies to apply a “three-stage 
reporting framework”: Model #1 report the crude 
analysis (without any adjustments for confounders); 
Model #2 report the semi-adjusted analysis (including 
all the a priori defined covariates that are likely to be 
confounding factors); Model #3 Fully adjusted model 
(including all the protocolized covariates as in model 
#2 plus those of potential interest according to base-
line table discrepancies across groups).

METHODS SECTIONS IN PROTOCOL
In the following sections the authors will elaborate 
on important aspects of designing and reporting a 
two-group comparison whether it is a randomized 
trial, or a cohort study. For those with a particular 
interest in cohort studies we will encourage them to 
scrutinize the highly informative ‘Reader’s guide to 
critical appraisal of cohort studies’ published in 2005 
in British Medical Journal.8-10 Likewise, we remind 
authors of observational studies to consult the 
STROBE statement on how to report cohort, cross-
sectional, and case-control studies in biomedical 
journals.7 As a consequence of trying to exclude the 
technicalities involved in cohort studies, we will in 
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the latter part focus on what to consider when pre-
paring a report for a controlled trial. Two documents 
are highly endorsed: The CONSORT statement (used 
by IJSPT),6 as well as the international guideline 
on statistical methodology (E9) to the collection of 
‘International Conference on Harmonisation’ (ICH 
E9) on statistical principles for clinical trials.11

Trial protocol
Once a “clinical question” has been raised, the first 
step in the conception of a trial is to develop a trial 
protocol. Protocol development has evolved over the 
last decades. Writing a protocol for a trial is both an 
intellectual, rigorous, and creative task, which is usu-
ally done by researchers and experts in various areas 
of research including medical, scientific, statistical, 
ethical, administrative fields, and maybe even regu-
latory bodies. The protocol serves as the foundation 
for study conduct and reporting. Full knowledge of a 
trial protocol allows an appropriate ethical assess-
ment before trial inception, and the proper critical 
appraisal of the results after trial completion. The 
SPIRIT initiative (Standard Protocol Items: Recom-
mendations for Interventional Trials) are currently 
preparing a statement that will most likely include a 
final 33-item checklist that will apply in the future 
when researchers design and register their trials. 
This SPIRIT checklist will support the CONSORT 
statement, and explicitly ask for details about impor-
tant features of the pre-specified protocol. 

It is recommended that the protocol include at least 
the following domains: Administrative information; 
Introduction – including background, rationale, and 
objective(s); Methods (#1): Participants, interven-
tions, and outcomes; Methods (#2): Assignment of 
interventions – including sequence generation, con-
cealed allocation, etc.; Methods (#3): Sample size, 
data collection process, management, and statistical 
analysis; Methods (#4): Data monitoring; Results: 
Propose a preliminary outline of the study report; 
Ethics and dissemination; and finally appendices to 
all of the above. Independent of these proposed pro-
tocol items, we strongly encourage trialists to follow 
the CONSORT checklist when designing the study.

Before launching a trial, it is important that the 
researcher considers whether the hypotheses are 
stated in advance and planed to be evaluated to 

 confirm the hypotheses (i.e., a confirmatory trial), 
or whether the researchers want to explore different 
clear and precise objectives (i.e., exploratory trial). 
Unlike confirmatory trials, exploratory studies may 
not always lead to simple tests of predefined hypoth-
eses. With this in mind it seems that exploratory 
studies, as they are more flexible, may be the “better 
strategic choice”; however, be aware that an explor-
atory study can never confirm whether e.g. a physi-
cal therapy intervention is effective or not. Decision 
makers would likely argue, that a given intervention 
that shows promising results in exploratory studies 
would need at least one (phase-3-like) confirmatory 
‘landmark study’.

Trial design
The design of the trial should be described, for exam-
ple, as parallel group, cluster randomized, crossover, 
factorial, superiority, equivalence or non-inferiority 
design, or some other combination of these designs.6 
The most common RCT design is the parallel group 
trial, in which participants are randomized to one of 
two (or more) interventions, with each arm being 
allocated a different treatment. The assumptions for 
these trials are less complex than for most other trial 
designs.

In a cross-over design, participants are randomly 
allocated to different sequences of treatments, and 
thereby act as his or her own control for treatment 
comparisons. In the simplest 2×2 cross-over design 
each participant receives each of two treatments in 
a randomized order in two successive periods, usu-
ally separated by a washout period. Cross-over 
designs have a number of caveats that can invalidate 
their results. The major concern is “carryover effects” 
where the first treatment given is able to influence 
the “response” in the subsequent treatment. The sta-
tistical consequence might be that the effect of 
unequal carryover will be to bias direct treatment 
comparisons.

In a factorial design, participants are assigned to more 
than one treatment-comparison group, enabling two 
or more treatments being evaluated simultaneously. 
The simplest example is the 2×2 factorial design 
where participants are randomly allocated to one of 
four possible combinations of two treatments (e.g. A 
and B). This allows the statistical model to statistically 
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conclude from A alone; B alone; both A & B; neither 
A nor B. Usually the statistical focus in studies with 
factorial design will be on examining the interaction 
between A and B. 

Participants
For each of the following paragraph headings, that 
are all directly associated with the protocol the 
authors remind researchers to report what they 
anticipate will characterize the participants rather 
than waiting for the final data. This includes explicit 
eligibility criteria (i.e., both inclusion and exclusion 
criteria) for participants and the settings where the 
data will be collected. RCTs address an issue relevant 
to a particular population or group with the condi-
tion of interest. Participant eligibility criteria may 
relate to demographics, clinical diagnosis, and comor-
bid conditions. A clear description of the trial partici-
pants and setting in which they will be studied is 
needed to allow future readers to assess the external 
validity (generalizability) of the trial and determine 
its applicability to their own setting.

Interventions and blinding
Detailed information on the interventions intended 
for each group including the essential features of the 
experimental and comparison interventions (e.g., 
control group) should be described. Authors should 
report details about the interventions, e.g., dose, 
route of administration, duration of administration, 
surgical procedure, or manufacturer of inserted 
device. When describing the interventions it is very 
important to report whether or not participants care 
givers, and those assessing the outcomes will be 
blinded to group assignment.12 Blinding refers to the 
practice of keeping the trial participants, care pro-
viders, data collectors, and sometimes those analyz-
ing the data, unaware of which intervention is being 
administered to which participant, to reduce the risk 
of bias. Authors should avoid using terms such as 
‘‘single’’ or ‘‘double’’ blind as such terms are not pre-
cise enough.

Outcomes
It is important to clearly define what will be the pri-
mary outcome for the trial, as well as what are the 
secondary outcomes. The primary outcome (‘pri-
mary variable’, ‘target variable’, ‘primary endpoint’13) 

should be the variable capable of providing the most 
clinically relevant and convincing evidence directly 
related to the primary objective of the trial and is 
usually the one variable used for the sample size cal-
culation. Most trials have several outcomes, some of 
which are deemed more important than others.3 
Such rankings are typically reported as primary and 
secondary outcomes. Ideally there should only be 
one primary outcome. Authors should explicitly state 
the primary outcome for the trial and when it will 
be assessed (e.g., the time frame over which it is 
measured).

Secondary outcomes are either supportive measure-
ments related to the primary objective or measure-
ments of effects related to the secondary objectives. 
Their definition in the protocol is also important, as 
well as an explanation of their relative importance 
and roles in interpretation of trial results. Generally, 
the number of secondary outcome variables should 
be limited and should be related to the limited num-
ber of questions attempted answered in the trial.

Sample size
The number of participants in a trial should always 
be large enough to provide a reliable answer to the 
research questions addressed. The number of par-
ticipants randomized to each intervention group is 
an essential element of the results of a trial. This 
number defines the sample size, and readers of the 
published article can use it to assess whether all ran-
domized participants were included in the study and 
subsequent data analysis (referred to as the “Inten-
tion To Treat” (ITT) population).14 

Investigators calculate sample sizes before the start 
of their trial and adequately describe what went into 
the calculation in details in their protocol as well as 
their published report. In these a priori calculations, 
determining the effect size to detect—e.g., difference 
between means (MD = MI – MC), or risk difference 
calculated from the proportions who respond (RD= 
pI – pC) — reflects inherently subjective clinical judg-
ments.15 The term treatment effect or effect size 
generally means – for efficacy outcomes - the net 
benefit, of applying intervention ‘I’ compared to 
intervention ‘C’. Typically the type of outcome data 
used for sample size estimation is either ‘binary data’ 
(where the participant can have a response yes/no), 
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or it can be estimated from ‘continuous data’ (where 
the variable is typically guestimated from an 
expected mean value and a corresponding standard 
deviation). The authors need to decide a priori what 
kind of clinical net benefit (difference between 
groups) they would expect from the intervention, 
with focus on clinical relevance.

When determining the appropriate sample size, the 
following items should be considered and specified: 
(#1) a primary outcome (i.e., the “name” and whether 
it is binary or continuous by nature); (#2) the test 
statistic, (#3) the null hypothesis, and the alternative 
hypothesis (i.e., the reason for the study); (#4) the 
probability of erroneously rejecting the null hypoth-
esis (the type I error, i.e., the statistical p-value); and 
(#5) the probability or erroneously failing to reject 
the null hypothesis (the type II error, i.e., 1 – the 
type II error is referred to as the statistical power of 
the study). When determining the sample size for a 
trial it is also important to consider the protocol 
approach to dealing with treatment withdrawals and 
protocol violations. 

In an excellent tutorial paper, published in the Lan-
cet, Schulz and Grimes argue that the subjective 
judgments needed from the authors (i.e., content 
experts) to be able to estimate the sample size - or 
maybe the statistical power if the number of partici-
pants is already determined – is necessary for the 
trial to be trusted.15 Realizing that these judgments 
greatly affect sample size calculations, Schulz and 
Grimes question the branding of trials as unethical 
on the basis of an imprecise sample size calculation 
process. They claim, that, some shift of emphasis 
from a fixation on sample size to a focus on method-
ological quality would yield more trials with less 
bias;16 unbiased trials with imprecise results trump 
no results at all.15 

Randomization
Investigators should make sure to describe how par-
ticipants will be randomized and allocated to the dif-
ferent interventions. It is important to conceal the 
allocation sequence from those assigning participants 
to the intervention groups. Allocation concealment 
prevents investigators from influencing which partici-
pants are assigned to a given intervention group (i.e., 
selection bias). Evidence shows that reports of trials 

reporting inadequate allocation concealment are asso-
ciated with exaggerated treatment effects. Authors 
should clearly describe in the protocol the method for 
assigning participants to interventions. Examples of 
approaches used to ensure adequate concealment 
include: centralized (e.g., allocation by a central office) 
or pharmacy-controlled randomization; sequentially 
numbered identical containers that are administered 
serially to participants; on-site computer system com-
bined with allocations kept in a locked, unreadable 
computer file that investigators can access only after 
the characteristics of an enrolled participant are 
entered; and sequentially numbered, opaque sealed 
envelopes.6

Statistical methods
Medical research is carried out on selected individu-
als, although the selection criteria are not always 
clear. As indicated above, each of the mentioned 
paragraphs could – if manipulated with – lead to 
biased results and maybe even biased conclusions. 
In a statistical analysis plan, emphasis should be on 
which analyses, comparisons, and statistical tests 
have been planned - given the objective of the study. 
The statistical methods section should include all 
the principal features of the proposed confirmatory 
analysis of the primary variable(s) and the way in 
which anticipated analysis problems will be handled. 
In the case of exploratory trials this section could 
describe more general principles and directions.

The set of participants whose data are to be included 
in the main analyses should be defined in the statis-
tical section of the protocol. If there are any planned 
reasons, for excluding from analysis participants for 
whom data are available, these should be described. 
Some trials use terminology for these different sce-
narios (Analysis sets), such as: (#1) Full analysis set: 
The set of participants that is as close as possible to 
the ideal implied by the ITT principle. It is derived 
from the set of all randomized subjects by minimal 
and justified elimination of subjects; and, (#2) Per 
protocol set (valid cases, efficacy sample, evaluable 
participants sample): The set of data generated by 
the subset of participants who complied with the 
protocol sufficiently to ensure that these data would 
be likely to exhibit the effects of treatment, accord-
ing to the underlying scientific model. In general 
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the ITT population (full analysis set) should be con-
sidered for all primary analyses. However, it is 
advantageous to demonstrate a lack of sensitivity of 
the principal trial results to alternative choices of 
the set of subjects analyzed. 

When writing your statistical analysis plan, realize 
that data can be analyzed in many ways, although 
some of which may not be strictly appropriate in the 
particular situation. It is essential to specify which 
statistical pro cedure will be used for each analysis 
(given your objective and anticipated imaginary data 
set). Later in the full report (article) further clarifica-
tion may be necessary in the results section, but this 
should never be in conflict with the analyses pro-
posed in the protocol. When considering how elabo-
rate such a paragraph needs to be, the principle is to 
describe statistical methods with enough detail to 
enable a knowledgeable reader with access to the 
original data17 to verify the reported results.

Most trial objectives result in statistical analyses 
yielding estimates of the treatment effect, which is a 
contrast between the outcomes in the comparison 
groups. These group contrasts should be followed by 
a confidence interval (usually 95% CI) for the esti-
mated effect, which indicates a central range of 
uncertainty for the true treatment effect. Study find-
ings can also be assessed in terms of their “sta tistical 
significance”. The “p-value” represents the probabil-
ity that the observed data could have arisen by 
chance when the interventions did not truly differ. 
Which is why “very small” p-values (e.g., p<0.0001) 
indicate that it is highly unlikely that the interven-
tions on trial are equally good18; actual p-values (for 
example, p=0.031) are strongly prefer able to impre-
cise threshold reports such as p<0.05.

Finally, standard methods of analysis assume that 
the data are “independent.” For controlled trials, this 
usually means that there is one observation per par-
ticipant. Treating multiple observations from one 
participant as independent data is a serious error; 
such data are produced when outcomes can be mea-
sured on different parts of the body, as in dentistry 
or rheumatology.6,19 Data analysis should be based 
on count ing each participant once (e.g., as a single 
change from baseline) or should be done by using 
more complex statistical procedures.20,21

RESULTS AND OUTLINE
When you are finally done with conducting the pro-
cedures involved in your randomized trial, it is time 
to celebrate. You now have a very valuable database, 
where all your pre-specified objectives can be 
explored. Remember if you - or a junior colleague 
you are supervising - feel that it is too troublesome 
to write rigorous protocols, that there is a clear 
advantage at this stage: you have already written the 
first half of your article – you simply need to change 
the future tense into past tense. If you worry about 
what a good logical outline for the results section of 
such a trial could look like, we recommend that you 
scrutinize the examples given in the CONSORT state-
ment,6 or follow other published examples with a 
rigorous reporting approach.22 Usually the following 
format is obvious: Figure 1: Trial flow diagram; Table 
1: Baseline characteristics of participants random-
ized; Figure 2: Graphical display of the key findings 
from for the primary analysis and primary outcome 
(means or proportions with standard errors and 95% 
confidence interval); Table 2: Change from baseline 
at endpoint, for all the variables assessed in the 
study, both primary and secondary (means or pro-
portions with standard errors and 95% confidence 
interval).
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