
4-Aug-2016  

 

Dear Ms. Bally  

 

Manuscript ID BMJ.2016.032781 entitled "Risk of acute myocardial infarction with NSAIDs in real-world use: a one-stage 

Bayesian meta-analysis of individual patient data"  

 

 

 

Thank you for sending us your paper. We sent it for external peer review and discussed it at our manuscript committee 

meeting. We recognise its potential importance and relevance to general medical readers, but I am afraid that we have not yet 

been able to reach a final decision on it because several important aspects of the work still need clarifying.  

 

We hope very much that you will be willing and able to revise your paper as explained below in the report from the manuscript 

meeting, so that we will be in a better position to understand your study and decide whether the BMJ is the right journal for it. 

We are looking forward to reading the revised version and, we hope, reaching a decision.  

 

 

Tiago Villanueva  

Assistant Editor  

tvillanueva@bmj.com  

 

https://mc.manuscriptcentral.com/bmj?URL_MASK=f71305301cf14bf6b3ba301e8139fa47  

 

 

**Report from The BMJ’s manuscript committee meeting**  

 

These comments are an attempt to summarise the discussions at the manuscript meeting. They are not an exact transcript.  

 

Members of the committee were: Elizabeth Loder (chair), Richard Riley (Statistician), Georg Roggla, Jose Merino, Rubin 

Minhas, Tiago Villanueva, Jessamy Bagenal, Tobias Kurth (written notes)  

 

Decision: Put points  

 

Detailed comments from the meeting:  

 

First, please revise your paper to respond to all of the comments by the reviewers. Their reports are available at the end of this 

letter, below.  

 

Please also respond to these additional comments by the committee:  

 

- 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)  

 

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

 

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

used.  

 

- 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 acetaminophen. He believed that this study would be of great 

interest for the readership of the journal.  

 

- 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? 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.  

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?  

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...)  

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

Why was the Quebec database used as the reference standard?  

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?  

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. Why is the Bayesian approach superior in this 



setting?  

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.  

 

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

 

- Another editor was not sure what the clinical implications are here.  The problem is already well known and this offers no 

extra advice/evidence.  

 

 

In your response please provide, point by point, your replies to the comments made by the reviewers and the editors, 

explaining how you have dealt with them in the paper.  

 

Comments from Reviewers  

 

Reviewer: 1  

 

Recommendation:  

 

Comments:  

Overall, the study addresses an important clinical question. A large cohort of patients studied with high numbers of patients 

with acute myocardial infarction - although the 4 databases did have heterogenous populations, this does help understand 'real 

world' data as the authors assert. The methodology used for the systematic review appears to be robust. However, as the 

authors point out, the number of different studies used were small (4) - with 4 studies excluded as data were not available due 

to restrictions placed - the addition of this data would have increased the strength of the authors' conclusions which is 

unfortunate.  

 

The authors have identified a number of limitations to the study but overall I feel that the conclusions stated adequately reflect 

the data that has been analysed.  
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Please enter your name: Rahul Mukherjee  

 

Job Title: NIHR Academic Clinical Fellow in Cardiology  

 

Institution: King's College London  

 

Reimbursement for attending a symposium?: No  

 

A fee for speaking?: No  

 

A fee for organising education?: No  

 

Funds for research?: Yes  

 

Funds for a member of staff?: No  

 

Fees for consulting?: No  

 

Have you in the past five years been employed by an organisation that may  

in any way gain or lose financially from the publication of this paper?: No  

 

Do you hold any stocks or shares in an organisation that may in any way  

gain or lose financially from the publication of this paper?: No  

 

If you have any competing interests <A HREF='http://www.bmj.com/about-bmj/resources-authors/forms-policies-and-

checklists/declaration-competing-interests'target='_new'> (please see BMJ policy) </a>please declare them here:  

 

 

Reviewer: 2  

 

Recommendation:  

 

Comments:  

 

This is a very interesting and generally well conducted Bayesian meta-analysis. Some of the limitations of the study are well 

noted, and I think in general the authors have done as well as they could. They did a systematic review to identify relevant 

databases, followed by IPD meta-analysis of 4 of these. Only 4 out of 8 databases were obtained. But they argue this was for 

independent reasons to the research question, and I am sympathetic to this. It is hard to get all the data desired, and they 

have done the best they can in this situation, whilst noting the limitation. I like, very much, the probabilistic inferences from 

the analysis (e.g. Fig 2),  



 

However, I do have some areas for clarification as the reporting of the methods needs to be more detailed in places.Indeed, 

the longer I spent reading it, the more confused I was becoming to be honest.  

 

1) Looking at ‘real-world’ evidence is important. But these are observational studies. It is debatable how real world this is, 

though it could be strongly argued that the population is more real world than an RCT. Yet, the issue of confounding then 

comes into play.  I think there should be more objective discussion about whether this is indeed ‘real world’.  

 

2) I urge the authors to tone down, indeed remove, causal language. E.g.: “In real-world use, all NSAIDs – including naproxen 

– appear to increase the risk of acute MI”.  It is associated with an increase, but this suggests it does increase directly.  

 

They are associated with an increased risk, but do they actually increase it?  

Another example “rofecoxib is systematically more cardiotoxic …”  

 

3) Confounders were included, and were pre-defined based on a detailed process. I like that (avoid data dredging in the main 

analysis). But the list of confounders is not documented in the methods.  

 

4) I like aspects of the Bayesian analysis. Clustering is accounted for, and the prior distributions are informed by prior 

evidence, which is sensible and I think the authors should be applauded for taking this viewpoint.  

 

But some of the modelling is somewhat black box. In particular, for each confounder, was a different adjustment term included 

per study? Or was a common one assumed?   Are there random effects in the analysis? On which variables?  I would like to 

see the 1-stage model given in full (in equation form) and all parameter estimates provided (e.g. in supplementary material).  

 

5) Most importantly, the analysis uses logistic regression, but why is a survival model not used? I assume that patients are 

dropping out over time, and there is censoring.  Logistic regression would only be sensible if follow-up was complete up to 1 

particular time-point … but that is not clear here.  

 

6) How was the use of treatment over time accounted for? What if they stopped then re-started?    

 

7) Could important confounders been missed?  

 

8) The databases possibly also contain clustering, for example by hospital, region, practice etc, but it is not clear if this was 

handled.    

 

9) Many of the issues above may be addressed by reporting better, by drawing from PRISMA-IPD.  

Stewart LA, Clarke M, Rovers M, et al. Preferred Reporting Items for Systematic Review and Meta-Analyses of individual 

participant data: the PRISMA-IPD Statement. Jama 2015;313(16):1657-65.  

 

10) There were systematically missing predictors (confounders not recorded by 1 or more studies) and these were assumed to 

be completely missing at random. But that does not explain how they could be included in the 1-stage analysis when they were 

missing. It depends on the modelling structure, and we need more details about how other confounders were included.  

 

11 But I am pleased to see a sensitivity analysis on this, though it is hidden in the discussion: “To examine how possibly 

imperfect adjustment resulting from systematically missing confounders might affect estimates of acute MI, we compared 

results of the RAMQ study obtained with two adjustment strategies – full set of confounders available in this study versus only 

those confounders that are common to the four studies comprised in the IPD MA. Only adjusting for common confounders in 

the RAMQ study had a limited effect on the estimates obtained from fully adjusted models (Web Table 12).”  

I suggest this is actually moved to the results, and the methods of this sensitivity analysis actually detailed in the Methods 

section  

 

12) I wonder, could the authors use the approach outline here to deal with systematically missing predictors? It is a simply 

approach, and just  slight extension of their sensitivity analysis anyway:  

1. Fibrinogen Studies Collaboration, Jackson D, White I, et al. Systematically missing confounders in individual participant data 

meta-analysis of observational cohort studies. Stat Med 2009;28(8):1218-37.  

 

13) I do not see what the word ‘one-stage’ adds to the title.  

 

14) “adjusted median pooled odds ratios”: this is not very easy for the BMJ reader to interpret. I would call them summary 

adjusted odds ratios, and in the methods simply explain that these are the median values from the posterior distribution.  

 

15) It is not always clear (e.g. in the abstract) who the comparison group is. Those not taking NSAIDs? It is not stated.  

 

16) It says there is at least an 80% probability of increasing MI risk by X-Y%. This does not make sense to me. Why restrict it 

to a category, and not simply say by at least X%.?  

 

17) The abstract does not give us the summary meta-analysis results (ORs), despite detailing them in the short methods.  

 

18) The ORs relate to what time-point?  

 

19) I was extremely confused when the authors suddenly mentioned cases and controls, as I had assumed that databases 



essential represent a cohort study. This needs to be clarified. “. Differences in local prescribing habits during the study period – 

including uptake of coxibs in the various study jurisdictions, 54-56 and in matching strategies – may explain the observed 

contrasting prevalences of exposure on index date (MI for cases, matched date for controls – See Web Table 2 for details on 

matching) within- and between studies”.  

 

This issue relates to point 15 and the comparison group I sense.   If there is no comparison group, then how do we know we 

have increased risks?  

 

20) How were covariates such as ‘use for 1 to 7 days’ included in the model?  And again, what is the comparison group?  This 

analysis suggests that the model is looking at interactions between effects and covariates like duration, but how was this 

modelled. See for example below on the need to carefully model interactions in a 1-stage analysis  

 

. 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.  

Riley RD, Steyerberg EW. Meta-analysis of a binary outcome using individual participant data and aggregate data. Journal of 

Reseach Synthesis Methods 2010;1:2-9.  

 

21) I struggle with the main conclusion that “For celecoxib, risks of acute MI do  

not appear to be greater than those of t-NSAIDs and are lower than those of rofecoxib” – Figure 7 nicely shows the 

probabilities that one is the best. But can we believe these? These are not randomised comparisons, so the authors should be 

very careful.  If the authors are to make inferences about which drug is best/worst, then they need to be extremely cautious 

here and justify why.  It relates to the causality issue, how many confounders were adjusted for, whether there are missing 

confounders etc.  

Though the findings are interesting, surely the findings need to be tempered considerably?  

 

Anyway, I wil stop there. In summary, there is much that I like, and the authors have done a considerable piece of work. But 

there is lack of clarity and over-stating of strength of findings, in my opinion. Thus it is too preliminary for the BMJ to make a 

decision on this article, until these issues are resolved and clarified.  

 

I hope my comments help the authors improve the article going forward.  

Richard Riley, BMJ Statistics Editor.  
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Reviewer: 3  

 

Recommendation:  

 

Comments:  

The paper by Bally et al is a Bayesian, individual patient level data, meta-analysis of observational cohort studies investigating 

the risk of acute MI associated with NSAID use.  The authors used state-of-the-art advanced health services research 

methodology to perform a sophisticated analysis.  They utilized a systematic review though really a convenience sample of 



datasets that permitted access to and pooling of IPD.  They performed multidimensional analysis to capture time-varying 

NSAID use and claim to have identified all potential confounders and risk factors for the outcome based on substantive 

knowledge and literature search.  

 

However, my key issue with their methods is the critical consideration of a control group, and the major confounder of the 

entire analysis for which both are not at all dwelled on for any period of time in the methods, discussion, or limitation section, 

yet it seems to me the most pivotal decision for which the entire analysis hinges on.  First, take the major confounder not 

discussed which is the indication for taking a pain relief drug for any period of time, which is the underlying exacerbation of 

pain symptoms, or typically an acute viral systemic illness, which is not at all captured using simple administrative health 

terms/coding.  No where is this indication discussed, or the potential for either to act as a major confounder for triggering use 

of NSAIDs and an acute MI, such as by increases in SNS/HTN/tachycardia/fever/and other potential mechanisms discussed at 

length in the literature.  Moreover, none of the methods currently account or come close to triangulate this bias by indication. 

 Yes the investigators account to the extent possible for propensity to be treated with one over another NSAID, but merely by 

showing the acute nature of the associated risk, typically consistently elevated across all drugs in the class, without much of an 

impressive dose-response association with risk, suggests an acute intercedent indication to take these drugs is unaccounted 

for.    

 

How best to mitigate the risk of this competing bias?  I suggest, as has been performed numerously throughout the literature 

of high quality health services research when an issue like this arises, is to compare the risk associated with these NSAIDs to 

an active control.  Although this may seem challenging, in fact there is a very good active control therapy which tracks with 

either indication (pain or fever) sufficiently well enough that results, which presumably will be attenuated, can be interpreted 

robustly if a significant bump in risk remains - that is acetaminophen use.  I imagine the reason this active control was not 

selected was because of the challenge of capturing the use of an OTC medication, however that remains the threshold for the 

authors to overcome in ultimately proceeding with analyzing only that data which provides an active control, otherwise there is 

no method of mitigation that can avoid this potential bias.    

 

The other, not alternative but complimentary, methodologic approach to consider such a factor is to select an alternative 

outcome in a sensitivity analysis that also would be expected to be associated with pain/fever/viral illness but not considered 

an outcome associated with NSAID use, to determine if such an unmeasured confounder is truly acting within these analyses. 

 I'm not sure off hand whether I have a solution to provide here, seeing that acute kidney injury or GI outcomes would also not 

help here, but some capture of dehydration might. Such a 'negative control/tracer' outcome would be handy here to at least to 

demonstrate and quantify the impact of my proposed unmeasured confounder.  

 

Without either major revision to address these potential limitations, I'm very concerned an alarmist analysis without 

appropriate consideration of the intrinsic indication for use (I emphasize again that pain or fever are neither at all discussed 

throughout the paper) and its potential impact on MI risk will result in the avoidance of pain/fever medication, some of which 

may in fact not increase risk beyond that of acetaminophen, translating into millions of ill patients avoiding these drugs 

(including acetaminophen by association due to misinterpretation) and prolonged exposure to my suggested mediating factors 

that ironically could paradoxically lead to an increase in adverse MI events.  
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Reviewer: 4  

 



Recommendation:  

 

Comments:  

The authors report the results of a Bayesian meta-analysis of individual patient data sourced from health care databases. They 

aimed to examine the effects of individual NSAID dose and duration of use on the risk of acute myocardial infarction. The study 

is well-done and interesting.  

Please find below a few comments:  

(i) Is there a registered protocol for this IPD meta-analysis? Please clarify.  

(ii) The authors miss to discuss, in the Limitations Section, that because of the observational nature of the data included in this 

meta-analysis, associations may have been confounded by unknown or unmeasured factors associated with both exposure and 

outcome.  

(iii) Post-marketing observational data lack the experimental random allocation which is necessary to optimally test exposure-

outcome hypotheses. Such data often leave open to discussion whether events are associated with the exposure, or perhaps 

with the underlying diseases (indications of NSAIDs).  
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Reviewer: 5  

 

Recommendation:  

 

Comments:  

Dear Editors and Authors,  

 

Thank you very much for the opportunity of reviewing the rigorous meta-analysis examining NSAID use and a risk of 

myocardial infarction (MI). I am sorry my comments became late. The topic is of interest in clinical epidemiology over more 

than a decade and remains to be important, given that musculoskeletal pain is one of global burdens around the world.    

 

The first question coming up is if this study is really necessary given the evidence from available meta-analyses based on trials 

and based on observational studies in which effects of different dosage were evaluated.  The authors are saying yes, of course, 

but I wish to see a stronger argument than the current one. With this concern, the main comments are provided below. 

Overall, I was impressed by this manuscript, but am not confident to say this paper merits BMJ, BMJ’s readers and clinicians. 

Minor comments are reserved at this moment, I am afraid. I wish my comments are helpful and informative.  

 

Sincerely,  

 

Fumiaki Imamura  

MRC Epidemiology Unit  

University of Cambridge  

 

1. The strength of this study is not so convincing. The authors argue strengths of the estimations for ‘real world use’ and of 

dose and duration, above and beyond what meta-analysis of RCTs can achieve.  

 



However, the authors did not assess the degree of compliance with prescriptions of NSAIDS and other medications. The true 

effects of different dose and duration are not reliable. The approach is similar to intention-to-treat analysis in RCT.  

 

The authors also argue importance of this study by pointing out a lack of precision in prior RCTs. However, the authors’ 

estimates are not so precise, either. The uncertainty measures of estimates of different dose levels and durations are largely 

overlapping. In addition, precision changed easily by altering a prior uncertainty fed into Bayesian analysis according to one of 

supplementary tables. Therefore, it is not convincing that this study is strong enough to achieve the authors’ aims beyond 

available evidence from RCTs (Trelle et al., BMJ, 2011; NSAID Trialists’ Collaboration, Lancet, 2013).  

 

Moreover, the prior meta-analysis of NSAIDs in observational studies is also available, including evaluation of dose levels 

(Varas-Lorenzo et al., Pharmacoepidemiol Drug Saf, 2013), as cited by the authors. The authors’ approach of Bayesian analysis 

and IPD was fabulous, but there is no clear difference between this IPD meta-analysis and the prior one in terms of strength of 

evidence, information for audience, and influence on clinical medicine. Also, at least, this study does not provide strong 

information that alters available knowledge on NSAIDs.  

 

2. The inference from results and model fitting would not stop readers getting reluctant to interpret quantitative information.  

 

The main results documented in the abstract and the main text are based on 80% probability or more of adverse 

cardiovascular effects of NSAID. That indicates 20% probability of no harm or benefit; or indicates that the authors argue 

findings based on Bayes p-values < 0.20, not p < 0.05. Considering what readers are used to reading, all may need to be 

replaced with medians and 95% credible intervals from posterior distributions of estimates.    

 

As the authors did this study to provide information useful for clinicians, the authors may want to provide types of information 

clinicians are used to reviewing. In other words, the authors are providing information on what they estimated, but not 

highlighting common measures of strengths of evidence.  

 

3. It is not clear why the authors selected categorical variables to define dose levels and duration of treatment. If the authors’ 

interest was in dose levels and duration, the authors should not lose continuous information by creating crude categories. The 

rationale of the categorisation is missing.  

 

In other words, the authors assumed that 100 mg/day of celecoxib has the same effect as 200 mg/day of celecoxib, by 

creating a category of ‘low’ dose <=200 mg/day. By doing that, the authors cannot argue the strength of this study on effects 

of different dose levels.  

 

4. The authors estimated odds ratios to association of NSAID use with MI risk. When the authors state ‘risk’, this would let 

readers interpret that the results reflect the risk of developing MI among those free from heart disease. This is because, 

epidemiologically, ‘risk’ is probability of getting the event over a certain period of time among those without it.  

 

In this study, the authors included also adults who had a prior history of ischaemic heart disease (IHD) which included non-

fatal MI. Thus, the authors examined the first occurrence of MI among adults without history of IHD and also MI recurrence 

among adults with MI history.  

 

The authors should clearly state that this study evaluated both types of outcomes. Clinicians would anticipate much higher risk 

of MI when seeing adults with MI history than adults without MI history. Therefore, this study must let readers clearly and 

quickly recognise the inclusion of those with MI history and those without MI history.  

 

Moreover, the authors should do stratified analysis by MI history, at least.  

 

5. Considering the inclusion of adults with MI history or adults at very high risk of developing MI, developing other diseases, or 

dying, some assumption becomes concerning.  

 

The authors did adjustment for potential confounders that might have caused confounding by indication. Although the 

adjustment cannot get rid of the problem, that is a fair approach. But, the model assumes that there is no heterogeneity in 

effects of NSAIDs. Given the diversity of the clinical conditions and heterogeneity between the populations, how did the 

authors have confidence about the assumption?  

 

The authors estimated random effects of NSAIDs in addition to the main effects, assuming random heterogeneity in effects. 

Unlike a report from a meta-analysis in general, no measures of heterogeneity are presented in this manuscript. The authors 

should present them, explore sources of heterogeneity, and discuss implications from potential heterogeneity of effects.  

 

6. As commented above, the authors examined a population including people with prior history of major clinical events, i.e. at 

a high risk of dying. The authors examined effects of interest in populations derived from mainly nested case-control studies. 

In a risk-set sampling, participants evaluated ought to be survivors until the time of an outcome (MI), thereby ignoring anyone 

who died due to non-MI causes. Non-MI causes could include congestive heart failure (CHF) which appeared to be related to 

NSAID use (Lancet, 2013).  

 

One of the limitation in this study is missing approach to handling competing risk. Sensitivity analysis to examine robustness 

against possible competing risk is necessary.  Overall conclusion in the Abstract and in the Discussion should also account for 

the possibility. Discussion on this issue would have to be discussed.  

 

7. The tone of language should be revised throughout. For example, the authors argued that “We identified all potential 



confounders and risk factors for outcome based on substantive knowledge and …”.  The authors did not capture any continuous 

characteristics of blood pressure measures, blood cholesterol levels, and any lifestyle characteristics except smoking.  With 

possibility of residual confounding, which can be argued limitlessly, some degrees of uncertainty should be apparent in 

sentences.  
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