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ABSTRACT
Introduction  Inflammation is emerging as an important risk 
factor for atherosclerotic cardiovascular disease and has been 
a recent target for many novel therapeutic agents. However, 
comparative evidence regarding efficacy of these anti-
inflammatory treatment options is currently lacking.
Methods and analysis  This systematic review will include 
randomised controlled trials evaluating the effect of anti-
inflammatory agents on cardiovascular outcomes in patients 
with known cardiovascular disease. Studies will be retrieved 
from Medline, Embase, the Cochrane Central Register of 
Controlled Trials, as well as clinical trial registry websites, 
Europe PMC and conference abstract handsearching. No 
publication date or language restrictions will be imposed. 
Eligible interventions must have some component of anti-
inflammatory agent. These include (but are not limited to): 
non-steroidal anti-inflammatory drugs (NSAIDs), colchicine, 
prednisone, methotrexate, canakinumab, pexelizumab, 
anakinra, succinobucol, losmapimod, inclacumab, atreleuton, 
LP-PLA

2 (darapladib) and sPLA2 (varespladib). The primary 
outcomes will include major adverse cardiac events (MACE), 
and each individual component of MACE (myocardial 
infarction, stroke and cardiovascular death). Key secondary 
outcomes will include unstable angina, heart failure, all-cause 
mortality, cardiac arrest and revascularisation. Screening, 
inclusion, data extraction and quality assessment will be 
performed independently by two reviewers. Network meta-
analysis based on the random effects model will be conducted 
to compare treatment effects both directly and indirectly. The 
quality of the evidence will be assessed with appropriate tools 
including the Grading of Recommendations, Assessment, 
Development and Evaluation profiler or Confidence in Network 
Meta-Analysis tool.
Ethics and dissemination  Ethics approval is not 
required for this systematic review. The findings will be 
disseminated through a peer-reviewed journal.
PROSPERO registration number  CRD42022303289.

INTRODUCTION
Atherosclerotic cardiovascular disease 
(ASCVD) is a leading cause of mortality and 
morbidity around the world.1 2 The incidence 

of myocardial infarctions (MI) has been 
dramatically lowered in populations that 
have pursued a strategy of aggressive detec-
tion and control of traditional cardiovas-
cular risk factors for coronary artery disease 
(CAD), like hypertension, diabetes, cigarette 
smoking and elevated low-density lipoprotein 
cholesterol (LDL-C).2

Despite adopting a strategy of aggressively 
controlling traditional risk factors for CVD, 
major adverse cardiovascular events (MACE) 
unfortunately continue to occur at high 
rates.3 Thus, much attention is now focused 
on other potentially modifiable risk factors 
that can be targeted to further reduce the 
burden of ASCVD.

The pathogenic basis of atherosclerosis 
is a complex process; we now know that its 
biological basis is more intricate than simply 
attributing it to intimal infiltration of LDL-C. 
Thus, we are beginning to acknowledge that 
our therapies will need to extend beyond 
treatment for the traditional risk factors. In 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Analysis of data within the structure of a network 
meta-analysis allows for the direct and indirect 
comparison of anti-inflammatory medications for 
atherosclerotic cardiovascular disease.

	⇒ A rigorous search of published and unpublished 
data will be conducted.

	⇒ Article selection process, data extraction and risk 
of bias will all be performed by two reviewers in 
parallel.

	⇒ Quality of evidence across the included studies will 
be assessed and summarised.

	⇒ Potential limitations include residual confounding 
factors biasing results.
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particular, recent clinical and experimental evidence has 
supported inflammation as playing a key role in the initi-
ation, progression and eventual overt clinical manifesta-
tions of ASCVD.4

Contribution of inflammation in the pathophysiology of 
atherosclerosis
ASCVD is now thought of as a chronic inflammatory 
disease of the coronary vasculature which is initially trig-
gered by intimal LDL-C infiltration.2 An early mechanism 
in the development of clinically manifest CAD is the 
exposure of the intimal endothelium to harmful stimuli, 
like hypercholesterolaemia, elevated blood pressure and 
importantly, inflammation.2 This impairs its ability to act 
as a functional barrier and leads to its ‘activation’. After 
their activation, vessel endothelial cells increase their 
expression of leucocyte adhesion molecules.2 5 6 This 
increased expression allows the migration of neutrophils 
and monocytes into the subendothelial space from the 
circulating blood.2 Once inside the vessel wall, these 
monocytes then differentiate into macrophages and begin 
to ingest modified LDL-C particles, eventually becoming 
lipid-laden foam cells.2 The aggregation of foam cells 
results in a yellow coloured ‘fatty streak’ within the arte-
rial wall and thereby the first overt sign of ASCVD.2

From a clinical perspective, inflammatory mediators 
have shown to play a crucial role in mediating thrombotic 
complications of atherosclerosis, namely MI and isch-
aemic stroke.7 8 This fact has spurred the clinical evalua-
tion of inflammation as a therapeutic target in an attempt 
to further reduce the burden of CVD.9–12

Interventions
The encouraging results obtained from basic CVD research 
endorsed the early translation of anti-inflammatory 
agents into the clinical setting, which unfortunately failed 
on several early investigations.13 14 However, since these 
early clinical trials, there have also been a multitude of 
successes, and there is a plethora of new research looking 
at various anti-inflammatory therapies for the mitigation 
of cardiovascular events.

While these randomised controlled trials (RCTs) have 
primarily compared these novel anti-inflammatory agents 
to placebo (and background of statin therapy), few, if 
any, have been compared with other anti-inflammatory 
therapies. Thus, there is currently a paucity of literature 
regarding the relative effectiveness of these therapies.

This review will provide a contemporary investiga-
tion of the relative efficacy of various anti-inflammatory 
medications for the prevention of MACE. The study is 
unique in that it will compare a comprehensive list of 
anti-inflammatory therapies not just with placebo, but 
with other anti-inflammatory interventions using network 
meta-analysis (NMA). Additionally, our review will be 
conducted in accordance with the Preferred Reporting 
Items for Systematic Review and Meta-Analysis Protocols 
(PRISMA-P) recommendations.15

Objectives
The primary objective of our systematic review and NMA 
is to assess the relative effectiveness of anti-inflammatory 
therapies in cardiac disease, examined in RCTs. Our 
results will strengthen the understanding of the benefit 
of each individual anti-inflammatory therapy, and will 
also allow the comparison of the relative effects of each 
intervention.

METHODS AND ANALYSIS
This protocol was developed according to the PRIS-
MA-P 2015 checklist15 (see online supplemental file 1). 
Important amendments made to the protocol will be 
documented and published alongside the results of the 
systematic review.

Types of studies
RCTs will be included in this study.

Population
Our systematic review will include all patients with known 
CAD, regardless of age or sex. Additionally, participants 
with both acute coronary syndromes (ACS) as well as 
stable CAD will be included. However, if significant 
subgroup differences are discovered between interven-
tions used to treat those with ACS versus those with stable 
CAD, we will conduct a subgroup analysis to further 
explore this heterogeneity.

Intervention
Eligible interventions must have some component 
of anti-inflammatory agent. We will include any anti-
inflammatory medication, including (but not limited 
to): non-steroidal anti-inflammatory drugs (NSAIDs), 
colchicine, prednisone, methotrexate, canakinumab, 
pexelizumab, anakinra, succinobucol, losmapimod, 
inclacumab, atreleuton, LP-PLA2 (darapladib) and sPLA2 
(Varespladib). We will not consider any medication which 
does not have a primary mechanism of action via the inhi-
bition of inflammation (eg, statins or allopurinol).

Comparisons
All medications with a primary mechanism of action that 
targets the inflammatory pathway will be included in this 
systematic review. Treatment arms will be considered 
regardless of whether they received any other type of 
control or experimental intervention.

Primary outcome
The following primary outcome will be extracted:

	► MACE and each individual component of MACE:
	– MI.
	– Stroke.
	– Cardiovascular death.

We will extract secondary outcomes and adverse 
outcomes from the studies that meet the inclusion criteria.

 on D
ecem

ber 28, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-062702 on 27 June 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2022-062702
http://bmjopen.bmj.com/


3Boczar KE, et al. BMJ Open 2022;12:e062702. doi:10.1136/bmjopen-2022-062702

Open access

Key secondary outcomes
	► Unstable angina.
	► Heart failure.
	► All-cause mortality.
	► Cardiac arrest.
	► Revascularisation.

Key adverse outcomes
These relate to adverse events suggested in previous trials 
and include, but are not limited to:

	► Infection/pneumonia.
	► Diarrhoea/GI upset.
	► Malignancy.

Years of publication considered
There will be no limitations on the year of publication of 
studies.

Language
There will be no restriction based on language of the 
publication. If a potential study is identified that is not 
written in English, we will use translational services if 
possible.

Study publication status
We will include both published and unpublished studies 
in our systematic review. We will search for ongoing studies 
in the ​Clinicaltrials.​gov and WHO’s International Clinical 
Trials Registry Platform (ICTRP) and will consider these 
for inclusion when relevant.

Search strategy
The search strategy will be developed by a medical 
librarian (SV) in collaboration with team members 
using a combination of subject headings and keywords 
in Medline; it will then be peer-reviewed by a second 
librarian as per PRESS guidelines.16 It will then be run in 
the various databases listed below from inception. Search 
results will be exported to Covidence and duplicates will 
be eliminated using the platform’s duplication identifica-
tion feature. We will rerun our search prior to the final 
analysis. A draft of the Medline search strategy is included 
in online supplemental file 2.

Filters
Cochrane RCT search filters will be employed for both 
Medline and Embase.17

Information sources
We will conduct searches of MEDLINE, EMBASE 
and Cochrane Central Register of Controlled Trials 
(CENTRAL).

If there is missing information that is not reported, we 
will contact study authors by email to obtain more infor-
mation. If no replies from authors are received, we will 
send two subsequent emails at 2 and 4 weeks.

We will search reference lists of identified studies by 
hand to identify additional possible relevant literature.

Grey literature will be searched to identify potential 
relevant research that has not been published. These 
sources include:

	► Clinical trial registries:
	– ​ClinicalTrials.​gov
	– WHO’s ICTRP.

	► Preprints from Europe PubMed Central (PMC).
	► Conference abstracts will be included as part of the 

Embase database search. Gaps in Embase indexation 
will be addressed with hand searching of select rele-
vant conferences:
	– American Cardiology Conference.
	– American Heart Association Conference.
	– European Society of Cardiology Conference.
	– Canadian Cardiovascular Congress.

If RCTs are registered but have not been published at 
the time of our search, they will be screened and will be 
included in the analysis if they are eligible and sufficient 
information is available.

Selection process
COVIDENCE software will be used for study screening. 
Following duplication removal, study screening and selec-
tion will be conducted by two independent reviewers in 
parallel (KEB, KAB, ShS, ALP, AG and SaS), based on the 
prespecified inclusion and exclusion criteria.

The first stage of identifying potentially eligible studies 
will be conducted by screening titles and abstracts in COVI-
DENCE. When disagreements between two reviewers 
occur, discussion and consensus will be used to resolve 
the conflict. When agreement cannot be reached, a third 
reviewer (KAB) will ultimately resolve the disagreement. 
Once the first round of screening by titles and abstracts is 
completed, eligible studies will undergo a full text review 
by the two reviewers independently (KEB, KAB, ShS, ALP, 
AG and SaS) according to the process outlined above.

We will track and report reasons for exclusion in a 
PRISMA flow diagram. If there are multiple reports of the 
same study that are identified, we will be consider them 
together.

Data extraction and management
For data collection, a predesigned, standardised data 
extraction sheet will be used. The reviewers will first test 
the extraction sheet on five studies. We will then discuss 
and make amendments to the extraction sheet as neces-
sary. Finally, the data extraction process as well as risk of 
bias assessment of all included studies will be performed 
in parallel by two independent reviewers (KEB, KAB, 
ShS, ALP, AG and SaS). Information pertaining to anti-
inflammatory medication characteristics (type of anti-
inflammatory, length of therapy, dose), participant 
characteristics, comparators, setting, lost to follow-up 
and clinical outcomes will be included in the extraction 
process.

We will preferentially extract unadjusted results over 
adjusted results, if available, to improve consistency.
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Data items
Participants
Participant characteristics that are deemed to potentially 
modify treatment effects from the anti-inflammatory 
agents will be recorded. Patient characteristics of interest 
include age, sex, comorbidities (including presence of 
other inflammatory conditions) and concomitant alter-
native anti-inflammatory medication use. We will also 
record the number of participants that were included at 
baseline in each study, and the number of participants 
lost to follow-up.

Intervention
We will extract information such as treatment length, 
length of follow-up, and length of time from acute coro-
nary syndrome (ACS) (if relevant), which could poten-
tially modify the anti-inflammatory treatment effect.

Comparator
We will extract data on the type of comparator used, 
including dose and duration, as well as baseline demo-
graphic data regarding the comparator group participants.

Risk of bias in individual studies
The risk of bias of each included study will be assessed 
independently by two reviewers (KEB, ShS, ALP, AG and 
SaS) using the updated Cochrane Collaboration’s Risk 
of Bias (RoB 2) Assessment Tool.18 Disagreements will 
be resolved through discussion, and if needed a third 
reviewer (KAB) will settle any disputes.

The RoB 2 Assessment Tool assesses potential sources of 
bias in five domains including the randomisation process, 
deviations from the intended interventions, missing 
outcome data, measurement of the outcome and selective 
reporting. We will evaluate each category as being at ‘low 
risk’ of bias, ‘high risk’ of bias or having ‘some concerns’ 
for bias. Finally, we will then give an overall judgement 
of the trial regarding the risk of bias, with studies again 
being scored as being at ‘low risk’ of bias, ‘high risk’ of 
bias or having ‘some concerns’ regarding risk of bias.

Randomisation process
We will assess the randomisation and allocation methods 
to determine the potential for bias to be introduced due 
to the creation of groups with important underlying base-
line differences.

Deviations from the intended interventions
We will assess whether the effect of assignment to inter-
vention and the effect of adherence to intervention could 
act as potential sources of bias. This includes assessing 
whether the participant allocation process was concealed, 
whether both participants and personnel were blinded 
when participants were allocated to treatment groups, and 
whether outcome assessors were also blinded to partici-
pant assignment. We will also assess whether deviations 
from the intended intervention were balanced between 
groups, and whether failure to adhere to the intended 
intervention could influence the outcomes.

Missing outcome data
We will assess whether outcome data was available for all 
randomised participants, and if not, whether the missing-
ness could influence the results.

Measurement of the outcome
We will assess whether the method of measuring the 
outcome was appropriate, and whether the ascertainment 
of the outcome could have differed between intervention 
groups.

Selective outcome reporting
We will look for evidence that the authors omitted 
reporting relevant outcomes, or that data were not evalu-
ated in accordance with a prespecified analysis plan.

Summary measures of treatment effect
Dichotomous outcomes will be presented as either ORs 
or risk ratios and reported with 95% CIs.

Data synthesis
Clinical heterogeneity will be explored by examining 
the variation in several patient and study characteristics 
including population baseline participant demographic 
variables, the use and composition of ‘optimal medical 
therapy’, study outcome definitions and other relevant 
study characteristics.

Network meta-analysis
If we identify that at least two studies are clinically homo-
geneous, then we will perform a meta-analysis. Our 
results will be analysed using an NMA.19 An NMA uses 
an interconnected network of treatments, which thereby 
allows for the assessment of the relative efficacy of these 
treatments for a particular medical indication.20 Both 
direct and indirect comparisons can be made within the 
network, so long as all trials included in the analysis are 
contained within the network.21–23 For our NMA, we will 
create a model which compares anti-inflammatory inter-
ventions for ASCVD.

Data analysis
We will perform our statistical analyses in a Bayesian 
framework using the OpenBUGS software.24 To address 
statistical heterogeneity, we will use random effects 
models. We will assess the fit of each model to the data 
by using the posterior mean residual deviance. We will 
then compare the models by using the Deviance infor-
mation criterion.25 Satisfying the consistency assumption 
is critical in the validation of an NMA, in part to ensure 
that included studies are comparable within the network. 
We will assess the validity of this assumption by reviewing 
the patient inclusion and exclusion criteria for each study 
included in the summary analysis, to ensure that the 
patient and study characteristics are sufficiently similar.

If quantitative data analysis is not appropriate, a qualita-
tive description and table of the included studies and data 
will be performed and displayed.
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Subgroup analysis
Several prespecified subgroup analyses will be conducted 
if data permits. These include:

	► Sex.
	► Setting of ASCVD (ACS vs non-ACS setting).
	► Time after index event for initiation of anti-

inflammatory agent.
	► Published vs unpublished literature.

Assessment of reporting biases
To assess for small-study effects we will include the total 
number of patients in the study as a covariate in our meta-
regression analysis. We will also create funnel plots26 to 
evaluate for potential reporting bias.

Sensitivity analyses
We will perform an additional analysis whereby we 
exclude studies which are deemed to be at either ‘high 
risk’ or to have ‘some concerns’ of bias on the Cochrane 
RoB 2 Assessment Tool.18

We will also conduct additional analyses with fixed-
effects models for the pairwise and NMA.

Confidence in cumulative evidence
The quality of the evidence across included studies will be 
summarised with an appropriate tool,27with possible tools 
including the Grading of Recommendations, Assessment, 
Development,and Evaluation profiler28 or Confidence in 
Network Meta-Analysis tool.29

Patient and public involvement
There is no patient or public involvement in this study.

ETHICS AND DISSEMINATION
We did not require ethics approval for this systematic 
review and NMA. The findings will be disseminated 
through a peer-reviewed journal.

DISCUSSION
This systematic review and NMA will address ques-
tions regarding the comparative effectiveness of anti-
inflammatory therapies for the treatment of ASCVD. 
This topic is important for several reasons. As mentioned, 
ASCVD is an extremely common problem, and is a 
leading cause of morbidity and mortality.1 2 With a 
growing number of therapeutic agents being developed 
to target the inflammation pathway, it is extremely useful 
for practitioners to have knowledge regarding the relative 
comparison of these novel drugs. Thus, this study could 
be important for clinical practice, providing information 
regarding relative benefits and harms from these anti-
inflammatory agents. Furthermore, with the burden of 
the potential financial cost of these drugs for healthcare 
payers, this review will be potentially useful regarding 
funding decisions.

The major strength of this systematic review and NMA 
is that it will comprehensively summarise the evidence 

regarding anti-inflammatory benefit and harm for the 
treatment of ASCVD. Moreover, this NMA will allow both 
direct and indirect comparison between these novel anti-
inflammatory medications. Additionally, our compre-
hensive search strategy will attempt to discover both 
published and unpublished (grey) literature in the field. 
Potential limitations include the possibility of residual 
confounding influencing our results. The strength of our 
review will be dependent on the existing evidence base 
for this topic area. If only one or two RCTs exist for a 
given comparison in the network, then the strength of the 
analysis will reflect that. The sample size and the number 
of included studies may be small due to the novelty and 
resource-intensive nature of conducting an RCT of this 
nature on this topic.
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