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Plain language summary  
 

As patients, we all want to believe that there is the right medical solution for every ailment and that 

ƻǳǊ ŘƻŎǘƻǊ ƪƴƻǿǎ ōŜǎǘΦ ²Ƙŀǘ ǿŜ ǳǎǳŀƭƭȅ ŘƻƴΩǘ ƪƴƻǿ ƛǎ ǘƘŀǘ ƻǳǊ ŘƻŎǘƻǊΩǎ ƪƴƻǿƭŜdge is based on 

experience and on evidence. However, the evidence can be flawed, exaggerated, or may not actually 

apply to us. While there are many things that can go wrong in clinical studies, the main focus of this 

dissertation is on the concept of confounding. Confounding occurs when a specific exposure and 

outcome have a common cause. For example, more breast cancer patients receiving surgery as the 

ƻōǎŜǊǾŜŘ άŜȄǇƻǎǳǊŜέ ǎǳǊǾƛǾŜ ǘƘŀƴ those receiving chemotherapy. Concluding that surgery is better for 

survival may, however, be confounded by cancer stage because those who were operated on had a 

less advanced cancer stage and thus were more likely to survive to begin with. Minimizing the impact 

of such confounding in research studies on treatment effects is important because it can alter the 

estimates of a treatment effect and thus may lead to wrong conclusions and ultimately to wrong 

treatment decisions. 

For many health topics, there are myriads of studies available and whether or not their results can give 

us reliable answers to what we want to know depends on a variety of factors. The most important 

factor is the study design. Randomized controlled trials (RCTs) are the current gold standard to produce 

evidence for treatment decisions. They measure the causal effect of a treatment versus a control on a 

specific outcome. The key element is that study participants are randomly assigned to treatment or 

control (which could be a placebo or another treatment). The randomization tries to balance all known 

(such as age) and unknown characteristics (such as undiagnosed diseases) of the participants which 

means that they also balance all known and unknown confounding factors. The only difference 

between the participant groups will then be the allocation to a treatment or control. This would be the 

perfect study design if the circumstances were ideal, i.e. if every participant adhered to the assigned 

treatment and stayed on the study until the end. In reality, the participants often do not adhere (e.g. 

because the exercise program of a weight-loss study is too demanding) or they become lost to follow-

up (e.g. because they moved away or did not want to be on the study anymore). However, not every 

clinical question can be answered in an RCT. Another important research design are observational 

studies, where the exposure of patients to an intervention or a control is not decided by the study 

investigators (thus observational) and may thus depend on a number of other known and unknown 

ŦŀŎǘƻǊǎΣ ŜΦƎΦ ŘƻŎǘƻǊǎΩ ŘŜŎƛǎƛƻƴǎ ƻǊ ǇŀǘƛŜƴǘΩǎ ǇǊŜŦŜǊŜƴŎŜǎ. This study design is very prone to confounding 

and requires careful statistical analyses. Statistical methods can then be used to retrospectively 

address issues like confounding or confounding that changes over time. One such statistical method is 

marginal structural models (MSM). MSM allow a causal interpretation of results under the 

assumptions that all confounding factors are known, correctly measured and properly implemented in 

the statistical models. However, even with the latest statistical methods, RCTs and observational 

studies may not give the same answer when trying to solve the same question. Hence, the aims of the 

doctoral projects were 1) to evaluate the extent to which confounding is actively considered in the 

conclusions from observational studies; 2) to evaluate the agreement of treatment effects from non-

randomized studies using MSM with reported effects from RCTs on the same topic; 3) to evaluate when 

MSM is used in RCTs and how these results differ from the main (non-MSM) results of the same trial. 

CƛǊǎǘΣ ǿŜ ŀǎǎŜǎǎŜŘ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ƛǎǎǳŜ ǿƛǘƘƛƴ ǘƘŜ ƘŜŀƭǘƘ ǇǊƻŦŜǎǎƛƻƴŀƭǎΩ ƭƛǘŜǊŀǘǳǊŜΦ !ǊŜ ŀǳǘƘƻǊǎ ƻŦ 

scientific papers aware of the problem of confounding for the interpretation of their results and do 

they present their results in light of its possible impact? Second, if observational studies use MSM to 



 

 x 

reduce the impact of confounding and allow a causal interpretation, the results should be similar to 

those from RCTs on the same clinical question. To assess how well they agree, we used established 

approaches to compare the effects, for example we determined how often the effects from both 

designs indicated concordantly that a treatment is beneficial or not. Third, we conducted an empirical 

analysis of where and why MSM is used to analyze randomized comparisons, a rather new and 

emerging approach to address confounding within randomized trials, and how these results compare 

to non-MSM results from the same trial. 

We found that observational studies in general tend to have unsatisfactory or no discussion of 

confounding at all. If confounding was mentioned, it was either deemed irrelevant for the respective 

research or results are not brought in context of necessary cautious interpretation. Studies that did, 

however, report possible limitations due to confounding were actually cited more by other researchers 

than studies that deemed an influence due to confounding unlikely. This means research that is 

carefully reported may have more impact on science than other research. 

When MSM was applied to observational study data, the effects often had opposite directions (i.e. one 

showed harm and the other benefit of the intervention) and were more favorable for the experimental 

treatment than in randomized studies on the same research question. This was even more so when 

the studies focused on informing health care decision making rather than statistical methodology. 

MSM was applied to RCTs to minimize the influence of confounding that arises when study participants 

do not adhere to the protocol. Within the main publication and the publication reporting MSM-based 

results (sometimes the same), authors reported on average 6 analyses for one outcome in the same 

population and at the same point in time. Most of these results, however, pointed in the same 

direction and had more or less similar effect sizes, which means that the clinical interpretation is often 

similar. 

We can never be certain that we know all confounding factors, measured them correctly and 

implemented them correctly in the statistical models. Even research that used causal modelling 

techniques may still come to different answers than RCTs evaluating the same clinical question would. 

Hence, confounding should be more carefully acknowledged in non-randomized research, doing so is 

not associated with lower citation impact. Results from causal modelling can be useful sensitivity 

analyses that can help researchers to get a bigger picture of the impact of other influencing factors. 

Health care decision makers should remain cautious when using non-randomized evidence to guide 

their health care decisions. 
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Introduction  
 

In evidence-based medicineΣ ǘƘŜ ōŜǎǘ ŀǾŀƛƭŀōƭŜ ŎƭƛƴƛŎŀƭ ŜǾƛŘŜƴŎŜΣ ǘƘŜ ŎƭƛƴƛŎƛŀƴΩǎ ŜȄǇŜǊǘƛǎŜΣ ŀƴŘ ǘƘŜ 

ǇŀǘƛŜƴǘΩǎ ǾŀƭǳŜǎ ŀƴŘ ǇǊŜŦŜǊŜƴŎŜǎ ŀǊŜ ŀǇǇƭƛŜŘ ǘƻ ƳŀƪŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭƛȊŜŘ, medical, evidence-based 

decision1. Study designs to gather evidence are frequently classified into two main categories: 

randomized controlled trials (RCTs), where patients are randomly allocated to an intervention or a 

control, and observational studies, where the exposure of patients to an intervention or a control is 

not controlled by the investigators (thus observational) and may thus depend on a number of other 

ƪƴƻǿƴ ŀƴŘ ǳƴƪƴƻǿƴ ŦŀŎǘƻǊǎΣ ŜΦƎΦ ŘƻŎǘƻǊǎΩ ŘŜŎƛǎƛƻƴǎ ƻǊ ǇŀǘƛŜƴǘǎΩ preferences2. The estimated effects 

from both study designs can deviate from the true (and unknown) effect of the treatments for many 

reasons including random error and bias. The key advantage of RCTs over observational studies is 

better control of a number of biases. 

Bias is any error that leads to the systematic over- or underestimation of an effect and thus 

systematically undermines the internal validity of a study. Bias is systematic insofar that ς other than 

random error ς it does not decrease when replicating the study several times or when increasing 

sample size, the result will always deviate from the true effect3 4. Methodologists have defined a large 

number of individual biases, and the definitions are not always clear5 6. One important type of bias is 

selection bias. It arises when groups are not comparable because of an uneven distribution of patient 

characteristics and prognostic factors7-9. For example, if a study concludes that vegetarianism prolongs 

life, that may simply be because compared to non-vegetarians, vegetarians tend to smoke less. This is 

a systematic difference that would introduce selection bias if not controlled for through statistical 

methods (the effect of not smoking would overshadow the effect of not eating meat). While 

observational studies are extremely prone to this bias, RCTs can also be concerned when recruiters 

can guess and alter upcoming treatment allocations, e.g. by lack of allocation concealment leading to 

a broken randomization7-9. Another type of bias is information bias (also called detection or 

measurement bias) which stems from errors in measurement and determination of exposure and 

outcome. As these are essential for most statistical analyses, such errors can result in mislead care3 7. 

RCTs are especially prone to this bias when outcome assessors are not blinded3. Another major bias in 

observational studies is confounding. The concept of confounding generally refers to a problem of 

comparability but it can have different meanings in different scientific fields and eras8 10. In 

epidemiology, a confounder is a factor that influences both the exposure to an intervention and the 

outcome7. For example, cancer stage is a prognostic factor which influences the treatment decision 

but also the chance of survival (Figure 1).  

At the level of study design, RCTs provide methods to control for confounding bias. At the level of 

analysis, a number of statistical methods are available that aim to control for confounding bias in 

observational studies: Traditional approaches to control the influence of confounding are, for example, 

restriction, matching, stratification, multivariate regression, and propensity scores7 11 12. These 

techniques focus on balancing characteristics between comparison groups at baseline. This can be as 

simple as in the cancer stage example (Figure 1), but confounders cannot always be clearly determined 

or remain unknown. For example, a study finds a strong association between frequently taking 

vacations and living longer13. It is easy to imagine that stress reduction and increased physical activities 

may have a positive impact on health and hence on lifespan. A possible confounder could be stress 

level at work: people with very demanding jobs may not take vacation as often but may have a higher 
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risk for cardiovascular disease which could shorten their lifespan. It is also possible that people who 

can afford to go on vacation more frequently have a higher socioeconomic status which is associated 

with better access to healthcare which can increase their lifespan13. The data cannot tell investigators 

what cause and effect are, or through which factors (or mediators) exposure leads to a specific 

outcome, or by which other factors it could be influenced. Sometimes investigators can find plausible 

mechanistic or biologic explanations of exposure as cause for a specific outcome (i.e. causal pathways), 

e.g. bacteria as cause for many diseases. But still, experts may fail in the attempt to completely 

understand all underlying factors and base their assumptions on wrong conclusions. For example, 

many experts criticized the hypothesis that smoking causes cancer and is an important confounder in 

cancer research14. Hence, even when mechanistic explanations are absent, a strong practical effect 

may still be found. For instance, without understanding why, Ignaz Semmelweis discovered that when 

he washed his hands with chlorine solution before attending a delivery, more women survived giving 

birth15. In a time where bacteria seemed ridiculous fantasy, this practical approach could still establish 

cause and effect and saved many lives15.  

To establish cause and effect, RCTs apply a fundamentally different way than observational studies. 

Instead of trying to statistically control for baseline confounding and risking uneven distributions of 

patient characteristics between groups, RCTs use chance in their design. By randomly allocating 

patients to one treatment or the other, RCTs aim at creating equal groups that only differ in the 

treatment they are intended to receive2 16. All known and unknown confounders should, per chance, 

be divided equally between both groups. If all patients adhered to the protocol, the measured effect 

would then be the true causal (unconfounded) effect of the treatment17. However, perfect adherence 

is unlikely. As with observational studies, cause and effect can be seen in a mechanistic and a practical 

way which may both have important aspects in informing treatment choices18. Those interested in the 

mechanistic pathways may now ask how effective the treatment would be if all patients adhered to it, 

i.e. what is the biological effect. For example, to safely avoid pregnancy, a woman may be more 

interested in the effect of taking the anti-baby pill at the same time daily (full-adherence) than in taking 

it with a delay of some hours (non-adherence). This mechanistic question can be answered with a per 

protocol analysis in which only patients are analyzed that adhered to the treatment protocol. The 

greater the non-adherence in a trial, the greater the analyzed groups may deviate from the originally 

randomized ones and confounding is re-introduced. The reason for this is that those who adhere and 

those who do not may be systematically different, and because adherence may depend on the 

allocated treatment as well. Conducting a per-protocol analysis then faces the same statistical 

challenges as observational studies do19 20. Those interested in a practical approach may ask how 

effective the treatment is in general (e.g. the gynecologist cannot know whether or not the patient will 

actually adhere to taking the anti-baby pill at the same time daily and neither does the patient know 

this upfront despite her motivation). The practical question is best answered with an intention-to-treat 

analysis, in which all patients are analyzed according to the groups they were randomly assigned to18. 

The intention-to-treat effect remains unbiased, even if confounding occurs after randomization such 

as high drop-out rates or treatment switches (i.e. post-randomization confounding)19. For example, a 

physical therapist wants to know if a demanding workout will help patients lose weight compared to a 

light workout. Because the interventional workout is too demanding, many patients stop working out 

(drop out) or switch to the light workout. The per-protocol effect may find that the demanding workout 

resulted in higher weight reduction. However, this effect may be confounded by known and unknown 

factors: those who adhered to the demanding workout may have had a different body mass index at 

baseline (this could be statistically controlled for). Their life-situation may have better allowed them 
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to do the workout regularly (this is less likely to be measured in a trial; factors could be number of 

people in the household, previous experience with physical programs, motivation, working hours) and 

also unconscious psychological factors that are not measured or measurable at all may have played a 

role. Even if all these factors had been known, they would also had to have been adequately measured 

and then correctly implemented in the model. The unbiased ITT effect, analyzing all patients according 

to the groups they were allocated to, may not detect a difference between the results of the two 

interventions. While this does not mean that there is no mechanistic difference between the two 

interventions21, it is likely that the less demanding workout would result in a larger average effect than 

the (in theory) stronger but more demanding workout that only a minority will adhere to. The physical 

therapist may in future think twice about which patients could benefit from a demanding workout.  

Confounding can get even more complex when it varies over time in a longitudinal study. A time-

varying confounder is an intermediate variable, i.e. the confounding variable is influenced by previous 

exposure or changes of the exposure over time. While adjusting for baseline confounders (e.g. 

prognostic factors that do not change over time, such as sex) reduces bias, adjusting for time-varying 

confounders may introduce bias when using standard statistical methods22. Conventional per-protocol 

and other standard analyses cannot address this adequately23. Marginal structural models (MSMs), a 

new class of model, can be used to control for time-varying variables and to make causal 

interpretations24 25. They model an alternative scenario, e.g. what would have happened had a patient 

not taken the treatment but the placebo25 26. MSMs ŀǊŜ άƳŀǊƎƛƴŀƭέ ōŜŎŀǳǎŜ within this framework, the 

patient population is re-weighted in such way that possible outcomes are independent of possible 

confounders. For example, if 50 patients receive treatment A and 50 patients receive treatment B, the 

patients are re-weighted so that each group has 100 patients. This simulates the alternative scenario 

of what would have happened had the patients who received treatment A actually received treatment 

B and vice versa. MSMs are άstructuralέ because they attempt to measure a causal effect. To make 

valid inferences, three main assumptions need to be met: exchangeability, consistency, and 

positivity26-28: Exchangeability means that the groups need to be exchangeable, i.e. there should be no 

unmeasured confounding όƛΦŜΦ ǘƘŜȅ ŀǊŜ άŎƻƳǇŀǊŀōƭŜέύ. Ideally, this would be the case for the baseline 

groups of an RCT with perfect randomization and an infinitive large sample. Consistency requires that 

the exposure is so well defined that variants of it will all lead to the same effect on the outcome. For 

example, when taking a specific dose of diclofenac for pain relief, there must be no difference in 

treatment effect when using the products of different pharmaceutical companies. Positivity means 

that it should be possible for every patient to receive either treatment. For example, positivity is not 

given if patients are included in the study dataset with an absolute contraindication against the study 

drug. Overall, MSM is a complex method to plan, conduct, and report but it may give insightful 

perspectives for study interpretation. 

 

Aims 

Confounding is the connecting theme of all projects in this thesis. It may have far-reaching 

consequences for clinical decision-making29 30. Our overall aim was to improve health care decision 

making by identifying factors that may strengthen or weaken the confidence in evidence used for 

health care decision-making, and by providing empirical guidance on the utility of MSMs. To achieve 

this goal, we applied several meta-epidemiological approaches. By using the framework of systematic 

reviews and meta-analyses, meta-epidemiological research explores the impact of specific study 
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characteristics on treatment effects and the underlying factors of epidemiological and medical 

research as a special form of research on research (or meta-research)3 31. 

 

Objectives   
The first doctoral project had the objective to assess whether authors of observational epidemiologic 

studies considered confounding bias when interpreting their findings. We used a random sample of 

120 cohort or case-control studies reporting any exposure-outcome association. The studies were 

published between 2011 and 2012 by general medical, epidemiological, and specialty journals with the 

highest impact factors. We evaluated whether the consideration of confounding depended on specific 

factors, specifically journal types, study types, exposures, journal impact factor and article annual 

citation rate. 

The second doctoral project had the objective to evaluate the agreement between estimated 

treatment effects of non-randomized studies using causal modelling with marginal structural models 

and RCTs on the same clinical question. We first included any non-randomized healthcare study that 

provided an effect from causal modelling with MSM. Then we searched and included RCTs on the same 

clinical question. In a comparison of the two study designs, we evaluated the direction of treatment 

effects, effect sizes, and confidence intervals for primary effectiveness outcomes, and the overall 

absolute deviation. We determined if the effects of the experimental treatment were more or less 

favorable in non-randomized studies and how the results changed when more RCT evidence was 

published before the respective non-randomized study.  

Intrigued by the emerging use of MSM in RCTs, the third PhD project was a meta-epidemiological 

analysis with focus on marginal structural models in RCTs. The first objective was to systematically 

identify and describe situations where MSM had been used to (re-)analyze results from randomized 

comparisons of medical interventions. Considering all reported results for all available analysis 

methods within each eligible RCT (e.g. MSM, intention-to-treat, per protocol, as treated), the second 

objective was to assess the vibration of all effects32 and the relationship between results of MSM- and 

intention-to-treat-based analyses. 

 

 

Figure 1 Confounded effect of chemotherapy on overall survival through cancer stage 

The arrows denote the proposed causal pathway, i.e. chemotherapy influences the chances of survival in cancer patients, 
cancer stage influences both chemotherapy and survival and thus confounds the effects of chemotherapy on survival. 
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I ȰInterpretation of epidemiologic studies very often lacked adequate 

consideration of confounding ȱ 

Hemkens LG, Ewald H, Naudet F, Ladanie A, Shaw JG, Sajeev G, Ioannidis JPA. Interpretation of 

epidemiologic studies very often lacked adequate consideration of confounding. Journal of Clinical 

Epidemiology. 2018;93:94-102. 

 

Status 
The manuscript was published in the Journal of Clinical Epidemiology in 2017 ahead of print33 and 

finally in January 201834. 

 

Abstract  

Background and Objective 

Confounding bias is a most pervasive threat to validity of observational epidemiologic research. We 

assessed whether authors of observational epidemiologic studies consider confounding bias when 

interpreting the findings. 

Study Design and Setting 

We randomly selected 120 cohort or caseςcontrol studies published in 2011 and 2012 by the general 

medical, epidemiologic, and specialty journals with the highest impact factors. We used Web of 

Science to assess citation metrics through January 2017. 

Results 

Sixty-eight studies (56.7%, 95% confidence interval: 47.8ςсрΦр҈ύ ƳŜƴǘƛƻƴŜŘ άŎƻƴŦƻǳƴŘƛƴƎέ ƛƴ ǘƘŜ 

Abstract or Discussion sections, another 20 (16.7%; 10.0ς23.3%) alluded to it, and there was no 

mention or allusion at all in 32 studies (26.7%; 18.8ς34.6%). Authors often acknowledged that for 

specific confounders, there was no adjustment (34 studies; 28.3%) or deem it possible or likely that 

confounding affected their main findings (29 studies; 24.2%). However, only two studies (1.7%; 0ς

пΦл҈ύ ǎǇŜŎƛŦƛŎŀƭƭȅ ǳǎŜŘ ǘƘŜ ǿƻǊŘǎ άŎŀǳǘƛƻƴέ ƻǊ άŎŀǳǘƛƻǳǎέ ŦƻǊ ǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ōŜŎŀǳǎŜ ƻŦ 

confounding-related reasons and eventually only four studies (3.3%; 0.1ς6.5%) had limitations related 

to confounding or any other bias in their Conclusions. Studies mentioning that the findings were 

possibly or likely affected by confounding were more frequently cited than studies with a statement 

that findings were unlikely affected (median 6.3 vs. 4.0 citations per year, P = 0.04). 

Conclusions 

Many observational studies lack satisfactory discussion of confounding bias. Even when confounding 

bias is mentioned, authors are typically confident that it is rather irrelevant to their findings and they 

rarely call for cautious interpretation. More careful acknowledgment of possible impact of 

confounding is not associated with lower citation impact. 
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What is new? 

Key findings 

- Many highest impact observational studies lack any discussion of confounding bias. Even when 

mentioned, authors are typically confident that it is rather irrelevant for their findings and they 

rarely call for cautious interpretation. 

What this adds to what was known? 

- There is no evidence that acknowledging the potential impact of confounding diminishes 

citation impact of epidemiological studies. 

What is the implication and what should change now? 

- There is a need to encourage researchers and to sensitize reviewers and editors to discuss and 

communicate study limitations introduced by confounding.  
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Introduction  

A confounder may create spurious associations between an exposure and an outcome observed in 

epidemiologic studies [1]. For example, many more people drinking coffee have lung cancer than 

people not drinking coffee, but this is because they more often smoke [2]. Many confounders are 

difficult to pinpoint with certainty, many are entirely unknown, and many others are known, but are 

still not measured and thus cannot be considered in the analysis of epidemiologic studies. 

Understanding confounding and separating it from causal effects can be very difficult. For example, 

even smoking's causal role in cancer, and its potential to confound other observed associations in 

cancer studies, was not clear across many years of early epidemiologic research [3]. Bias caused by 

unknown confounders is directly addressable only by randomization, and thus, confounding bias can 

never be entirely ruled out in nonrandomized studies. Consequently, in the most widely applied 

framework to assess quality of evidence for healthcare decisions (GRADE), evidence from 

observational research is initially considered low quality [4]. 

Because bias due to confounding is a core limitation of observational research, numerous 

recommendations and statements call for a careful consideration when reporting, discussing, and 

making conclusions from observational research [[5], [6], [7], [8], [9], [10]]. For example, the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement, the most 

widely endorsed guideline for reporting of observational research, prominently emphasizes the 

ŘƛǎŎǳǎǎƛƻƴ ƻŦ ŎƻƴŦƻǳƴŘƛƴƎ ŀƴŘ ŜȄǇƭƛŎƛǘƭȅ ǎǘŀǘŜǎ άIt is important not only to identify the sources of bias 

and confounding that could have affected results, but also to discuss the relative importance of 

different biases, including the likely direction and magnitude of any potential biasέ ŀƴŘ άdue 

ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ƎƛǾŜƴ ǘƻ ŎƻƴŦƻǳƴŘƛƴƎ ώΧϐΦ !ǳǘƘƻǊǎ ǎƘƻǳƭŘ ŀƭǎƻ ŎƻƴǎƛŘŜǊ ǊŜǎƛŘǳŀƭ ŎƻƴŦƻǳƴŘƛƴƎ 

due to unmeasured variables or imprecise measurement of confoundersέ ώ6]. 

Despite these recommendations, many investigators might feel that acknowledgment of confounding 

will cast doubts on their findings. They might prefer to either be silent about this possibility or explicitly 

discredit the possibility that confounding may have affected their conclusions. Important questions 

can be asked: Do authors of epidemiologic studies published in major journals acknowledge 

confounding properly and sufficiently? Does more explicit acknowledgment of confounding as a 

limitation decrease the subsequent citation impact of their work? To address these questions, here we 

conducted a meta-epidemiologic survey of observational studies published in high-impact journals. 

Our primary aim was to assess whether authors of observational epidemiologic studies consider 

confounding bias when interpreting the findings in the Discussion sections and concluding statements 

of their articles. Our secondary aim was to determine whether such explicit discussion is associated 

with lower citation impact. 

 

Methods  

Data identification and eligibility 

We selected 24 journals with the highest impact factors (Journal Citation Reports 2010): The top eight 

ŦǊƻƳ ǘƘŜ άƳŜŘƛŎƛƴŜΣ ƎŜƴŜǊŀƭΣ ŀƴŘ ƛƴǘŜǊƴŀƭέ ŎŀǘŜƎƻǊȅ ώbŜǿ 9ƴƎƭŀƴŘ WƻǳǊƴŀƭ ƻŦ aŜŘƛŎƛƴŜΣ [ŀncet, JAMA, 

Annals of Internal Medicine, PLOS Medicine, BMJ, Archives of Internal Medicine (currently JAMA 
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LƴǘŜǊƴŀƭ aŜŘƛŎƛƴŜύΣ /a!WϐΣ ǘƘŜ ǘƻǇ ŜƛƎƘǘ ŦǊƻƳ ǘƘŜ άǇǳōƭƛŎΣ ƻŎŎǳǇŀǘƛƻƴŀƭΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘέ 

category (Environmental Health, Epidemiology, International Journal of Epidemiology, American 

Journal of Epidemiology, Bulletin of the World Health Organization, American Journal of Preventive 

Medicine, European Journal of Epidemiology, Genetic Epidemiology), and the journal with highest 

impact factor in ŜŀŎƘ ƻŦ ŜƛƎƘǘ άƳŜŘƛŎŀƭ ǎǇŜŎƛŀƭǘȅέ ǎǳō-categories (cardiology and cardiovascular 

disease, gastroenterology, obstetrics and gynecology, oncology, pediatrics, rheumatology, surgery, 

urology and nephrology; i.e., Circulation, Gastroenterology, Obstetrics, and Gynecology, Journal of 

Clinical Oncology, Pediatrics, Annals of Rheumatic Diseases, Annals of Surgery, Journal of the American 

Society of Nephrology). We did not consider journals focusing exclusively on reviews (e.g., 

Epidemiologic Reviews) or on basic and/or preclinical research (e.g., Cancer Cell). 

We searched MEDLINE for cohort and caseςcontrol studies published in these journals in 2011 and 

2012 (last search on December 4, 2015; details in Webappendix 1). 

The articles retrieved were stratified by journal category. Two independent reviewers (H.E. and F.N.) 

evaluated randomly selected articles for eligibility until they identified 120 eligible articles (20 per 

journal type and year; which would allow for standard deviation of <4% for estimated proportions of 

75% or 25%). The study flow is shown in Webappendix 2. We included any study clearly described as 

άŎƻƘƻǊǘ ǎǘǳŘȅέ ƻǊ άŎŀǎŜςŎƻƴǘǊƻƭ ǎǘǳŘȅέ όŜȄǇƭƛŎƛǘƭȅ ǳǎƛƴƎ ǘƘŜǎŜ ǘŜǊƳǎύ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ŀƴȅ ŜȄǇƻǎǳǊŜς

outcome association and thus being theoretically prone to confounding bias. No further eligibility 

criteria were applied. Any disagreements were resolved by discussion or with a third reviewer (L.G.H.). 

The random sample included studies published in 22 of the 24 eligible journals (exceptions were 

Bulletin of the World Health Organization and Genetic Epidemiology), and each journal contributed a 

median of four studies [interquartile range (IQR) 2ς6]. 

Data extraction 

Two independent reviewers (two of L.G.H., H.E., F.N.) extracted the reported study design (i.e., caseς

control, prospective, retrospective, or unclassified cohort study or nested caseςcontrol study; we 

applied these specific terms to categorize the study design as self-reported by the authors) and 

categorized the area of research for all pertinent articles. Any disagreements were resolved by 

discussion or with the third reviewer (L.G.H., H.E., or F.N.). 

In addition to manual extractions, two independent reviewers (L.G.H. and H.E.) searched all full-texts 

automatically (using PDF viewer software) for terms related to propensity scores or marginal structural 

models anywhere in the articles and they assessed if propensity scoreςbased methods or marginal 

structural models were used in the studies. There was perfect agreement (100%) between reviewers. 

One reviewer (L.G.H.) extracted from Web of Knowledge bibliographic data, specifically the journal's 

2010 impact factor and how often the study was cited (Web of Science Core Collection) through 

January 2, 2017, to calculate an annual citation rate (total citations received per years elapsed since 

publication). 

Evaluation of confounding statements and bias consideration 

We systematically evaluated the consideration of confounding bias in the Abstract and Discussion 

sections of included studies using six standardized prespecified questions (Table 1). We focused on the 

Abstract and Discussion because these are the sections readers typically focus on the most and from 
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which they are most likely to draw bottom line conclusions on what the research means and what 

caveats might exist. We did not evaluate the Introduction, Methods, or Results sections of the 

publications. 

CƛǊǎǘΣ ǿŜ ŜǾŀƭǳŀǘŜŘ ƛŦ ǘƘŜ ǘŜǊƳ άŎƻƴŦƻǳƴŘƛƴƎέ ƛƴ ŀƴȅ ŦƻǊƳ ƛǎ ƳŜƴǘƛƻƴŜŘ ŀǘ ŀƭƭΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǿƘŜǘƘŜǊ ƛǘ 

is actually used to discuss the findings of the study or not. We specifically screened Abstract and 

5ƛǎŎǳǎǎƛƻƴ ǎŜŎǘƛƻƴǎ ƻŦ ǘƘŜ ŀǊǘƛŎƭŜǎ ŦƻǊ ǘƘŜ ǘŜǊƳ άŎƻƴŦƻǳƴŘƛƴƎέ ƻǊ ǾŀǊƛŀǘƛƻƴǎ ǘƘŜǊŜƻŦ όvǳŜǎǘƛƻƴ мύΦ ²Ŝ 

also captured any allusions or statements referring to the concept of confounding bias without 

explicitlȅ ǳǎƛƴƎ ǎǳŎƘ ǘŜǊƳǎΦ ²Ŝ ŀƭǎƻ ǎǇŜŎƛŦƛŎŀƭƭȅ ǎŎǊŜŜƴŜŘ ǘƘŜ ŀǊǘƛŎƭŜǎ ŦƻǊ ǘƘŜ ǘŜǊƳ άōƛŀǎέ όvǳŜǎǘƛƻƴ нύ 

and explicitly perused any mentions of bias for possible relations to confounding. Details with 

examples are shown in Table 1. 

Second, we evaluated if the authors explicitly mention specific potential confounders that were not 

adjusted for in the analyses (Question 3), or if the authors explicitly discuss whether confounding bias 

is likely, possible, or unlikely to affect their main findings (Question 4). 

Third, we evaluated if confounding bias is considered when interpreting the results or drawing 

conclusions. Specifically, we evaluated if the authors state that their main results need to be 

ƛƴǘŜǊǇǊŜǘŜŘ ǿƛǘƘ Ŏŀǳǘƛƻƴ ŘǳŜ ǘƻ ŎƻƴŦƻǳƴŘƛƴƎΣ ǳǎƛƴƎ ǘƘŜ ǘŜǊƳ άŎŀǳǘƛƻƴΣέ άŎŀǳǘƛƻǳǎΣέ ƻǊ ǾŀǊƛŀƴǘǎ ǘƘŜǊŜƻŦ 

(Question 5). Finally, we specifically screened whether their concluding statements include any 

limitation or uncertainty related to confounding or bias at all (Question 6). This was evaluated in the 

ǎŜŎǘƛƻƴ ŜƛǘƘŜǊ ƘŜŀŘŜŘ άŎƻƴŎƭǳǎƛƻƴΣέ άǎǳƳƳŀǊȅΣέ ƻǊ ǎƛƳƛƭŀǊΤ ƛŦ ǎǳŎƘ ƘŜŀŘƛƴƎ ŘƛŘ ƴƻǘ ŜȄƛǎǘΣ ǿŜ ŜǾŀƭǳŀǘŜŘ 

ŀƭƭ ǇŀǊŀƎǊŀǇƘǎ ŦƻƭƭƻǿƛƴƎ ŀ ŎƻƴŎƭǳŘƛƴƎ ǎǘŀǘŜƳŜƴǘ ōŜƎƛƴƴƛƴƎ ǿƛǘƘΣ ŦƻǊ ŜȄŀƳǇƭŜΣ άƛƴ ŎƻƴŎƭǳǎƛƻƴΣέ ƻǊ άƛƴ 

ǎǳƳƳŀǊȅΣέ ƻǊ ŜǾŀƭǳŀǘŜŘ ǘƘŜ ƭŀǎǘ ǇŀǊŀƎǊŀǇƘ ƻŦ ǘƘŜ 5ƛǎŎǳǎǎƛƻƴΦ 

We developed and pilot tested the operationalization of the questions and iteratively specified the 

wording of the questions to arrive at detailed extraction instructions. Two reviewers (two of L.G.H., 

H.E., F.N., A.L.) then assessed all articles independently (unaware of any extractions in the pilot), 

resolving any disagreements by discussion or with a third reviewer (L.G.H. or H.E.). 

Data analysis 

In addition to an overall description of the study sample and the statements on confounding, we 

analyzed whether the consideration of confounding (Questions 1ς6) differed between the journal 

types (general medical vs. epidemiology vs. specialty journal), study types (cohort vs. caseςcontrol), 

exposures (modifiable vs. nonmodifiable), and whether it was associated with journal impact factor 

and article annual citation rate. We tested differences between continuous variables with the Mannς

Whitney U test, differences between categorical data with the Fisher's exact test. Results for 

continuous measures are medians with IQRs. All analyses were done with Stata 13.1. P values are two 

tailed. 
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Results 

Evaluated studies 

Of the 120 articles, 90 described cohort studies (75%) and 30 caseςcontrol studies (25%; Table 2; 

details in Webappendix 3). Caseςcontrol studies were typically published in epidemiologic journals (17 

of 30; 56.7%). The 120 studies covered a wide spectrum of medical areas, and there were differences 

in the areas covered between general medical journals and specialty journals, with pediatrics and 

oncology being more common in the latter. Most studies (74; 61.7%) analyzed effects of exposures 

that cannot practically be investigated in experimental studies as they are either not directly 

modifiable or are harmful (e.g., associations of health outcomes with environmental factors, 

biomarkers, or demographic characteristics). Effects of potentially modifiable exposures (e.g., drugs, 

diets, or surgery) were analyzed in 35 studies (29.2%) and were less common in epidemiologic journals. 

The median impact factor of the 22 journals was 7.9 (IQR, 5.6ς13.5) in 2010 and the studies received 

a median of 5.1 (IQR, 2.5ς9.2) annual citations, with clear differences depending on journal type. Of 

the 120 studies, only six used propensity score methods and one used marginal structural modeling. 

Mere mentioning of confounding or bias 

Confounding bias was not mentioned or alluded to at all in Abstracts and Discussions of 32 of the 120 

studies (26.7%; 95% confidence interval [CI]: 18.8ς34.6%; Table 3); in 20 studies (16.7%; 95% CI: 10.0ς

23.3%), there was some allusion to the concept of confounding indirectly without using this specific 

term, and 68 of 120 (56.7%; 95% CI: 47.8ςсрΦр҈ύ ƳŜƴǘƛƻƴŜŘ ǘƘŜ ǘŜǊƳ άŎƻƴŦƻǳƴŘƛƴƎέ ƻǊ ǎƻƳŜ ǎŀƳŜ-

Ǌƻƻǘ ǾŀǊƛŀƴǘΦ ¢ƘŜ ǘŜǊƳ άōƛŀǎέ ǿŀǎ ǳǎŜŘ ƛƴ тн ƻŦ ǘƘŜ мнл ǎǘǳŘƛŜǎ όсл҈Τ фр҈ CI: 51.2ς68.8%). Twenty-

seven studies (22.5%; 95% CI: 15.0ς30.0%) mentioned neither confounding nor bias at all in their 

Abstracts and Discussions. 

Any mention that confounding may affect results 

!ƳƻƴƎ ǘƘŜ су ƻŦ мнл ǎǘǳŘƛŜǎ ǘƘŀǘ ǳǎŜŘ ǘƘŜ ǘŜǊƳ άŎƻƴŦƻǳƴŘƛƴƎέ or related terminology, three (2.5%; 

95% CI: 0ς5.3%) said that it is likely that confounding affects their main findings, 26 (21.7%; 95% CI: 

14.3ς29.0%) said it is possible, 11 (9.2%; 95% CI: 4.0ς14.3%) said it is unlikely, and the remaining 28 

did not comment in this regard. 

Acknowledgment of unmeasured confounders 

Authors of 34 studies (28.3%; 95% CI: 20.3ς36.4%) acknowledged that for specific confounders, there 

was no adjustment, and the reason provided in the majority (28 of 34) was that these confounders had 

not been measured. Another eight studies mentioned unmeasured confounding in general without 

specifying the unmeasured confounders. 

Cautious interpretation and limitations in conclusions 

An explicit statement in the Discussion section (or Abstract) that the interpretation of study results 

should be made with caution due to possible confounding was made in only 2 of 120 studies (1.7%; 

95% CI: 0ς4.0%). Specifically, in a study of caffeinated beverage and soda consumption and time to 

pregnancy, Hatch et ŀƭΦ ŎƭŜŀǊƭȅ ǎǘŀǘŜŘ άWe caution that these associations may reflect unmeasured 

confounding by diet or other lifestyle factorsέ ώ11]. In a study of the association of different biomarkers 

and risk of type II diabetes, Montonen et ŀƭΦ ǎǘŀǘŜŘ άCaution is needed when interpreting the results of 

ǘƘŜ ŀƴŀƭȅǎŜǎ ƻƴ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ŜȄǇƭŀƛƴŜŘΦ CƛǊǎǘΣ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ώΧϐ Ƴŀȅ ōŜ 



 

 12 

biased if there is unmeasured confounding between the biomarkers and the outcome [References]έ 

[19]. 

Only 4 of 120 studies (3.3%; 95% CI: 0.1ς6.5%) mentioned any limitations related to bias or 

confounding in their Conclusions. 

Of the three studies where the authors' discussion expressed that confounding likely affects their main 

results, this caution was clearly expressed in the Conclusions in one of the three. Such caution was 

conveyed in the Conclusion in only 2 of the 26 studies where the authors mentioned possible 

confounding. 

Of the 42 studies where unmeasured confounders were discussed (specifically or in general terms), 

only one (2.4%) explicitly stated that the interpretation of the results should be made with caution and 

only four (9.5%) expressed in their Conclusions limitations because of confounding or any other bias. 

Overall assessment 

The interrater agreement was very high for all assessed questions, ranging from 86.5% to 99.2%. 

Figure 1 shows the overlap we observed between the different ways of handling and characterizing 

the potential presence and impact of confounding bias. 

Associations with type of journal and impact 

The findings were overall the same across the types of journals (Table 3). None of the evaluated 

aspects of considering confounding bias were associated with journal impact factor or subsequent 

citation impact, with one exception (Table 4). Studies with a statement that the findings were possibly 

or likely affected by confounding bias were more frequently cited than those studies with a statement 

that the findings were unlikely affected (median 6.3 vs. 4.0 citations per year, P = 0.04). We found no 

differences between cohort and caseςcontrol studies or between studies evaluating modifiable vs. 

nonmodifiable exposures (data not shown). 

 

Discussion  
Our analysis of 120 randomly selected epidemiologic studies showed that while a narrow majority 

studies do mention confounding bias to some degree, very few acknowledge that it is a reason for 

major caution in interpreting the key findings. More than a quarter of the articles completely ignored 

άŎƻƴŦƻǳƴŘƛƴƎέ ƛƴ ǘƘŜ !ōǎǘǊŀŎǘ ƻǊ 5ƛǎŎǳǎǎƛƻƴ ǎŜŎǘƛƻƴǎΣ ŀƴŘ Ƴƻǎǘ of them do not even mention the term 

άōƛŀǎέ ƛƴ ƎŜƴŜǊŀƭΦ 5ŜǎǇƛǘŜ ǘƘŜ ŦǊŜǉǳŜƴǘ ǇǊŜǎŜƴŎŜ ŀƴŘ ŜǾŜƴ ŀǿŀǊŜƴŜǎǎ ƻŦ ǎǇŜŎƛŦƛŎ ǳƴƳŜŀǎǳǊŜŘ 

confounders and the often reported possible impact on the main findings, conclusions are almost 

never made with explicit caution. We found only two cases with explicit statements that cautious 

interpretation is required because of confounding. Interestingly, in one of them, this caution owing to 

ǳƴƳŜŀǎǳǊŜŘ ŎƻƴŦƻǳƴŘƛƴƎ ƛǎ ƛƳƳŜŘƛŀǘŜƭȅ ŘƛƭǳǘŜŘ ƛƴ ǘƘŜ ǘŜȄǘ ōȅ ǎǘŀǘƛƴƎ άIn the present study, we 

included a large variety of known risk factors as well as of biomarkers, thereby minimizing unmeasured 

confoundingέ ώ19]. This illustrates the overall impression we gained during our evaluation, that many 

discussions of confounding in these top journals are superficial and appear to be attempts to negate 

the importance and impact of confounding in the published work. 

We found no indications that this phenomenon is limited to certain areas of research, as findings were 

similar across types of journals, their impact factors, and study types and topics. Of note, many of the 
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studies we evaluated were from journals that published the STROBE reporting guidelines in 2007 (i.e., 

Lancet, Epidemiology, Bulletin of the World Health Organization, BMJ, PLOS Medicine, Annals of 

Internal Medicine). The observed association of higher study citation numbers with statements 

acknowledging that confounding bias could exist might be just a chance finding, or be due to 

confounding. Nevertheless, it suggests that statements acknowledging potential methodological 

weaknesses have no negative citation impact. 

Investigators should not worry that their observational study will be discredited if they acknowledge 

(as they should) that their work is subject to confounding that might affect their results. 

Acknowledgment and thorough discussion of the impact of confounding bias may be a marker of 

researchers with more epidemiologic training being involved in the study, who may have better 

institutional access to better, larger datasets, and work in larger research teams, all of which may also 

help explain higher citation rates for articles that explicitly discuss confounding. We did not adjust for 

any of these potentially explanatory variables in our descriptive analyses as we do not aim to make 

any causal inferences. If anything, we observed more citations for articles that acknowledged 

confounding than for those that did not. 

The acknowledgment of unmeasured confounding (in accordance to the STROBE reporting guideline) 

has been systematically assessed in previous empirical work for observational research published in 

five general medicine journals and five epidemiologic journals (most of them included also in our 

analysis) for the years 2004ς2007 and 2010ς2012 [[22], [23]]. Comments on the likelihood of 

unmeasured confounding were present in 59ς85% of the studies, but only 16ς32% gave any qualitative 

statement about the impact on the findings, which agrees well with our overall study results. However, 

both of these previous empirical studies narrowly evaluated observational research specifically 

focusing on medical interventions, while we examined the broader landscape of observational 

investigation within the medical literature, only the minority of which pertained to interventions. 

Some limitations of our work deserve closer attention. First, we analyzed only a small sample of the 

observational study literature. Perhaps, a larger sample may have allowed us to detect small 

differences between journal types or other factors affecting the consideration of confounding. 

However, large differences are unlikely to have been missed. 

Second, we evaluated studies that were published 4 and 5 years ago, which was necessary for a 

meaningful analysis of subsequent citation impact. Previous evaluations have found that the 

introduction of STROBE in 2007, arguably the most influential effort to improve reporting quality, has 

had only modest impact on reporting quality [[22], [23]]. No new major similar efforts have been 

launched in the last 5 years; therefore, we have no reason to believe that reporting of observational 

research would have changed substantially in the last few years. 

Third, by only looking at 24 high-impact journals, it is uncertain if our findings are generalizable to the 

rest of the medical literature. It is quite possible that we may even underestimate the extent to which 

implications of confounding bias go unaddressed in the medical literature. 

We also acknowledge that confounding bias might be seen by some researchers as an inevitable 

limitation of observational studies that is too well-known to merit discussion. However, as causal 

interpretations depend on the validity of the implicit assumption of no unmeasured/residual 

confounding, the implications of bias due to failure of this assumption should be considered. Dealing 

with confounding bias, understanding its impact (e.g., through qualitative discussion of the magnitude 
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and direction of bias and more quantitative sensitivity analyses [[24], [25]]), minimizing its influence, 

and acknowledging the residual uncertainty is an integral core for inference-making in epidemiology. 

In some situations, authors might not be much interested in causality and expressions about cautious 

interpretation, for example, when they explore associations for developing diagnostic rules. However, 

only very few studies in our sample addressed such topics. 

Underreporting of limitations may exaggerate conclusions and could sometimes be perceived as 

sensationalism, overall diminishing trust in research. We found no evidence that considering the 

possibility of confounding bias diminishes citation impact. This agrees also with recent evaluations of 

press releases of observational studies showing that cautious interpretations and wide media coverage 

are well compatible [[26], [27]]. This is reassuring for researchers and may encourage them to discuss 

and communicate any limitation introduced by confounders in a thorough and determined way and 

άnot take them as mythical or uncontrollable phantoms that destroy studiesέ ώ28]. 

Overall, we believe that there is a need to encourage researchers to report more careful and 

determined considerations of confounding bias and to encourage peer-reviewers, journal editors, and 

research funders to appreciate this. Many of the journals we analyzed have published the STROBE 

guideline, and some explicitly refer to them in their Instructions for Authors. Recently, PLOS Medicine 

ƛƴǘŜƴǎƛŦƛŜŘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŀǳǘƘƻǊǎ ƻŦ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǎǘǳŘƛŜǎΣ ŀǎƪƛƴƎ ǘƘŀǘ ǘƘŜȅ άmust complete the 

appropriate reporting checklist not only with page references, but also with sufficient text excerpted 

from the manuscript to explain how they accomplished all applicable itemsέ ώ29]. Our results 

demonstrate that such activities are well justified. Given that not much has improved over many years, 

facing the tsunami of big datasets with all their promises, limitations, and risks of spurious findings 

[30], we believe that more concerted action is needed to improve the appropriate discussion of 

epidemiologic findings. 

 

Conclusion  
Confounding bias is a pervasive threat to the validity of observational epidemiologic research. 

Inadequate consideration and lack of discussion of implications of confounding bias are very frequent 

among the highest impact observational studies. Despite reasonable cause for careful discussion and 

cautious interpretation, authors often convey confidence, without cause or supporting evidence, that 

confounding bias is largely irrelevant for their findings. We think that such confidence is not justified. 
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Tables 
 

Table 1: Assessment of consideration of confounding bias in Abstracts and Discussions 

1. 5ƻ ǘƘŜ ŀǳǘƘƻǊǎ ƳŜƴǘƛƻƴ ŎƻƴŦƻǳƴŘƛƴƎ ǳǎƛƴƎ ŜȄǇƭƛŎƛǘƭȅ ǘƘŜ ǘŜǊƳǎ άŎƻƴŦƻǳƴŘŜǊόǎύΣέ 
άŎƻƴŦƻǳƴŘƛƴƎΣέ άŎƻƴŦƻǳƴŘΣέ ƻǊ Řƻ ǘƘŜȅ ŀƭƭǳŘŜ ǘƻ ƛǘ ǿƛǘƘƻǳǘ ǳǎƛƴƎ ǘƘƻǎŜ ǘŜǊƳǎΣ ƻǊ ƛǎ 
confounding not considered at all? 
 
9ȄŀƳǇƭŜǎ ŦƻǊ άȅŜǎέΥ 
 
ά²Ŝ Ŏŀǳǘƛƻƴ ǘƘŀǘ ǘƘŜǎŜ ŀǎsociations may reflect unmeasured confounding by diet or other 
ƭƛŦŜǎǘȅƭŜ ŦŀŎǘƻǊǎέ [11]. 
 
9ȄŀƳǇƭŜ ŦƻǊ άŀƭƭǳŘŜŘέΥ 
 
ά!ƴƻǘƘŜǊ ǇƻǘŜƴǘƛŀƭ ƭƛƳƛǘŀǘƛƻƴ ƛǎ ƻǳǊ ƛƴŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƻƭ ŦƻǊ ŀƎŜ ŀǘ ƳŜƴƻǇŀǳǎŜ ŀƳƻƴƎ ǿƻƳŜƴ 
having a hysterectomy before natural menopause; for these women, age at menopause is 
ǳƴƪƴƻǿƴέ [12]. 
 
ά²ƘŜƴ ǿŜ ƛƴŎƭǳŘŜŘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿŜ ŎƻǳƭŘ ŘŜŦƛƴŜ ƛƴ ƳǳƭǘƛǾŀǊƛŀōƭŜ ƳƻŘŜƭǎ ǘƘŜ 
association of arm injection site with a significantly higher risk of medically attended local 
reactions persisted, but it is ǇƻǎǎƛōƭŜ ǘƘŀǘ ōƛŀǎ Ƴŀȅ ƘŀǾŜ ƛƴŦƭǳŜƴŎŜŘ ǘƘŜ ŦƛƴŘƛƴƎǎέ [13]. 

 
2.  5ƻ ǘƘŜ ŀǳǘƘƻǊǎ ƳŜƴǘƛƻƴ ōƛŀǎ ǳǎƛƴƎ ŜȄǇƭƛŎƛǘƭȅ ǘƘŜ ǘŜǊƳ άōƛŀǎέΚ 

 
9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎέΥ 
 
ά²ƘŜǊŜ ŀǾŀƛƭŀōƭŜΣ ǿŜ ǊŜƭƛŜŘ ƻƴ IL± ŘƛŀƎƴƻǎƛǎ ōŀǎŜŘ ƻƴ ŎƭƛƴƛŎŀƭ ŦŜŀǘǳǊŜǎΣ ǿƘƛŎƘ Ƴŀȅ ōŜ ǎǳōƧŜŎǘ 
to biases in assessing the factors contributing to diarrheal disease among participants since 
IL± ƛƴŦŜŎǘƛƻƴ ŀǘ ŜŀǊƭȅ ǎǘŀƎŜǎ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ƳƛǎǎŜŘ ŀƴŘ ƴƻǘ ŀƭƭ Řŀǘŀ ǿŜǊŜ ǊƻǳǘƛƴŜƭȅ ŎŀǇǘǳǊŜŘέ 
[14]. 

 

3. Do the authors mention specific confounders that have not been adjusted for? 
 
(If yes, what were the reasons? If not, were there unspecified unmeasured confounders 
without specifically stating which ones?) 
 
9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎέΥ 
 
ά²Ŝ ǿŜǊŜ ǳƴŀōƭŜ ǘƻ ŀŘƧǳǎǘ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ŎƻƴŦƻǳƴŘƛƴƎ ǾŀǊƛŀōƭŜǎ ǿƛǘƘ ŀ ƪƴƻǿƴ ŀǎǎƻŎƛŀǘƛƻƴ 
with mortality (for example, blood glucose and postarrest pH) that were not collected as part 
ƻŦ ǘƘŜ tL/!bŜǘ Řŀǘŀ ǎŜǘέ [15]. 

 

4. Do the authors state that their main findings are likely, possibly, or unlikely affected by 
residual confounding? 
 
9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎΣ ƭƛƪŜƭȅέΥ 
 
ά¢ƘŜǊŜŦƻǊŜΣ ǎƻƳŜ ǊŜǎƛŘǳŀƭ ŎƻƴŦƻǳƴŘƛƴƎ ǿƛǘƘ ǇŀǊŜƴǘŀƭ ǇǎȅŎƘƻǇŀǘƘƻƭƻƎȅ ǎŜŜƳǎ ƭƛƪŜƭȅέ [16]. 
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9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎΣ ǇƻǎǎƛōƭȅέΥ 
 
άIƻǿŜǾŜǊΣ ŀƭǘƘƻǳƎƘ ǿŜ ŀŘƧǳǎǘŜŘ ŦƻǊ ǎŜǾŜǊƛǘȅ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ŘƛŀƎƴƻǎƛǎ ƻŦ ŘŜǇǊŜǎǎƛƻƴΣ ǿŜ ŎƻǳƭŘ 
use only a crude measure as we did not have a validated depression severity score. We 
Ŏŀƴƴƻǘ ǘƘŜǊŜŦƻǊŜ ŜȄŎƭǳŘŜ ǘƘŜ ǇƻǎǎƛōƭŜ ŜŦŦŜŎǘ ƻŦ ǊŜǎƛŘǳŀƭ ŎƻƴŦƻǳƴŘƛƴƎ ƻƴ ƻǳǊ ǊŜǎǳƭǘǎέ [17]. 
 
9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎΣ ǳƴƭƛƪŜƭȅέΥ 
 
άaƛƴƛƳŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǘƘŜ ŎǊǳŘŜ ŀƴŘ ŀŘƧǳǎǘŜŘ ƻŘŘǎ Ǌŀǘƛƻǎ ŦƻǊ ǘƘŜ 
exposure variable, suggesting that SEIFA and ethnicity were unlikely to be major confounders 
ƛƴ ǘƘƛǎ ŀƴŀƭȅǎƛǎέ [18]. 

 

5. Do the authors state that their main findings need to be interpreted with caution due to 
confounding? 
 
²Ŝ ŀƴǎǿŜǊŜŘ ǘƘƛǎ ǉǳŜǎǘƛƻƴ ǿƛǘƘ άȅŜǎέ ƛƴ ŎŀǎŜǎ ǿƛǘƘ ŀ ŎƭŜŀǊ ǎǘŀǘŜƳŜƴǘ ǘƘŀǘ Ŏŀǳǘƛƻǳǎ 
interpretation is required because of confounding. 
 
9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎέΥ 
 
ά/ŀǳǘƛƻƴ ƛǎ ƴŜŜŘŜŘ ǿƘŜƴ ƛƴǘŜǊǇǊŜǘƛƴƎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎŜǎ ƻƴ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 
association explained. First, the proportion estimates, decomposed from the total effect by 
adjusting for other biomarkers, may be biased if there is unmeasured confounding between 
the biomarkers and the outcome [Reference]. In the present study, we included a large 
variety of known risk factors as well as of biomarkers, thereby minimizing unmeasured 
ŎƻƴŦƻǳƴŘƛƴƎέ [19]. 

 

6. Do the authors call for caution or indicate limitations or uncertainty due to possible 
confounding or other bias in their conclusions? 
 
9ȄŀƳǇƭŜ ŦƻǊ άȅŜǎέΥ 
 
άWe caution that these associations may reflect unmeasured confounding by diet or other 
ƭƛŦŜǎǘȅƭŜ ŦŀŎǘƻǊǎέ [11]. 
 
άDƛǾŜƴ ǘƘŜ ǎƳŀƭƭ ǎŀƳǇƭŜ ǎƛȊŜΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ǇƻǘŜƴǘƛŀƭƭȅ ŎƻƴŦƻǳƴŘƛƴƎ ŜŦŦŜŎǘǎ ƻŦ ƳŀǘŜǊƴŀƭ Lv 
Ŏŀƴƴƻǘ ōŜ ŜȄŎƭǳŘŜŘ ŀƴŘ ǎƘƻǳƭŘ ōŜ ŜǾŀƭǳŀǘŜŘ ƛƴ ŀ ƭŀǊƎŜǊ ǎǘǳŘȅέ [20]. 
 
άLƴ ǎǳƳƳŀǊȅΣ ƴƻǘǿƛǘƘǎǘŀƴŘƛƴƎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǊŜǎƛŘǳŀƭ ǎŜƭŜŎǘƛƻƴ ōƛŀǎΣ ǇŀǘƛŜƴǘǎ ǿƘƻ ώΧϐέ 
[21]. 
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Table 2: Characteristics of studies 
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Table 3: Statements on confounding 
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Table 4: Citation impact 

 

  


























































































































































