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Abstract
Objectives: To examine the characteristics of population, intervention and outcome groups and the extent to which they were
completely reported for each synthesis in a sample of systematic reviews (SRs) of interventions.

Study design and setting: We coded groups that were intended (or used) for comparisons in 100 randomly sampled SRs of public
health and health systems interventions published in 2018 from the Health Evidence and Health Systems Evidence databases.

Results: Authors commonly used population, intervention and outcome groups to structure comparisons, but these groups were often
incompletely reported. For example, of 41 SRs that identified and/or used intervention groups for comparisons, 29 (71%) identified the
groups in their methods description before reporting of the results (e.g., in the Background or Methods), 12 (29%) defined the groups
in enough detail to replicate decisions about which included studies were eligible for each synthesis, 6 (15%) provided a rationale, and
24 (59%) stated that the groups would be used for comparisons. Sixteen (39%) SRs used intervention groups in their synthesis without
any mention in the methods. Reporting for population, outcome and methodological groups was similarly incomplete.

Conclusion: Complete reporting of the groups used for synthesis would improve transparency and replicability of reviews, and help
ensure that the synthesis is not driven by what is reported in the included studies. Although concerted effort is needed to improve reporting,
this should lead to more focused and useful reviews for decision-makers. � 2023 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Systematic reviews (SRs) collate and synthesize
research, and are used to inform decision making by clini-
cians, consumers, policy makers and researchers [1]. In SRs
examining the effects of interventions, authors commonly
define an overarching research question using the ‘PICO’
framework, in which the populations, interventions, com-
parators and outcomes are specified (the ‘PICO for the re-
view’) [2].

Within a single SR, many research questions may be ad-
dressed. Reviews may aim to investigate the effects of a
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range of interventions (e.g., counseling, education or
communication interventions for behavior change), or the
effects of the same intervention in different populations
(e.g., higher and lower socioeconomic groups). To address
these questions, comparisons between interventions must
be specified and the criteria that define each comparison
considered (the ‘PICO for each synthesis’) [3]. The PICO
for each synthesis can critically influence the findings of
a SR because it determines which studies are eligible for
each synthesis. Take, for example, a review of psychosocial
interventions for smoking cessations described in Box 1.
Without modifying the eligibility criteria for the SR as a
whole, the synthesis may be structured to address different
questions (broader or narrower) by grouping study charac-
teristics and outcomes differently in comparisons.

The Cochrane Handbook for Systematic Reviews of In-
terventions [3,5] includes guidance for specifying the PICO
s article under the CC BY license (http://creativecommons.org/licenses/by/
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Box 1 Example: questions for each synthesis.

In an SR of psychosocial interventions for smoking
cessation [4], the eligibility criteria for the review
included any psychosocial intervention to help
people stop smoking during pregnancy.

One research question was whether psychosocial
interventions in general were effective for smoking
abstinence in late pregnancy. To address this ques-
tion, all types of psychosocial interventions were
included in a single comparison.

Other, more specific, research questions examined
whether each of the psychosocial interventions that
are commonly used to support people to stop smok-
ing during pregnancy (e.g., counseling, health educa-
tion, feedback) were effective. To address these
questions, separate comparisons were presented to es-
timate the effects of each type of psychosocial inter-
vention compared with usual care. A question could
be specified for each synthesis using the PICO frame-
work, for example, ‘‘What is the effect of smoking
cessation counseling (intervention) during pregnancy
(population) compared to usual care (comparator) on
‘smoking abstinence in late pregnancy’ (outcome)?’’

In addition to specifying intervention groups for
comparisons, groups were defined for secondary ana-
lyses that examined whether the size of the effect of
psychosocial interventions was modified by certain
factors. For these analyses, explicit criteria were
defined for three subgroups: single component inter-
ventions, multicomponent interventions, and tailored
interventions.

PICO 5 Population, Intervention, Comparator,
Outcome. Adapted from: Chapter 3, Cochrane Hand-
book for Systematic Reviews of Interventions [3].
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What is new?

Key findings
� Methodological requirements for systematic re-

views (SRs) have focused on specifying criteria
for including studies in a review (the ‘PICO for
the review’), yet decisions about which groups of
studies are eligible for each synthesis can have a
critical impact on findings.

� We examined the characteristics of population,
intervention and outcome groups and the extent
to which they were completely reported for each
synthesis in 100 SRs.

� Fewer than half defined groups in enough detail to
replicate decisions about which studies were
eligible for each synthesis; 39% used intervention
groups in the synthesis that were not mentioned
in the methods.

What this adds to what was known?
� This study is the first to show that the PICO for

each synthesis is incompletely reported in many
SRs.

What is the implication and what should change
now?
� Complete reporting of synthesis questions is

needed to ensure clear, replicable and well-
focused syntheses, and help ensure that synthesis
is not driven by what is reported in included
studies.

for each synthesis. Complete reporting involves specifying
each of the synthesis questions to be addressed and the PI-
CO criteria for including studies in each synthesis (i.e.,
defining each of the PICO groups) [3]. In specifying
groups, authors should.

1. Identify the basis for groups (as part of the rationale,
e.g., we grouped populations by age to understand the
effects in both younger children and teenagers).

2. Name (label) and define each group in sufficient
detail to allow replication of decisions about which
studies are eligible for each group (e.g., children were
defined as up to age 10, while teenagers were aged 11
or older).

3. State the role of each group in the synthesis (i.e., for
comparisons, or for subgroup or sensitivity analyses).

Fig. 1 shows variations of complete (blue pathways) and
incomplete (orange pathways) specification of groups for
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comparison. Incomplete reporting occurs when one or more
essential elements are not reported in the description of
methods (e.g., groups are named but not defined in suffi-
cient detail for replication, or it is unclear whether groups
are intended for comparisons or another purpose in synthe-
sis). In the most extreme cases, authors may use groups in
the synthesis but not identify any groups in the methods
description, or may identify groups but then use different
groups in synthesis (orange boxes).

Clearly specifying the synthesis questions and PICO for
each synthesis benefits both authors and readers of SRs, as
well as editors and peer referees. These should preferably
be planned at the protocol stage so as to minimize post
hoc decisions based on the results of the included studies.
Such planning can be of particular benefit where the au-
thors expect to encounter diversity in populations, settings,
interventions and outcomes [5,6]. Reporting the PICO for
each synthesis enables readers to understand the research



Groups used in comparisons

1

2

3

Groups identified in methods description (basis, names or both)*

Groups used that were not identifiedGroups not used

Groups with a stated role in synthesis

No groups identified

Groups defined in enough detail to replicate

4
Fig. 1. Variations on complete and incomplete specification of the PICO for each synthesis. Blue: all essential elements of fully specified groups are
reported (noting that specified groups may not be used in practice for legitimate reasons, such as when no studies within the particular group are
identified). Orange: One or more essential elements of specification are missing. *Complete reporting requires both the basis for groups and naming
each group. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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questions addressed. Enhanced transparency may increase
confidence in the methods used, and therefore in the find-
ings of the SR [3].

Given the critical role in determining the findings of the
SR, better understanding is needed of how completely the
synthesis questions and corresponding PICO for each syn-
thesis are reported in SRs. Therefore, we aimed to examine
the characteristics of population, intervention and outcome
groups and the extent to which they were completely re-
ported for each synthesis in a sample of SRs of interven-
tions., and which elements of information may not be
completely reported.
2. Study design and setting

Deviations from the published protocol [7] are reported
in Supplementary File 1, Section A. Results from a com-
panion study examining the use of synthesis methods other
than meta-analysis in the same sample of SRs are published
elsewhere [8].
2.1. Eligibility criteria

We aimed to include SRs that were likely to address
multiple synthesis questions and include primary studies
with diverse characteristics. We therefore sought SRs of
public health and health systems interventions, which are
likely to include diverse populations and interventions
and a range of study designs [9], and consequently address
multiple synthesis questions.

We included SRs that

1. aimed to synthesize the results of primary studies,
stated eligibility criteria and reported a search
strategy;
2. examined the quantitative effects of any public health
or health systems intervention, including policies, pro-
grams or strategies, treatments or elements of care;

3. included at least one comparison with at least two
studies; and

4. were published in English.

We excluded SRs that

5. synthesized the results of other SRs (e.g., overviews
of SRs);

6. used network meta-analysis; or
7. addressed questions other than intervention effective-

ness (see protocol [7] and Supplementary File 1,
Section A).
2.2. Search strategy

Records of all SRs published during 2018 were obtained
from two databases: Health Evidence, [10] indexing SRs in
public health (searched 29 November 2019), and Health
Systems Evidence, [11] indexing SRs of health systems in-
terventions (searched 10 October 2019).
2.3. Sample size and study selection

For reasons of feasibility and precision, our sample was
restricted to 100 SRs (see protocol for sample size justifica-
tion [7]). From the search results, we randomly sampled
and screened records until our target sample size was met.
Random sampling, selection and data extraction were con-
ducted in EPPI-Reviewer [12]. Two authors (MC, SB) inde-
pendently screened titles and abstracts and excluded clearly
ineligible records. SRs were then assessed for eligibility using
the full text by one author (MC). A second author (one of SB,



Table 1. Examples of data extraction and coding items

Category Examples of data extraction and coding itemsa

SR characteristics � Presence of diversity in eligibility criteria (populations, interventions, settings, study designs).
� No. of included studies.
� Availability of a protocol or register entry.
� Cited sources of general guidance on SR methods.
� Methodological quality indicators.

Specification of groups for comparisons � Identification (i.e., any basis for groups or naming of groups, or both) in the methods description
(irrespective of which section of the SR this was reported in).

� Definition in sufficient detail to allow replication of decisions about which studies are eligible
for each group.

� Stated role of groups in synthesis (i.e., for comparisons or for a secondary role [including
subgroup or sensitivity analyses]).

� Rationale for groups (including use of taxonomies).

Basis of groups for comparisons � Population: e.g., intended recipient of intervention; disease/condition; participant character-
istics (PROGRESS-Plus framework [13]); setting.

� Intervention/comparator: e.g., intervention characteristics (Template for Intervention Descrip-
tion and Replication framework [14]); handling of inactive controls; multicomponent
interventions; cointerventions.

� Outcome: e.g., outcomes within a domain, measurement tools/methods, time points.
� Methodological characteristics: e.g., study design; design features; risk of bias.

Use of groups in practice � Use in synthesis of groups for comparisons:

o Groups identified in the SR methods description.
o Groups used that were not identified in the methods description.

� Statements about changes to planned methods.

a See complete Data Dictionary in Supplementary File 1, Section B.
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JM, RR) independently assessed eligibility based on the full
text for 21 SRs. Disagreements were resolved by consensus.
2.4. Data extraction and management

Four authors (MC, SB, JM, RR) piloted the data extrac-
tion form and coding on five SRs to refine the items and
coding guidance, and achieve a shared understanding of
the form. Two authors (MC and one of SB, JM, RR) inde-
pendently coded and extracted data from a further 12 SRs,
and met to resolve disagreements. Data were coded and ex-
tracted from the remaining SRs by one author (MC), for
reasons of feasibility. Instead authors met weekly (usually)
to discuss any uncertainty arising during single data extrac-
tion and coding. Amendments to the data extraction form
and coding guidance were made following these discus-
sions. Changes to coding were applied to all SRs. See
Table 1 for an overview of extracted data and complete
Data Dictionary in Supplementary File 1, Section B.

We aimed to identify the groups intended for and/or used
in comparisons, irrespective of whether the groups were
fully specified. Definitions and our approach to coding
are presented in Table 2. We coded groups based on each
PICO component separately (populations, interventions,
outcomes and methodological characteristics). For any
particular PICO component, there could be multiple ways
of grouping (e.g., grouping population by disease severity
in one synthesis and age in another). Given the groups
could be specified with different levels of completeness,
we coded all levels that applied. e.g., suppose an SR had
three ways of grouping population: if two had been named
but not defined, and one defined in enough detail to repli-
cate, we coded both levels of completeness. For outcomes,
we took a different approach to coding as most SRs include
multiple outcomes, each of which is intended for separate
synthesis and could therefore be considered a ‘group’.
For feasibility, we limited coding to the first primary
outcome in each SR. Within this outcome, we coded groups
that were subsets based on the time point of measurement
(e.g., short vs. long-term outcomes), and groups that
included more than one outcome, measure or tool within
a broader outcome or domain for synthesis (whether this
brought together all outcomes in a single synthesis, or
created subsets). We did not code groups if all populations,
interventions, methodological characteristics or time points
of outcome measurement eligible for the review were
grouped together for synthesis, nor did we code groups
where the first primary outcome was used for synthesis
without including more than one more specific outcome
or measure (most likely when the outcome used for synthe-
sis was very specific, such as weight in kilograms).

We calculated descriptive summary statistics using Stata
[15]. The dataset [16] and analysis code [17] are available
in a public repository.



Table 2. Definitions used for coding and coding approach

Term Definition Coding approacha

Group A subset of the populations (e.g., children in an SR
examining the effects of an intervention for all age
groups), interventions (e.g., a specific type of
exercise in an SR examining the effects of
exercise), or methodological characteristics (e.g.,
studies judged to be at low risk of bias).

For each PICOb component, groups were coded as:

� Identified: If any reference was made to groups
(i.e., basis for groups, naming of groups or both)
in the methods description (irrespective of which
section this was reported in). For example, a
statement that studies were ‘‘grouped by age’’
would be coded as identified because the basis of
groups is mentioned.

� Defined: If the groups were defined in enough
detail to replicate decisions about which included
studies are eligible for each group. Where enough
detail to replicate decisions was not provided, the
extent of specification was coded (e.g., only basis
for grouping stated, groups named but not
defined).

� Used in practice: If the groups appeared in the
synthesis (i.e., defining a comparison for meta-
analysis or other synthesis methods).

Where groups were identified in the SR (e.g., in the
Background or eligibility criteria), but there was no
evidence that the authors intended to use the groups
in synthesis (see ‘Role of groups in synthesis’
below), groups were not coded.

Outcome group Outcome groups were defined (for our purpose) as
either:

� a time period for outcome measurement (e.g.,
immediate postintervention, longest follow-up)
that defined a subset of possible measurements;
or

� an outcome domain within which more than one
outcome (e.g., physical activity and smoking
within a ‘health behavior’ domain), or measure-
ment method (e.g., self-reported and
biochemically validated smoking) was included,
whether this brought together all included studies
or defined a subset.

For reasons of feasibility, coding was limited to the
first reported primary outcome of each SR (see
Supplementary File 1, Section A, for decision
rules to select this outcome).

Outcome groups based on domains were coded if
there was evidence that multiple measures or
more specific outcomes were grouped together in
a comparison.

Outcome groups were then coded as for other PICOb

components above.

(Pairwise) comparison The comparison of an outcome between two
interventions (e.g., exercise vs. counseling, or
exercise vs. no intervention) for a particular
population. The comparison may be further
restricted based on methodological
characteristics.

We coded comparisons regardless of the method of
synthesis, including where studies were grouped
for summary without the use of a statistical
synthesis method.

Role of groups in synthesis The purpose for which groups were intended or used
in the synthesis or summary of results.

Synthesis was defined as a process of combining
results from a set of included studies with the aim
of drawing conclusions about a body of evidence
[5]. This could include meta-analysis, other
synthesis methods (e.g., vote counting), or
summaries of individual study results when
statistical synthesis was not used.

For each PICOb component, the role of groups was
coded as:

1. For comparisons:

� If there was evidence (either from an explicit
statement or use of the groups was identifiable
in practice) that the authors intended to use the
groups for comparing the effect of
interventions.

� These comparisons may be presented sepa-
rately (e.g., meta-analysis of ‘exercise vs.
control’ and ‘counseling vs. control’, each in a
separate forest plot) or together (e.g., the
groups ‘exercise’ and ‘counseling’ would be
coded as ‘for comparisons’ in a meta-analysis
stratified by the comparisons ‘exercise vs.

(Continued )
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Table 2. Continued

Term Definition Coding approacha

control’ and ‘counseling vs. control’ if the effect
of both exercise and counseling was of interest
and the purpose of these groups was not solely
to investigate statistical heterogeneity).

2. For a secondary purpose:

� If there was evidence that the authors intended
to use the groups to investigate statistical het-
erogeneity (subgroup analysis, meta-regression)
or examine the robustness of results to different
assumptions (i.e., sensitivity analysis).

Note that where there was not an explicit statement,
we made a judgment about the role based on
whether the effect estimate for each group was of
interest (coding as ‘for comparisons’) or whether a
secondary purpose was of interest (coding as ‘for
secondary purpose’).

a Detailed coding definitions and examples are available in the data dictionary in Supplementary File 1, Section B.
b For this study, we use PICO to include population(s), intervention(s) (and comparators), outcome(s) and methodological characteristics.
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3. Results

3.1. Search results

We identified 865 unique records and randomly selected
166 records for abstract screening, oversampling to allow
for exclusions (15 were excluded). We then assessed the
full text of 108 SRs (in random order) until we reached
our sample size of 100. See Supplementary File 1,
Section C, for included and excluded SRs, and
Supplementary File 2, Figure S1: PRISMA flow diagram.
3.2. Characteristics of included SRs

Characteristics of the included SRs are presented in
Table 3, with additional characteristics in Supplementary
File 2, Table S1.
3.3. Specifying comparisons for synthesis: population
groups

Eleven SRs (11/100) identified and/or used population
groups for comparisons (Fig. 2, Table 4). Of these, all 11
identified the groups in the methods description. Five SRs
(5/11, 45%) defined groups in enough detail to replicate de-
cisions about which included studies were eligible for each
group, four (4/11, 36%) provided a rationale, and eight (8/
11, 73%) stated that the groups would be used for compar-
isons. Ten SRs (10/11, 91%) used population groups in
practice for comparisons, while 6 SRs (6/11, 55%) did
not use identified groups in practice. Three SRs specified
both a broader synthesis combining all populations, as well
as separate comparisons for specific population groups.

Of the 11 SRs that identified population groups for com-
parisons, the most common basis for grouping was by
disease or condition (7/11, 64%, Table 5). The most com-
mon rationale for considering populations separately was
anticipated clinical differences (3/11, 27%).
3.4. Specifying comparisons for synthesis: intervention
groups

Forty-one SRs (41/100) identified and/or used interven-
tion groups for comparisons (Fig. 2, Table 4). The
remainder (59/100) grouped all active interventions
together and compared them against one inactive compar-
ator group (e.g., a review examining the effects of group
walking interventions to promote physical activity
compared any group walking intervention against any inac-
tive comparator, and did not examine the effects of more
specific interventions). Of the 41 SRs with intervention
groups, 29 SRs identified the groups in the methods
description (29/41, 71%). Twelve SRs (12/41, 29%) defined
groups in enough detail to replicate decisions about which
included studies were eligible for each group, six (6/41,
15%) provided a rationale, and 24 (24/41, 59%) stated that
the groups would be used for comparisons. Thirty-seven
SRs (37/41, 90%) used intervention groups in practice for
comparisons, including 16 (16/41, 39%) that introduced
groups for the first time in the synthesis that had not been
identified in the methods description. In five SRs (5/41,
12%), groups with a stated role in comparisons were
instead used in a secondary role (such as subgroup or sensi-
tivity analysis), and in seven (7/41, 17%) identified groups
with a stated role in comparisons were not used in practice.
Seven SRs (7/41, 17%) specified more than one level of
grouping interventions for synthesis, such as a broad anal-
ysis including all interventions, as well as separate synthe-
ses assessing specific interventions.



Table 3. Characteristics of included SRs

Characteristics na or median (IQR)b

Review eligibility criteria n 5 100

Participants with different health conditions or characteristics (e.g., patients and carers) included 64

Intervention typesc

Consumer communication and participation 37

Prevention, treatment or management of a health condition 35

Health systems and delivery of care 17

Population health 15

Intervention settingc

Community 40

Any 16

Hospital 15

Multiple settings 14

Primary care 11

Other 10

Unclear or no information 6

Diversity in included interventionsc

Important variations on a single intervention included 98

More than one distinct intervention type included 48

Multicomponent or cointerventions included 85

Both randomized trials and nonrandomized studies included 50

Methods

No. of included studies 15 (10 to 26)

Synthesis methods usedc,d [8]

Meta-analysis of effect estimates 58

Other statistical synthesis methods 60

No synthesis for at least one outcome 19

a The denominator is 100. Where n is reported, this is equivalent to a percentage. Illustrative exact binomial confidence intervals for different
percentages when the sample size is 100: 1% (0e5%); 5% (2e11%); 10% (5e18%); 20% (13e29%); 30% (21e40%); 50% (40e60%). Con-
fidence interval widths for percentages greater than 50% are the same as for 100% - percentage.

b IQR: interquartile range.
c For this item, SRs may be coded into more than one category, thus the sum of SRs across categories may be greater than 100.
d The methods used to synthesize results for each outcome were coded for every outcome reported in the SR.
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Of the 29 SRs that identified intervention groups for
comparisons, the most common basis for grouping was
what was delivered (i.e., the content or components of the
intervention, classified using the Template for Intervention
Description and Replication reporting guideline [14] 20/29,
69%, Table 5). The most common rationale provided for
the groups used was anticipated clinical difference between
the interventions (3/29, 10%).

Most SRs grouped all inactive controls (e.g., no inter-
vention, placebo, minimal attention controls, wait list con-
trols or ‘usual care’) together for synthesis without
providing a rationale for doing so (51/100, Table 5).
Fifty-four SRs grouped multicomponent interventions (in
which all components would be eligible for inclusion in
the SR, e.g., a package including education, exercise and
cooking classes in an SR of nonpharmaceutical interven-
tions for weight loss) with single-component interventions
(54/100). Thirty-four (34/100) grouped studies with and
without cointerventions (components that would not be
eligible for inclusion alone, e.g., a weight-loss drug
provided alongside education in the same SR of nonphar-
maceutical interventions) together for synthesis.
3.5. Specifying comparisons for synthesis: outcome
groups

Sixty-seven SRs (67/100) identified and/or used
outcome groups for comparisons (Fig. 2, Table 4). The
remainder (33/100) presented a synthesis for each named
outcome in the review, and did not combine outcomes,
measures or tools together for synthesis, or create outcome
groups based on time periods. Of the 67 SRs with outcome
groups, 56 SRs identified the groups in the methods
description (56/67, 84%). Twenty-eight SRs (28/67, 42%)
defined groups in enough detail to replicate decisions about
which included studies were eligible for each group, ten
(10/67, 15%) provided a rationale, and 36 (36/67, 54%)
stated that the groups would be used for comparisons.
Sixty-six SRs (66/67, 99%) used outcome groups in prac-
tice for comparisons in the synthesis, including 19 (19/67,



Used in practice
Intended for comparisons

Rationale provided
Replicable definition

Identified in methods description
Methodology

Used in practice

Intended for comparisons
Rationale provided

Replicable definition
Identified in methods description

Outcome

Used in practice

Intended for comparisons
Rationale provided

Replicable definition
Identified in methods description

Intervention

Used in practice
Intended for comparisons

Rationale provided
Replicable definition

Identified in methods description
Population

whether groups had/were:

Basis for grouping and

90 (68, 99)
55 (32, 77)

10 (1, 32)
35 (15, 59)

80 (56, 94)

99 (92, 100)

54 (41, 66)
15 (7, 26)

42 (30, 54)
84 (73, 92)

90 (77, 97)

59 (42, 74)
15 (6, 29)

29 (16, 46)
71 (54, 84)

91 (59, 100)
73 (39, 94)

36 (11, 69)
45 (17, 77)

100 (72, 100)

(95% CI)

Percentage

0.0 25.0 50.0 75.0 100.0

Fig. 2. Specification of groups for comparisons based on each PICO component.
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28%) that used groups that were not identified in the
methods description. In one SR (1/67, 1%), identified
groups were not used in practice.

Two SRs (2/67, 3%) specified more than one level of
grouping outcomes for synthesis, such as a broad synthesis
of physical activity, as well as separate syntheses of moder-
ate or vigorous activity. Additional characteristics of
outcome groups are presented in Table 5.
3.6. Defining comparisons for synthesis:
methodological groups

Twenty SRs (20/100) identified and/or used methodolog-
ical groups for comparisons (Fig. 2, see Table 4 for extent
of specification). Of the 16 SRs that identified methodolog-
ical groups for comparisons, the most common basis for
grouping was study design (e.g., randomized and non-
randomized studies (14/16, 88%, see Table 5 for additional
characteristics).
3.7. Changes to planned methods

One SR specified a contingency plan to switch from a
broader to a narrower analysis depending on the data found
(planning to synthesize studies of vaccine efficacy across
all vaccines, with a contingency plan to separate syntheses
by vaccine types should high statistical heterogeneity be
found).

Although many SRs did not use the specified groups in
practice (Table 4), only two explicitly stated that the
included studies could not be grouped as planned (because
the included studies all fell into a single group, or due to the
degree of diversity observed in the included study designs).
4. Discussion

4.1. Key findings

We examined the extent to which PICO groups for each
synthesis were completely specified in a random sample of



Table 4. Specification and use of groups for comparisons

Methods

PICOa components

P n (%) I/C n (%) Ob n (%) M n (%)

Did groups have any role in comparisons (specified and/or used)? n 5 100 n 5 100 n 5 100 n 5 100

Yesc 11 (11) 41 (41) 67 (67) 20 (20)

No 89 (89) 59 (59) 33 (33) 80 (80)

Specification of groups for comparisonsd n 5 11 n 5 41 n 5 67 n 5 20

Were the groups identified in the methods description?e

Yes 11 (100) 29 (71) 56 (84) 16 (80)

No 0 (0) 16 (39) 19 (28) 5 (25)

Were the groups defined?e

Yes, in enough detail to replicate decisions 5 (45) 12 (29) 28 (42) 7 (35)

Yes, but not enough detail to replicate 3 (27) 2 (5) 7 (10) 2 (10)

No, groups were named but not defined 1 (9) 6 (15) 16 (24) 6 (30)

No, only basis for grouping stated 2 (18) 9 (22) 5 (7) 1 (5)

Not identified in the methods description 0 (0) 16 (39) 19 (28) 5 (25)

Was a rationale provided for the groups?e

Yes 4 (36) 6 (15) 10 (15) 2 (10)

No 7 (64) 24 (59) 46 (69) 14 (70)

Not identified in the methods description 0 (0) 16 (39) 19 (28) 5 (25)

Was the role in the synthesis stated?e (i.e., intention to use the groups for comparisons)

Yes, to define comparisons 8 (73) 24 (59) 36 (54) 11 (55)

No role specified 4 (36) 5 (12) 20 (30) 5 (25)

Not identified in the methods description 0 (0) 16 (39) 19 (28) 5 (25)

More than one level of grouping was specified or used (broader and narrower)?f 3 (27) 7 (17) 2 (3) 0 (0)

Use in practice of groups for comparisons n 5 11 n 5 41 n 5 67 n 5 20

Were the groups used in practice?e

Yes 10 (91) 37 (90) 66 (99) 18 (90)

No e identified for comparisons, but used in a secondary role 0 (0) 5 (12) 0 (0) 1 (5)

No e identified but not used 6 (55) 7 (17) 1 (1) 2 (10)

a P 5 population groups. I 5 intervention groups. O 5 outcome groups. M 5 methodological groups. For P, I, M: groups were counted if they
divided the set of included studies into smaller groups.

b For O: only the first mentioned primary outcome was considered (see Supplementary File 1, Section A for definition). An outcome group was
coded if groups based on time periods divided the set of included studies into smaller groups, or if there was evidence that multiple specific mea-
sures or outcomes were grouped together for comparison.

c Groups were specified and/or used in practice for comparisons. Groups for secondary roles such as subgroup or sensitivity analysis were not
counted.

d For specification and use (beneath gray header rows), the denominator is the number of SRs with groups for comparisons for each PICO
component.

e For this item, for each PICO component, there could be multiple ways of grouping within the SR (e.g., grouping population by disease severity
and gender in the same SR), and groups could be specified with different levels of completeness, thus multiple response options might apply.
Therefore, the sum of percentages across the response options may be greater than 100. Each selected response option applied to at least one
of the groups for the particular PICO component. e.g., the response options ‘Yes’ and ‘No’ for ‘Were the groups identified in in the methods descrip-
tion?’ should be interpreted as ‘Yes, for at least one group’ and ‘No, for at least one group’.

f Both a broader and narrower level of grouping was specified or used in practice on the same basis. e.g., one comparison assessed the effect of
the intervention in all populations, and separate comparisons also assessed the effect in specific age groups (e.g., in babies, children, adults) within
a single SR.
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100 SRs of interventions, focusing on groups that were in-
tended or used for comparisons (i.e., not for subgroup or
sensitivity analyses). We identified examples of all the var-
iations of reporting in Fig. 1, including where groups were
identified but not used (e.g., as expected if studies were un-
available for inclusion in the synthesis) and where groups
were used but not identified in the methods description
(an unacceptable practice). We found that while groups
were commonly identified for populations, interventions
and outcomes in the description of methods, less than half
of the identified groups were defined in enough detail to
replicate decisions about which studies in the review were
eligible for each group. Groups were commonly identified
without a rationale or any explicit statement that they
would be used for comparisons. The most extreme cases
of incomplete reporting were for intervention groups, with



Table 5. Characteristics of identified groups for comparisons

Characteristics n (%)

Population groupsa n 5 11

Basis for groupsb,c

Disease/condition 7 (64)

Specific disease or condition 6 (55)

Type/severity/level within a single disease or
condition

2 (18)

Equity characteristics (PROGRESS-Plus
framework [13])

6 (55)

Place of residence 1 (9)

Gender/sex 1 (9)

Education 1 (9)

Personal characteristics associated with
discrimination (e.g., age)

4 (36)

Other 1 (9)

Rationale for groupsc

Clinical difference 3 (27)

Equity 1 (9)

No rationale reported 7 (64)

Intervention groupsa n 5 29

Basis for groups (classified using Template for Intervention
Description and Replication)b,c [14]

What? (e.g., materials or procedures) 20 (69)

How? (e.g., mode of delivery) 4 (14)

When and how much? (e.g., number, duration,
frequency, intensity)

3 (10)

Why? (e.g., rationale or goal) 3 (10)

Who? (e.g., provider) 2 (7)

Where? (e.g., type of location, features) 2 (7)

Unclear 3 (10)

Rationale for groupsb,c

Clinical difference 3 (10)

Other 2 (7)

Unclear 1 (3)

No rationale reported 24 (83)

Used taxonomy or framework?

Yes e developed for this SR 1 (3)

Yes e existing 1 (3)

No information 27 (93)

Handling of inactive controls, multicomponent
interventions and cointerventionsd

n 5 100

Handling diverse inactive controlsb

Grouped with other inactive ‘controls’ with no
rationale

51 (51)

Grouped with other inactive ‘controls’ with
rationale

11 (11)

Separated 7 (7)

Other (e.g., combining active comparators with
inactive controls)

15 (15)

(Continued )

Table 5. Continued

Characteristics n (%)

Unclear or no information 18 (18)

Not applicablee 1 (1)

Handling studies with multicomponent interventionsb

Grouped together with single-component
interventions

54 (54)

Separate group for multicomponent
interventions

11 (11)

Individual components analyzed using meta-
regression

1 (1)

Allocated to groups based on ‘main’ component 0 (0)

Excluded from synthesis or the SRf 0 (0)

Other 10 (10)

Unclear or no information 16 (16)

Not applicablee 13 (13)

Handling studies with cointerventionsb

Grouped together with others 34 (34)

Excluded from synthesis or the SRf 1 (1)

Separate group for studies with cointerventions 0 (0)

Other 4 (4)

Unclear or no information 51 (51)

Not applicablee 13 (13)

Outcome groupsa n 5 56

Type of groupb

Narrow outcome groups (e.g., specific measures
of exercise)

31 (55)

Broad outcome groups (e.g., different health
behaviors)

24 (43)

Time periods (e.g., short and long term follow-
up)

5 (9)

Rationale for groupsc

Existing core outcome set/taxonomy 5 (9)

Hypothesised effects 2 (4)

Clinical/conceptual similarity 1 (2)

Other 2 (4)

No rationale given 46 (82)

Used taxonomy or framework?

Yes e developed for this SR 2 (4)

Yes e existing 6 (11)

No information 48 (86)

Methodological groupsa n 5 16

Basis for groupsc

Study designs 14 (88)

Unclear 2 (13)

Rationale for groupsc

Risk of bias 1 (6)

Other 1 (6)

No rationale provided 14 (88)

Used taxonomy or framework?

(Continued )
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Table 5. Continued

Characteristics n (%)

Yes e existing 2 (13)

Yes e developed for this SR 0 (0)

No information 14 (88)

a In this section, the denominator is the number of SRs for which
groups were identified in the methods description, and either speci-
fied and/or used in practice for comparisons. Characteristics were
not collected for groups used in practice for comparisons where they
had not been identified in the methods description.

b For this item, there could be multiple ways of grouping within
the SR (e.g., grouping population by disease severity and gender in
the same SR), thus multiple response options might apply. Therefore,
the sum of percentages across the response options may be greater
than 100. Each selected response option applied to at least one of
the groups for the particular PICO component. For example, the
response option ‘Disease/condition’ for ‘Basis for groups’ should be
interpreted as ‘Yes, for at least one group’.

c For this item, additional coding options with zero responses are
not displayed (see complete data dictionary in Supplementary File 1,
Section B).

d In this section, the denominator is the total number of SRs
(n 5 100), coded on the basis of both the text of the SR and the
observed synthesis. SRs may be coded into more than one category,
thus the sum of SRs across categories may be greater than the
denominator.

e Interventions of this type were not included in the SR.
f Interventions of this type were eligible for the SR, but were

excluded from synthesis, or some interventions of this type were
excluded from the SR while others were included.
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39% of SRs using groups in practice that were not
mentioned in the methods description (Fig. 1, orange path-
ways stemming from ‘no groups identified’). Finally, we
found that it was rare for a contingency plan to be reported
for an alternative synthesis structure if the preferred com-
parisons could not be implemented (e.g., grouping more
broadly if there were too few studies).

4.2. What this study adds to what is already known

We are unaware of any studies that have investigated in
detail the completeness of reporting and characteristics of
groups used to define comparisons in SRs. Others studies
have examined limited aspects of the use of groups for
comparisons (such as in Campbell et al. [18], which found
intervention characteristics were the most common basis
for grouping studies) and subgroup analyses (Paquette
et al. [19] examined the frequency and reporting of partic-
ipant and intervention characteristics used in subgroup an-
alyses in SRs of atrial fibrillation).

Our findings indicate that incomplete reporting of
synthesis questions may be common, which is perhaps
unsurprising. Before 2019 (when the concept of ‘PICO
for each synthesis’ was introduced [3]), methods guid-
ance and appraisal tools for SRs had only focused on re-
view questions and criteria (i.e., ‘PICO for the review’).
This is despite the potentially critical impact that
decisions about the PICO questions and criteria for each
synthesis can have on the findings of a review. A
concerted effort is likely to be needed to improve report-
ing practice, which could include development of a prac-
tical tool to help systematic reviewers understand the
distinction between the PICO for the review and for each
synthesis, and to help in the planning and reporting of
synthesis questions (work which our team has under-
taken, see InSynQ checklist and guide [20,21]). In paral-
lel efforts, the need for more clarity in specifying
objectives in randomized trials has been recognised
(i.e., specifying the precise definition of the treatment ef-
fect to be estimated), leading to the development of the
estimand framework [22,23] (which requires specifica-
tion of the population, treatment groups and outcome,
along with other attributes).

4.3. Strengths and limitations

Our sample (and thus findings) is likely to be represen-
tative of SRs of public health and health systems interven-
tions, because the SRs were randomly selected and there
were minimal restrictions on eligible characteristics.
Although public health and health systems research can
address diverse questions, our eligible SRs were all reviews
of interventions, for which the ‘PICO’ framework (or one
of its variants) is appropriate for both the review question
and synthesis questions.

Duplicate full text screening, data extraction and coding
were not conducted for all SRs, leaving some risk of
missed, misclassified or miscoded data. Coding required
judgment, especially where there was little or no descrip-
tion of the planned comparisons, or where meta-analysis
was not used, and inferences were often required about
the groups identified and their intended role. In practice,
this indicates the extremely limited information about the
synthesis questions and structure in many included reviews.
However, we opted to code in an overly inclusive way, ac-
cepting often very limited and fragmented information as
evidence that a group had been identified or defined.
Although other teams might code differently, taking this
conservative approach meant that we were likely to under-
rather than overestimate the extent of incomplete reporting.
Any risk of misclassification was further mitigated by a
detailed piloting process and regular discussion of specific
cases amongst members of the study team, who had exten-
sive SR experience.

4.4. Implications of this research

In SRs, clear and complete reporting of the PICO for
each synthesis underpins the conduct of the synthesis and
interpretation of findings, with benefits for those producing
and using SRs. Authors, and others involved in producing
reviews, are encouraged to specify the PICO for each
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synthesis when reporting their reviews, so that the synthesis
questions and structure are clear, and decisions about which
studies were eligible for each synthesis are transparent and
replicable. Doing so may enhance readers’ understanding
of the findings, allow critique of the methods used and de-
cisions taken, and assist in applying the results to decision
making. As with any method, changes to planned groups
should be clearly reported and a rationale provided.

Ideally, the PICO for each synthesis should be planned
and reported in protocols. Such planning requires a shift
that may pose challenges in some reviews, but can stream-
line decision-making at review stage and lead to more
focused and useful reviews. At review stage, authors often
make decisions about how to handle unexpected diversity
in study characteristics or reported data by modifying their
planned methods [24]. Some of this could be prevented by
planning for the possibility that the preferred groups cannot
be applied in practice, for example by outlining an alterna-
tive synthesis plan should sufficient data not be available.
5. Conclusion

SRs of public health and health systems interventions
inform critical policy and public health decisions. In a sam-
ple of such SRs, we found that multiple research questions
within an SR are often addressed by grouping studies for
synthesis based on population, intervention, outcome and
methodological characteristics, but these groups are often
incompletely specified. Improved reporting of how studies
are grouped for synthesis would improve transparency
and replicability, and help ensure that the synthesis is not
driven by what is reported in the studies. This should lead
to more focused synthesis questions and, ultimately, more
useful SRs for health decision makers.
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