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Abstract

Objective: To investigate whether systematic reviews of mediation studies identify
limitations in reporting quality and methodological conduct.

Study Design and Setting: An overview of systematic reviews. We searched four databases
(MEDLINE, PsycINFO, Cochrane Database of Systematic Reviews and PubMed) to identify
systematic reviews of studies that used mediation analysis to investigate mechanisms of
healthcare interventions or exposures in clinical populations between 2007 and 2017. Two
reviewers independently screened titles and abstracts. Summary data on the characteristics,
reporting quality and methodological conduct of the studies included in the systematic
reviews were extracted independently by two reviewers. The protocol was prospectively
registered on PROSPERO (CRD42017059834).

Results: 54 systematic reviews were included, representing 11 healthcare fields, 26 health
conditions and 2008 mediation studies. 18/54 systematic reviews (33%) explicitly stated
that the reporting of primary studies was suboptimal. Of these, 14/18 (78%) reviews noted
incomplete reporting of effect sizes and precision estimates from mediation analyses. 29/54
systematic reviews (54%) identified limitations in the methodological conduct of primary
studies.

Conclusion: The reporting and methodological conduct of studies investigating mechanisms
in healthcare seems to be suboptimal. Guidance is needed to improve the quality,

completeness and transparency of mediation studies.
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Key findings

e Mediation analysis is a popular method for studying the mechanisms by which health
interventions or exposures exert their effects.

e This overview shows that over the past decade, there were 54 published systematic
reviews including 2008 primary mediation studies, across 11 healthcare fields and 26
health conditions.

e Eighteen of fifty-four (33%) systematic reviews identified limitations in reporting quality
and twenty-nine of fifty-four (54%) systematic reviews stated limitations in the
methodological conduct of the primary mediation studies.

What this adds to what is known?

* Historically, mediation studies were common in fields such as psychology. This overview
has shown that mediation studies are also conducted in health and medical fields across
a range of health conditions.

* Systematic reviews of mediation studies have identified suboptimal reporting quality
and methodological conduct of primary studies that study the mechanisms of health
interventions and exposures.

What is the implication and what should change now?
There is a need to improve the reporting and methodological quality of studies investigating
mechanisms. Improving reporting and methodological standards for mediation studies will
enhance the ability to evaluate, reproduce and synthesise the findings of mediation studies. It

may also minimise reporting bias in systematic reviews of mediation studies.
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1. Introduction

Identifying the mechanisms that underpin the effect of healthcare interventions can help
refine interventions to improve health outcomes and facilitate the translation of research
findings into clinical practice and policy [1-3]. Recently, the US National Institute of Health
(NIH) and UK National Institute for Health Research (NIHR) recommended embedding
mechanism evaluations into clinical trial programs to explain how interventions work, so
that they can be tailored for implementation (NIH Science of Behaviour Change Common
Fund Program, and NIHR Efficacy and Mechanisms Evaluation program). The UK Medical
Research Council have also endorsed the value of studying mechanisms as part of process

evaluations of complex health interventions [3].

The most frequently used quantitative method for evaluating causal mechanisms is
mediation analysis [4,5]. Mediation analysis is used to provide insight into how health
interventions or exposures exert their effects on outcomes. Mediation analyses are
commonly used in epidemiological studies and randomised controlled trials. For example, in
a randomised controlled trial of adults with type-2 diabetes mellitus, Rejeski et al. (2012)
used mediation analysis to understand how a complex lifestyle programme (intervention)
improved mobility (outcome) through its effect on weight loss (mediator) [6]. In an
observational cohort study of premature infants, Chawla et al. (2016) investigated how the
effect of antenatal steroids (exposure) on neurodevelopmental impairment (outcome) was

mediated by reducing rates of severe intracranial haemorrhage (mediator) [7].

There are several analytical approaches to mediation analysis [8]. The fundamental goal is

to decompose the ‘total effect’ of an intervention (or exposure) on an outcome into an
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‘indirect effect’ that is channelled through a selected mediator, and a ‘direct effect’ that is
not channelled through the selected mediator [4]. The goal of systematic reviews of
mediation studies may be to estimate pooled average indirect or direct effects across
studies. This may be challenging if primary mediation studies fail to adequately report the

methods and results, including indirect and direct effects and their precision estimates.

Although there is guidance on how to conduct mediation analyses [4,5,9,10], there is a lack
of guidance on how researchers should report mediation studies. Thus, it is possible that the
accuracy and completeness in the reporting of mediation studies is varied in the literature.
Inaccurate and incomplete reporting of mediation studies can limit the usability of the
evidence, stifle reproducibility, and restrict the inclusion (or exclusion) of reliable
information for systematic reviews and meta-analyses [11]. Although reporting practices for
mediation studies may vary across healthcare fields and impose problems for evidence use
and synthesis, it is unclear if a separate reporting guideline for mediation studies is needed,
or whether a reporting guideline would significantly reduce the number of poorly reported

studies.

The Guidance for Developers of Health Research Reporting Guidelines (Moher et al., 2010)
[12] states that the first step in developing a reporting guideline is to identify the need for a
new reporting guideline by evaluating published research [12]. Although the evidence for
this need can be obtained in several ways, it is important to consider where inadequate
reporting has the greatest impact [13]. Systematic reviews often experience limitations in
synthesising and interpreting primary research findings due to inadequate or varied

reporting of primary studies [14]. Systematically summarising the limitations identified by
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systematic reviews presents as a method to assess which common problems have been
identified. There is precedent for this approach; Slade et al. (2012) [15] conducted an
overview of systematic reviews which identified the need for better and standardised
reporting of exercise prescription in the development of the Consensus on Exercise

Reporting Template [16].

We conducted an overview of systematic reviews of studies investigating mechanisms in
healthcare, published from 2007 to 2017. The overarching aim of this overview was to
identify the need for a reporting guideline for mediation studies in healthcare research. The
specific aims of this overview were to: 1) identify whether reporting and methodological
problems of primary mediation studies are encountered by systematic reviews when
synthesising the evidence; and 2) summarise and describe the reporting and methodological

limitations highlighted by systematic reviews.

2. Methods

This overview is reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [17]. The protocol for this review was
registered on the 22" March 2017 on the PROSPERO International Prospective Register of
Systematic Reviews (CRD42017059834), accessible at
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=59834. Protocol

deviations are reported in Appendix Al.

2.1. Eligibility criteria
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We included articles that used systematic methods to identify and review primary
mediation studies that aimed to investigate the mechanisms of health interventions or
exposures. We included all clinical populations and populations of individuals at-risk of
developing a health condition. We included systematic reviews published in the 10 year
period from March 22, 2007, to March 22, 2017 that synthesised studies on human
participants of any age. We excluded non-English publications, articles for which full texts
were unavailable, articles for which the primary aim was not to review mechanisms, and

articles describing only the design or protocol of a systematic review.

2.2. Search strategy

We searched MEDLINE (OvidSP), PsycINFO (OvidSP), Cochrane Database of Systematic
Reviews (OvidSP) and PubMed databases (March 22, 2007, to March 22, 2017). The full
search strategy is available in the Appendix A2. We downloaded the search results into
EndNote™ and exported them to Microsoft Office Excel. Further, we hand searched the
reference lists of included studies for eligible articles. AC and HL independently screened
titles and abstracts and selected articles for full text review using the inclusion/exclusion
criteria, and then independently reviewed the full texts to determine eligibility. AC and HL

resolved disagreements through discussion and reaching consensus.

2.3. Data extraction

Two reviewers (AC, GM or HL) independently extracted data using a data extraction form
developed for the study (Appendix Table A3). Disagreements were resolved through
discussion. AC, GM and HL were not blinded to the journal or review authors. We extracted

information about the systematic reviews, including: the year of publication, healthcare
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field, target population, aim, number of studies included, data synthesis approach, and the
types of effects that were pooled in a meta-analysis (if conducted). We also extracted
information reported in the systematic reviews about the synthesised primary studies,
including: study design, ratio of randomised and non-randomised study designs, and types
of mediation analyses conducted. Finally, we extracted information about any limitations
identified by the systematic reviews that were associated with the reporting and

methodological conduct of the primary studies.

2.4. Data synthesis

Categorical variables were summarised using frequencies and percentages. Continuous
variables were summarised using mean and standard deviation or median and interquartile
range. Information on reporting quality and methodological conduct of the primary studies
that were identified by the systematic reviews were extracted verbatim and grouped into
common themes according to meaning and content. Themes were summarised using

frequencies and percentages.

3. Results

3.1. Study selection

A total of 2457 records were identified through the database search and hand searching of
reference lists (Figure 1). Following duplicate removal and title and abstract screening, 118
systematic reviews remained for full text screening. Sixty-four systematic reviews were
excluded for the following reasons: not a clinical or at-risk population (n=22), not a

systematic review (n=20), primary aim was not to review mechanisms (n=21), and non-
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human sample (n=1). Finally, 54 systematic reviews met the inclusion criteria and were

included in the overview [18,19,28-37,20,38-47,21,48-57,22,58-67,23,68-71,24-27].

— Records identified Additional records

- through database identified through other
o searching sources

§ (n = 2455) (n=2)
=

T

T
z

A 4 Y
h— Records after duplicates removed
(n=1922)

£

§ Y

3 Records screened - Records excluded

(n=1922) o (n =1804)
v Full-text articles excluded,
F with reasons
% Full-text articles assessed (n = 64)
E for eligibility « Not a clinical pop. (n=22)
w (n=118)  Not a systematic review (n=20)
¢ Not primary aim (n=21)
¢ Not humans (n=1)

- Reviews included

S (n=54)

=

(%]

£

Figure 1. Prisma Flow Chart

3.2. Description of systematic reviews
Most reviews (n=33/54) were published between 2013 and 2017. The reviews were

conducted across 11 healthcare fields and 26 healthcare conditions (Table 1).
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Table 1. The fields and health conditions studied in the included systematic reviews

Characteristics

Number of Systematic
Reviews (n=54)

Field
Mental health
General medicine
Addiction
Behavioural medicine
Musculoskeletal
Oncology
Endocrinology
Neurology
Obstetrics
Respiratory tract diseases
Infectious diseases

Health Condition
Obesity
Depression
Substance abuse
Diabetes
HIV
Anxiety
Cancer
Schizophrenia
Asthma
Osteoarthritis
Spinal pain
Multimorbidity
Rheumatic disorders
Stress
Infertility related distress
Panic disorder
Alexithymia
ADHD
Eating disorder
Metabolic syndrome
Hypertension
Chronic heart failure
Multi-site/ widespread pain
Fibromyalgia
Very pre-term birth
Multiple sclerosis

18 (32%)
11 (20%)
7 (13%)
6 (11%)
5 (9%)

3 (5%)

2 (4%)
1(2%)
1(2%)
1(2%)
1(2%)

10 (12%)
9 (11%)
8 (10%)
7 (9%)
6 (7%)
5 (6%)
5 (6%)
4 (5%)
4 (5%)
3 (4%)
3 (4%)
2 (2%)
2 (2%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
1(1%)
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The median number of primary mediation studies included in the systematic reviews was 27
(IQR 15-52). In total, the systematic reviews included 1213 non-randomised studies, 725
randomised studies, and 70 studies that were unclassified. The inclusion criteria for study

design and the synthesis methods used by systematic reviews are presented in Table 2.

Table 2. Inclusion criteria and synthesis methods used by systematic reviews

Characteristic Number of Systematic Reviews
(n=54)

Study design inclusion criteria used by systematic reviews

Only included experimental studies 22 (41%)
Only included non-experimental studies 20 (37%)
Combination* 12 (22%)

Data synthesis methods used by systematic reviews
Only used narrative synthesis methods 39 (72%)
Only used quantitative synthesis methods 13 (24%)
Combination” 2 (4%)

*refers to systematic reviews that included experimental and non-experimental studies
Arefers to systematic reviews that used narrative and quantitative synthesis methods

Of the 54 systematic reviews, 15 (28%) performed a meta-analysis of the primary studies. Of
these studies, 3/15 (20%) pooled the indirect effect, 2/15 (13%) pooled the direct effect,
12/15 (80%) pooled the total effect, and 3/15 (20%) pooled fragments of the indirect effect
(exposure-mediator effect and/or mediator-outcome effect). If data were available, reviews
could have conducted an individual participant data meta-analyses (IPDMA). Only one

review reported the results of an IPDMA [33].

3.3 Reporting quality
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Of the 54 systematic reviews, 18 (33%) provided information about limitations encountered
through the reporting quality of the primary studies. The specific reporting limitations are
summarised in Table 3. None of the systematic reviews explicitly aimed to assess the
reporting quality of the synthesised studies, nor did they identify a specific reporting tool or

existing reporting guideline for mediation studies.

Table 3. Reporting limitations of primary mediation studies identified by systematic
reviews

Characteristic Number of Systematic
Reviews

Did not report effect sizes and precision estimates from 14
mediation analysis

Did not report the theoretical rationale or specific 7
intervention component that targets the mediators

Did not report sample size estimation to detect 4
mediating effects

Did not describe methodology and analytical 4
techniques used for mediation analyses

3.4 Methodological quality

Of the 54 systematic reviews, 29 (54%) provided information on the methodological quality

of the primary studies, directly related to mediation. All 29 studies highlighted at least one

methodological limitation specific to mediation analysis (Table 4).

Table 4. Methodological limitations of primary mediation studies identified by systematic
reviews
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Characteristic Number of Systematic Reviews

Inappropriate study design to establish causation for 17
mediating effects (eg. cross-sectional design)

Inappropriate statistical method to estimate 15
mediating effects

Unable to establish temporal precedence of mediator 12
(ie. possibility for reverse causation)

No consideration of statistical power to detect 9
mediating effects

Measurement error for the mediator 7
Lack of adjustment for confounding 4
Lack of theoretical rationale for mediator 3
3.5 Risk of bias

Of the 54 systematic reviews, 33 (61%) reviews reported the use of a risk of bias tool; of
these reviews, ten used a tool they had specifically adapted for mediation studies, and
twenty-three used a general risk of bias tool (eg. Cochrane Collaboration’s risk of bias tool

[72], the Jadad criteria [73], Newcastle-Ottawa Scale [74]).

4. DISCUSSION
Our overview included 54 systematic reviews of 2008 primary mediation studies across 11

healthcare fields and 26 different health conditions. Most systematic reviews (n=33) were
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published between 2013 and 2017, which suggests a recent increase in the volume of
mechanism investigations in healthcare research. Specialist fields such as oncology [48],
endocrinology [22], neurology [61] and infection control [62] are also beginning to utilise

mediation analyses in randomised controlled trials and observational studies.

4.1 Reporting limitations

One-third of the systematic reviews reported limitations in synthesising primary mediation
studies due to inadequate reporting. Most often, these reviews identified that the primary
studies reported insufficient detail about the statistical analysis and did not report key
effect estimates (e.g. indirect effects) that are critical for the interpretation of mediating
effects. This overview did not aim to assess an extensive list of all possible items that should
be reported in mediation studies. The findings from our overview are consistent with those
of methodologically focussed reviews of mediation studies. For example, Gelfand et al.
(2009) found that 52% of a random sample of 50 primary mediation studies did not report
all relevant effects in a mediation model [75]; Wood et al. (2008) highlighted that 62-74%
studies in organisational research did not report power calculations for mediating effects
[76]; Hertzog (2018) and Lapointe-Shaw et al. (2018) identified that 23% and 65% of
mediation studies in nursing and healthcare research did not report assumptions required
for making valid causal inferences [77,78]; and Mansell et al. (2013) observed that 86% of
mediation studies in the back pain literature did not report the measurement properties for
both mediator and outcome variables [79]. Recently, Liu et al. (2016) and Lapointe-Shaw et
al. (2018) both concluded that the reporting of mediation studies in epidemiology and time-
to-event healthcare research was varied and suboptimal, and highlighted the need for

formal guidance to improve reporting standards [78,80].
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Only a quarter (28%) of reviews identified sufficient information and data to pool mediation
effects in a meta-analysis. There could be several reasons for this. There may have been
insufficient information reported in the primary mediation studies for systematic reviewers
to decide whether it was appropriate to pool effect estimates. Some reviews may have
decided not to pool effect estimates because key effect estimates were not reported (or
reported inconsistently) across the primary studies that were reviewed. This is supported by
our data showing that mediation studies often did not report key effect sizes and their
precision estimates. The low number of meta-analyses may also be explained by issues
unrelated to poor reporting practices. For instance, reviews may have found insufficient
numbers of primary studies that tested consistent mediators across studies. For the small
number of reviews that did pool effects, there was substantial heterogeneity in the types of
effects that were pooled, with some reviews pooling fragmented components of the
indirect effect. This in part may have resulted from poor reporting quality in the primary
mediation studies or from heterogeneity between studies, such as different mediators being

explored.

Following the Guidance for Developers of Health Research Reporting Guidelines (Moher et
al. 2010) [12], the second step in developing a reporting guideline is to search for relevant
existing guidance in the area. A search of the Enhancing the QUAIlity and Transparency Of
health Research (EQUATOR) network database in July 2016 showed that there are no
existing guidelines or guidelines under development for mediation studies [81,82]. Our
findings and those of others [78,80] suggest that existing guidelines such as the CONSORT

for randomised controlled trials or STROBE for observational studies do not cover the
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unique aspects of study design, analysis, and results that should be reported in a mediation
study [78,80]. Requirements to justify the development of a reporting guideline have not
been precisely defined [83]. However, our overview has shown that inadequate reporting of
primary mediation studies can stifle systematic reviews; and the accumulating evidence of
inadequate reporting of mediation studies [75-80], suggests that a guideline may help

improve reporting standards.

4.2 Methodological limitations of mediation studies

We found that over half of the systematic reviews provided information about limitations in
the methodological conduct of studies investigating mechanisms. A quarter of the reviews
suggested that primary mediation studies used inappropriate study designs to infer causality
(31%) and used inappropriate statistical methods to estimate mediating effects (28%). It was
unclear how the review authors defined the use of appropriate methods and statistical
analysis techniques. Given that several new methods for mediation analysis have been
introduced during the past decade [4], the implicit definition of appropriate or
inappropriate methods is likely to vary between reviews. Therefore, we cannot be sure
about the extent of methodological issues in mediation studies. However, our findings are
consistent with previous work. For example, Fairchild and McQuillin (2010) [84] concluded
that studies were often underpowered, and cross-sectional study designs were used to
examine causal mechanisms; Wood et al. (2008) [76] found strong publication bias for
significant effects; and Cerin and MacKinnon (2009) [85] noted the use of incompatible
(linear) analytic methods for binary outcomes, and a lack of adjustment for exposure-
mediator interaction effects. Based on these observations, it seems that a risk of bias tool

could help improve the quality of mediation analyses in applied health research.
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4.3 Limitations

As our overview leveraged published systematic reviews, our indirect appraisal of primary
studies may have underestimated the methodological and reporting problems of mediation
studies in healthcare. For example, in 61% (n=33/54) of the included systematic reviews, it
was not possible to determine which mediation analysis method was used by the primary
studies. This may be due to inadequate reporting of the primary study, or because
systematic reviews did not extract information on analytical methods. None of the included
systematic reviews explicitly aimed to review limitations in the reporting or methodological
conduct of primary mediation studies. Of those that did provide secondary information on
limitations encountered due to reporting and methodological quality, the majority indicated
that the quality was suboptimal. It is possible that systematic review authors may have
encountered difficulties in summarising the evidence due to reporting and methodological
limitations but chose not to report them. This means that we may have underestimated the
reporting and methodological limitations of mediation studies. Because the purpose of this
study was to determine the need for a reporting guideline, we conducted an overview of
systematic reviews rather than a review of primary reports. The next step is to identify
potentially important reporting items through a review of methodological papers and

primary research reports.

4.4 Conclusion
Our overview of systematic reviews has shown that the reporting quality and
methodological conduct of mediation studies in healthcare is suboptimal. Future work

should aim to implement existing methodological guidance, and to develop a reporting
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guideline to improve the completeness and transparency of mediation studies in health and

medical research.
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APPENDICES
Appendix A. Supplementary files

Al. Deviations from preregistered PROSPERO protocol (no. CRD42017059834)

Protocol section Deviations
Objectives No Change
Searches No Change
Types of studies to be included We deviated from our original protocol to increase the

scope and generalisability of this review by including:
e Reviews including participants of any age
e Reviews that aimed to investigate causal
mechanisms but did not identify any primary
studies conducting formal mediation analysis

Condition or domain being studied | No Change

Outcomes No Change

Data extraction It was not possible to ascertain whether the studies
reviewed mechanisms of effective or ineffective
interventions

Strategy for data synthesis No Change

A2. Search Strategy

1. mechanism evaluation

2. mediat*

3. mediation analysis

4. mediation analyses

5. causal mediation analysis
6. causal mediation analyses
7. Combine 1-6 OR

8. systematic adj2 (review* or overview*)
9. systematic review

10. narrative review

11. meta analysis

12. meta-analysis

13. Combine 8-12 OR

14. 7AND 13
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Table A3. Data extraction template

Characteristics of systematic reviews

Study ID

Citation

Publication date

Healthcare field

Health condition / population of interest

Aim

Data synthesis type

Data synthesis approach

Presence of meta-analysis

Details of effects pooled

Characteristics of primary studies reviewed

Study design

Number of included studies

Number of randomised studies

Number of non-randomised studies

Number of included studies that performed mediation analysis

Types of mediation analysis performed

Verbatim quotes from systematic reviews

Limitations identified from reporting of primary studies

Limitations identified from methodological conduct of primary studies

Methods used to assess reporting quality

Methods used to assess methodological quality
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What is new

Key findings

e Mediation analysis is a popular method for studying the mechanisms by which health
interventions or exposures exert their effects.

* This overview shows that over the past decade, there were 54 published systematic
reviews including 2008 primary mediation studies, across 11 healthcare fields and 26
health conditions.

e Eighteen of fifty-four (33%) systematic reviews identified limitations in reporting
guality and twenty-nine of fifty-four (54%) systematic reviews stated limitations in the
methodological conduct of the primary mediation studies.

What this adds to what is known?

e Historically, mediation studies were common in fields such as psychology. This
overview has shown that mediation studies are also conducted in health and medical
fields across a range of health conditions.

* Systematic reviews of mediation studies have identified suboptimal reporting quality
and methodological conduct of primary studies that study the mechanisms of health
interventions and exposures.

What is the implication and what should change now?
There is a need to improve the reporting and methodological quality of studies investigating
mechanisms. Improving reporting and methodological standards for mediation studies will
enhance the ability to evaluate, reproduce and synthesise the findings of mediation studies.

It may also minimise reporting bias in systematic reviews of mediation studies.
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