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Core re-submission 

For manuscript Risk of acute myocardial infarction with NSAIDs in real-world use: a 

Bayesian meta-analysis of individual patient data (BMJ.2016.036777 cross-references 

BMJ.2016.032781 and BMJ.2016.032781.R1). 

 

 

February 12, 2017 

 

 

Dear Editor, 

 

Many thanks for considering our manuscript once more.  

 

It not surprising there was perceived tension between the manuscript and the appeal letter 

in our previous submission. The intended manuscript – which was aligned with the request 

for appeal – was not part of the submission package. Instead, I uploaded the earlier version. 

Sincere apologies to everyone for various consequences resulting from this mix-up. 

 

I wish to emphasize that we are most grateful for the expertise and time that reviewers and 

editors have contributed at every step of this continued review. No doubt, the mismatch of 

the manuscript and appeal letter must have been taxing. On a positive note, this last round 

of comments and questions has proved quite helpful towards, what we hope, is a more 

transparent and clearer account of the systematic review.  

 

In response to Dr Deeks comment that we explain how the study selection unfolded, I 

provide below the sequence in which decisions were made.  

 

Systematic Review Milestones 

In August 2006, Dr James Brophy (Professor of Epidemiology and Cardiology, McGill 

University) invited lead investigators of population-based studies of NSAIDs and MI risk to 

join in a collaborative effort to perform a patient level meta-analysis (IPD MA). This 

initiative aimed at increasing precision in the measurement of risk associated with both 

COX-2 selective and traditional NSAIDs, and at examining the dose response relationship, 

the timing, and the extent of any increased MI risk, for each NSAID.  

 

Within just a few weeks, all 8 investigators approached had confirmed their willingness to 

participate. Then, the wait for IPD started. By July 2007, aside for our own small published 

RAMQ study, only 2 datasets (GPRD and Finland studies) had received required permission 

from the data custodian. IPD access had been denied for 1 study and decision was pending 

for the other 4. After a wait of 18 months and still only 3 of 8 studies available, this 

international collaborative work seemed seriously threatened.  

 

In late 2009, I expressed a strong interest to embark on this IPD MA, which became the 

primary work of my doctoral thesis. The clinical questions remained unanswered and the 
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analytical approach was innovative; there were only a handful of drug safety meta-analyses 

performed on IPD sourced from healthcare databases – and even fewer using a hierarchical 

(one-stage) Bayesian approach. We secured a large population sample from the local health 

authorities (Province of Quebec, Canada) and then started working from scratch on what 

would be the foundation of the common structure for the data (the RAMQ study).  

In June 2010, we identified what would turn out to be the last available dataset 

(Saskatchewan study) in our IPD MA.  

 

Moving forward, in 2011, I made a decision to study MI risk over finely restricted time-

windows of NSAID use, during the first month of treatment. This led to taking a closer look 

at how NSAID exposure had been defined in all studies identified earlier in the systematic 

review, including 4 studies for which IPD access had been requested in 2006 and was still 

pending. It seemed nonsensical to continue seeking inclusion of such studies that defined 

current use as ‘use in the last 90 or 180 days’ – while in fact we were doing our best to 

harmonize definitions of ‘past’ ‘recent’, and ‘current’ NSAID exposure and to create 

exposure categories of ‘current use for 1-7 days’ and of ‘current use for 8-30 days’ in the 

studies on hand. Not only had we been unable to obtain IPD in the last 5 years, but even if 

we had eventually obtained those datasets, it was quite likely that they would never have 

been retrospectively harmonizable. 1 In fine, 7 studies (4 with IPD requested in 2006 and 3 

with IPD never sought) were determined to be ‘not-suitable for answering the research 

question’ (see Table p 5-6 of this Core-re-submission).  

 

A statement in the Discussion of the revised manuscript (dated February 12, 2017) sums-

up the systematic review and IPD MA design: 

“Through its inclusion and exclusion criteria and the definition of exposures, this 

patient-level meta-analysis aimed to emulate the design of a large, pragmatic 

randomized trial 2 comparing the main NSAIDs and coxibs in the general 

population.” 

 

The study objectives, design, and research questions and the systematic review process are 

further reflected in the following paragraphs of the manuscript: 

“We performed an individual patient data meta-analysis (IPD MA) of healthcare 

database studies to determine, for the main NSAIDs, the time course of acute MI 

risk and the effects of dose and of duration of continuous use. To address these 

objectives, we designed our study so as to capture the complex time-varying 

nature of NSAID use. We verified that NSAID exposure measurement was 

etiologically correct then examined various aspects of exposure that are relevant 

to the MI outcome – including recency of use and the combined effect of dose and 

                                                        
1 Harmonization: The process through which variables from different time periods, sources, or jurisdictions 

are made to be inferentially equivalent and thus can be considered common data. Source: Pan-Canadian Real-

world Health Data Network (PRHDN) Glossary.  May 7th, 2015. Available at: 

https://www.prhdn.ca/Other%20Documents/PRHDN%20Glossary%207May15.pdf. Last accessed February 

6, 2017.  
2 Hernán MA, Robins JM. Using Big Data to emulate a target trial when a randomized trial is not available. Am J 

Epidemiol. 2016 Apr 15;183(8):758-64. 
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duration. To optimize the power to make useful clinical inferences we studied a 

large real-world patient sample.” 

 

“We assessed the appropriateness of each study for meeting the IPD MA objectives 

and design. As a first step, we selected studies that: (i) documented acute MI 

separately from other CV outcomes; (ii) compared acute MI risk in NSAID users 

with non-users; (iii) separately considered both traditional (t-NSAIDs) and COX-2 

selective NSAIDs; (iv) were conducted in the general or an elderly population; (v) 

allowed for analyses corresponding to exposure time windows of interest; and (vi) 

minimized the effects of confounding by indication or by contraindication and of 

selective prescribing. This was implemented 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. As a second step, we checked that the study was suitable for 

characterizing the time course of MI risk and the NSAID dose and duration effects.” 

 

We emphasize that the association between rofecoxib and risk of myocardial infarction 

played no role in selection of a study, in other words a ‘rofecoxib-MI relationship’ was not 

used for including or excluding any studies. The current manuscript states: 

 

“The full text of 82 studies was screened for eligibility. Of these, 67 were excluded on 

the basis of one or more of the criteria outlined above. Of the 15 studies eligible for 

further consideration, 7 were excluded because the definition of exposed time 

precluded valid pooling of patient-level data while permission to access IPD was not 

obtained for another 4 studies. In Web Appendix 1, Figure 1 presents the study flow 

and Tables 2 to 4 provide lists of excluded studies with reasons.” 

 

From Web Appendix 1 presenting detailed reasons for each excluded studied, we have 

reproduced below, for convenience, the study flow and two tables (studies found not 

suitable and studies with denied access to IPD as reason for exclusion). 
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Figure – Study flow in the one-stage Bayesian IPD MA of NSAIDs and risk of acute MI 
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Table – Studies found not suitable for answering research question 

Study Reasons for exclusion 

1. Mamdani M, Rochon P, Juurlink DN, et al. Effect of selective 

cyclooxygenase 2 inhibitors and naproxen on short-term risk of 

acute myocardial infarction in the elderly. Arch Intern Med 

2003;163:481-6. 

Survival run-in period when analysing outcome (immortal time bias) 

“To exclude sporadic users of NSAID therapy, we included only individuals 

who were dispensed at least 2 successive prescriptions and who received 

enough drug for at least 30 days of observation.” 

Access to IPD not requested 

2. Kimmel SE, Berlin JA, Reilly M, et al. Patients exposed to 

rofecoxib and celecoxib have different odds of nonfatal 

myocardial infarction. Ann Intern Med 2005;142:157-64. 

Potential for important misclassification of exposure (due to possible recall 

bias) 

“We collected exposure and covariate data for all case-patients and controls 

by using the same structured telephone interview. “ 

“To maximize the validity of drug exposure information, case-patients were 

interviewed only if they could be reached within 4 months of their MI. 

Controls were interviewed within 4 months of their initial identification to 

prevent selection bias. “  

“The a priori definition of exposure was any nonselective NSAID, COX-2 

inhibitor, or aspirin use within 1 week before the index date (the date of first 

onset of symptoms of MI for case-patients and the date of the telephone 

interview for controls).” 

Permission to access IPD requested but denied 

3. Graham DJ, Campen D, Hui R, et al. Risk of acute myocardial 

infarction and sudden cardiac death in patients treated with 

cyclo-oxygenase 2 selective and non-selective non-steroidal 

anti-inflammatory drugs: nested case-control study. Lancet 

2005;365:475-81. 

Potential for important misclassification of exposure (based on definition of 

‘current’ and ‘past’ use in the IPD MA, this study compared current use to 

past use) 

“Remote users were those whose drug supply ended more than 60 days 

before the index date … We used conditional logistic regression to compare 

current exposure to a specific NSAID with remote exposure to any NSAID.” 

Permission to access IPD requested but denied 

4. van der Linden MW, van der Bij S, Welsing P, Kuipers EJ, 

Herings RM. The balance between severe cardiovascular and 

gastrointestinal events among users of selective and non-

selective non-steroidal anti-inflammatory drugs. Ann Rheum 

Dis 2009;68:668-73. 

Potential for important misclassification of exposure (based on definition of 

‘current’ and ‘past’ use in the IPD MA, this study compared current use to 

past use) 

“Subjects were defined as current users if the duration of the COX-2 inhibitor 

or t-NSAID prescription closest to and preceding the event date overlapped 

with that date. Remote users were those whose drug supply ended more 

than 60 days prior to that date.” 
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Study Reasons for exclusion 

“Risk of first hospitalisation for acute myocardial infarction … with current 

use of cyclo-oxygenase 2 (COX-2) inhibitors and traditional non-steroidal 

anti-inflammatory drugs (tNSAIDs), compared to remote use” 

Access to IPD not requested 

5. Johnsen SP, Larsson H, Tarone RE, et al. Risk of hospitalization 

for myocardial infarction among users of rofecoxib, celecoxib, 

and other NSAIDs: a population-based case-control study. Arch 

Intern Med 2005;165:978-84. 

Potential for important misclassification of exposure (based on exposure 

definitions in the IPD MA, current use in this study may correspond to either 

‘current’ or ‘recent’ use in the IPD MA) 

"We classified individuals according to their most recent use: current users 

(having filled a prescription within 0-30 days) ... or nonusers (no recorded 

prescriptions for any nonaspirin NSAID before index date)." 

Permission to access IPD requested but denied 

6. Hippisley-Cox J, Coupland C. Risk of myocardial infarction in 

patients taking cyclo-oxygenase-2 inhibitors or conventional 

non-steroidal anti-inflammatory drugs: population based 

nested case-control analysis. BMJ 2005;330:1366. 

Time dependency of drug exposure not adequately established (based on 

exposure definitions in the IPD MA, current use in this study may correspond 

to ‘current’, ‘recent’ or ‘past’ use in the IPD MA) 

“We coded the time since last prescription as not prescribed within the past 

three years, prescribed within 90 days (defined as current use) ...” 

Permission to access IPD requested but denied 

7. Abraham NS, El-Serag HB, Hartman C, Richardson P, Deswal A. 

Cyclooxygenase-2 selectivity of non-steroidal anti-

inflammatory drugs and the risk of myocardial infarction and 

cerebrovascular accident. Aliment Pharmacol Ther 

2007;25:913-24. 

Time dependency of drug exposure not adequately established (based on 

exposure definitions in the IPD MA, current use in this study may correspond 

to ‘current’, ‘recent’ or ‘past’ use in the IPD MA) 

“The incidence density (number of events⁄person-years of follow-up) of MI 

and CVA was calculated for the 180 days following index prescription.” 

Access to IPD not requested 
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Table – Studies excluded due to denied access to patient-level data 

Study Risk of acute myocardial infarction (MI) with NSAIDs estimated by 

1. Solomon DH, Avorn J, Sturmer T, Glynn RJ, Mogun H, 

Schneeweiss S. Cardiovascular outcomes in new users of coxibs 

and nonsteroidal antiinflammatory drugs: High-risk subgroups 

and time course of risk. Arthritis Rheum 2006;54:1378-89. 

Incidence rate ratio for current use of NSAID (based on pharmacy dispensing 

records) compared with non-use 

“Longitudinal exposure was assessed on a daily basis starting with the index 

date.” 

2. Garcia Rodriguez LA, Tacconelli S, Patrignani P. Role of dose 

potency in the prediction of risk of myocardial infarction 

associated with nonsteroidal anti-inflammatory drugs in the 

general population. J Am Coll Cardiol 2008;52:1628-36. 

Incidence rate ratio for current use of NSAID (based on prescription writing) 

compared with nonuse (defined as no recorded use in the year before the 

index date) 

“We categorized exposure to NSAIDs into mutually exclusive time windows... 

Duration of use was computed summing the days included in the time frame 

of “consecutive“ prescriptions…” 

3. Gislason GH, Rasmussen JN, Abildstrom SZ, et al. Increased 

mortality and cardiovascular morbidity associated with use of 

nonsteroidal anti-inflammatory drugs in chronic heart failure. 

Arch Intern Med 2009;169:141-9. 

Hazard ratio for current use (based on pharmacy dispensing records) 

compared with non-use 

4. Ray WA, Varas-Lorenzo C, Chung CP, et al. Cardiovascular risks 

of nonsteroidal antiinflammatory drugs in patients after 

hospitalization for serious coronary heart disease. Circ 

Cardiovasc Qual Outcomes 2009;2:155-63. 

Incidence rate ratio for current use of NSAID (based on pharmacy dispensing 

records) compared with non-use of any NSAIDs in the past 365 days 

“Each person-day of follow-up was classified according to current use of 

individual NSAIDs.” 
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Are the results of this IPD MA affected by selection bias? Although selection bias can 

never be ruled out in meta-analysis, we provide empirical evidence that it is unlikely.  

 

The causal diagram below, represents how selection bias – structurally, a collider 

stratification bias – would theoretically arise from excluding studies. However, this was 

not the case since data custodians denied access to IPD for reasons that centred on 

ethico-legal issues related to cross-border transfer of IPD, which were completely 

independent of MI rates in the study. 

 

Figure – Lack of selection bias from non-inclusion of healthcare database studies in the one-stage 

Bayesian IPD MA of NSAIDs and acute MI 

 

We propose the following text for the manuscript: 

 

“Of 8 eligible studies 4 ultimately had to be excluded solely because of ethico-

legal restrictions placed by health authorities on transfer of IPD to third parties. 

Selection bias, denoting a common effect of two variables,3 was not expected to 

occur since denied access to patient-level data was completely independent of 

acute MI findings in the study. Web Appendix 1 – Figures 2 to 6 [reproduced 

below on p. 10-12, for convenience] show that the unavailability of 4 studies did 

not result in bias. However, it did reduce statistical power, affecting the 

precision around estimates of MI risk in the IPD MA.” 

 

The usual practice in aggregate data (AD) meta-analysis is to pool studies irrespective of 

internal validity, and perhaps conduct sensitivity analyses based on quality. Did 

exclusion of the 7 studies found ‘not-suitable given the research question’ induce bias?  

Selection bias is always possible however our approach had major benefits for 

mitigating information bias. Why? 

 

Recall that the creation of a common data structure entailed preserving the fine balance 

between gaining precision and inducing information bias as a result of harmonization. 

The ‘recency-dose-duration’ NSAID exposure is multidimensional and therefore so is its 

measurement error. Moreover, the NSAID exposure encompasses three sources of 

misclassification: a first one due to drug dispensing being a proxy for actual drug intake, 

                                                        
3 Hernán MA, Hernandez-Diaz S, Robins JM. A structural approach to selection bias. Epidemiology. 2004 

Sep;15(5):615-25. 
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a second that is inherent to each source for the raw data (i.e. the administrative health or 

medical databases), and a third source of misclassification that is induced by 

compromises made by the researcher when creating the common data structure from 

various definitions of the original exposures variables. 

 

Therefore, while selection bias always deserves attention, we believe that information 

bias due to misclassification of NSAID exposure warranted very close scrutiny in this IPD 

MA. Indeed, bias due to misclassifying NSAID exposure or the reference group is 

insidious. Measurement error may appear benign when in fact it may greatly threaten 

the internal validity of a meta-analysis addressing time-related effects –especially if the 

time periods of interest are narrow.  

 

With our experience, applying to this IPD MA of healthcare database studies, the 

traditional approach to standard aggregate data meta-analysis – of pooling all studies 

and then performing sensitivity analyses – would have substantially decreased efficiency 

and, in fact, jeopardized its very feasibility. We have described earlier the wait time for 

datasets (the clock started ticking 10 years ago) but must also point to additional steps 

required for IPD MA of healthcare databases. Good practice calls for replicating results of 

the original study, which involves wait time to get the programs used to produce original 

results while mastering the specificities of each healthcare database. One then works 

with the data provided by the Investigator, which can be more or less granular, thus 

complicating harmonization. Also, the long run time for such large Bayesian hierarchical 

models can become a stumbling block.   

 

And so, as summarized in this excerpt from the manuscript, we submit that excluding a 

study before meta-analysing the data was efficient and improved the overall internal 

validity of the IPD MA: 

 

“The common practice in aggregate data (AD) meta-analysis is to pool studies 

irrespective of internal validity, and perhaps conduct sensitivity analyses based 

on quality. We opted to assess whether or not candidate studies were adequate 

at the IPD MA design stage. This offered important gains in efficiency, improved 

the control of confounding, and minimized measurement error. Indeed, given 

this meta-analysis objectives, not excluding studies with misclassified exposed 

time or with incompatible exposure definitions might have induced information 

bias. Web Appendix 1 – Figures 2 to 6, created post-study selection, [reproduced 

on p. 10-12 for convenience] suggest this approach was an acceptable trade-off 

and did not lead to biased selection of studies.” 
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Figure – Acute MI risks with Celecoxib according to study contribution to IPD MA:  

1) excluded, not suitable given research question; 2) excluded, denied access to IPD; 3) included 

 

 

Figure – Acute MI risks with Diclofenac according to study contribution to IPD MA:  

1) excluded, not suitable given research question; 2) excluded, denied access to IPD; 3) included 
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Figure – Acute MI risks with Ibuprofen according to study contribution to IPD MA:  

1) excluded, not suitable given research question; 2) excluded, denied access to IPD; 3) included 

 

Figure – Acute MI risks with Naproxen according to study contribution to IPD MA:  

1) excluded, not suitable given research question; 2) excluded, denied access to IPD; 3) included 

 

1
.4

1
.8

2
.2

2
.6

3
.4

0
.2

0
.6

1
.0

3
.0

R
is

k
, 
ra

te
, 
o
r 

o
d

d
s
 r

a
ti
o

Graham '0
5‡

V d Linden'09‡

Hippisley-C
 '0

5¶

Abraham '0
7a

Solomon '0
6

Garci
a-R

 '0
8

Gislason '0
9

Ray '0
9

RAMQ

Helin
-S

 '0
6

Anderso
hn '0

6

Varas-L '0
9

Observational studies according to contribution to IPD MA

95% confidence interval Acute MI (or CHD death) point estimate

‡ Reference= remote users (end supply >60 days)   ¶ 'Current'=Rx in last 90 days

a 'Current'=Rx in last 180 days

Excluded, not suitable                     Excluded, denied access to IPD                          Included in IPD MA
given research question

Adjusted risk of acute MI with current NSAID use vs non-use

Ibuprofen

1
.4

1
.8

2
.2

2
.6

3
.4

0
.2

1
.0

3
.0

0
.6R

is
k
, 
ra

te
, 
o
r 

o
d

d
s
 r

a
ti
o

Mamdani '0
3*

Kim
mel '0

5†

Graham '0
5‡

V d Linden'09‡

Johnsen '0
5§

Hippisley-C
 '0

5¶

Abraham '0
7a

Solomon '0
6

Garci
a-R

 '0
8

Gislason '0
9

Ray '0
9

RAMQ

Helin
-S

 '0
6

Andersohn '0
6

Varas-L '0
9

Observational studies according to contribution to IPD MA

95% confidence interval Acute MI (or CHD death) point estimate

* Immortal time bias   † Possible recall bias   ‡ Reference= remote users (end supply >60 days)

§ 'Current'=Rx in last 30 days   ¶ 'Current'=Rx in last 90 days   a 'Current'=Rx in last 180 days

Excluded, not suitable                               Excluded, denied access to IPD              Included in IPD MA
given research question

Adjusted risk of acute MI with current NSAID use vs non-use

Naproxen



 

12 

 

Figure – Acute MI risks with Rofecoxib according to study contribution to IPD MA:  

1) excluded, not suitable given research question; 2) excluded, denied access to IPD; 3) included 
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(NMA) of RCTs, shows that the risk of MI events with rofecoxib – which is twice that of 

placebo – is robust to outcome adjudication (2nd column) and to protection conferred by 

cardioprotective aspirin (4th column). In this NMA or RCTs, poor generalizability is also 

shown since MI risk in the main clinical indication of musculoskeletal diseases is highly 
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Figure – Cumulative meta-analysis of cardiovascular thrombotic events and all-cause death with 

rofecoxib versus placebo reported in RCTs 4 

 
Figure – Result of sensitivity analysis of risk of MI with rofecoxib in the network MA of RCTs 5 

                                                        
4 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. 
5 Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal anti-inflammatory drugs: 

network meta-analysis. BMJ. 2011;342:c7086 
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We do agree that excluding a study on the sole basis of a ‘rofecoxib-MI relationship’ 

should cause concern for selection bias. But, as we have clarified, there was no such 

exclusion criterion in this IPD MA.  

 

This document is the core re-submission. We answer additional reviewer-specific 

questions in the companion attachments. We do hope that we have addressed all 

concerns. 

 

Once more, sincere thanks to reviewers and editors for their patience and support.  

 

 
Michèle Bally 

 

 

Michèle Bally, BPharm, MSc, PhD 

Epidemiologist, Department of Pharmacy, Centre hospitalier de l'Université de Montréal 

(CHUM) and CHUM Research Institute 
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Reviewer: 4 

 

In preparing this review I have considered both the manuscript and the appeal from the 

authors. 

 

The authors have completed a combined analysis of four datasets based on routine data 

sources to assess the relationship between commencing NSAIDs or Cox-2 inhibitors and 

subsequent risk of MI.   The quantity of data that has been analysed and the sophistication 

of the models used are impressive.  Although the Bayesian analysis is complex the 

complexity is necessary. The results are presented in an informative and helpful 

manner.   There is much in this manuscript for the authors to be proud of. 

However, I have concerns about the completeness and potential bias in the selection of 

studies included in this review, as discussed in the authors appeal letter.  A critical issue in 

any systematic review is ensuring that the studies included are a complete list, or if not, an 

unbiased sample.   It may be that the authors set of studies is fine, but as a reviewer I 

cannot tell. 

 

We have prepared a document called “Core re-submission for manuscript Risk of acute 

myocardial infarction with NSAIDs in real-world use: a Bayesian meta-analysis of 

individual patient data.” May I suggest reading that document before examining the 

reply to specific questions or comments below. Thank you for your time, patience, and 

very valuable comments and questions. 

 

The sentence “Given the consistency and strength of RCT evidence for MI risk with 

rofecoxib 12-15 a final internal quality control measure was that each individual study 

also had to show this association with increased MI risk” is a legacy from the earlier 

(Sept 3, 2016) manuscript version. It had been removed but unfortunately, this older 

version was uploaded in lieu of the intended manuscript (dated Nov 23, 2016), which 

was aligned with the request for appeal. Sincere apologies for this. 

 

As discussed in the “Core re-submission”, the association between rofecoxib and risk of 

MI played no role in selection of a study, in other words a ‘rofecoxib-MI relationship’ 

criterion was not used for including or excluding any study from the IPD MA.  

 

 

1) IPD meta-analyses often suffer from not obtaining all data, and maybe at risk of 

obtaining a biased subset of data.   Licences for using routine data often prohibit passing 

the data on to a third party, and half of the eligible studies (four) could not be included in 

this analysis.  Whilst the authors state that “Denied access to patient-level data was 

completely independent of acute MI findings in the study” they do not provide any data that 

supports this.   What were the known findings from the studies which were excluded? 

 

The “Core re-submission” (p. 10-12) includes five Figures to address the above. 

 

2) A lot of the problems arise in the manuscript because the authors describe assessment of 

eligibility and assessment of study quality as a single process.  Usually these are considered 

in two processes in a systematic review, with eligibility criteria based on the participants, 
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interventions/exposures, outcomes and some basic consideration of study design.  Quality 

assessment is then undertaken as a separate process to identify the strengths and 

weaknesses in each study according to a standardised set of criteria.  Analysis follows 

informed by the quality assessment, one option being that low quality studies are excluded 

often in a sensitivity analysis.   At each stage it is important for the reader to know what 

decisions have been made. In this study the authors have mixed the two processes together, 

and as a reader, I am left confused as to what process was actually undertaken to assess 

study quality.  Seven eligibility criteria are numbered in the text, three of which are about 

study quality.  I would encourage the authors to separate out their process, first describing 

how they identify the studies which could answer the research question, and then 

describing the quality assessment process that they have used to identify those likely to 

provide a valid estimate. The authors appeal against the use of checklists in their response 

– this seems fine to me given the special nature of the research they are evaluating 

provided that they can provide their own list of quality criteria which they have assessed 

each study against in the same way. They should as an Appendix provide lists of excluded 

studies with reasons, and tabulate the quality issues observed.  

They need to include some discussion about risk of bias from not obtaining all IPD in their 

discussion. 

 

These questions and comments were quite helpful for preparing the “Core re-

submission”. We hope that all points have been addressed appropriately. Web Appendix 

1 – Tables 2 to 4 provide lists of excluded studies with reasons, and tabulate the quality 

issues. 

 

 

3) The eighth “final internal quality control” criterion is stated as being required to be met, 

is that included studies had to show a relationship of MI with Rofexcoxib. I can fully 

understand why this has raised objections from other peer reviewers. The authors’ 

argument is based on the idea that the only reason why this relationship would not exist is 

if the study is of poor quality. There are two other reasons, the play of chance and true (i.e. 

not methodological) heterogeneity in effect, which they do not consider.  If either of these 

caused a relationship to not be detectable in a study, excluding the study will lead to bias in 

estimation of the relationship between Rofexcoxib and MI.  Put bluntly, the selection of 

studies in this review has in part, been based on their findings, which some would describe 

as a fundamental flaw in a systematic review. The risk of bias that the authors have created 

from using this criteria is not discussed at all in the current manuscript.   It is far better to 

judge study quality based on the methods and execution of the study rather than any 

analysis of study findings. 

 

We do agree that excluding a study on the sole basis of a ‘rofecoxib-MI relationship’ 

should cause concern for selection bias. But, as we have clarified, there was no such 

exclusion criterion in this IPD MA. We reiterate that we made study selection decisions 

based on the intrinsic quality of the study and not on the observed association of 

rofecoxib and MI. We agree that the play of chance and clinical heterogeneity would be 

possible alternative explanations. Did we err in our previous basic reasoning that an 

observational study not showing an association of rofecoxib and MI invites checking its 
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internal validity? The answer may reside in two Figures sourced the rofecoxib literature 

provided in the “Core re-submission” (p. 13).  

 

4)I do not think that the bias will affect the other drugs considered, but it will affect the 

validity of their comparison with rofecoxib, which is a major part of the manuscript. 

 

5) I have read in detail the authors appeal letter, which raises further uncertainties in my 

mind about study selection. First the authors appear to contradict the manuscript stating 

that the criteria was not used as exclusion criteria “We made study selection decisions 

based on the intrinsic quality of the study and not on the association observed for rofecoxib 

in that study” compared to “Given the consistency and strength of RCT evidence for MI risk 

with rofecoxib a final internal quality control measure was that each individual study also 

had to show this association with increased MI risk.”  If the authors’ response letter is 

correct, then rewriting of the section of text is required. As suggested in 2) I would 

encourage the authors to completely separate out identifying studies which address the 

right research question from assessing their risk of bias 

 

6) I am also left muddled as to whether studies were ever actually excluded on the 

rofecoxib-MI relationship criterion. None are listed in the PRISMA flow diagram as being 

excluded directly on this criterion (although the exclusion criteria listed in this diagram do 

not directly match those in the methods section). It would be most helpful if the authors 

could be much clearer on explaining which studies were excluded and why, again 

separating out the eligibility and quality assessment steps. I am also confused from the 

statement in the letter “Of 8 studies not meeting criteria for inclusion in the IPD MA, 2 did 

not find an increased risk with rofecoxib.” What 8 studies are these? I can’t see how these 

match up to any section of the PRISMA flow diagram. 

 

We hope that all points are adequately covered by the “Core re-submission” (including 

the Figures displaying for each NSAID risk of MI in the study organized according to 

study contribution to IPD MA), Web Appendix 1 – Figure 1 (flow chart), and Tables 2 to 4 

(details of excluded studies). 

 

7) Confounding is a key risk of bias in observational studies. The authors describe a clear 

process for identifying the possible confounders, but it appears that two of the four datasets 

have few of these recorded. The authors need to discuss this in more detail in the 

limitations, and it would seem important to know whether the findings in the review 

depend on these two studies 

 

The manuscript states: 

 

Sensitivity and exploratory analyses  

 

“In the sensitivity analysis for imperfect confounding adjustment based on 

the RAMQ study, only adjusting for the ‘common IPD MA confounders’ had a 

limited effect on the estimates obtained when adjusting for the full set of ‘IPD 

MA confounders’ (Web Appendix 3 – Table 2 [reproduced below for 

convenience]).” 
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Table – Risk of acute MI with various multidimensional NSAID exposure indicator categories 

defined by recency of use, daily dose, and duration in nested case-control analysis of the RAMQ 

study –Two confounding adjustment scenarios 

 Adjusted odds ratios (ORs) of acute MI  

in RAMQ (N= 233 816, 21 256 cases) 

Mean (95% CI) * 

Adjusted for all 

NSAID exposures and 

covariates available 

in the RAMQ study 

Adjusted only for 

NSAID exposures and 

covariates common 

to all four studies in 

the IPD MA 

NSAIDs Description of ‘recency-dose-

duration’ category
 ‡

 

  

Celecoxib    

Past Ended 31-365 days PTID 1.08 (1.02, 1.14) 1.08 (1.03, 1.14) 

Recent Ended 1-30 days PTID 1.24 (1.13, 1.37) -- 

Current Any dose for ≤ 7 days 1.25 (1.01, 1.57) -- 

Current ≤ 200 mg/day for 8 to ≤30 days 1.18 (1.00, 1.39) 1.13 (0.95, 1.33) 

Current > 200 mg/day for 8 to ≤30 days 1.35 (1.06, 1.72) -- 

Current ≤ 200 mg/day for >30 days 1.18 (1.06, 1.31) 1.18 (1.06, 1.31) 

Current >200 mg/day for >30 days 1.29 (1.09, 1.52) 1.31 (1.11, 1.54) 

Diclofenac    

Past Ended 31-365 days PTID 1.12 (1.05, 1.19) 1.10 (1.04, 1.17) 

Recent Ended 1-30 days PTID 1.35 (1.18, 1.55) -- 

Current Any dose for ≤ 7 days 1.64 (1.24, 2.16) -- 

Current ≤ 100 mg/day for 8 to ≤30 days 1.13 (0.84, 1.54) 1.03 (0.76, 1.39) 

Current > 100 mg/day for 8 to ≤30 days 1.28 (0.92, 1.76) -- 

Current ≤ 100 mg/day for >30 days 1.48 (1.10, 2.00) 1.46 (1.09, 1.97) 

Current > 100 mg/day for >30 days 1.90 (1.41, 2.57) 1.84 (1.36, 2.48) 

Ibuprofen    

Past Ended 31-365 days PTID 1.14 (1.03, 1.26) 1.12 (1.02, 1.24) 

Recent Ended 1-30 days PTID 1.31 (1.03, 1.66) -- 

Current Any dose for ≤ 7 days 1.45 (0.88, 2.38) -- 

Current ≤ 1200 mg/day for 8 to ≤30 days 0.80 (0.45, 1.43) 0.74 (0.42, 1.32) 

Current > 1200 mg/day for 8 to ≤30 days 2.03 (0.98, 4.19) -- 

Current ≤ 1200 mg/day for >30 days 2.00 (1.18, 3.39) 2.03 (1.21, 3.41) 

Current > 1200 mg/day for >30 days 2.37 (0.86, 6.53) 2.42 (0.88, 6.65) 

Naproxen    

Past Ended 31-365 days PTID 1.14 (1.07, 1.22) 1.14 (1.06, 1.21) 

Recent Ended 1-30 days PTID 1.34 (1.15, 1.57) -- 

Current Any dose for ≤ 7 days 1.52 (1.13, 2.04) -- 

Current ≤ 750 mg/day for 8 to ≤30 days 1.39 (1.02, 1.88) 1.31 (0.96, 1.77) 

Current > 750 mg/day for 8 to ≤30 days 1.66 (1.06, 2.61) -- 

Current ≤ 750 mg/day for >30 days 1.19 (0.83, 1.72) 1.26 (0.88, 1.82) 

Current > 750 mg/day for >30 days 1.13 (0.66, 1.93) 1.22 (0.72, 2.07) 
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 Adjusted odds ratios (ORs) of acute MI  

in RAMQ (N= 233 816, 21 256 cases) 

Mean (95% CI) * 

Adjusted for all 

NSAID exposures and 

covariates available 

in the RAMQ study 

Adjusted only for 

NSAID exposures and 

covariates common 

to all four studies in 

the IPD MA 

Rofecoxib    

Past Ended 31-365 days PTID 1.05 (0.99, 1.11) 1.05 (0.99, 1.11) 

Recent Ended 1-30 days PTID 1.21 (1.08, 1.36) -- 

Current Any dose for ≤ 7 days 1.79 (1.44, 2.22) -- 

Current ≤ 25 mg/day for 8 to ≤30 days 1.73 (1.51, 1.98) 1.67 (1.45, 1.91) 

Current > 25 mg/day for 8 to ≤30 days 2.67 (1.63, 4.40) -- 

Current ≤ 25 mg/day for >30 days 1.33 (1.19, 1.48) 1.35 (1.21, 1.50) 

Current > 25 mg/day for >30 days 1.61 (0.94, 2.74) 1.58 (0.93, 2.67) 

‘Other NSAIDs’    

Past Ended 1-365 days PTID 1.13 (1.06, 1.20) 1.13 (1.06, 1.20) 

Current Any dose or duration 1.43 (1.24, 1.66) 1.36 (1.18, 1.57) 

Comorbidities   

 Age at index date 1.06 (1.04, 1.08) 1.07 (1.05, 1.09) 

 Male sex 1 (omitted) 1 (omitted) 

 Diabetes 1.62 (1.57, 1.68) 1.75 (1,69, 1.80) 

 Hyperlipidemia 0.99 (0.95, 1.02) 1.05 (1.02, 1.09) 

 Hypertension 1.17 (1.14, 1.21) 1.22 (1.19, 1.26) 

 Previous myocardial infarction 1.35 (1.29, 1.42) -- 

 Coronary heart disease 1.92 (1.85, 1.99) 2.41 (2.34, 2.49) 

 Congestive heart failure 1.16 (1.11, 1.22) -- 

 Cerebrovascular disease 1.25 (1.19, 1.30) -- 

 Peripheral vascular disease 1.63 (1.55, 1.71) -- 

 Chronic obstructive pulmonary disease 1.24 (1.20, 1.28) -- 

 Gastrointestinal ulcer disease 1.15 (1.12, 1.19) -- 

 Gastrointestinal bleed 1.07 (0.99, 1.16) -- 

 Acute or chronic renal failure 1.30 (1.20, 1.42) -- 

 Rheumatoid arthritis 1.02 (0.93, 1.13) 1.31 (1.19, 1.44) 

Concomitant drug treatments   

 Oral corticosteroids 1.75 (1.62, 1.89) -- 

 Clopidogrel 1.28 (1.17, 1.40) -- 

 Cardioprotective aspirin 1.09 (1.05, 1.13) -- 

CI= confidence interval; IPD MA= individual patient data meta-analysis; PTID= prior to index date; 
* Individually matched nested case-control study; controls were matched to cases in a 10:1 ratio, on age ± 1 year, sex, and 

month/year of cohort entry; cohort entry is date of initiation of an NSAID in individuals without use in the previous year 

(new users); index date is date of acute MI for cases and date giving same duration of follow-up in the cohort for the 

matched controls; Analysis by conditional logistic regression carried out with Stata v.12.1 
† For a given NSAID, ‘current’, ‘recent’, and ‘past’ use categories are mutually exclusive; Among NSAIDs, ‘current’ use 

categories are mutually exclusive; Among NSAIDs, ‘current’, ‘recent’, and ‘past’ use categories are not mutually exclusive 
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We further discuss residual confounding as follows in the manuscript: 

 

“Previous papers 54, 55 provide useful insight on the risk of bias due to 

confounders unobserved in database studies (obesity, OTC aspirin or NSAID 

use, smoking, income, or educational attainment), which suggests that failure to 

adjust for these confounders might slightly underestimate MI risk. 56 We suspect 

that residual confounding exists because substantive knowledge 57-59 ascertains 

there are mediating intermediate variables on the causal pathway between 

NSAID exposures and acute MI (Web Appendix 2 – Figure 1). Analyses of the 

PRECISION trial 5 suggest that the main sources of bias from residual 

confounding in our study are the mediating effects of blood pressure increases 

or renal deterioration. The likelihood of bias may increase with longer durations 

of NSAID use over follow-up time – such that the ORs of acute MI in the ‘Long’ 

duration categories might be biased to the null (underestimated)...” 

 

 

8) There is no mention of a protocol and evidence of pre-specified methods for this review. I 

would ask the authors to honestly describe which parts of their review methods developed 

and changed as they completed the study. 

 

PROSPERO was launched in May 2014 Advisory Group Statement of founding principles, 

launched in May 2014,6 well after the start of this systematic review and IPD MA project, 

which covered the period of 2006 (original idea) to 2015 (end of statistical analyses).  

 

Nonetheless the Systematic Review Milestones in the “Core re-submission” should give a 

better grasp of how the actual ‘study’ (PhD thesis work reported in this manuscript) 

compares with the ‘protocol’ (original International Collaboration formed in 2006). The 

key difference between ‘protocol’ and ‘study’ is the decision to study the effect of week’s 

use (use for 1-7 days) and short use (use for 8-30 days) and rather than the effect of use 

for 1-30 days as originally planned.  

 

 

9) I found Figures 2-6 a good way of presenting the results. The RH sections of these plots 

would be better presented on log scales. 

 

Wouldn’t log scales be more difficult to work with for a general readership of clinicians? 

 

I would like Table 3 to contain more cutoff values reported (e.g. prob OR>1.5, prob OR>2.0). 

 

Revised main Table 3 is reproduced below and accompanies Figures 2 to 6 – Left panels, 

which also provide probabilities of ORs> 1.10, 1.20, 1.30, 1.40, 1.75, and 2.00. Beyond 

the threshold of 1.5, as illustrated in Figures 2 to 6, MI probabilities for most exposure 

categories decrease to less clinically interesting levels, except maybe for high-dose 

rofecoxib 1-4 weeks (P>2.0= 83.5%) 

                                                        
6
 PROSPERO Advisory Group Statement of Founding Principles. 30 May 2014. 

https://www.crd.york.ac.uk/PROSPERO/about.php?about=about 
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Table – Probability that acute MI risk is increased (OR > 1.0) and probability of this MI risk 

increase being greater than 50% (OR > 1.5) according to the NSAID dose and duration of use 

Current use category * Bayesian posterior probability of 

summary adjusted † OR of acute MI  

being greater than 

 1.0  1.5 

Celecoxib   

Any dose for ≤ 7 days  92.4%  12.1% 

≤ 200 mg/day for 8 to ≤30 days  97.4%  6.3% 

> 200 mg/day for 8 to ≤30 days  85.8%  12.5% 

≤ 200 mg/day for >30 days  97.9%  1.8% 

>200 mg/day for >30 days  95.0%  8.0% 

Diclofenac   

Any dose for ≤ 7 days  98.6%  50.1% 

≤ 100 mg/day for 8 to ≤30 days  93.3%  2.0% 

> 100 mg/day for 8 to ≤30 days  92.7%  7.0% 

≤ 100 mg/day for >30 days  99.9%  25.3% 

> 100 mg/day for >30 days  98.8%  45.6% 

Ibuprofen   

Any dose for ≤ 7 days  97.3%  47.1% 

≤ 1200 mg/day for 8 to ≤30 days  59.3% ‡  0.6% ‡ 

> 1200 mg/day for 8 to ≤30 days  97.5%  70.8% 

≤ 1200 mg/day for >30 days  98.0%  14.5% 

> 1200 mg/day for >30 days  98.3%  45.3% 

Naproxen   

Any dose for ≤ 7 days  98.8%  54.9% 

≤ 750 mg/day for 8 to ≤30 days  92.1%  7.3% 

> 750 mg/day for 8 to ≤30 days  99.2%  77.2% 

≤ 750 mg/day for >30 days  94.9%  3.0% 

> 750 mg/day for >30 days  91.6%  5.0% 

Rofecoxib   

Any dose for ≤ 7 days  98.8%  63.6% 

≤ 25 mg/day for 8 to ≤30 days  88.6%  14.0% 

> 25 mg/day for 8 to ≤30 days  99.8%  96.9% 

≤ 25 mg/day for >30 days  99.9%  9.0% 

> 25 mg/day for >30 days  99.0%  59.3% 

Comparison group is non-use of any NSAID in the preceding year 
*†  Refer to Table 2 
‡
 Sparse data 

 

 

 

I would like to see Web Figure 4 in the main part of the paper as it is where data about 

comaprisons between the drugs is presented. 
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Aside from rofecoxib being associated with more cardiotoxicity than t-NSAIDs and 

celecoxib, few consistent patterns emerged in comparisons of NSAIDs. These 

comparisons between drug exposures (done by calculating the Bayesian posterior 

probability that summary adjusted ORs of acute MI associated with a given NSAID 

exceeded those for another NSAID) was an exploratory analysis. This is why we suggest 

presenting it in a web appendix. 

 

 

In summary, the study selection and assessment process needs to be better presented. I do 

not believe that the Rofecoxib-MI relationship criteria should be used for selection – but if 

in fact no study has been excluded because of it, then the results of the meta-analysis are 

not affected by it and the findings stand. The fact that we cannot tell whether any study has 

been excluded is evidence of the current inadequate reporting of this stage of the selection 

process. If studies were excluded, I would want to know what the impact of this in a 

sensitivity analysis, with the primary analysis based on including the studies. The authors 

need to be more explicit about the objective quality assessment criteria which they have 

used. 


