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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
2dzNJ R20G2N) 1y26a o0Sailded 2KIG ¢S dza digefid BasedRahy Qi |
experience and on evidence. However, the evidence can be flawed, exaggerated, or may not actually
apply to usWhile thee are many things that can go wrong in clinical studies, the main focus of this
dissertation is on the concept of confoding. Confoundingoccurs when a specific exposurada
outcome have a common cause. For examplere breast cancer patients receiving surgery as the
20aSNIBSR 4 SE LR thaNdEcéiving clidtiidtharePy. GoKcluging that surgery is better for
sunival may, however,be confounded by cancer stage becaubkese who were operated on had a

less advanced cancer stage and thus were more likely to survive to begimMivitmizing the impact

of such confounding in research studies on treatment effectsigortant 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 cheffact 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 asage) and unknown characteristics (such as undiagnosed diseases) of the participehts
means that they also balance all known and unknown confounding factorsoflgedifference
betweenthe participant groupsvill then bethe allocation to a treatmenor 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 exersé program ofiweight-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 anynhtoejever, not every
clinical question can be answered in an R&Totherimportant research desig are observational
studies, where the exposure of patients to an intervention or a control isdeotdedby the study
investigators (thus observational) and may thus depend on a number of other known and unknown
and requires careful statistical analyse¥atistical methodscan then beused to retrospectively
addresdssuedike confoundingor confoundingthat changever time.One suctstatisticalmethod is
marginal $ructural models (MSM). MSM allow a causal interpretation of results under the
assumptions that all confounding factare known correctlymeasured angbroperlyimplemented in

the statistical modelsHowever,even with the lateststatistical methods, RCTs amdbservational
studiesmay not give the same answer when trying to solve the same questemce, theaimsof the
doctoral projects werel) to evaluatethe extentto which confounding isactivelyconsidered in the
conclusiondgrom observationaktudies;2) to evaluate the agreement of treatment effects framon-
randomizedstudies usingdSMwith reported effects from RCTs on the same toB)¢o evaluate when

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

CANBRGZ ¢S laaSaaSR (GKS ao02L)lS 2F (GKS AadaadzsS oAGKA
scientific papers aware of the problem of confounding for the interpretation of their results and do
they present their result light of its possible impact? Second, if observational studies use MSM to



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 theyvegyresedestablished
approaches to compare the effectfor example we determined how often the effects from both
designs indicated concordantly that a treatment is beneficial or fibird, weconduced an empirical
analysisof where and why MSM is used #nalyze 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 unsatisfa 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 cautigagoretation. Studies that did,
however, report possibléritations due to confounding were actually cited more by other researchers
than studies that deemed an influence due to confounding unlik€his means research that is
carefully reported may have more impact on science than other research.

When MSM wasppliedto observational study data, the effects often had opposite directions (i.e. one
showed harm and the other benefit of the intervention) and were more favorfaslthe experimental
treatment than in randomized studies on the same research quesiibiis was even more so when
the studies focused on informing health care decision making rather than statistical methodology.

MSM was applied to REMD minimize the influence afonfoundingthat arises when study participants

do not adhere to the protocoMWithin the main publication and the publication reporting M®kbked

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 irsdnee
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 statisticahodels. Even research that used causal modelling
techniques may still come wifferent answers than RCTs evaluating the same clinical questiolal.
Hence, onfoundingshould be more carefully acknowledged in ramdomized researcghdoing sas

not as®ciated withlower citation impact.Results from causal modelliran be useful sensitivity
analyseghat can help researchet® get a bigger picture ahe impact of other influencing factors.
Health care decision makers should remain cauti@ben usingnon-randomizedevidence to guide
their health care decisions.



Introduction

In evidencebased medicineE G KS oSad F@FAflIofS Ot AyAOlFt S@A
LI GASyGQa @FfdzSa | yR LINBTSNBY OSveded, B\lendethakadd A S R

decisiort. Study designs to gather evidence are frequently classified into two main categories
randomized controlled trial§RCTSs), where patients are randomly allocated to an intervention or a
control, and observational studiesvherethe exposure ofpatients to an intervention oa control is

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

RS
a

\
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from both studydesigns can deviate from the true (and unknown) effafcthe treatmentsfor many
reasonsincluding random error and bia3he key advantage of RCTs over observational studies is
better control of a number of biases.

Bias is any error thateads to thesystematicover or underestimation of an effect anthus
systematically undermines the intesthvalidityof a study Bias is systematic insofar thabther than
random error¢ it does notdecreasewhen replicating the study several times when increasing
sample sizethe result willalwaysdeviate from the true effecét®. Methodologists have defined a large
number of individual biases, and tliefinitions are not always cled One important type obiasis
selection bias. larises when grops are not comparablbecause of an uneven distributiaf patient
characteristicgnd prognostic factors. For example, if a study concludes that vegetariamsniongs
life, that may simply be because comparechtun-vegetarians, vegetarians tend sémokeless This is
a systematic difference that would introduce selection hfasot controlled for through statistical
methods (the effect of not smoking would ogrshadow the effect of not eating meatWhile
observational studiesre extremely prone to this bialRCTs can also be concerned when recruiters
can guess ahalter upcomingreatment allocations e.g. by lack of allocation concealmésading to

a broken randomizatiorf®. Another type of bias ignformation bias (also called detection or
measurement biasjvhich stems from errors imeasurement and determination afxposure and
outcome As thesare essential for most statistical analysesch errorsanresult inmislead caré’.
RCTs are especially prone to this bias when outcome assessors are notbindéaer major bias in
obsewational studiess confoundingThe concept of confoundingenerally refers to a problem of
comparability but it can havedifferent meaningsin different scientific fields and era& ° In
epidemiology a confoundeiis a factorthat influences both the exposureto an intervention and the
outcomée’. For example, cancer stage a prognostic factowhich influencesthe treatment decision
but alsothe chance of survivgFigurel).

At the level of study design, RCTs provide methods to control for confounding bias. laveéhef
analysis, a number of statistical methods are available that aim to control for confoundingnbias
observational stugks Traditional approahes tocontrol the influence otonfoundingare, for example,
restriction, matching, stratificationmultivariate regression and propensity scores!! 2. These
techniquesfocus on balancing characteristics between comparison groups at basEtiizecan be as
simpk as in the cancer stage examfggurel), but confounders canncdlwaysbe clearlydetermined

or remain unknown For example, a study finds a strong association between frequently taking
vacations andiving longet®. It is easy to imaginthat stress reduction and increased physical activities
may have a positive impact ohealth and hence otifespan. A possible confounder could be stress
level at work: people witlvery demanding jobs may not take vacation as often but may have a higher



risk for cardiovascular disease which could shorten their lifespamalsopossiblethat people who

can afford to go on vacatiomore frequently have a higher socioeconomic status which is associated
with better access to healthcamhich can increase their lifesp&nThe data cannot tell investigators
what causeand effectare, or through which factors (or mediatorgxposureleads to a specific
outcome or by whichother factors i could be influencedSometimesnvestigators caffind plausible
mechanistior biologicexplanations oéxposure as cauder a specifioutcome (i.e. causal pathways),

e.g. bacteriaas cause for manydiseasesBut still, experts may fail in the attempbd completely
understand all underlying factomnd base their assumptions on wrong conclusidrsr example,
many experts criticized the hypothesigat smoking causes cancer and is an important confounder in
cancer researcl. Hence, even win mechanistic explanations are abseatstrong pratical effect

may still befound. For instance, ithout understanding whylgnazSemmelweis discovered that when

he washed his hands with chlorine solution before attending a delivery, more women survived giving
birth®>. In a time where bacteria seemed ridiculous fantasy, this practical approach could still establish
cause and effect and saved many Iives

To establisttause and effe¢tRCTs apply fandamentally different wayhan observational studies
Instead oftrying to statisticallycontrol for baseéhe confoundingand riskinguneven distributions of
patient characteristics between groupRCTs use chande their design By randomly allocating
patientsto one treatment or the otherRCTs aim atreating equal groups that only differ in the
treatment they are intended taeceivé 5. Allknown and unknown confoundsrshould, per chance,
be divided equally between both groudéall patients adhere to the protocol, themeasuredeffect
would then bethe true causal (unconfounded) effect of the treatm&ntowever perfectadherence

is unlikely As with observational studies, cause and effect can be seen in a mechanistic and a practical
waywhich may both have important aspectsimiorming treatment choice&. Those interested in the
mechanistic pathways may now ask how effective the treatment would be if all patients adhdted to
i.e. what is the biological effecEor example, tesafelyavoid pregnang, a woman may be more
interested in the effecof takingthe antirbaby pillat the same timealaily (fulladherence) than in taking

it with a delay of some hour®onadherence) This mechanistic question can be answered with a per
protocol analysisin which only patients are analyzed that adhered to the treatment protocble
greater the noradherence in a trial, the greater the analyzed groups may deviate from the originally
randomized ones and confoundiigre-introduced The reason for this is th#those who adhere and
those who do notmay be systematicallgifferent, and because adherengeay depend orthe
allocated treatment as wellConducting a peprotocol analysis then fasethe same statistical
challenges as observational studies'tf8. Those interested in a practical approach may ask how
effective the treatmenis in generafe.g. the gynecologist canhknow whether or not the patient will
actually adhere to taking thanti-baby pill at the same timadaily and neither does the patient know
this upfront despite her motivation The practical question is best answered with an intentmireat
analysisjn which all patients are analyzed according to the groups they were randomly assighed to
The intentionto-treat effect remains unbiase@yven if confounding occurs after randomization such
as high dropout rates or treatment switchefi.e. postrandomization confounding’. For example, a
physical therapist wants to know if a demanding workout will help patients lose weight compaaed to
light workout Because thenterventionalworkoutis too demanding, many patienstop working out
(drop out) or switch to the light workoutThe perprotocol effect may find that the demanding workout
resulted in higher weight reduction. Howevéhis effect maybe confoundeddy known and unknown
factors thosewho adhered to the demanding workouhay have haa different body mass index at
baseline (this could be statistically controlled fafeir life-situationmay havebetter allowed them



to do the workout regularly (this is ledikely to be measur in a triaJ factors could be number of
people in the household, previous experience with physical programs, motivation, working &odrs)
alsounconscious psychological factors that agt measured or measurable at aflay haveplayed a

role. Even if # these factors had been knawthey would alstnad tohave been adequately measured
and then correctly implemented in the modd@heunbiasedTT effectanalyzingall patientsaccording

to the groupsthey were allocated to, may naldetect a difference letween the results of thetwo
interventions. While this does not mean that there is no mechanistic difference between the two
interventions?, it is likely that the less demanding workout would result in a larger average effect than
the (in theory)strongerbut more demanding workout that only a minority will adhere to. Phgsical
therapist mayin future think twice about which patientouldbenefit from a demanding workout.

Confoundingcan geteven morecomplexwhen it varies over timén a longitudinalstudy. Atime-
varyingconfounderis an intermediate variablg.e.the confounding variable is influenced by previous
exposure orchanges of the exposure over tim&/hile adjusting for baseline confounders(e.g.
prognostic factors that doot change overitme, such as sexg¢duces biasadjustingfor time-varying
confounderamay introduce biasvhen using standard statistical methéd<Conventional peprotocol
andother standard analysesannot addresshis adequately®. Marginal structural models (MS$)) a

new class of modelcan be used to control for time-varying variables and to make causal
interpretations#2%, They model an alternative scenario, e.g. what would have happkadd patient

not takenthe treatmentbut the placeb®2%. MSMsl NB & Y I NH Awfthirf this frantevork iz S
patient population is reveighted in such way that possible @oimes are independent of possible
confounders. For example, if 50 patients receive treatment A and 50 patients receive treatment B, the
patients are reweighted so that each group has 100 patients. This simulates the alternative scenario
of what would havéhappened had the patients who received treatment A actually received treatment
B and vice versaViISMsare ostructurak because theyattempt to measurea causal effect. To make
valid inferences,three main assumptions need tobe met exchangeability, corgiency, and
positivity’®2%; Exchangeabilityneans that the groups need to be exchangeable, i.e. there should be no
unmeasured confounding A ®S @ i KL &NJ I.anEade dieRovld be the case for the baseline
groups of an RGAith perfect randomization and an infinitive large sampmnsistencyequires that

the exposure is so well defined that variants of it willedld tothe same effect on the daome. For
example,when takinga specific dose afliclofenac for pain relief, there must be no difference in
treatment effect when using the products of differepharmaceutical companie®ositivity means
that it should be possible for every patient teceive either treatmentFor examplepositivity is not
given ifpatientsare includedn the study datasetvith an absolute contrainidation against the study
drug. Overall, MSM is a complex method to plan, conduand report but it maygive insightful
perspectivedor study interpretation.

Confounding is the connecting theme of all projectstlis thesis. It may have faeaching
consequences for clinical decisioraking®*°. Our overall aim wasotimprove health care decision
makingby identifying factors that may strengthen or weaken the confidence in evidence used for
health care decisiomaking, ad by providingempirical guidance on the utility of M&MTo achieve
this goal, we appliedeveraimeta-epidemiological approacheByusingthe framework ofsystematic
reviews and metanalyses meta-epidemiological researclexplores the impact of specit study



characteristics on treatment effectand the underlying factors of epidemiological and medical
research as special form of research on resear@hn metaresearch?®3.

Thefirst doctoralproject hadthe objectiveto assessvhether authors of observational epidemiologic
studies considard confounding bias when interpreting tirefindings.We useda random sample of
120 cohort or caseontrol studiesreporting any exposureutcome associationThe studies were
publishedbetween2011 and 2012 by genenaledical epidemiological, and specialty journals with the
highest impact factoraVe evalated whetherthe consideration of confounding depended on specific
factors, specifically journal types, study typegposures, journal impadactor and article annual
citation rate.

The second doctoral project had the objective to evaluatehe agreementbetween estimated
treatment effectsof non-randomizedstudies usingausal modellingvith marginal structural models
and RCT®n the same clinical questiolVe first includedany non-randomizedhealthcarestudy that
provided an effect frontausal modellingvith MSM Then wesearched anéhcluded RC3on the same
clinical questionin a @mpaison of the two study designs, we evaluatih@ direction of treatment
effects, effect sizes, and confidence intervals for primary effectiveness outc@ndghe overdl
absolute deiation. We determinedif the effectsof the experimental treatmentvere more or less
favorable in norrandomized studiesand how the results changed whaenore RCT evidenceas
published before the respective neandomized study

Intrigued by the emerginguse of MSM in RCTihe third PhD projectwas ameta-epidemiological
analysiswith focus on marginal structural models RCTsThefirst objectivewas to systematically
identify and describesituations whereMSM had beenusedto (re-)analyge results from randomized
comparisonsof medical interventions Considering all reported results fall available analysis
methods within eacleligibleRCT (e.g. MSM, intentign-treat, per protoco) as treated, the second
objectivewas to assess thehration of all effect$? and the relationshifpetweenresults ofMSM and
intention-to-treat-based analyses.

iy {
Cancer_stage

® ~@

Chemotherapy Overall survival




Doctoral Manuscripts




| Onterpretation of epidemiologic studies very often lacked adequate
consideration of confounding 6

Hemkens LGEwald H Naudet F, Ladanie A, Shaw JG, SajeewdaBnidis JPAInterpretation of
epidemiologic studies very often lamtk adequate consideration of confounding. Journal of Clinical
Epidemiology. 2018;93:9102.

The manuscriptvas published in thedournal of Clinical Epidemiology 2017 ahead of pridt and
finally in January 20£8

Background and Objective

Confoundingpias is a most pervasive threat to validity of observational epidemiologic research. We
assessed whether authors of observational epidemiologic studiesidenconfounding bias when
interpreting the findings.

Study Design and Setting

We randomly selected 120 cohort or cgsentrol studies published in 2011 and 2012 by the general
medical, epidemiologic, and specialty journals with the highest impact facWes used Web of
Science to assess citation metrics through January 2017.

Results

Sixtyeight studies (56.7%, 95% confidence interval: 9.p ®p’2 0 YSYGA2yYySR G O2y ¥F2
Abstract or Discussion sections, another 20 (16.7%;¢23.3%) alluded to itand there was no

mention or allusion at all in 32 studies (26.7%; £8486%). 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 findisg(29 studies; 24.2%). However, only two studies (1.%%; 0
nomr:0 aLISOATAOIEfE dzaSR GKS @g2NRA GOl dziAz2ye 21
confoundingrelated reasons and eventually only four studies (3.3%g85P6) 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 (mediarB6rs. 4.0 citatins per year, B 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 ér cautious interpretation. More careful acknowledgment of possible impact of
confounding is not associated with lower citation impact.



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 eviehce that acknowledging the gential impact of confounding dimishes
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.



A confounder may create spurious associations between an exposure and an outcome observed in
epidemiologic studiesl]. For example, many more people drinking coffee have lung cancer than
people not drinking coffee, but this is because theyrenoften 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 confoundanand 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 restjaigia$ 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 fbealthcare decisions (GRADE), evidence from
observational research is initially considered low qualily [

Because bias due to confounding is a core limitation of observational research, numerous
recommendations and statements call for a careful consitienawhen reporting, discussing, and

making conclusions from observational resear¢d],[[6], [7], [8], [9], [10]]. For example, the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement, the most
widely endorsed guidela for reporting of observational research, prominently emphasizes the
RA&OdzaaAzy 2F O2y T2 dayfsRiipygrant moyoRly t&idendfy th® dolrées of Bias | G S a
and confounding that could have affected results, but also to discuss theveelatportance of

different biases, including the likely direction and magnitude of any potentiak bias fue &
O2yaARSNYI GA2Y &K2dAZ R 0SS 3IABSYy G2 02y F2dzy RAYy3A X¢
due to unmeasured variables or imprecise meament of confounde£s6].w

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 possility 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 confoyuradi a
limitation decrease the subsequent citation impact of their work? To address these questions, here we
conducted a metaepidemiologic survey of observational studies published in-ligiact journals.

Our primary aim was to assess whether authorsob$ervational 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.

Data identification and eligibility

We selected 24 journals with the highest impact factors (Journal Citation Reports 2010): The top eight
FNRBY (GKS GYSRAOAYS:E 3ISYSNIftZ |yR Ayl Shoes/Iams O G4S3
Annals of Internal Medicine, PLOS Medicine, BMJ, Archives of Internal Medicine (currently JAMA



LYGSNYyltf aSRAOAYSOS> /a! W (GKS G2L) SAIKG FNRY 0
category (Environmental Health, Epidemiology, tn&ional 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 inSI OK 2 F SA3IKG & YchtBgorigd fardidlegp éndl lcdrdiveasculad dzo
disease, gastroenterology, obstetrics and gynecology, oncology, pediatrics, rheumatology, surgery,
urology and nephrology; i.e., Circulation, Gastroenterology, Obstetrics Gamecology, 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 basidénm preclinical research (e.g., Cancer Cell).

We searched MEDLINE for cohort and caeatrol studies published in these journals in 2011 and
2012 (last search on December 4, 2015; detailW@bappendix L

The articles retrieved were stratified by joaincategory. 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 propoaions

75% or 25%). The study flow is shown in Webappendix 2. We included any study clearly described as
GO2K2NI &0c2RyENBHN) @aO0ldRS¢é O6SELIX AOAGf & daAAg3I (KSA
outcome association and thus being theoretically pronecemfounding 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 (IQRPHR

Data extraction

Two independent reviewers (two of L.G.H., H.E., F.N.) extracted the reported study desigasée., ¢
control, prospective, retrospective, or unclassified cohort study or nested¢cas&rol study; we
applied these specific terms to categorize the study design agegmifted by the authors) and
categorized the area of research for all pertinent detic 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.) searchedeadtgull
automatically (using PDF viewer software) for temalated to propensity scores or marginal structural
models anywhere in the articles and they assessed if propensity dmased methods or marginal
structural models were used in the studies. Theses perfect agreement (100%) between reviewers.

One revewer (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 citatr@eeived 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 standadjzeespecified questiong &blel). We focused on the
Abstract and Discussion because these are the sections readers typically focus on the most and from



which they are most likely to draw bottom line conclusions on what the research means and what
caveatsmight exist. We did not evaluate the Introduction, Methods, or Results sections of the
publications.

CANRGOZ ¢S S@Iftdzr SR AF GKS G4SN GaO2yF2dzyRAy3A¢ Ay
is actually used to discuss the findings of thedst or not. We specifically screened Abstract and
5Aa0dzaaArzy aSOGA2ya 2F GKS IINIHAOESa F2NJ GKS (SN
also captured any allusions or statements referring to the concept of confounding bias without
explicitB dzaAy 3 &adzOK (GSN¥xad 2SS | faz2z ALISOAFTAOFffE& aONI
and explicitly perused any mentions of bias for possible relations to confounding. Details with
examples are shown ihablel.

Second, we evaluated if the auttsexplicitly 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
AYGSNIINBGSR 6AGK OFdziAz2zy RdzS (02 dédizhy2Td2adzyeR 22yNd X | deah Al
(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
aSOGA2y SAWKSENFAKRAYRER a@Q@2ZY Y NBEZé 2NJ &AYAL NI AT
Ff£€f LI NFINFLKEG F2ff2Ay3 | 02y OfdzRAY3 adldSYSyi
adzYYFNBEZ¢ 2N S@Ffdzr ISR GKS fFad LI NIFINIFLK 2F (GKS

We developed angbilot 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 (unawarg @xtractions 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 considation of confounding (Questionsc&) differed between the journal
types (general medical vs. epidemiology vs. specialty journal), study types (cohort vEochsd),
exposures (modifiable vs. nonmodifiable), and whether it was associated with jourpattrfactor

and article annual citation rate. We tested differences between continuous variables with thecMann
Whitney U test, differences between categorical data with the Fisher's exact test. Results for
continuous measures are medians with IQRs. Allyaea were done with Stata 13.1v8lues are two
tailed.
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Evaluated studies

Of the 120 articles, 90 described cohort studies (75%)38ndasecontrol studies (25%; Tabk

details in Webappendix 3). Casentrol studies were typically publishéuaepidemiologic 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 commain 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 $actor
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 wa8 (IQR, 5613.5) in 2010 and the studies received

a median of 5.1 (IQR, 2%.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 [Cl]: B48%; Tabl8); in 20 studies (16.7%; 95% CI: £0.0

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

term, and 68 of 120 (56.7%; 95% Cl: 4.9 ®p:2 0 YSY (A 2y SR GKS GSNY aO2y"
NE20G @GFNAFYyGd ¢KS GSNY dGoAl a¢ oC:H1.2688%RTwenly TH 2F
seven studies (22.5%; 95% CI: §£3M0%) mentioned neither confounding nor bias at all in their
Abstracts and Discussions.

Any mention that confounding may affect results

lY2y3 GKS cy 2F wmMun &0GdzRA S ar ralated tarminaddy,Rhreé @.5%; G S N
95% CI: €6.3%) said that it is likely that confounding affects their main findings, 26 (21.7%; 95% CI:
14.3;29.0%) said it is possible, 11 (9.2%; 95% (j14.8%) said it is unlikely, and the remaining 28

did not canment in this regard.

Acknowledgment of unmeasured confounders

Authors of 34 studies (28.3%; 95% CI: 28634%) acknowledged that for specific confounders, there
was no adjustment, and the reason provided in the majority (28 of 34) was that these confsuratl

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 Abstrida) 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: ¢4.0%). Specifically, in a study of caffeinated beverage and soda consumption and time to
pregnancy, Hatchted £ @ Of S| Weicautioa that theS&Rasgbciations may reflect unmeasured
confounding by diet or other lifestyle factérd 1foln a study of the association of different biomarkers

and risk of type Il diabetes, Montonenlett ® 3Cautian $ Reded when interpreting the results of

GKS FylfeasSa 2y LINBLRNIAZ2Y 2F GKS Faaz20AldAirzy S
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biased if there is unmeasured confounding between the biomarkers and the outcome [Reférences]
[19].

Only 4 of 120 studs (3.3%; 95% CI. QB.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 expressedhe 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 genesyl term
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 as very high for all assessed questions, ranging from 86.5% to 99.2%.
Figurel 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 journaand impact

The findings were overall the same across the types of jouriabl€3). None of the evaluated
aspects of considering confounding bias were associated with journal impact factor or subsequent
citation impact, with one exceptioébled). Studes 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 ea0,04). We foundo
differences between cohort and cagmntrol studies or between studies evaluating modifiable vs.
nonmodifiable exposures (data not shown).

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
GO2y F2dzy RAy3aé Ay (GKS | 6 &0 Ndfthein denhtleier iettiorite ey 4 S O
GoAl &¢ Ay 3ISYSNIfod 5SaLIAGS GKS TFNBIdzSyd LINBaAS
confounders and the often reported possible impact on the main findings, conclusions are almost
never made with explicit cautio 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

dzy YSI adzNBR O2y T2dzy RAy3 Aa A YYS Rithep@dert udy, Ave dzi SR A
included a large variety of known risk factors as well as of biomarkers, thereby minimizing unmeasured
confounding 190 This illustrates the overall impression we gained during our evaluation, that many
discussions of confounding in these tojijoals are superficial and appear to be attempts to negate

the importance and impact of confounding in the published work.

[j
y

We found no indications that this phenomenon is limited to certain areas of research, as findings were
similar across types of jourlg 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, PLO&nkledinnals 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 statenseatknowledging 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 miglffect 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 dataseind 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 domtut enake

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 systeatically 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 202007 and 20162012 [22], [23]]. Comments onthe likelihood of
unmeasured confounding were present ing8%% of the studies, but only §82% gave any qualitative
statement about the impact on the findings, which agrees well with our overall study results. However,
both of these previous empirical iglies 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.

Sone 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 ttensideration of confounding.
However, large differences are unlikely to have been missed.

Second, we evaluated studies that were published 4 agdafs ago, which was necessary for a
meaningful analysis of subsequent citation impact. Previous evaluatawe found that the
introduction of STROBE in 2007, arguably the most influential effort to improve reporting quality, has
had only modest impact on reporting qualiti2?], [23]]. No new major similar efforts have been
launched in the last $ears; theréore, 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 higmpact journals, it is uncertain if our findings are generalizable to the
rest of the medtal 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 wé&thown 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 agstion 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 analy§a4],[[25]]), minimizing its influence,

and acknouvedging the residual uncertainty is an integral core for inferemaking in epidemiology.

In some situations, authors might not be much interested in causality and expressions about cautious
interpretation, for example, when they explore associationstkewveloping 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 founcevidence 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 compatibld[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
onot take them as mythical or uncontrollable phantoms that destroy stad2So

Overall, we believe that there is a need to encourage researchers to report more careful and
determined considerations of confounding bias and to encourage-pmaewers, journal editors, and
research funders to appreciate this. Many of the journaks amalyzed have published the STROBE
guideline, and some explicitly refer to them in their Instructions for Authors. Recently, PLOS Medicine

AYGSY&aATFASR (GKS NBIAANBYSyGa F2NJ | dostkanpldtet®T 2064S

appropriatereporting checklist not only with page references, but also with sufficient text excerpted
from the manuscript to explain how they accomplished all applicable dte@®to Our results
demonstrate that such activities are well justified. Given that not mhahimproved 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.

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 studiBespite 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 nogglstifi
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Table 1: Assessment of consideration of confounding bias in Abstracts andi§ssms

1.

52 (KS | dzZiK2NB YSyiUAzy O2yF2dzy RAy 3 dza A\
GO2yF2dzy RAya3z¢ a02yFT2dzyRZ¢ 2NJ R2 G(GKSe& |
confounding not considered at all?

QEI YL S&a T2NJ daeSaé¢y

G2 S O dzil A 2 ysociatiohsimayréflestu@measared confounding by diet or othe
fAFTSa

2
ATSaitemp FIr OU2NREE

9EI YLX S F2NJ al £t dzRSReY

G! Yy2UGKSNI LRGSYGdGALFE EAYAGEFEGAR2Y Aa 2dzNJ A\
having a hysterectomy before natural menopausetliese women, age at menopause is
dzy 1 y 412y €

G2 KSy 4SS AyOfdzZRSR (KS OKIFNIOGSNR&AGAOA ¢
association of arm injection site with a significantly higher risk of medically attended log
reactions persisted, butitisl2 3aA o6t S GKIFG o0AlF & YI §13KI @S

52 GKS | dziK2NR YSyidA2y oAl & dzaAy3 SELX
9EI YLX S FT2NJ aeSaéy

G2 KSNBE I @FrAtlroftSY S NBEtASR 2y | L+ RALI ]
to biases irassessing the factors contributing to diarrheal disease among participants s
Il L+ AYFSOGA2y G SINIe adarasa vyre KI @S
[14].

Do the authors mention specific confounders that have not been adjusiéd

(If yes, what were the reasons? If not, were there unspecified unmeasured confounder
without specifically stating which ones?)
9EFYLX S FT2N aeSacy

42S gSNB dzyt o0ftS (2 | Redzad FT2NJ I RRAGAZY
with mortality (for example, blood glucose and postarrest pH) that were not collected as
2F GKS tL/(HSG RIFEGF asié

Do the authors state that their main findings are likely, possibly, or unlikely affected by
residual confounding?

w»

9EFYLX S FTe&kaeSaz f Al St

GCKSNEF2NB> 42YS NBaARdzZ t O2yT2dzy Rilga ¢
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9EFYLX S FT2N) 6eSaz Llraaroctesy

Gl 26 SOSNE | f GK2dzZ3K 6S | R2dzaiSR T2NJ aSJ¢
use only a crude measure as we did lnm)le“a validated depression severity score. We
OFryy2i GKSNBEF2NB SEOf dzRS (GKS Ll2aai@n.s
9EFYLX S FT2NJ daeSaz dzytAlStecy

GaAyAYlFf RAFTFSNBYyOSa 6SNB 20aSNWSR 0S5y
exposure variable, suggesting that SEIFA and ethnicity were unlikely to be major confo
Ay UGKAEL8: Yyl tearas

Do the authors state that their main findings need to be interpreted with caution due to
confounding?

2SS [ YyagSNBR (K3A%A4 diSE 1QRYSHAGKGIK || Of S|
interpretation is required because of confounding.

9EI YLX S FT2NJ aeSa¢y

G/l dziA2y Aad YSSRSR ¢KSYy AYGSNILINBGAy3
association explained. First, the proportiotiresites, decomposed from the total effect by
adjusting for other biomarkers, may be biased if there is unmeasured confounding betv
the biomarkers and the outcome [Reference]. In the present study, we included a large
variety of known risk factors as weak of biomarkers, thereby minimizing unmeasured

O2y T2 digoORA Yy I ¢

Do the authors call for caution or indicate limitations or uncertainty due to possible
confounding or other bias in their conclusions?

QEI YL S TFT2NJ aeSa¢y

OWe caution that these aesiations may reflect unmeasured confounding by diet or othe
fAFSaGem$E FLrOG2NAEE

GDAGSYy GKS avlff alyYLX S aATSz K2 4 SOSNE

Olyy2i 68 SEOfdRSR | yR &Kl 68 S$gI t dz

GLY aNBEYIY206A0KaGlI yRAY3 GKS LIaaAroAt Al
[21].
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Table 2: Characteristics of studies

Journal category

General Medical
Study characteristics Total, no. (%) medicine, no. (%) Epidemiology, no. (%) specialties, no. (%) P-value
Number of studies 120 (100) 40 (100) 40 (100) 40 (100) =
Study design <0.01
Case—control 22 (18.3) 3(7.5) 13 (32.9) 6 (15.0) -
Nested case—control study® 8 (6.7) 2 (5.0) 4 (10.0) 2 (5.0 -
Cohort study, prospective 48 (40.0) 19 (47.5) 17 (42.5) 12 (30.0) -
Cohort study, retrospective 25 (20.8) 8 (20.0) 2 (5.0 15 (37.5) -
Cohort study, unclassified 17 (14.2) 8 (20.0) 4 (10.0) 5(12.5) -
Area of disease or condition <0.01
Cardiology, CVD 12 (10.0) 5(12.5) 5(12.5) 2 (5.0) -
Obstetrics and gynecology 16 (13.3) 6 (15.0) 8(20.0) 2.0 -
Oncology 16 (13.3) 0(0.0) 7(17.5) 9(22.5) -
Pediatrics 27 (22.5) 6 (15.0) 7 (17.5) 14 (35.0) -
Other 49 (40.8) 23 (57.9) 13 (32.5) 13 (32.5) -
Type of exposure <0.01
Pathogens 4(3.3) 2 (5.0) 0 (0.0 2(5.0)
Genetics 5(4.2) 0(0.0) 2(5.0) 3(7.5)
Diet 5(4.2) 3(7.5) 2(5.0) 0(0.0)
Surgery 6 (5.0) 1(2.5) 1(2.5) 4 (10.0)
Demographic characteristics 7 (5.8) 1(2.5) 5(12.5) 1(2.5)
Comorbidities 9(7.5) 4 (10.0) 3(7.9) 2(5.0)
Diagnostics/prediction rules 12 (10.0) 5(12.5) 1(2.5) 6(15.0)
Environmental factors 13 (10.8) 1(2.5) 11 (27.5) 1(2.5)
Biomarkers 14 (11.7) 3(7.5) 6 (15.0) 5(12.5)
Drug treatment 14 (11.7) 6 (15.0) 1(2.5) 7 (17.5)
Nonmodifiable, other, or multiple 10 (8.3) 4 (10.0) 2 (5.0 4 (10.0)
Modifiable, other, or multiple 17 (14.2) 8 (20.0) 4(10.0) 5(12.5)
Modifiable and nonmodifiable 4(3.3) 2(5.0) 2(5.0) 0(0.0)
Citation impact
IF 2010 (median, 1QR) 7.9 (5.6—13.5) 14.5(13.5—-30.0) 5.7 (4.5-5.7) 7.9 (5.4-12.0)
(range), n = 120 2.5-53.5 9.0-53.5 2.5-5.9 4.4-19.0
Citations/year (median, IQR) 5.0 (2.6—-9.8) 9.1 (4.8-19.7) 3.7(2.3-5.1) 5.1(2.5-9.2)
(range), n = 120 0.2—-66.7 1.3-66.7 0.2-11.1 0.7-33.6

Abbreviations: CVD, cardiovascular disease; IF, impact factor; 1QR, interquartile range.

@ Including two case—cohort studies.

20



Table 3: Statements on confounding

Journal category

General Medical
Total, medicine,  Epidemiology, specialties, P-value
Question no. (%) no. (%) no. (%) no. (%) interrater agreement
Total 120 (100) 40 (100) 40 (100) 40 (100)
1. *Confounding’ mentioned in Abstract or Discussion? 0.33
88.2%
Yes, specific term 68 (56.7) 24 (60.0) 26 (65.0) 18 (45.0)
Alluded 20 (16.7) 6(15.0) 7 (17.5) 7(17.5)
No 32 (26.7) 10(25.0) 7 (17.5) 15 (37.5)
2. Term “Bias" used in Abstract or Discussion? 0.30
93.6%
Yes 72 (60.0) 27 (67.5) 25 (62.5) 20 (50.0)
No 48 (40.0) 13 (32.5) 15 (37.5) 20 (50.0)
3. Specific nonadjusted confounders acknowledged? 0.50
89.8%
Yes 34(28.3) 11(27.5) 14 (35.0) 9(22.5)
...because not measured 28 (82.4) 11 (100) 12 (85.7) 5 (55.6) 0.039
...because of other reasons 4(11.8) 0(0) 2(14.3) 2(22.2)
...No reasons given 2(5.9) 0 (0) 0 (0) 2(22.2)
No 86 (71.7)* 29 (72.5) 26 (65.0) 31(77.5)
4. Any mention that findings may be affected by confounding? 0.39
86.5%"
Likely 3(2.5) 1(2.5) 1(2.5) 1(2.5)
Possibly 26 (21.7) 10(25.0) 8 (20.0) 8(20.0)
Unlikely 11 (9.2) 3(7.5) 7 (17.5) 1(2.5)
No statement 80 (66.7) 26 (65.0) 24 (60.0) 30 (75.0)
5. Cautious interpretation needed? 0.33
99.2%
Yes 2(1.7) 0 (0) 2 (5.0 0 (0)
No 118 (98.3) 40 (100) 38 (95.0) 40 (100)
6. Conclusions include any limitations? >0.99
98.3%
Yes 4 (3.3) 1(2.5) 2 (5.0 1(2.5)
No 116 (96.7) 39 (97.5) 38 (95.0) 39 (97.5)

# In 8 of the 86 studies, unmeasured confounding was mentioned, but no specific confounder stated.
B Interrater agreement calculated only for the 40 studies making a statement.
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Table 4: Citation impact
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