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We greatly appreciate the opportunity to revise our manuscript and to respond to 

comments and questions from the reviewers and editors. We feel that the manuscript is 

now greatly improved in conveying the clinical relevance of our results as well as the 

innovative features of our methodologic approach.  

 

We thank the Editor for guidance on submitting a revised version and have responded to 

each of the points outlined in their letter. 

 

- Our statistician quite liked this as some aspects are very good, but there were statistical 

issues that are detailed in his report (see Reviewer 2’s comments) 

 

We thank the statistical reviewer for his insightful comments and have carefully addressed 

them below. In particular, please see our reply to Reviewer 2 and the revised manuscript. 

 

 

- One editor felt that this was a clinically relevant topic, but he didn’t think this added much. 

 

We thank the editor for giving us the opportunity to emphasise the novel aspects of our 

work.  

This IPD MA contributes the following 5 new findings:  

1. Naproxen MI risk 

Naproxen was associated with increases in risk of acute myocardial infarction. Previous 

work has generally been underpowered to fully assess the risk of naproxen and while 

point estimates have been < 1, confidence intervals have not been able to exclude 

clinically meaningful risks. Our study has the required power to address this 

shortcoming. 

2. Celecoxib MI risk 

With celecoxib, associated risk of acute MI were not greater than that of diclofenac, 

ibuprofen, or naproxen, were and lower than those of rofecoxib. Again the power of our 

study enables these additional insights. 

3. Dose-MI risk relationship 

Acute MI risks were dose-related and use for 1 to 4 weeks at high-dose seemed 

particularly harmful with rofecoxib (> 50 mg/day), ibuprofen (> 1200 mg/day), and 

with naproxen (> 750 mg/day). Previous studies could not adequately assess the dose-

MI risk response with NSAIDs. 

4. Early onset of risk 

For all studied NSAIDs, the onset of associated MI risk occurred within the first week of 

use. Virtually no previous studies have extensively examined very short term risk, again 

perhaps due to a lack of events in this earlier time window. Documenting a rapid onset 

of risk is important information for both clinicians and patients and may help improve 

decision making about the risks and benefits trade-off with these drugs. 

5. Patterns of MI risk 

NSAIDs exhibited distinct patterns of MI risk, which suggest that time dependency of 

risk may differ between NSAIDs. No previous research has employed the methodology 

required to examine this issue. 
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The finding that naproxen, along with other NSAIDs, was associated with an increased risk 

of acute MI clearly is of interest to a broad audience of clinicians. Indeed, the present 

general impression in the scientific community is that naproxen is the least cardiotoxic of 

NSAIDs 1 and some consider high-dose (500 mg twice daily) naproxen as being cardiac 

neutral. 2 Reporting of meta-analysis results may contribute to the perception that 

naproxen is safer. For example, the latest network meta-analysis (NMA) of NSAIDs RCTs, 

the Coxib and traditional NSAID Trialists’ (CNT) Collaboration (Lancet 2013) 3, states that 

“high-dose naproxen was not associated with any significant excess risk of major vascular 

events (0·93, 0·69–1·27; figure 4), and nor was there an increase in major coronary events 

(0·84, 0·52–1·35).” We submit that the latter adjusted rate ratio of naproxen vs placebo 

lacks sufficient precision to rule out clinically meaningful differences. This is because the 

confidence interval is compatible with a decrease in risk of major coronary events of 48% 

but also with an increase in risk of MI or CHD death of 35%. The lack of precision in NMA of 

RCTs is not surprising, as it can be estimated that NSAIDs RCTs provide fewer than 1000 

acute MI events – 532 over all exposures in the NMA of Trelle 2011 4 – whereas our IPD MA 

comprised 61 460 acute MI events. 

 

Of note, in the CNT meta-analysis, MI risk was not considered separately for the various 

coxibs. The findings of our IPD MA suggest there are notable differences between rofecoxib 

and celecoxib for this outcome – and this is also of interest to clinicians. 

 

Certainly, our findings are not immune to bias such as misclassification due to partial non-

adherence or to residual confounding. However, the two latest and much cited works (the 

Trelle 2011 and CNT 2013 NMAs) are direct or indirect comparisons of RCT data via a 

network meta-analysis, a technique that also presents issues of potential bias, indirectness, 

inconsistency, and imprecision (see Salanti G. et al. Evaluating the quality of evidence from 

a network meta-analysis. PLoS One. 2014;9(7):e99682). 

 

In particular, various biases that may occur post-randomization in a RCT 5, 6 may potentially 

have affected the validity of trials included in these NMAs. These may include: 1) violation 

of treatment groups exchangeability due to non-persistence with assigned NSAID 

treatment, or 2) violation of treatment consistency due to group contamination (e.g. OTC 

                                                        
1 Schmidt M, Lamberts M, Olsen AS, et al. Cardiovascular safety of non-aspirin non-steroidal anti-

inflammatory drugs: review and position paper by the working group for Cardiovascular Pharmacotherapy of 

the European Society of Cardiology. Eur Heart J. 2016 Mar 16. 
2 Patrono C, Baigent C. Nonsteroidal anti-inflammatory drugs and the heart. Circulation. 2014;129(8):907-16. 
3 Bhala N, for the Coxib and traditional NSAID Trialists' (CNT) Collaboration, Emberson J, et al. Vascular and 

upper gastrointestinal effects of non-steroidal anti-inflammatory drugs: meta-analyses of individual 

participant data from randomised trials. Lancet. 2013;382(9894):769-79. 
4 Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal anti-inflammatory drugs: 

network meta-analysis. BMJ. 2011;342:c7086. 
5 Hernán MA, Hernandez-Diaz S, Robins JM. Randomized trials analyzed as observational studies. Ann Intern 

Med. 2013 Oct 15;159(8):560-2.  
6 Manson JE, Shufelt CL, Robins JM. The potential for postrandomization confounding in randomized clinical 

trials. JAMA. 2016 Jun 7;315(21):2273-4. 
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NSAIDs) or to differential concomitant treatments potentially affecting the risk of the MI 

outcome during follow-up (e.g. low-dose aspirin) or sub-optimal adherence to the NSAID. 

For example, placebo-controlled RCTs of naproxen were mainly performed in populations 

with or at risk of Alzheimer’s disease. 7 Non-adherence bias has been documented in the 

main naproxen study (ADAPT) 8 and this may translate into an underestimation of the risk 

of acute MI with naproxen in NMAs of RCTs. 

 

One would hope that the PRECISION trial in patients with cardiovascular (CV) disease or at 

high CV risk will give more definitive inferences on MI with naproxen, ibuprofen, and 

celecoxib. However, only 580 Anti-Platelet Trialists' Collaboration composite events 

(cardiovascular death, non-fatal stroke, or non-fatal MI) are expected. 9 

 

The increased statistical power of this collaborative project has allowed answers to 

clinically pertinent research questions, which were to better characterize the effects of 

individual NSAID dose, duration of continuous use, and the time course of any associated 

risk for acute MI. 

 

Therefore we submit that this IPD MA adds to– and, in certain instances, challenges 

conventional aspects of RCT and observational evidence on NSAIDs and acute MI risk. 

 

 

- Another editor felt that the manuscript was clearly written and that most of the difficulty is 

in understanding the methods used. 

 

We thank the editor and have amended the Methods section in manuscript to improve 

overall clarity. Please also see our reply to Reviewer 2. 

 

 

- Another editor felt that this was an Important research question and believed that this data 

substantially added to the existing evidence. The methods used look very robust and the used 

data sources are very reasonable, particularly for a "real life setting”. He added that you 

address confounding by indication (i.e., the biggest threat for the causal interpretation). He 

did not identify a fatal flaw. 

 

One issue that the authors may want to discuss is a potential interaction between aspirin and 

non-aspirin NSAIDS and the fact the some studies also suggest increased risk of MI for users of 

                                                        
7 Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal anti-inflammatory drugs: 

network meta-analysis. BMJ. 2011;342:c7086. 
8 Steering Committee of the Alzheimer’s Disease Anti-inflammatory Prevention Trial (ADAPT). Statement for 

communication to the FDA Arthritis Advisory Committee and the Drug Safety and Risk Management Advisory 

Committee. 18 February 2005. Available at: 

https://jhuccs1.us/adapt/pdf%20documents/FDA%20ADAPT%20STATEMENT_web%20posting.pdf. Last 

accessed August 31, 2016. 
9 Gaffney M. Statistical Issues in the Design, Conduct and Analysis of  Large Safety Studies. Available at: 

www.med.upenn.edu/cceb/biostat/.../MichaelGaffney_2015.pptx. Last accessed February 28, 2016. 
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acetaminophen. He believed that this study would be of great interest for the readership of the 

journal. 

 

We thank the editor for his comments and suggestions. We have revised the manuscript to 

add the following paragraph: 

“We might have taken advantage of this one-stage IPD MA to investigate clinical 

heterogeneity via a formal analysis of interactions between NSAIDs and major 

CV risk profiles. 10, 11, 12 However, interaction studies involving a categorical 

NSAID exposure, such as in this IPD MA, would have less statistical power 13 and 

would overly depend on classifying exposure without error. 14” 

 

Of note, using the RAMQ cohort, we investigated a potential interaction between aspirin 

and non-aspirin NSAIDs. In this completed study to be submitted shortly for publication we 

found that concurrent cardioprotective aspirin does not appear to mitigate the risk of MI 

associated with NSAIDs.  

 

We would rather not comment here or in the manuscript about possibly increased risk of 

MI for users of acetaminophen as we have not reviewed this literature nor studied this 

exposure in the IPD MA since the over-the-counter prescribing of acetaminophen excludes 

good exposure data. 

 

 

 - Another editor made the following comments: 

1. We need more details about the search strategies. Some are in the appendix but ideally they 

should be placed in the main article. What databases were searched? When?  

 

We thank the editor for many useful comments and questions.  

 

In the revised Table 1 of Web Extra 1, we provide all search strategies. In the revised 

manuscript we added the following paragraph: 

 

“We searched MEDLINE and EMBASE via Ovid and PubMed by applying filters 

for retrieval of observational studies and by combining these with the 

appropriate search terms for NSAIDs and for myocardial infarction (Web 

Appendix 1,Table 1). We also retrieved systematic reviews of non-randomized 

                                                        
10 Simmonds MC, Higgins JP. Covariate heterogeneity in meta-analysis: criteria for deciding between meta-

regression and individual patient data. Stat Med. 2007;26(15):2982-99. 
11 Fisher DJ, Copas AJ, Tierney JF, et al. A critical review of methods for the assessment of patient-level 

interactions in individual participant data meta-analysis of randomized trials, and guidance for practitioners. 

J Clin Epidemiol. 2011;64(9):949-67. 
12 Debray TP, Moons KG, van Valkenhoef G, et al. Get real in individual participant data (IPD) meta-analysis: a 

review of the methodology. Res Synth Methods. 2015;6(4):293-309. 
13 Greenland S. Basic problems in interaction assessment. Environ Health Perspect. 1993;101(Suppl 4):59-66. 
14 Greenland S. Interactions in epidemiology: relevance, identification, and estimation. Epidemiology. 

2009;20(1):14-7. 
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studies of CV adverse events associated with NSAIDs and manually searched 

their bibliography. To increase sensitivity for the MI outcome, we included 

broader terms for cardiac morbidity. After an initial search (2007) we set-up 

weekly updates (June 2010 to November 2013).” 
 

You mention the criteria you used for identifying studies but some are somewhat vague and 

open to interpretation. We need more details. The I/E criteria are not easy to replicate, in my 

opinion. 

 

For this systematic review and IPD meta-analysis, we elaborated a priori study selection 

criteria by considering all main sources of biases and how they specifically applied to our 

research questions. This allowed controlling for confounding (including that due to 

calendar time) and for misclassification at the stage of study selection. While we 

acknowledge that this could make it more difficult to replicate inclusion/exclusion of 

studies, we submit that the enhanced control of confounding and of information bias that 

ensues from meta-analysing highly internally valid observational studies is a major quality 

feature of work.  

 

Two of us (MB and JMB) independently assessed the articles for inclusion once, based on 

the title and abstract, and again, based on a full-text review. We resolved our few 

disagreements through discussion. We checked the conformity of the identified studies 

against the a priori inclusion criteria (these are reported in the manuscript). Non-

conformity with one or more of the inclusion criteria resulted in the exclusion of that study 

(this is reported in Web Extra 1, Figure 1).  

 

In the table below we present the inclusion criteria and the main reasons for excluding 

studies side-by-side. 

Table – Study inclusion criteria and main reason for excluding studies 

Study selection criteria 
Number of studies excluded, with main 

reasons (N=76) 

1) Sourced from validated computerized drug 

prescription or medical databases 

• Availability of larger source cohort (n=1, 

previous smaller RAMQ study)  

2) Conducted in the general or an elderly 

population 

• Limited external validity due to selection of 

population (n=6) 

3) Appropriately allowed for time-dependent 

analyses 

• Time dependency of drug exposure not 

adequately established (n=5) 

• Potential for important misclassification of 

exposure (n=7) 

• Survival run-in period when analysing 

outcome (n=5)  

4) Documented acute MI separately from other 

CV outcomes 

• Outcome is a composite or another 

cardiovascular endpoint (n=28) 

5) Considered both selective COX-2 inhibitors and 

traditional NSAIDs 

• Did not consider both traditional and COX-2 

selective NSAIDs (n=11)  

6) Compared acute MI risk in NSAID users with • Risk in users not compared with risk in non-
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Study selection criteria 
Number of studies excluded, with main 

reasons (N=76) 

non-users users (n=5)  

7) Minimized the effects of confounding by 

indication or by contraindication and of 

selective prescribing. This was achieved by 

limiting the inclusion of studies to those which 

were conducted before the withdrawal of 

rofecoxib, matched cases and controls for 

calendar time, and documented comorbidities 

and concomitant treatments. 

• Not limited to period before rofecoxib 

withdrawal (n=8)  

 

Please note that although tools exist for assessing the quality of observational studies, 15, 16 

these critical appraisal instrument have a generic purpose and we considered them as 

being unsuitable in the context of our research question. For example, whereas a study 

defining “current” use of an NSAID as a having a prescription in the last 180 days qualified 

for inclusion in a standard meta-analysis of NSAIDs and acute MI, such as that by the SOS 

group, 17 due to potential for important misclassification of exposure we excluded such a 

study from our IPD MA, which aimed at precisely characterizing the time course of MI risk 

associated with NSAIDs.  

 

 

2. I do not understand why "each study had to show this increased MI risk [as an internal 

quality control measure]. Would this bias the results? 

 

We understand the editor’s concern for bias and indeed limiting the selection of studies to 

those that showed increased risk of MI with rofecoxib would induce selection bias if the 

IPD MA was aimed at determining whether or not rofecoxib is associated with an increased 

risk of MI. This however was not our intent. 

 

Because the RCT evidence of MI risk with rofecoxib is strong, consistent, and well 

established, 18, 19, 20, 21 our purpose in limiting the inclusion of studies to those showing an 

                                                        
15 Margulis AV, Pladevall M, Riera-Guardia N, et al. Quality assessment of observational studies in a drug-

safety systematic review, comparison of two tools: the Newcastle-Ottawa Scale and the RTI item bank. Clin 

Epidemiol. 2014;6:359-68. 
16 Cochrane Methods Bias. The ROBINS-I tool (Risk Of Bias In Non-randomized Studies - of Interventions). 

Available at: https://sites.google.com/site/riskofbiastool/. Last accessed August 13, 2016. 
17 Varas-Lorenzo C, Riera-Guardia N, Calingaert B, et al. Myocardial infarction and individual nonsteroidal 

anti-inflammatory drugs meta-analysis of observational studies. Pharmacoepidemiol Drug Saf. 

2013;22(6):559-70. 
18 Bombardier C, Laine L, Reicin A, et al. Comparison of upper gastrointestinal toxicity of rofecoxib and 

naproxen in patients with rheumatoid arthritis. N Engl J Med. 2000;343(21):1520-8. 
19 Bresalier RS, Sandler RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a colorectal 

adenoma chemoprevention trial. N Engl J Med. 2005;352(11):1092-102. 
20 Baron JA, Sandler RS, Bresalier RS, et al. Cardiovascular events associated with rofecoxib: final analysis of 

the APPROVe trial. Lancet. 2008;372(9651):1756-64. 
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increased MI risk for rofecoxib was:  

1) to ensure that only highly internally valid observational studies were included in the IPD 

MA (studies not showing an increased MI risk for rofecoxib are suspect for a bias to the null 

for other NSAIDs); 

2) to use the results for rofecoxib in our IPD MA as an internal quality check for the 

measures of association reported for the other studied NSAIDs. 

 

In the APPROVe trial of rofecoxib 25 mg vs placebo the hazard ratio (95% CI) of acute MI 

up to 14 days after end of treatment was 2.65 (1.21 to 5.75). 22 The Trelle NMA of RCTs 

reported a rate ratio (95%CrI) for rofecoxib (any daily dose) vs placebo of 2.12 (1.26 to 

3.56). 23 A weighted average of the IPD MA findings across the five categories of current 

rofecoxib use (see Table 2 and Figure 6, Panel b of the manuscript) would yield results that 

are slightly lower than those of the APPROVe trial and Trelle NMA of RCTs. Assuming that 

the distribution of residual confounding and misclassification is similar across exposures 

this suggests that the results of the IPD MA might be somewhat biased to the null and thus 

that the ‘true’ but unknown risk of acute MI with associated NSAIDs might be possibly be 

greater than what we found. 

 

We have specified the above in the manuscript to help with comparison with previous 

literature.  

 

 

3. Some of the data discussed in the methods section under “data sources and outcome" should 

be placed in the results section (8 databases, four had to be excluded...) 

 

We agree that these should be reported in the Results section and have moved the 

paragraph. 

 

 

4. What outcomes were selected? were they the primary outcomes for the original studies. 

 

The outcome of the IPD MA is acute myocardial infarction and this was also the primary 

outcome in original studies contributing IPD. We have specified this in the manuscript, 

which now reads: 

 

“The similarity of definition and ascertainment of cases of acute MI and controls 

in each study confirmed the appropriateness of pooling in a meta-analysis (Web 

Table 3).” 

 

                                                                                                                                                                                   
21 Ross JS, Madigan D, Hill KP, et al. Pooled analysis of rofecoxib placebo-controlled clinical trial data: lessons 

for postmarket pharmaceutical safety surveillance. Arch Intern Med. 2009;169(21):1976-85. 
22 Baron JA, Sandler RS, Bresalier RS, et al. Cardiovascular events associated with rofecoxib: final analysis of 

the APPROVe trial. Lancet. 2008;372(9651):1756-64. 
23
 Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal anti-inflammatory drugs: 

network meta-analysis. BMJ. 2011;342:c7086 



8 

 

Why was the Quebec database used as the reference standard? 

 

The large RAMQ IPD dataset was created specifically for the purpose of this IPD MA, which 

required retrospective harmonization.  

 

Griffith et al. 24 write “To achieve IPD harmonization, investigators of any retrospective 

harmonization initiative will need to follow a series of practical steps…. Secondly, based on 

documentation obtained and the scientific aims of the harmonization initiative, variables 

targeted to serve as reference for data harmonization across studies are selected. A priori 

selection of variables targeted for harmonization is generally guided by a balance between 

enabling integration of a significant number of studies to provide the benefits of large 

sample sizes, while restricting integration to studies providing the lowest level of 

heterogeneity possible. Finally, following the identification of reference variables and the 

selection of studies collecting the valid information required to construct these variables, 

various methodologies can be applied to transform study-specific data items under the 

target variable format.” 

 

This above description fits our approach to retrospective harmonization. The reference 

variables in the IPD MA were those of the RAMQ dataset. We have removed the word 

‘standard’ in the revised manuscript as we realize that ‘reference standard’ may be 

confusing. The revised text reads as follows: 

 

“From the universal, computerized public insurance databases of Quebec, 

Canada, we created a nested case-control dataset (RAMQ), which served as 

reference for harmonizing the IPD from other studies.” 

 

 

5. I do not undertand how you used time. How did they account for the fact that some patients 

took NSAIDS for a while, then stopped, then resumed? 

 

We strived to faithfully account for time-varying use of NSAIDs, including stopping (thus 

being unexposed to NSAIDs for some time), resuming the previous NSAID, starting a new 

one, or switching between NSAIDs.  

 

The key for doing was creating episodes of NSAID use (or non-use) by using computer-

recorded variables in each healthcare database. For each continuous episode of NSAID use, 

we documented the daily dose and the duration of treatment.  

 

                                                        
24 Griffith L, van den Heuvel E, Fortier I, et al. Harmonization of Cognitive Measures in Individual Participant 

Data and Aggregate Data Meta-Analysis [Internet]. Rockville (MD): Agency for Healthcare Research and 

Quality (US); 2013 Mar. Introduction. Available from: http://www.ncbi.nlm.nih.gov/books/NBK132539/. 

Last accessed August 13, 2016. 
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So far in single observational studies or in their meta-analyses, NSAID exposure has 

typically been modelled using simple binary time-varying indicators of either current use 

(exposed or unexposed) or current dose (low or high dose). 25, 26  

 

Some of these studies have also separately explored the effect of categorized treatment 

duration and recency of use. 27, 28, 29 However, to more accurately relate acute MI to time-

varying NSAID exposure and to characterize the time course of risk, we felt it was best to 

combine information about dose, duration, and timing of past treatments – which is what 

we did for measurement and modelling of NSAID exposure in this IPD MA.  

 

Briefly, we represented time-varying use of NSAIDs by creating several multidimensional 

exposure categories with different indicator variables corresponding to the contribution of 

(i) recency of use, (ii) dose level, and (iii) treatment duration. The 8 indicator (dummy) 

NSAID exposure variables were: non-use, past use, recent use, current use for 1-7 days, 

current use at low daily dose for 8-30 days, current use at high daily dose for 8-30 days, 

current use at low daily dose for greater than 30 days, and current use at high daily dose 

for greater than 30 days. 

 

Please see also reply 5) to Reviewer 2 for additional information and illustration of how 

episodes of use were built, NSAID categorical exposure variables were created, and how 

these indicator variables were included in the IPD MA model. 

 

 

I think the authors should justify their use of some frequentist and some Bayesian analyses. 

They did both. As an informed but not sophisticated readers, I would like to know why they 

used both approaches.  

 

The IPD MA was preceded by a frequentist analysis of each study. This helped with setting 

up the IPD MA because it informed the between-study heterogeneity. Indeed, by doing a 

frequentist analysis, we could observe how the ORs of acute MI varied across the four 

studies for each NSAID exposure category. We however realize that the interest in 

frequentist analysis is essentially technical and that presenting frequentist and Bayesian 

                                                        
25 McGettigan P, Henry D. Cardiovascular risk with non-steroidal anti-inflammatory drugs: systematic review 

of population-based controlled observational studies. PLoS Med. 2011;8(9):e1001098. 
26 Varas-Lorenzo C, Riera-Guardia N, Calingaert B, et al. Myocardial infarction and individual nonsteroidal 

anti-inflammatory drugs meta-analysis of observational studies. Pharmacoepidemiol Drug Saf. 

2013;22(6):559-70. 
27 Hammad TA, Graham DJ, Staffa JA, et al. Onset of acute myocardial infarction after use of non-steroidal anti-

inflammatory drugs. Pharmacoepidemiol Drug Saf. 2008;17(4):315-21. 
28 Schjerning Olsen AM, Fosbol EL, Lindhardsen J, et al. Duration of treatment with nonsteroidal anti-

inflammatory drugs and impact on risk of death and recurrent myocardial infarction in patients with prior 

myocardial infarction: a nationwide cohort study. Circulation. 2011;123(20):2226-35. 
29 Varas-Lorenzo C, Riera-Guardia N, Calingaert B, et al. Myocardial infarction and individual nonsteroidal 

anti-inflammatory drugs meta-analysis of observational studies. Pharmacoepidemiol Drug Saf. 

2013;22(6):559-70. 
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results are not helpful for the reader. We have therefore removed mentions of frequentist 

analysis.  

 

 

Why is the Bayesian approach superior in this setting?  

 

In Bayesian analysis, combining prior information (as probability distributions) with the 

data on hand i.e. the current experience (via the likelihood) yields a posterior probability 

distribution for each parameter of interest, as follows: 

 

p(hypothesis) × p(data|hypothesis) ∝  p(hypothesis|data) 
prior probability  likelihood (frequentist p-value) Bayesian posterior probability 

 

1) For this research, one major reason for a Bayesian framework was the opportunity to 

make clinically useful inferences by using the posterior distributions above and beyond 

obtaining pooled estimates of acute MI risk. Indeed, one huge advantage of the Bayesian 

approach is that it allows making direct probability statements. Such probability 

statements, based on the posterior distribution of an outcome parameter (here the 

pooled ORs of acute MI), may allow comparing interventions or assessing whether 

certain thresholds of risk are exceeded. This is straightforward as it can be done by 

writing the appropriate corresponding lines of code in the model and monitoring the 

results as output of the Bayesian analysis. Panels (a) of Figures 2 to 6, Figure 7, and Web 

Extra 1 Figure 3 illustrate how we took advantage of these features of Bayesian analysis. 

Note also that these probability statements have a correspondence with the credible 

interval (CrI) in a Bayesian analysis (usually represented by the values of 2.5th percentile 

up to the 97.5th percentile of the posterior distribution). 

Take for example the summary OR of acute MI of 2.65 (1.46, 4.67) for rofecoxib >25 

mg/day used for greater than 30 days vs non-use. With a frequentist confidence interval 

(CI), which represents uncertainty through repetition of the experience, all OR values 

from 1.46 to 4.67 might seem equally likely in a repeated sampling of similar studies. In 

contrast, the Bayesian approach though it results in a numerically similar 95% credible 

interval also allows us to calculate that there is an 83% probability that this OR is 

greater than 2.00. This illustrates how useful the Bayesian approach is for decision 

making. 

 

In addition to allowing direct probability statements to be made, a one-stage Bayesian 

model had the following technical advantages: 30, 31 for this IPD MA: 

2) The available data for the IPD MA are gathered at multiple levels and therefore have a 

hierarchical structure. Within each of the four database studies (higher level of analysis), 

are the individual patients (lower level of analysis). We had the ability to fit a 

                                                        
30 Debray TP, Moons KG, van Valkenhoef G, et al. Get real in individual participant data (IPD) meta-analysis: a 

review of the methodology. Res Synth Methods. 2015;6(4):293-309. 
31 Spiegelhalter DJ, Myles JP, Jones DR, et al. Bayesian methods in health technology assessment: a review. 

Health Technol Assess. 2000;4(38):1-130. 
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hierarchical logistic regression model to as little as four studies, including for some very 

sparse or systematically missing exposure categories; 

3) We could explicitly model the heterogeneity between the four studies without having to 

choose a priori between a fixed-effect or a random-effects meta-analysis (as we would 

have had to do if using a frequentist framework); 

4) Unlike what we experienced in pilot work using a frequentist approach, the Bayesian 

framework allowed overcoming systematic missingness and retaining the NSAID 

exposures and the ‘IPD MA confounders’ that were available in each study. Hence we did 

not lose information on exposures and we adjusted for confounding as well as we could 

within the limitations of each dataset 

Furthermore, for NSAID exposure categories that were systematically missing in a given 

study, the Bayesian analysis permitted the estimation of an odds ratio and credible 

interval, despite the fact that values were missing for that study.  

The OR and CrI reported in Table 2 of the main manuscript for systematically missing 

exposures reflect the similarity (or exchangeability) of the data across the four studies. 

 

In our reply to Reviewer 2, we provide further technical details on the advantage of using a 

one-stage IPD MA for this research.  

 

 

The methodology is complex. I think it should be better described for average BMJ readers. 

The results of the Bayesian analysis have to be explained to a frequentist audience. 

 

Producing research that can easily translate into practice is one of the motivations for using 

a Bayesian approach and for expressing results as posterior probabilities of acute MI. This 

is not new to the BMJ readership and, in fact, the Trelle NMA of NSAIDs RCTs previously 

presented various adverse cardiovascular outcomes as Bayesian posterior probabilities 

(BMJ 2011;342:c7086, Figure 4).  

 

However, we do agree that the methodology is complex and we have tried to better 

describe it for the BMJ readers. Please see the revised manuscript.  

 

 

- Another editor was very interested in this from a clinical point of view and was supportive. 

 

We thank the editor for being supportive. Musculoskeletal disorders, which are a major 

indication for NSAIDs, are among the fastest-growing cause of worldwide disability. 32 

NSAIDs continue to be among the most prescribed 33 and advocated 34 therapies for the 

                                                        
32 Vos T, Barber RM, Bell B, et al. Global, regional, and national incidence, prevalence, and years lived with 

disability for 301 acute and chronic diseases and injuries in 188 countries, 1990-2013: A systematic analysis 

for the Global Burden of Disease Study 2013. Lancet. 2015;386(9995):743-800. 
33 Kingsbury SR, Gross HJ, Isherwood G, et al. Osteoarthritis in Europe: impact on health status, work 

productivity and use of pharmacotherapies in five European countries. Rheumatology (Oxford). 

2014;53(5):937-47. 
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treatment of OA; in fact, use of NSAIDs is ubiquitous. 35, 36 Consequently, although acute MI 

is a rare adverse event, given the high prevalence of NSAID use, we feel it is paramount 

from a population perspective to better understand the association of this adverse CV 

outcome with real-world NSAID use. 

 

 

- Another editor was not sure what the clinical implications are here. The problem is already 

well known and this offers no extra advice/evidence. 

 

Indeed, the problem is already well known, although perhaps not with a full recognition of 

the residual uncertainty (cf. the conventional view that naproxen is less cardiotoxic or 

cardioneutral). However current treatment guidelines promoting the lowest effective 

NSAID dose for the shortest possible duration 37, 38, 39 are not sufficiently informative. This 

work specifically addressed questions stemming from routine patient-centred clinical 

decisions such as initiating NSAID treatment, increasing the dose or renewing a 

prescription to extend continuous use, for which NSAID-specific guidance is currently 

lacking. We believe that this research contributes actionable extra advice/evidence.  

 

For example, we have found that the onset of NSAIDs-associated MI risk increase occurs 

within the first week of use and that use at high dose for 1 to 4 weeks is particularly 

harmful with naproxen and with ibuprofen. A clinician might consider this new information 

and decide not to use NSAIDs in a given patient. He or she might also opt to maintain a 

patient on a lower NSAID dose and seek alternative interventions for treating pain and 

inflammation.  

 

It is noteworthy that a recent systematic review of Clinical Practice Research Datalink 

(formerly GPRD) research in NICE guidance documents concludes there seems to be an 

increasing trend in the use of healthcare system data to inform clinical practice, especially 

as the real-world validity of clinical trials is being questioned. 40 

                                                                                                                                                                                   
34 da Costa BR, Reichenbach S, Keller N, et al. Effectiveness of non-steroidal anti-inflammatory drugs for the 

treatment of pain in knee and hip osteoarthritis: a network meta-analysis. Lancet. 2016 March 17. 
35 Conaghan PG, Porcheret M, Kingsbury SR, et al. Impact and therapy of osteoarthritis: the Arthritis Care OA 

Nation 2012 survey. Clin Rheumatol. 2015;34(9):1581-8. 
36 McGettigan P, Henry D. Use of non-steroidal anti-inflammatory drugs that elevate cardiovascular risk: an 

examination of sales and essential medicines lists in low-, middle-, and high-income countries. PLoS Med. 

2013;10(2):e1001388. 
37 American Geriatrics Society Panel on Pharmacological Management of Persistent Pain in Older Persons. 

Pharmacological management of persistent pain in older persons. J Am Geriatr Soc. 2009;57(8):1331-46. 
38 Abdulla A, Adams N, Bone M, et al. Guidance on the management of pain in older people. Age Ageing. 

2013;42 Suppl 1:i1-57. 
39 Scarpignato C, Lanas A, Blandizzi C, et al. Safe prescribing of non-steroidal anti-inflammatory drugs in 

patients with osteoarthritis--an expert consensus addressing benefits as well as gastrointestinal and 

cardiovascular risks. BMC Med. 2015;13:55. 
40 Oyinlola JO, Campbell J, Kousoulis AA. Is real world evidence influencing practice? A systematic review of 

CPRD research in NICE guidances. BMC Health Serv Res. 2016;16(1):299. 


