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Abstract 

For millennia, medicine was empirical and dominated by beliefs, dogmas and sorcery. 

Evidence-based medicine then emerged over the last two centuries as a major source of 

progress towards enlightened clinical practice. Yet, the design of randomized clinical trials and 

observational studies and, even more so, their methods of data collection and analyses, and 

the way they are presented in the media, have become sources of important deviancies and 

inaccuracies. This may be explained by the extreme pressure exerted by both academic and 

commercial concerns on clinical research and researchers. Although there is no justification 

to contest the importance of evidence-based medicine, there is certainly a need to learn how 

to detect the ways in which medical information can be distorted to convey messages that do 

not reflect reality. This article discusses how and why evidence-based medicine can be 

deceitful, and provides examples to illustrate this point of view. 
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“. . . I do not demand any final certainty from science . . .”  

Karl Popper (Philosopher of Science) 

  

Evidence in medicine is not as robust as it is in quantum physics and, after major 

breakthroughs due to the advent of evidence-based approaches developed over the past two 

centuries, it appears that some aspects of these approaches have gone awry. In medicine and 

biology, evidence is amenable to all sorts of manipulations and misinterpretations. Clinical 

practice requires knowing the difference between statistical evidence and clinically relevant 

evidence, but it still has to make decisions that rest on the best evidence available. The present 

article does not pretend to be an exhaustive analysis of all sources of concern, excess and 

overconfidence in evidence-based medicine (EBM). Indeed, critiques of EBM have already 

been made [1–4], and the design of studies and their statistical aspects have also been covered 

previously [5–8]. The intention here is to offer examples of data analyses and data 

presentation that may be suspected of embellishing or amplifying the results of clinical 

studies, whether they be randomized clinical trials (RCTs) or observational studies (OSs). Its 

final purpose is to emphasize the need for careful, critical reading of the scientific and medical 

literature in the media. 

 

What is or may be the problem? 

Sackett et al. [9] defined EBM as “the conscientious, explicit, and judicious use of 

current best evidence in making decisions about the care of individual patients. The practice 

of evidence-based medicine means integrating individual clinical expertise with the best 

available external clinical evidence from systematic research”. This formulation emphasizes 

the fact, well known to practising physicians, that no result of a study performed in groups of 
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patients should systematically be applied to an individual patient. However, various 

commercial entities, scientists and the media persist in hammering home messages derived 

from major RCTs and OSs, with very good—but also not so good—reasons for doing so: for 

example, public-health protection, good clinical practices based on carefully prepared 

guidelines, financial profit and notoriety, among others. Many of these messages are 

exaggerated even by medical journals that have major impact [10], thereby leading some to 

consider that most published research findings are false [1], which might be a good starting 

point for readers, albeit certainly excessive.  

The use of ‘spin’ in medical reporting—a way of presenting results in a ‘positive’ way 

without actually lying, but nevertheless failing to faithfully reflect the results—is a major 

feature of our modern times [11, 12], and strongly affects the positive interpretations of both 

patients and caregivers [13]. Press releases of RCTs [14] and OSs [15] are particularly prone to 

such deviance. As the number of studies published each year make them impossible to follow 

(Fig. 1), busy physicians are often tempted to rely on abstracts or media summaries, hence 

the difficulties they may face when digesting the literature and keeping track of medical 

progress [16]. Major industry-sponsored RCTs are often published in high-impact journals such 

as the New England Journal of Medicine and The Lancet as freely accessible articles, 

sometimes just minutes after they have been presented at international congresses. While 

there is nothing reprehensible per se about this practice, it should make physicians consider 

the commercial stakes associated with drug development, with medical publishers and how 

publications are used as promotional tools to foster drug prescriptions. 

The horrifying concept of ‘key opinion leaders’ developed by the medical 

communication and marketing professionals says it all: industry is eager to ‘improve’ the 

communication of study results [17, 18]. Fortunately, the major medical journals that publish 
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influential RCTs and OSs generally provide readers with enough information to critique these 

studies not only through careful peer reviews that request appropriate analyses and 

presentation of data, but also by publishing editorials, commentaries and correspondence 

related to RCTs and OSs to allow their critical appraisal, provided that readers take the time 

to examine these additional sources of information. 

Statistics largely determine our interpretation of RCTs and OSs, but may seem obscure 

to non-specialists. In fact, readers should be wary of multiple statistical analyses by subgroups 

and sophisticated statistical analytical techniques used for secondary analyses of clinical trials 

after publication of the main results. Yet, despite our being taught that such analyses should 

be avoided, our congresses and medical journals are full of these ‘secondary’ analyses, which 

can conceivably be profusely used for academic and/or commercial promotional purposes. 

They are also usually presented with a detailed study limitation section that is rarely 

recapitulated in the media coverage of these studies, including online continuing medical 

education (CME) programmes. In one analysis of 511 cardiovascular RCTs published by six 

high-impact medical journals between 1 August 2015 and 31 July 2018, it was revealed that, 

while multiple statistical tests were used in 58.7% of them, 71.7% of those failed to adjust 

their analyses to correct for multiple comparisons of the primary endpoint [19]. 

RCTs and OSs do not necessarily yield the same results when assessing the healthcare 

outcomes of treatments [20–22] although, on average, they do reach the same conclusions 

[23]. Indeed, various RCTs on the same topic can yield different results due to variable 

characteristics of their included populations and outcome assessments [24, 25], or simply 

because the intervention under study is too subtle to be associated with a sufficiently large 

effect, for example, the use of CYP2C19 genotyping to optimize clopidogrel prescription [26]. 

Also, systematic reviews [27] and meta-analyses [28] are subject to biases, and even those 
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published in the leading general medical journals have proved to be of limited generalizability 

[29], as have RCTs [30]. In addition, the financial ties of the principal investigators have been 

found to be independently associated with positive clinical trial results [31], as the source of 

funding does indeed influence RCT outcomes [32]. Finally, only a few recommendations from 

highly respected medical societies producing practice guidelines are based on high levels of 

evidence [33]. 

Thus, by and large, the above considerations tell us that the word ‘evidence’ in EBM 

should not be overstated, that reading the medical literature is a difficult exercise and that 

the best initial attitude to adopt when reading any article should be scepticism. Looking at the 

source article(s), including any supplementary file(s), and uncovering any biases in the study 

design or ‘spin’ in the presentation of results should be the rule. 

 

Making results look better than they are 

Results are only results—except in the case of outright falsification—and they rest exclusively 

on the quality of the methods used to obtain them. Therefore, in any original article, the most 

important section to read is on methodology, in particular (but not only) to examine: the 

inclusion/exclusion criteria to determine whether they appropriately represent the general 

target patient population; the appropriateness of the control population and its relevance as 

a comparator; the primary hypothesis being tested, and how clinically valuable and 

appropriately powered it may be; the study endpoints (primary and secondary), their clinical 

relevance and dependability, and how they were validated; the study amendments, and when 

and why they were made; the conduct of the study and drop-outs; any adverse events to 

assess the benefit/risk ratio; and, of course, the data analyses. If the methods are 

inappropriate, the results should no longer be considered. If the methods are sound, then it is 
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in the presentation of results, particularly at congresses and in media reports of the article, 

where exaggerations may be detected. Clinical significance should prevail over statistical 

significance, and it should be borne in mind that the P value characterizes the robustness of 

results—how certain it can be stated that they are not due to chance—but not the amplitude 

of differences that can only be determined from the limits of the confidence intervals 

comparing different groups.  

Studies, RCTs and, even more so, OSs with large numbers of participants can insist on 

statistically significant results that are nevertheless of little or no interest in actual practice. 

For example, there is endless debate over the value of polyunsaturated fats (omega-3 fatty 

acids, fish oils) in the prevention of cardiovascular diseases. This was the focus of a recent OS 

showing small, but statistically significant, reductions in cardiovascular events and mortality 

among nearly half a million British participants consuming fish-oil supplements compared with 

non-consumers [34]. As expected in an OS, the two groups had very different baseline profiles, 

and various models were used to adjust the analyses for these differences. The most complete 

model adjusted 22 baseline variables: in this model, the upper limit of the 95% confidence 

interval (CI) of the hazard ratio (HR) between consumers and non-consumers was consistent 

with a 1–11% reduction in events (all-cause mortality and cardiovascular events, among 

others) in consumers, and mean reductions ranged from 7% to 13%. Several interactions were 

found. Yet, this study, albeit performed according to high statistical standards, nonetheless 

tells us little about the value of fish-oil supplementation because the patients most likely to 

benefit from such supplementation cannot be identified from this study and, more 

importantly, because the amplitude of any differences appears to be too small to justify a 

recommendation for systematic fish-oil supplementation. 
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On the other hand, an RCT comparing omega-3 polyunsaturated fatty acids (PUFAs) 

with a placebo in the treatment of heart failure [35] could find no statistically significant 

differences in either mortality or cardiovascular admissions between the two groups, even 

though what differences there were just managed to reach the threshold of significance after 

adjusting for baseline differences (Fig. 2). Despite being an unusual practice in an RCT, it had 

been prespecified in the protocol. In both these cases the authors recognized that the benefits 

of fish oil supplementation or omega-3 PUFA were of limited amplitude but the fact that 

absolute differences between treated and untreated patients was ridiculously small, 0.1 to 2 

%, was not emphasized; thus, fish oils continue to be advertised to the general public as having 

an impact on health. However, the problem is not that such supplements lack a possible 

positive impact, but that the impact, if it is present, is so small that it cannot truly justify fish-

oil or omega-3 fatty acid supplements for everyone. The true clinical problem is to identify 

who is more likely to benefit from such supplementation. 

Post-hoc analyses are also used to strengthen and rejuvenate major RCTs [36, 37], 

sometimes even transforming a negative study into a positive one by selecting an appropriate 

subgroup of responders [37]. Angiotensin receptor-neprilysin inhibitors (ARNis) have proved 

beneficial in patients with heart failure and reduced left ventricular ejection fractions (LVEFs) 

[38], but not in those with heart failure and preserved LVEFs [39]. A recent post-hoc analysis 

pooled these trials together with other large-scale heart-failure trials and applied an enigmatic 

statistical method to convey the message that ARNis are beneficial across the full range of 

LVEFs up to 60% [40]. One wonders what the true motivation was for these reanalyses and 

how useful the results are to practising physicians. Recently, emphasis has been placed on the 

concept of clinically meaningful benefit in medicine [41, 42], including taking patients’ 

expectations into consideration. It can only be hoped that progress will be made in future by 
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decreasing the weight of statistical evidence to favour the benefit of clinically relevant 

evidence. 

Expressing results as relative, rather than absolute, changes can also amplify the 

perception of large differences. For example, in an OS involving 1,249,943 person-years of 

follow-up and 1476 cases of confirmed sudden death due to cardiac causes, this endpoint was 

doubled in patients treated with erythromycin compared with those not receiving an 

antibiotic, and a fivefold increase was found when erythromycin was prescribed with a CYP3A 

inhibitor [43]. This is a rather impressive increase in risk of death. However, the absolute 

number of patients on which these statistically significant increases in mortality were based 

was 10 and 3, respectively. In view of the weaknesses of medical diagnoses in OSs of this type 

[44], the validity of these results is uncertain, albeit highly plausible. The authors presented 

their results honestly in the article, but their absolute numbers were not presented in the 

abstract. Two different messages can be derived from these results: (i) there is an increased 

risk of sudden cardiac death associated with erythromycin, particularly when prescribed with 

inhibitors of its metabolism; and (ii) the risk is so small that the (unresolved) problem is to 

characterize what makes these few people at risk of sudden death. In fact, both affirmations 

were already known before the study was published because erythromycin, like other 

macrolide antibiotics, blocks IKr potassium channels and prolongs ventricular repolarization, 

triggering torsade de pointes on electrocardiography and potentially resulting in sudden death 

in very rare cases. Therefore, this OS adds little to our present knowledge that there is a risk, 

but it is very small in amplitude, whereas what we need to know is who is at risk and why the 

vast majority of patients taking erythromycin with or without a CYP3A inhibitor do not 

suddenly die. 
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Absolute risk reduction seemingly provides a better reflection of the clinical 

significance of results in that its reciprocal represents the number of patients needed to treat 

(or to harm in cases of increased risk of adverse events). While the concept is seductive, it also 

has its limitations: it is influenced by the duration of follow-up and sample size; it does not 

account for actuarial data (time-to-events); and it is not consistent across trials, thereby 

preventing comparisons to be made between drugs for similar indications [45–48]. 

Finally, causation in epidemiological studies can be difficult, if not impossible, to 

establish. The criteria proposed by Hill [49] in 1965 to strengthen the validity of causal 

associations in epidemiological studies (Table I) are often missing in publications of OSs. 

Although techniques for OS analyses have been developed to mimic RCTs [50], they are 

unlikely to solve the causation issue. 

 

The importance of endpoint definition and validation 

The essence of clinical research is to assess differences between outcomes, measured as study 

endpoints, across study groups. As most OSs and RCTs primarily analyze outcomes, particular 

attention should therefore be paid to the nature and quality of endpoints. In OSs, including 

analyses of so-called ‘big data’, outcomes are most often extracted from large databases or 

registries, which are prone to heterogeneity and misclassifications [44, 51]. When the size of 

an OS is very large, it is thought that such heterogeneity is acceptable and can be taken into 

consideration. This has yet to be proved. Thus, RCTs, where feasible, remain the most 

appropriate approach for studying an intervention [52]. However, many issues, such as 

assessing the relationship between exposure to a drug and rare adverse events (as mentioned 

above for erythromycin-induced sudden cardiac death as a proxy for torsades de pointes), can 

only be analyzed by epidemiological studies. In RCTs, clinical events (or the results of 
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diagnostic tests) are amenable to thorough prospective acquisition, quality control and 

classification based on clear, reproducible prespecified definitions. Nevertheless, in both OSs 

and RCTs, it is essential to question the nature of the endpoints used to assess outcomes. 

There are now recommendations regarding the classification of cardiovascular clinical events 

in RCTs [6, 53–55] that were only recently agreed upon, and their extreme complexity 

demonstrates how difficult they are to harmonize across RCTs. 

 Composite endpoints comprising major adverse cardiac events are most often used for 

primary endpoint assessment in cardiovascular RCTs, but it is important to examine the 

contribution of each component to the total effect of the composite endpoint [6]. Statistical 

issues regarding the analysis of multiple endpoints and whether only the first event must be 

considered have been discussed elsewhere [5, 56]; nevertheless, there has been insufficient 

debate over the nature and robustness of the endpoints used in RCTs. 

 Some clinical events chosen as endpoints are either not robust in their definition or 

their adjudication is difficult or impossible even when standard definitions are applied by 

adjudication committees. For example, most, if not all, recent cardiovascular RCTs have used 

‘cardiovascular death’ as a component of the primary endpoint. However, cardiovascular 

death does not provide a clear diagnosis of the cause of death [57] and, more important, is a 

rather vulnerable endpoint as many deaths take place out of hospital, thereby often rendering 

adjudication of the cardiovascular nature of a death akin to gazing into a crystal ball. All-cause 

mortality is clearly much more relevant, as emphasized more than two decades ago in a 

commentary to a trial showing a reduction in arrhythmia deaths with no effect on all-cause 

mortality [58]. Likewise, the criteria for hospital admission or revascularization vary widely 

from country to country due to different practices, making harmonization of these endpoints 
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in international trials rather uncertain. Angina pectoris and even unstable angina are also 

extremely difficult endpoints to adjudicate. 

 One recent article discussed the uncertainties surrounding the definitions of clinical 

events in RCTs [59]. Nevertheless, adjudication committees are useful for classifying events in 

RCTs and have become standard in the conduct of large RCTs [55]. Although it has been 

suggested that estimates of treatment effect based on subjective clinical events assessed by 

onsite assessors vs adjudication committees do not differ significantly [60], other data 

challenge this view [61–64]. An unpublished personal example of the influence of an 

adjudication committee on an endpoint is demonstrated in Fig. 3. In that RCT, a statistically 

significant drug effect on sudden death was found according to the investigators’ diagnoses. 

Yet, after centralized adjudication of all events in all patients participating to the trial was 

performed according to predetermined definitions, the statistical significance was lost even 

though the adjudicated differences vs investigators’ diagnoses were small. 

 

The lost population of ‘responders’ 

Even when RCTs show a therapeutic benefit for indisputable clinical endpoints, it may 

yet be difficult to identify which patients are more likely to experience such benefit from a 

treatment. For example, in the BI 10773 (Empagliflozin) Cardiovascular Outcome Event Trial 

in Type 2 Diabetes Mellitus Patients - EMPA-REG OUTCOME, the sodium–glucose 

cotransporter type 2 (SGLT2) inhibitor empagliflozin achieved a surprisingly high 32% 

reduction in all-cause mortality, and 38% reduction in cardiovascular death, in the pooled 

empagliflozin 10-mg and 25-mg dose groups [65]. Total mortality is an indisputable endpoint. 

The primary endpoint, a composite of death due to cardiovascular causes, non-fatal 

myocardial infarction and/or non-fatal stroke, was decreased in the pooled empagliflozin 
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groups compared with a placebo, and the difference only just reached statistical significance 

(P = 0.04). The reduction in the primary endpoint was driven by cardiovascular mortality with 

a non-significant 13% reduction in non-fatal myocardial infarction, a non-significant 28% 

increase in silent myocardial infarction and a non-significant 24% increase in non-fatal stroke. 

There was also a 35% reduction in hospitalizations for heart failure, but only 3–4% of patients 

had such an event. The number of deaths from heart failure was not reported. Taken 

altogether, the results of the EMPA-REG OUTCOME tell us nothing about why total or 

cardiovascular death was reduced with empagliflozin, or which patient profile is more likely 

to be associated with therapeutic benefit. 

What the trial findings do show, in a supplementary file, is that 3811 (33%) of 11,531 

screened patients were excluded prior to randomization for failing to meet the 

inclusion/exclusion criteria—the same reason that 46% of patients were excluded from the 

recent Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced 

Ejection Fraction (EMPEROR-Reduced) [66]—and that, in subgroup analyses, the primary 

endpoint was not reduced in patients aged < 65 years (representing > 50% of all included 

patients), in patients with glycated haemoglobin ≥ 8.5% and possibly also in those with a body 

mass index ≥ 30 kg/m². These later findings were obtained only in subgroup analyses and are 

therefore of limited clinical significance [6], but they nonetheless emphasize the difficulties 

for readers who seek to identify precisely what sort of patients are more likely to derive 

benefit if prescribed the tested drug. 

Other RCTs with SGLT2 inhibitors, including the EMPEROR-Reduced [66], have failed to 

find any reduction in all-cause mortality, although they have shown clinical benefit for other 

endpoints [66, 67]. The main benefit with SGLT2 inhibitors appears to be linked to a reduction 

in heart failure-related events. However, only 10–14% of patients with diabetes included in 
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three major SGLT2 inhibitor trials [67] had a previous history of heart failure, and descriptions 

of heart failure-related events in those trials and whether such events were also reduced in 

patients with no previous history of heart failure were not reported in the main publication. 

In the end, it remains unknown as to which diabetes patients are more likely to justify a 

prescription for an SGLT2 inhibitor. 

However, recent data indicate that this class of drugs might be beneficial to heart 

failure patients independently of diabetes [68]. The Dapagliflozin and Prevention of Adverse 

Outcomes in Heart Failure (DAPA-HF) trial, which showed a significant reduction in all-cause 

death, also found a 26% reduction in the primary composite endpoint of worsening heart 

failure or death due to cardiovascular causes [69]. A recent reanalysis of the DAPA-HF data 

according to various levels of decreased LVEF revealed that dapagliflozin significantly reduced 

major cardiovascular endpoints and total mortality at all levels of LVEF [70]. However, the 

authors acknowledged in their study limitations that LVEF was not measured consistently in 

all patients. This leaves readers wondering exactly what this secondary analysis adds to the 

primary publication and whether these data will simply be used for promotional purposes 

rather than enhancing patients’ care. 

Finally, even if there are differences among the newer antidiabetic drugs [such as 

SGLT2 inhibitors and glucagon-like peptide (GLP)-1 receptor agonists] in their ability to reduce 

different types of cardiovascular events in diabetes patients, these differences appear unlikely 

to have any major global impact on patients’ prognoses and major adverse cardiovascular 

events to justify favouring the prescription of one drug class over another [71, 72] (Fig. 4). In 

fact, no RCT comparing the two above-mentioned drug classes head-to-head has ever been 

performed. However, there is no doubt that these new antidiabetic agents represent true 

progress in the treatment of diabetes patients. Nevertheless, it is still unclear how to select 
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those patients who are more likely to benefit from these treatments. Identifying responders 

to therapies—in other words, precision medicine that targets patients with a high probability 

of benefit from a given treatment while avoiding exposing others to its adverse effects—is the 

major challenge of the future, especially in view of the increasing costs of the newer drug 

therapies. 

 

Questioning the future 

The scepticism expressed in this article should not be interpreted as a disavowal of EBM, which 

has, in fact, rid medicine of centuries of obscurantism and witchcraft. Notwithstanding the 

major progress brought about by the formalization of RCTs and OSs over the last few decades, 

there still remains the risk of the improper use of large datasets that computer power can 

generate. RCTs are still the most reliable source of information [52]. Indeed, exploiting 

electronic health records and other large databases to test interventions, decide on health 

policies and approve new drugs will continue to be a challenge [51], and is now a field of active 

research [73–75].   

 

Conclusion 

In Le Dictionnaire des idées reçues (Dictionary of Accepted Ideas) published after his 

death in 1911, Gustave Flaubert defined an optimist as a “synonym for imbecile”. This satirical 

definition reminds us that positivism (or negativism) is inappropriate in science and that 

neutrality should govern our judgment, as it is to be expected that most evidence-based 

clinical research results will be presented to emphasize the authors’ particular point of view, 

which might be influenced by non-scientific considerations. It is therefore good practice to 
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initially adopt an opposing viewpoint in the interpretation of published data before forming a 

reasonable opinion based on the research. 

Ronald H. Coase, the British economist who won the 1991 Nobel Prize in Economic 

Sciences, militated against complex mathematical models in the study of economics. He once 

wrote: “If you torture the data long enough, nature will always confess” [76]. Data torture in 

the analysis of OSs and RCTs has recently prospered under the pressure of commercial and 

academic (conflicts of) interests and now threatens the ideal of EBM. Yet, there is no 

alternative to evidence-based decisions in medicine. Thus, because it is unlikely that data 

torture, biased studies and presentations of ‘spun’ results will suddenly cease to exist, all 

physicians should be wary of what they read, no matter the reputation of the publishing 

journal, and develop a sense of critical thinking to truly appraise the nature and weight of the 

evidence presented.  
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Figure legends 

Fig. 1. Graph showing the number of randomized clinical trials and observational studies 

published in the decade since 2009. 

Fig. 2. Randomized clinical trial comparing omega-3 polyunsaturated fatty acids (n-3 PUFA) 

and placebo in heart failure [35]: there were no statistically significant differences in either 

mortality or cardiovascular admissions, although differences did reach the significance 

threshold after adjusting for baseline differences. *Estimates were calculated with a Cox 

proportional hazards model, with adjustment for admission to hospital for heart failure in the 

previous year, previous pacemaker, and aortic stenosis. Reprinted and adapted from The 

Lancet, 2008, ref [35] with permission from Elsevier. 

Fig. 3. In this randomized clinical trial, the statistically significant drug effect on sudden death 

according to the investigators’ diagnoses (left panel) was lost after centralized adjudication of 

all events in all patients (right panel). 

Fig. 4. Comparisons and odds ratios (ORs) of the newer antidiabetic drug classes vs placebo 

regarding their ability to reduce different types of cardiovascular events in diabetes patients. 

GLP-1, glucagon-like peptide 1; SGLT2, sodium–glucose cotransporter type 2; DPP-4, 

dipeptidyl peptidase 4. a. MACE (major adverse cardiovascular events). b. Nonfatal 

myocardial infarction. c. Nonfatal stroke. d. Cardiovascular mortality. e. All-cause mortality. f. 

Hospitalisation for heart failure.  g. Renal composite outcome. Reprinted from Cardiovascular 

Diabetology, ref [72] under the Creative Commons CC BY license 

(https://creativecommons.org/licenses/). 
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Table 1: Sir Austin Bradford Hill’s criteria for causation in epidemiological studies. 

Hill's Criteria Meaning 

1. Strength of the association Associations of large size are more likely to be causal than those of small size. 

2. Consistency Has the association been repeatedly observed by different persons, in different places, 
circumstances and times? 

3. Specificity There is no apparent other explanation for the association. 

4. Temporality The effect occurs after the cause (taking into account a plausible delay in some cases). 

5. Biological gradient Greater exposure is associated with greater risk (or reduction of risk), i.e. there is a 
"dose"-effect relationship. 

6. Plausibility A mechanism relating effect and cause can be found (often not possible, still 
supporting). 

7. Coherence The association is coherent with several factors, including biological, and doe not 
seriously conflict with the generally known facts of the natural history and biology of 
the disease. 

8. Experiment If possible, some form of interventional study can be undertaken to support the 
association. For example, suppression of the cause suppresses the effect. 

9. Analogy The association is more likely to be causal if it has already been observed in similar 
settings. 
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Figure 1: Evolution of the number of publications indexed as Randomized Clinical Trials or 

Observational Studies in PubMed from 2009 to 2019.  The proportion of observational 

studies (term included in PubMed in 2014) is increasing. 
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Figure 2: Kaplan-Meier curves for time to all-cause death (A) and for time to all-cause 

death or admission to hospital for cardiovascular reasons (B)  

PUFA=polyunsaturated fatty acids. *Estimates were calculated with a Cox proportional 

hazards model, with adjustment for admission to hospital for heart failure in the previous 

year, previous pacemaker, and aortic stenosis. Reprinted and adapted from The Lancet, 

2008, ref [34] with permission from Elsevier. 
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Figure 3: Influence of an adjudication committee on an outcome assessment. Sudden 

death was first analyzed in a randomized clinical trial using investigators declarations and 

showed a statistically significant reduction with treatment B (left panel). The statistical 

significance (but not the clinical significance) disappeared after the adjudication committee 

blindly adjudicated each case based on predefined criteria and supportive documents (right 

panel). CI: confidence interval; HR: hazard ratio. Personal unpublished data. 
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Figure 4: Risk of outcomes with different antidiabetic drug classes compared to placebo. 

a. MACE (major adverse cardiovascular events). b. Nonfatal myocardial infarction. 

c. Nonfatal stroke. d. Cardiovascular mortality. e. All-cause mortality. f. Hospitalisation for 

heart failure.  g. Renal composite outcome. Reprinted from Cardiovascular Diabetology, 

ref [66] under the Creative Commons CC BY license (https://creativecommons.org/licenses/). 
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