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Abstract

Introduction Randomised controlled trials (RCTs) aim to assess the effect of one (or more) unproven health interven-
tions relative to other reference interventions. RCTs sometimes use an ordinal outcome, which is an endpoint that
comprises of multiple, monotonically ordered categories that are not necessarily separated by a quantifiable distance.
Ordinal outcomes are appealing in clinical settings as specific disease states can represent meaningful categories that
may be of clinical importance to researchers. Ordinal outcomes can also retain information and increase statistical
power compared to dichotomised outcomes and can allow multiple clinical outcomes to be comprised in a single
endpoint. Target parameters for ordinal outcomes in RCTs may vary depending on the nature of the research ques-
tion, the modelling assumptions and the expertise of the data analyst.

The aim of this scoping review is to systematically describe the use of ordinal outcomes in contemporary RCTs. Spe-
cifically, we aim to:

e [dentify which target parameters are of interest in trials that use an ordinal outcome, and whether these parameters
are explicitly defined.

e Describe how ordinal outcomes are analysed in RCTs to estimate a treatment effect.

e Describe whether RCTs that use an ordinal outcome adequately report key methodological aspects specific to the
analysis of the ordinal outcome.

Results from this review will outline the current state of practice of the use of ordinal outcomes in RCTs. Ways to
improve the analysis and reporting of ordinal outcomes in RCTs will be discussed.

Methods and analysis We will review RCTs that are published in the top four medical journals (British Medical Jour-
nal, New England Journal of Medicine, The Lancet and the Journal of the American Medical Association) between 1 Janu-
ary 2012 and 31 July 2022 that use an ordinal outcome as either a primary or a secondary outcome. The review will
identify articles through a PubMed-specific search strategy. Our review will adhere to guidelines for scoping reviews
as described in the PRISMA-ScR checklist. The study characteristics and details of the study design and analysis,
including the target parameter(s) and statistical methods used to analyse the ordinal outcome, will be extracted from
eligible studies. The screening, review and data extraction will be conducted using Covidence, a web-based tool for
managing systematic reviews. The data will be summarised using descriptive statistics.
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Background

Randomised controlled trials (RCTs) typically aim to
estimate the average causal effect of one intervention
relative to at least one other intervention. The average
causal effect can be summarised using a number of target
parameters, such as a risk or odds ratio (for a binary out-
come) or difference in means (for a continuous outcome).
The outcome of interest in a trial may be nominal, ordi-
nal, interval or ratio [1]. Nominal outcomes are outcomes
that are categorical and unranked, for example the blood
type of a patient. If the outcome is measured on an inter-
val scale, the outcome can be categorised and ranked,
and the difference between any two proximate values
are equally spaced (e.g. body temperature). In addition
to these properties, the ratio scale has a true zero point
(e.g. weight). Ordinal scales can be considered to inhabit
the space between nominal and interval/ratio scales; they
are categorised and ranked, but the distance between any
two categories is not necessarily meaningfully quantifi-
able or equally spaced [2]. For example, a change from a
disease-free state to hospitalisation would not necessarily
be considered to be equivalent to a change from hospital-
isation to death. The categories should also be mutually
exclusive (such that the categories are non-overlapping),
detect improvement and deterioration, and be unambig-
uously defined (so that categories can be clearly distin-
guished from each other) [3]. An additional condition of
an ordinal outcome, if it measures a change between two
points in time, is that the scale should be symmetrical
in structure to avoid bias [3]. That is, there should be an
equal number of categories that represent both improve-
ment and deterioration.

Ordinal outcomes have become increasingly common
in trials, particularly during the COVID-19 pandemic.
For example, the World Health Organization (WHO)
developed the WHO Clinical Progression Scale [4], an
ordinal scale that describes disease severity of COVID-
19 that has been adapted in various treatment trials
[5, 6]. The categories reflect patient states that include
being uninfected with COVID-19, ambulatory mild dis-
ease (asymptomatic or symptomatic), moderate disease
(defined by patient hospitalisation and whether oxy-
gen therapy is required or not), severe disease (ranging
from a hospitalised patient who requires oxygen by non-
invasive ventilation or high flow, to patients requiring
mechanical ventilation with any of vasopressors, dialysis
or extracorporeal membrane oxygenation for treatment),
and death [4]. A review of clinical trials on the manage-
ment of COVID-19 found that over half of the trials that
evaluated disease severity and progression used an ordi-
nal outcome [7], where the majority were used as second-
ary outcomes. Ordinal outcomes are also commonly used
in stroke trials that often use the modified Rankin scale,
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a measure of the degree of disability among individu-
als who have suffered a stroke, as an outcome of interest
[8-11].

Although it can be easier to interpret a clinically
important effect using a dichotomised or continuous
outcome, various disease states measured on an ordinal
scale can represent meaningful distinctions that may be
of clinical importance. Ordinal outcomes can also retain
information and increase statistical power compared to
dichotomised outcomes, allowing a smaller sample size
to be used [12]. They can also answer important clinical
questions regarding specific patient states that cannot
be answered using continuous outcomes, and can allow
multiple clinical outcomes to be comprised in a single
endpoint. Although there are advantages to using ordinal
outcomes, the required analyses can be complicated and
important considerations need to be made in the design
phase of the trial. Examples of such considerations could
be the number of categories in the ordinal scale (fewer
categories may reduce power and increase the sample
size needed to detect an effect [13]), and the need to
define an appropriate target parameter to compare the
intervention groups.

There are a number of different target parameters that
may be used to compare interventions with an ordinal
outcome. For example, one could use an odds ratio that
is assumed to be constant across all of the dichotomisa-
tions of the ordinal scale, known as the proportional odds
assumption. Such a statistic can be estimated using the
cumulative logit model, with the resulting model being
commonly referred to as the ‘proportional odds model’
[14]. Alternatively, the target parameters of interest
might be odds ratios that use a baseline category as the
reference level that can be analysed using multinomial
regression. Ordinal outcomes can also be dichotomised
for analysis, with the target parameter of interest pos-
sibly being the difference in proportions between the
intervention groups that can be estimated using binomial
regression. Finally, the ordinal outcome can be treated as
continuous data, with the enumerating index of each cat-
egory serving as a continuous endpoint, with the target
parameter of interest being a difference in means, esti-
mated using a linear regression model.

There are pros and cons to the different target param-
eters and methods of analysis for ordinal outcomes.
When an ordinal outcome has been dichotomised for
analysis, the analyses are simple and the interpretation
of the effect of interest can be easily understood. Ordi-
nal outcomes that have been dichotomised, however, can
discard potentially useful information on the levels of the
scale and can lower statistical power compared to the
original ordinal outcome [15-17]. Armstrong and Sloan
found that the variance of the odds ratio using a logistic
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regression model is between 25-50% higher than the
variance of the odds ratio estimated from a cumulative
logit model [18], therefore reducing the power to detect
a clinically important effect. When an ordinal outcome
is treated as a continuous outcome, a linear regression
model can be used to estimate a difference in means.
Such an analysis assumes that the difference between
any two categories of the ordinal outcome is uniform
and separated by a quantifiable distance, the outcome
has unbounded support, and that the outcome follows a
normal distribution. Although the analyses are straight-
forward, these assumptions are likely to be violated as
ordinal outcomes often have few categories that is insuf-
ficient to approximate a normal distribution and, more
importantly, the distance between any two categories
cannot be described quantitatively. Any treatment effect
estimated from such an analysis would therefore be dif-
ficult to interpret.

If the target parameter is an odds ratio from a propor-
tional odds model, then the target parameter has a fairly
simple clinical interpretation (usually being the odds
of a better outcome). However, in practice, the propor-
tional odds assumption may not hold [19, 20], in which
case the odds ratios across each binary split of the ordinal
outcome are not equal. Instead, the treatment compari-
son can be extended to be odds ratios that are not con-
stant across the binary splits of the ordinal scale, which
can be estimated using a partial proportional odds model
[21]. Alternatively, adjacent-category logit and continua-
tion ratio models could also be used to estimate the odds
ratios, though these models have different model assump-
tions and interpretations of the target parameter(s). All
these models also have natural extensions to account
for repeated measures over time, for example via mixed
models [22] or Markov transition models [23, 24].

There has been some methodological research that
describe how ordinal outcomes can be used in in specific
settings, such as vascular prevention trials [25] and com-
parative studies [26]. However, these studies focussed on
a small number of statistical models and are not reflec-
tive of more general settings. The increasing use of ordi-
nal outcomes in randomised trials demands an improved
understanding of how ordinal outcomes are used in prac-
tice. Better understanding will ensure that any issues in
the use of ordinal outcomes in RCTs are identified and
improvements to the reporting and analyses of such out-
comes can be discussed. We aim to improve understand-
ing by conducting a scoping review to systematically
review the literature to (i) identify which target param-
eters are of interest in trials that use an ordinal outcome
and whether these are explicitly defined; (i) describe
how ordinal outcomes are analysed in RCTs to estimate a
treatment effect; and (iii) describe whether RCTs that use
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an ordinal outcome adequately report key methodologi-
cal aspects specific to the analysis of the ordinal outcome.

Methods

Search strategy

We anticipate that the expected start date of this review
is 15 August 2022 and the anticipated completion date
is 1 March 2023. We will systematically search, identify
and describe RCTs that have used an ordinal outcome
that have been published in the top four medical journals
between 1 January 2012 and 31 July 2022. The four medi-
cal journals that will be included in this search are British
Medical Journal (BM]), New England Journal of Medi-
cine (NEJM), The Lancet and the Journal of the American
Medical Association (JAMA). These journals have been
selected because they are the top journals in the medi-
cal field that publish original, peer-reviewed research
from RCTs and have been used in other reviews of trial
methodology [27, 28]. It is expected that these journals
will capture the current best practice in the use of ordinal
outcomes in RCTs.

We will identify RCTs to be included in the review by
searching PubMed. Our search terms will employ search
strategies developed to identify RCTs [29], and terms that
are used to describe ordinal outcomes in the title and
abstract of relevant published articles. Since we antici-
pate that varied terminologies are used to describe ordi-
nal outcomes, we first examined various RCTs that use
an ordinal outcome to determine the type of terminology
that is used to describe ordinal outcomes. This enabled us
to develop and refine our search strategy. The full search
strategy to be used in the review is outlined in Table 1.

Eligibility criteria

Inclusion criteria

The review will include studies that meet the following
criteria:

1 The study includes at least one RCT. We will use the
Cochrane definition of an RCT, which are studies
in which one of two (or more) health interventions
are prospectively assigned to individuals using a ran-
dom/quasi-random method of allocation [29].

2 The study was published in one of the top four medi-
cal journals between 1 January 2012 and 31 July
2022: British Medical Journal, New England Journal
of Medical, Journal of the American Medical Associa-
tion or The Lancet. For articles with more than one
publication date (such as early-view/online publi-
cation), only one publication date is required to be
between 1 January 2012 and 31 July 2022. If two or
more publication dates are between these dates, the
earlier date will be recorded.
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Table 1 PubMed Search Strategy
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Search strategy

(JAMATjournal] OR NEJM[journal] OR lancet[journal]l OR BMJ[journal]) AND (ordinal[tiab]" OR categorical[tiab] OR multinomial[tiab] OR ‘item-response”
[tiab] OR psychometric[tiab] OR scale[tiab] OR Likert[tiab]) AND (randomized controlled trial[pt]> OR controlled clinical trial[pt] OR trial[tiab] OR
randomized|[tiab] OR placebo [tiab] OR clinical trials as topic[mesh: noexp]® OR randomly[tiab])

"Indicates that the search is conducted on article titles and abstracts only

2 Corresponds to a publication type to indicate the article’s type of information conveyed

3 Corresponds to a medical subject headings such that the explosion feature has been turned off (explosion searches the more specific terms beneath that heading)

3 The study reports an analysis of a primary or second-
ary ordinal outcome. Our review will focus on any
ordinal outcomes that are used, whether they were
specified as a primary or secondary outcome. The
target ordinal outcome must have multiple, mono-
tonically ordered categories that are not necessarily
separated by a quantifiable distance and do not have
equal spacing between categories.

Exclusion criteria
We will exclude studies that meet the following criteria:

1 The study is written in a language other than English.
This criteria has been included as we are not capable
of translating studies written in other languages.

2 The study is a methodological paper examining data
from an RCT. This criterion is included because we
are only interested in how ordinal outcomes have
been used in real-world RCTs. Methodological
papers tend to provide motivating examples that may
not be representative of RCTs that use an ordinal
outcome in practice.

3 The study does not provide either an abstract or full-
text.

4 The study analyses data from non-human subjects
only.

5 The manuscript provides a commentary, review,
opinion or description only.

6 The manuscript is a protocol or statistical analysis
plan. These manuscripts will be excluded from the
review since one of the aims of this review is about
what statistical models were reported in the analy-
sis, and whether they have checked and justified the
model assumptions.

7 The only ordinal outcome(s) is(are) measured on an
interval scale. Studies will be excluded if the ordi-
nal outcome is a numeric scale in which differences
between proximate values are separated by a quan-
tifiable and equal distance (e.g. the visual analogue
scale). Similarly, studies will be excluded if the out-
comes were derived from multiple items measured

on an ordinal scale in which the summary variable is
also interval data, such as the Hamilton Depression
Rating Scale. Outcomes that are inherently interval
data can be analysed using conventional and valid
statistical methods, such as linear regression. The
focus of this review is how ordinal outcomes, whose
categories are not equally spaced and any meaning-
ful distance between categories can only be described
qualitatively, can be appropriately analysed in RCTs.

8 The study is a systematic review and/or provides a
meta-analyses of RCTs.

Sample size

There is no pre-defined sample size. We plan to include
all eligible studies that appear in our search using our
pre-defined search strategy.

Study selection
Titles and abstracts identified by the search strategy will
be extracted into Covidence, a web-based tool for man-
aging systematic reviews [30]. The review began with
a piloting phase, where two authors (CS, RM) indepen-
dently assessed 20 abstracts to ensure that the applica-
tion of the inclusion and exclusion criteria was consistent
between reviewers. If there was more than minor disa-
greement, then the criteria were further refined following
discussion between the three reviewers (CS, RM, KL).
The review will be conducted by two authors (CS and
one of RM or KL, or a substitute reviewer) through
a two-phase screening process. In the first phase, all
abstracts will be screened by one author (CS). A 10% ran-
dom sample of the identified abstracts will be screened
by a second author (either RM or KL) to identify those
for inclusion. If there is disagreement over whether a
study should be included between reviewers, then the
study will move to the second phase of screening where
the full text will be evaluated against the eligibility crite-
ria by both reviewers and inclusion will be determined
via discussion among the 3 reviewers. Studies that are
found to have met all the inclusion and none of the exclu-
sion criteria will be included.
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Data extraction and management

Covidence will be used to extract and store the data
from the review. A data extraction questionnaire was
developed (additional file 1) and was piloted for use by
CS and RM using a sample of 10 studies, with changes
made to the questionnaire where necessary. CS will
extract data from all eligible studies in the review. Dou-
ble data extraction will be performed by either RM or
KL on a random sample of 10% of eligible studies and
additionally when there is uncertainty about studies
to ensure consistency throughout the data extraction
process.

A full list of the data extraction items is provided in
Table 2. We will only extract data that is reported in
the article and additional material. We expect some
data will be challenging to extract. The assumptions
and simplifications that we will make under these con-
ditions are summarised in Additional file 2. If any post
hoc assumptions or simplifications are made, these will
be reported as part of the analysis.
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Analysis

Once data extraction is complete, the data will be
exported from Covidence. The extracted data will be
cleaned and analysed in Stata version 17.0 [31]. The data
will be summarised using descriptive statistics. Frequen-
cies and percentages will be reported to summarise cat-
egorical data. Medians and interquartile ranges will be
used to summarise continuous data. We will synthesise
qualitative data in a narrative format. The data and code
will be made available publicly on Github, an online soft-
ware repository.

Patient and public involvement
There will be no patients or public involvement in this
review.

Reporting

The findings from this review will be reported using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) checklist [32].

Table 2 Summary of items reported in an article that will be extracted

Category Extracted data

Study characteristics - Title

« First author name(s)
- Publication year

- Funding source
- Journal
- Trial type

Subject matter - Setting

+ Medical condition studied

- Medical specialty studied

Design

- Ordinal outcome type

- Number of categories in the outcome

- Whether the ordinal outcome was measured at a single time point or as a measure of change

- Whether the categories of the ordinal scale were clearly defined, ordered, mutually exclusive
and, if a measure of change, symmetrical

- Whether the ordinal outcome was a primary or secondary outcome

- Whether sample size determination was used based off the ordinal outcome

- Number of study participants included in the analysis (largest if multiple analyses)

Statistical methods

- The statistical model(s) or method(s) that were used to analyse the ordinal outcome

- Type of inference used (frequentist/Bayesian)

- Target parameter used

- How the distribution of the ordinal outcome was summarised by intervention

+ Methods used to account for repeated measures over time (if applicable)

- Details on whether the model assumptions were reported

- Whether the analysis that was reported in the results differed from the analysis

outlined in the methods section of the manuscript

Software included

- Statistical software package used for the analysis
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Discussion

This paper describes a protocol for a scoping review that
aims to examine the use, analysis and reporting of ordinal
outcomes in RCTs in the top four medical journals. To
our knowledge, there has not been a review of how ordi-
nal outcomes are used in RCTs, particularly in the last
decade. This review aims to address this gap and iden-
tify how ordinal outcomes are used in trials to improve
our understanding of the appropriate analysis of such
outcomes.

Strengths and limitations

A targeted review of RCTs in top medical journals pub-
lishing original and recent research will highlight the cur-
rent state of practice for analysing ordinal outcomes. We
have a priori specified eligibility criteria and strategies
to handle anticipated challenges with data extraction.
The screening and data extraction process will be con-
ducted systematically, in which the pilot tests and double
data extraction ensure the consistency and reliability of
the extracted data. The search strategy, dataset and code
will be made publicly available to ensure that the review
is reproducible. The PRISMA-ScR checklist will be used
to ensure that reporting is conducted to the highest
standard.

This review will have its limitations. Although there is
an exclusive focus on the PubMed database and on the
top four medical journals, we made this decision given
the scoping nature of the review, to make it as repro-
ducible as possible, and to ensure that the total number
of studies included in the review was manageable. The
results reported within these journals are likely to inform
clinical practice and therefore are likely to reflect how
research using ordinal outcomes is conducted with a
primarily clinical aim. Our search strategy may miss cer-
tain phrases or variants (particularly related to an ordi-
nal outcome), although our piloting phase has hopefully
mitigated this to a large degree. We deliberately avoided
including the names of specific scales in our search strat-
egy as this would provide a non-representative sample.

Implications of this research

In addition to critically appraising and examining the lit-
erature regarding the use of ordinal outcomes in RCTs,
this review will identify areas of improvement for the use
and the analysis of ordinal outcomes for future trials to
ensure the reliability and transparency of reporting of
such outcomes. We also hope the results will be used to
inform methodological research in the analysis of ordinal
outcomes.

Abbreviation
RCT Randomised controlled trial
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-023-07262-8.

Additional file 1. Data extraction questionnaire. This is a copy of the data
extraction questionnaire that will be used for this review in PDF format.

Additional file 2. Anticipated challenges with data extraction and how
they will be handled. This is a table that outlines that anticipated chal-
lenges with data extraction in PDF format.
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