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Reviewer: 4 
Additional Questions: 
Please enter your name: Stefanos Bonovas 
Job Title: Researcher 
Institution: Humanitas Clinical and Research Institute, Milan, Italy 
 
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:  
 
We thank the Reviewer for his comments, questions, and for his time.  
 
(i) Is there a registered protocol for this IPD meta-analysis? Please clarify.  
 
This work was part of a doctoral research program and stemmed from a funded grant. 
There is no registered protocol for this IPD MA. 
 
 
(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.  
 
Certainly we agree that the issue of confounding must be carefully considered and we have 
revised the manuscript accordingly (see below for text added to the manuscript). Please let 
us put this new paragraph in context, by reporting the following additional information: 
 
According to current clinical knowledge we do not believe that we failed to identify 
important confounders. As illustrated in Figure 2 in Web Extra 1 and explained in the 
legend to that figure, there exist unmeasured (smoking, obesity, socio-economic status, 
exercise, OTC NSAIDs, OTC low-dose aspirin), incompletely measured (blood pressure 
increase, renal dysfunction, heart failure confounding by contraindication]), and 
unmeasurable risk factors for myocardial infarction (genes) that we could not adjust for.  
 
We did our best to adjust for confounding by measured confounders. In addition to using 
multivariable regression, confounding control in the IPD MA included matching on time 
including for index date, year of cohort entry, and duration of follow-up in cohort (see 
answer to previous Question 5 or Web Extra 1 –Table 2). This matching on time is an 
important quality feature, given the potential confounding effect of calendar time around 
the launch of celecoxib and rofecoxib (1999-2000).  
 
For refining confounding adjustment, we entertained a few options including propensity 
score (PS) methods and instrumental variable (IV) analysis (prescriber’s preference or 
calendar time) but considered them unsuitable. Briefly, a sound propensity score approach 
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1 would have to consider time-varying use of each individual NSAIDs and change in 
measured confounder values over time. Ultimately, it might improve confounding 
adjustment only marginally because the effect of mediating variables between NSAID 
exposure and the MI outcome cannot be factored in the determination of PS. As for 
instrumental variable analysis, the literature 2, 3, 4 suggests that confounding of the IV and 
the acute MI outcome association is likely to occur such that IV analysis is a poor method 
for dealing with unmeasured confounders in our research.  
 
However, the literature provides useful insight on the risk of bias due to confounders that 
are unobserved in database studies. Graham and coll. 5 assessed the potential for 
confounding from low-dose aspirin use, OTC NSAID use, smoking history, and family 
history of acute MI via a standardized telephone survey of a random sample of the controls 
who were currently or remotely exposed to NSAIDs in their study. They found that these 
factors were not differentially distributed with respect to NSAID exposure. Schneeweiss 6 

used data collected in the Medicare Current Beneficiary Survey and calculated the 
confounding bias of not having adjusted an NSAID study in Medicare beneficiaries 7 for BMI, 
OTC aspirin use, current smoking, income, and educational attainment. Failure to adjust for 
these unmeasured confounders led to a small underestimation of the association between 
coxibs and MI.8 
 
We believe that the main source of confounding bias is the inability to adjust for 
unmeasured mediators (NSAID-induced blood pressure increases, renal deterioration) 
between NSAID exposure and the acute MI outcome. In an attempt to estimate confounding 
bias due to unmeasured mediators, we considered the prevalence and the strength of the 
association of each mediator 9 with the acute MI outcome documented in the literature 10, 11, 

                                                        
1 Mack CD, Glynn RJ, Brookhart MA, et al. Calendar time-specific propensity scores and comparative 
effectiveness research for stage III colon cancer chemotherapy. Pharmacoepidemiol Drug Saf. 
2013;22(8):810-8. 
2 Tamblyn R, McLeod P, Hanley JA, et al. Physician and practice characteristics associated with the early 
utilization of new prescription drugs. Med Care. 2003;41(8):895-908. 
3 Solomon DH, Schneeweiss S, Glynn RJ, et al. Determinants of selective cyclooxygenase-2 inhibitor 
prescribing: are patient or physician characteristics more important? Am J Med. 2003;115(9):715-20. 
4 Franklin JM, Schneeweiss S, Huybrechts KF, et al. Evaluating possible confounding by prescriber in 
comparative effectiveness research. Epidemiology. 2015;26(2):238-41. 
5 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(9458):475-81. 
6 Schneeweiss S, Glynn RJ, Tsai EH, et al. Adjusting for unmeasured confounders in pharmacoepidemiologic 
claims data using external information: the example of COX2 inhibitors and myocardial infarction. 
Epidemiology. 2005;16(1):17-24. 
7 Solomon DH, Schneeweiss S, Glynn RJ, et al. Relationship between selective cyclooxygenase-2 inhibitors and 
acute myocardial infarction in older adults. Circulation. 2004;109(17):2068-73. 
8 Schneeweiss S, Glynn RJ, Tsai EH, et al. Adjusting for unmeasured confounders in pharmacoepidemiologic 
claims data using external information: the example of COX2 inhibitors and myocardial infarction. 
Epidemiology. 2005;16(1):17-24. 
9 Vanderweele TJ, Arah OA. Bias formulas for sensitivity analysis of unmeasured confounding for general 
outcomes, treatments, and confounders. Epidemiology. 2011;22(1):42-52. 
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12 We also reviewed the strength of association between NSAIDs and blood pressure 
increases 13, 14, 15, 16, 17 and renal failure. 18 In the end, the overall extent and the direction of 
any residual confounding due to mediators are very hard to predict as these may be 
causally ordered and may co-exist, and because some biasing effects might cancel each 
other. In theory, the likelihood of residual confounding due to mediating blood pressure 
increase or renal deterioration may increase with longer durations of NSAID use over 
follow-up time – such that the estimates of acute MI risk in the ‘Long’ duration categories 
might be biased to the null. 
 
In summary, on the basis of our assessment of the literature and anticipated direction of 
bias to the null, we think that unmeasured and unmeasurable confounders are unlikely to 
affect the substantive conclusions of this IPD MA, which found associations between 
current NSAID exposure and increased risk of acute MI.  
 
We have added the following text in the revised manuscript: 

“We suspect that residual confounding exists because substantive knowledge 19, 

20, 21 ascertains there are mediating intermediate variables on the causal 
pathway between NSAID exposures and acute MI (Web Figure 2). The likelihood 
of residual confounding due to mediating blood pressure increase or renal 

                                                                                                                                                                                   
10 Collins R, Peto R, MacMahon S, et al. Blood pressure, stroke, and coronary heart disease. Part 2, Short-term 
reductions in blood pressure: overview of randomised drug trials in their epidemiological context. Lancet. 
1990;335(8693):827-38. 
11 Meisinger C, Doring A, Lowel H. Chronic kidney disease and risk of incident myocardial infarction and all-
cause and cardiovascular disease mortality in middle-aged men and women from the general population. Eur 
Heart J. 2006;27(10):1245-50. 
12 Coca SG, Yusuf B, Shlipak MG, et al. Long-term risk of mortality and other adverse outcomes after acute 
kidney injury: a systematic review and meta-analysis. Am J Kidney Dis. 2009;53(6):961-73. 
13 Pope JE, Anderson JJ, Felson DT. A meta-analysis of the effects of nonsteroidal anti-inflammatory drugs on 
blood pressure. Arch Intern Med. 1993;153(4):477-84. 
14 Johnson AG, Nguyen TV, Day RO. Do nonsteroidal anti-inflammatory drugs affect blood pressure? A meta-
analysis. Ann Intern Med. 1994;121(4):289-300. 
15 Farkouh ME, Verheugt FW, Ruland S, et al. A comparison of the blood pressure changes of lumiracoxib with 
those of ibuprofen and naproxen. J Clin Hypertens (Greenwich). 2008;10(8):592-602. 
16 Chan CC, Reid CM, Aw TJ, et al. Do COX-2 inhibitors raise blood pressure more than nonselective NSAIDs 
and placebo? An updated meta-analysis. J Hypertens. 2009;27(12):2332-41. 
17 Snowden S, Nelson R. The effects of nonsteroidal anti-inflammatory drugs on blood pressure in 
hypertensive patients. Cardiol Rev. 2011;19(4):184-91. 
18 Ungprasert P, Cheungpasitporn W, Crowson CS, et al. Individual non-steroidal anti-inflammatory drugs and 
risk of acute kidney injury: A systematic review and meta-analysis of observational studies. Eur J Intern Med. 
2015;26(4):285-91. 
19 Johnson AG, Nguyen TV, Day RO. Do nonsteroidal anti-inflammatory drugs affect blood pressure? A meta-
analysis. Ann Intern Med. 1994;121(4):289-300. 
20 Chan CC, Reid CM, Aw TJ, et al. Do COX-2 inhibitors raise blood pressure more than nonselective NSAIDs 
and placebo? An updated meta-analysis. J Hypertens. 2009;27(12):2332-41. 
21 Ungprasert P, Cheungpasitporn W, Crowson CS, et al. Individual non-steroidal anti-inflammatory drugs and 
risk of acute kidney injury: A systematic review and meta-analysis of observational studies. Eur J Intern Med. 
2015;26(4):285-91. 
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deterioration 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). Previous work 22, 23 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. 24 On the basis of our assessment of the literature 25, 26, 27 
and the anticipated direction of bias to the null, we believe that unmeasured and 
incompletely measured confounders are unlikely to affect the substantive 
conclusions of this IPD MA, which found associations between current NSAID 
exposure and increased risk of acute MI.” 

 
 
(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). 
 
We agree that experimental random allocation is a highly desirable feature for causal 
inference. Unfortunately, except for rofecoxib, for which the single RCT evidence 28, 29 of 
increased MI risk is strong and consistent, meta-analyses (MA) have been necessary for 
assessing the MI risk of other NSAIDs.  
 
However, the two latest and much cited works (the Trelle 201130 and CNT 201331 NMAs) 
are direct or indirect comparisons of RCT data via a network meta-analysis, a technique 

                                                        
22 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(9458):475-81. 
23 Solomon DH, Schneeweiss S, Glynn RJ, et al. Relationship between selective cyclooxygenase-2 inhibitors 
and acute myocardial infarction in older adults. Circulation. 2004;109(17):2068-73. 
24 Schneeweiss S, Glynn RJ, Tsai EH, et al. Adjusting for unmeasured confounders in pharmacoepidemiologic 
claims data using external information: the example of COX2 inhibitors and myocardial infarction. 
Epidemiology. 2005;16(1):17-24. 
25 Collins R, Peto R, MacMahon S, et al. Blood pressure, stroke, and coronary heart disease. Part 2, Short-term 
reductions in blood pressure: overview of randomised drug trials in their epidemiological context. Lancet. 
1990;335(8693):827-38. 
26 Meisinger C, Doring A, Lowel H. Chronic kidney disease and risk of incident myocardial infarction and all-
cause and cardiovascular disease mortality in middle-aged men and women from the general population. Eur 
Heart J. 2006;27(10):1245-50. 
27 Coca SG, Yusuf B, Shlipak MG, et al. Long-term risk of mortality and other adverse outcomes after acute 
kidney injury: a systematic review and meta-analysis. Am J Kidney Dis. 2009;53(6):961-73. 
28 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. 
29 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. 
30 Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal anti-inflammatory drugs: 
network meta-analysis. BMJ. 2011;342:c7086. 



5 

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). 
 
With respect to the individual RCT, random allocation should ensure that measured, 
unmeasured, and unmeasurable confounders are balanced among intervention groups at 
the very beginning of the trial. However, the issue of post-randomization confounding 
should not be overlooked, especially with modern RCTs, which are pragmatic and tend to 
run over long periods of time. Of note, various biases that may occur post-randomization in 
a RCT 32, 33 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 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. 34 Non-adherence bias has 
been documented in the main naproxen study (ADAPT) 35 and this may translate into an 
underestimation of the risk of acute MI with naproxen in NMAs of RCTs. 

                                                                                                                                                                                   
31 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. 
32 Hernán MA, Hernandez-Diaz S, Robins JM. Randomized trials analyzed as observational studies. Ann Intern 
Med. 2013 Oct 15;159(8):560-2.  
33 Manson JE, Shufelt CL, Robins JM. The potential for postrandomization confounding in randomized clinical 
trials. JAMA. 2016 Jun 7;315(21):2273-4. 
34 Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal anti-inflammatory drugs: 
network meta-analysis. BMJ. 2011;342:c7086. 
35 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. 
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