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ABSTRACT
Most physicians and other healthcare professionals are unaware of the pervasiveness of poor quality clinical
evidence that contributes considerably to overuse, underuse, avoidable adverse events, missed opportunities
for right care and wasted healthcare resources. The Medical Misinformation Mess comprises four key problems. First, much published medical research is not reliable or is of uncertain reliability, offers no benefit to
patients, or is not useful to decision makers. Second, most healthcare professionals are not aware of this
problem. Third, they also lack the skills necessary to evaluate the reliability and usefulness of medical evidence.
Finally, patients and families frequently lack relevant, accurate medical evidence and skilled guidance at the time
of medical decision-making. Increasing the reliability of available, published evidence may not be an imminently
reachable goal. Therefore, efforts should focus on making healthcare professionals, more sensitive to the limitations of the evidence, training them to do critical appraisal, and enhancing their communication skills so that
they can effectively summarize and discuss medical evidence with patients to improve decision-making. Similar
efforts may need to target also patients, journalists, policy makers, the lay public and other healthcare stakeholders.

Currently, there are nearly approximately 17 million articles in
PubMed tagged with ‘human(s)’, with >700 000 articles identified as ‘clinical trials’, and >18 million as ‘reviews’ (approximately 160 000 as ‘systematic reviews’). Nearly one million
articles on humans are added each year [1]. Popular media also
abound with medical stories and advice for patients.
Unfortunately, much of this information is unreliable or of
uncertain reliability. Most clinical trials results may be misleading or not useful for patients [2,3]. Most guidelines (which
many clinicians rely on to guide treatment decisions) do not
fully acknowledge the poor quality of the data on which they
are based [4]. Most medical stories in mass media do not meet
criteria for accuracy [5], and many stories exaggerate benefit
and minimise harms.
Clinicians and patients often do not recognise how pervasive
this problem is and how profoundly it affects the care they
deliver or receive. Twenty to 50 per cent of all healthcare services delivered in the United States is inappropriate, wasting
resources and/or harming patients [6–10]. Much of this waste is
due to overuse of medical interventions, resulting in an
unknown amount of preventable harms. Underuse of effective
and safe interventions further compounds the system’s failure

to meet patients’ needs [11–13]. While there are many causes for
inappropriate care and waste, much of it may be attributed to
the poor quality of information that clinicians and patients rely
on to make decisions about the services they deliver or receive.
We use the term ‘Medical Misinformation Mess’ to encompass the set of issues that relate to the low quality of medical
information deeply embedded in clinical processes and decisions. Although the Medical Misinformation Mess affects
multiple stakeholders – clinicians, patients, researchers, medical information content developers (e.g. producers of guidelines and decision aids), health journalists, professional
associations, policymakers, politicians, hospitals, insurers, drug
companies, healthcare advocates and others – here, our focus is
mainly on clinician and patient issues, and on remedies for
those aspects.
The Medical Misinformation Mess comprises four key
problems:
1 Much published medical research is not reliable or is of
uncertain reliability, offers no benefit to patients, or is not
useful to decision makers.
2 Most healthcare professionals are not aware of this problem.
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3 Even if they are aware of this problem, most healthcare
professionals lack the skills necessary to evaluate the reliability and usefulness of medical evidence.
4 Patients and families frequently lack relevant, accurate
medical evidence and skilled guidance at the time of medical
decision-making.

Problem 1. Much published medical research is
not reliable or is of uncertain reliability, offers no
benefit to patients or is not useful to decision
makers
With the ever-increasing number of publications, there is a
growing need for well-designed and conducted systematic
reviews and meta-analyses to provide valid, cumulative evidence on relevant topics. This need is not easy to meet.
Although systematic reviews and secondary sources may
accelerate evidence uptake [14], most systematic reviews and
meta-analyses appear to be either not useful or of uncertain
utility [3]. The majority are unnecessary (duplicative), inaccurate or misleading due to biases in the methodology and
selective reporting of results, or they address questions that
have no clinical value.
Underlying concerns about the methodology and bias of
systematic reviews and meta-analyses is the quality of the
published medical research on which they are based [2,3].
Usefulness of clinical research [15] requires existence of a
real problem to address, proper context placement, sufficient information gain, patient-centeredness, pragmatism,
reasonable value-for-money, nonfutility and transparency.
Very few clinical studies meet at least six of the eight criteria [15]. In one survey of 60 352 studies, a meagre 7%
passed criteria of high-quality methods and clinical relevancy [16] and fewer than 5% passed a validity screening
for an evidence-based journal [17]. Uncertain or poor
quality evidence leaves clinicians, often under pressure,
without definitive information regarding possible treatments. For brevity, our focus here is on therapeutic interventions, but similar problems are found in publications
dealing with diagnosis, prevention and other areas of
medical care.
Many solutions have been proposed for making medical
research more reliable [18,19] and more useful [15], and
these will not be discussed in detail here as they have been
covered elsewhere [15,18,19], but this problem is unlikely to
be fixed imminently. Moreover, the large amount of accumulated misleading information is difficult to extract from
the literature. Meanwhile, we need to work on the other
three components of the misinformation mess to prevent
misleading evidence from flowing downstream into clinical
decisions.

2

www.ejci-online.com

Problem 2. Most healthcare professionals are
not aware of this problem
Based on training thousands of attendees at our educational
programmes and professional interactions with colleagues at
all levels – from young trainees to top clinical and academic
leadership – we are convinced that very few healthcare professionals are aware of the pervasiveness of biased and inaccurate medical literature. It is our combined experience that
ignorance of this problem, even at the highest levels of academic and clinical leadership is profound.
Evidence for this ignorance emerges also in several studies
and surveys. In a study of journal reading habits, internists
(approximately half of whom were alumni of the Robert Wood
Johnson Clinical Scholars Program) reported they obtained
information mostly from abstracts and not the full articles,
stating that they relied on editors to assure rigour and study
quality [20]. Such trust may be misplaced. For example, a recent
study showed that several editors of peer-reviewed journals
could not tell whether a trial was randomised without a special
checklist. Even then, of the 324 studies editorial staff considered
as randomised trials, 127 (39%) were actually not randomised
[21].
Many healthcare professionals put too much trust in
abstracts for filtering the literature, or expect that systematic
reviews or guidelines will get rid of the unreliability and
nonutility problem. Clearly, the reliability of a study’s results
cannot be accomplished solely by reading the abstract. One
study found that nearly half of abstracts of randomised controlled trials contained biased reporting of study results,
implying benefit when there was no statistically significant
difference in the primary endpoint between study arms [22].
Flawed primary studies are compounded by flawed systematic
reviews and lead to flawed clinical guidelines that make for
conflicting recommendations unsupported by reliable evidence
[23,24]. Most healthcare professionals are not even minimally
aware of these issues.

Problem 3. Most healthcare professionals lack
skills in being able to evaluate the reliability and
usefulness of evidence
In our encounters with students, clinicians and others
working in the healthcare industry (including academicians,
researchers, editors, peer reviewers, pharmacists, regulators,
politicians and employees of insurance companies, hospitals,
the pharmaceutical industry and new technology companies), we have found a lack of the basic skills required for
determining a study’s reliability and applicability. For
example, in a pretest administered to a sampling of more
than 500 physicians, clinical pharmacists and other
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healthcare professionals attending evidence-based medicine
(EBM) training programmes in 2002 and 2003, 70 per cent
failed a simple three-question critical appraisal training
programme test. The three pretest questions were designed
to determine if attendees could recognise the absence of a
control group, understand the issue of overestimating benefit
when provided with relative risk reduction information
without absolute difference information and determine
whether an intention-to-treat analysis was performed. Surprisingly, among those who reported feeling confident to
evaluate the medical literature, 72 per cent failed the test,
even with generous criteria for correct answers [25]. We
have repeated the same pretest with various groups each
year with similar results. A well-designed and conducted
trial reported similar findings: clinicians without formal EBM
training score poorly on the 15-test question Berlin Questionnaire (mean score, 42 correct answers compared with
EBM experts’ mean score of 119) [26].
Critical appraisal skills matter greatly for assuring optimal
patient care. When practicing clinicians cannot distinguish
between valid and false results, they are at risk of delivering
useless treatments, or worse, harming their patients. For
example, evidence of a fourfold increased risk of myocardial
infarction in patients receiving rofecoxib (Vioxx, Merck,
Whitehouse Station, NJ, USA) as compared to naproxen
(Novopharm Biotech, Toronto, Canada) was plainly available
in the abstract of the VIGOR trial. However, peer reviewers,
editors and readers of the New England Journal of Medicine
accepted the spurious argument that naproxen was cardioprotective. The VIGOR investigators concluded that the increased
risk of myocardial infarction with rofecoxib did not exist, stating without any supporting evidence that the ‘. . .results are
consistent with the theory that naproxen has a coronary protective effect’. Millions of prescriptions were written before the
drug was withdrawn from the market in 2004, after several
studies reported significantly increased risks of cardiovascular
events and death [27].
The potential risks of delivering poor care might be mitigated
if healthcare professionals followed trustworthy clinical
guidelines or based their actions on reliable systematic reviews
and meta-analyses, which ought to weed out false results.
However, lack of critical appraisal skills on the part of
reviewers and guideline creators routinely leads to flawed
systematic reviews and guidelines, leaving clinicians with few
resources for sorting fact from fiction [3].
The teaching of appraisal skills in medical and other
schools and other training programmes, such as residencies,
appears at first glance to be fertile ground for providing
clinicians with needed skills. However, studies assessing
medical student competencies suggest they frequently do
not see or are not taught the relevance of EBM to clinical

care and are neither motivated nor prepared to apply EBM
skills. Upon entry to residency programmes, their ability to
appraise the medical literature critically is extremely limited
[28].
Currently, strong evidence regarding the most effective
training approach to equip healthcare professionals with the
required knowledge and skills to consistently apply valid
research evidence in their daily work is lacking. Studies of
the effectiveness of teaching EBM and critical appraisal of
medical evidence are heterogeneous in study designs, populations, intervention components, outcome measures, study
settings, duration and other factors. Several systematic
reviews have reported that teaching EBM is effective, but
study details and methodological quality vary widely [29–
31]. An overview of reviews [29] found 16 systematic
reviews that have tried to cover this topic and more reviews
were published since then [31]. Most systematic reviews
have concluded in favour of the effectiveness of EBM
teaching, but outcomes vary and focus mostly on knowledge
and skills rather than practical applications, while randomised trials are relatively few. For example, a Cochrane
review of EBM teaching effectiveness [32] concluded that
EBM teaching does have positive impact on the knowledge
and skills of physicians. This is based on only three RCTs
[33–35] (with total sample size n = 270, shown along with
risk of bias assessments [36] in Table 1) meeting the investigators’ criteria after reviewing a total of 11 057 titles and
abstracts yielding 148 potentially relevant studies. Another
systematic review [31] of teaching EBM in healthcare professionals excluding physicians and medical students found
only 13 eligible studies with a total of 1120 participants and
of those only four (with 168 participants) were randomised.
The durability of the effects and the optimal ways of
maintaining acquired knowledge and skills are even less
studied.

Problem 4. Patients and families frequently lack
relevant, accurate medical evidence and skilled
guidance at the time of medical decision-making
People are bombarded with medical news stories, television
and radio talk shows, social media, pop culture magazines,
spurious websites, direct-to-consumer drug and medical device
ads, hospital marketing messages and other media sources,
much of which are incomplete or wildly inaccurate [37]. Some
television shows hosted by physicians amount to hucksterism.
Today, more media articles have begun to note problems in
medical science: instances of biased medical research, a lack of
evidence for both alternative and allopathic treatments and the
problem of conflict of interest. But many health care and
medical journalists appear to remain largely unaware of the
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Table 1 Randomised trials assessing the effectiveness of teaching evidence-based medicine or critical appraisal of medical
evidence to physicians [32]
Reference

Study design/size/
population

Intervention

Outcomes

Effect size

Risk of bias*

Linzer
et al. [33]

44 internal medicine
interns at Duke
University who
volunteered

General medicine journal
club that emphasised
epidemiologic methods
and critical appraisal of
medical evidence; five
journal club sessions
(mean); conducted over
average of 95 months
led by general medicine
faculty; control group
received seminars
dealing with ambulatory
medicine issues.

Per cent improvement
in knowledge using a
test instrument
developed by the
Delphi method.

26% improvement in
the intervention
group compared
with 6%
improvement in the
control group
(P = 002).

Unclear risk of bias
Small trial lacking in
details of
randomisation and
concealment of
allocation; minimal
loss to follow-up;
assessors were
blinded.

MacRae
et al. [34]

81 members of the
Canadian
Association of
General Surgeons
who volunteered for
6-month Internetbased study;
included surgeons
from most provinces.

Internet curriculum in
critical appraisal skills;
included a clinical and
methodologic article, a
listserve discussion of
methodology;
methodologic critiques;
16 articles assessed with
critical appraisal guide;
control group received
articles to read and had
access to online critical
appraisal articles.

Primary outcome
measure: locally
developed 51 item
test to assess validity
assessment and
applicability skills.

Intervention group
score on
examination: 588%
vs. control group
score of 50%
(P < 0001).

Unclear risk of bias
Lacking in details of
randomisation and
concealment of
allocation; attrition
unbalanced and
> 20%; adequate
blinding of
assessors.

Taylor
et al. [35]

145 self-selected
general practitioners,
hospital physicians,
allied health
professionals,
healthcare
managers/
administrators from
the south-west of
England.

Half-day skills training
based on the Critical
Appraisal Skills
Programme (CASP)
developed from
educational methods of
McMaster University;
control group: waiting
list for workshop.

Knowledge: validated
tool – 18 multiplechoice questions
focused on
knowledge of
principles for
appraising evidence.
Skills assessment:
appraisal of a
systematic review.

Knowledge score:
mean difference 26
(95% CI: 06–46).
Skills assessment:
mean difference: 12
(95% CI: 001–24).

Unclear risk of bias
Computer generated
randomisation
codes; unclear
concealment of
allocation; balanced
groups; attrition
incompletely
reported; adequate
blinding of
assessors.

*Risk of bias ratings based on Cochrane Collaboration’s ‘Risk of bias’ assessment tool [36] that examines the following six criteria: sequence generation,
allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting and other sources of
bias.

degree to which the ‘information’ they gather for stories has
been shaped by the interests of manufacturers and research
universities. Mass media consumers have few means of determining the accuracy of any given news item and thus often
view evidence through the lens of the mass media. We need to
educate the public how to deal with these sources of misinformation [38–40].

4

Informed or misinformed, patients eventually are at the core
of making medical decisions [41]. The legal doctrine of
informed consent requires that patients understand that they
have treatment choices and the potential benefits and harms of
each choice [42], while medical ethics recognises that their
values and preferences must be honoured [41]. Shared decision-making (SDM) involves clinicians sharing medical
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evidence with patients, eliciting their values and preferences
and deciding with their patients the best course of treatment.
Ensuring that patients are adequately prepared to make decisions usually requires professional assistance to explore both
the treatment options and the medical evidence, so that the
potential outcomes that matter most to the patient can be
accurately determined. This process depends on sufficient,
relevant and valid information, and clarifying discussion that
confers ‘agency’ – the capacity of an individual to make free
choices [43,44].
Use of SDM and decision support materials (often called
patient decision aids) improves decision-making around
many different ‘preference-sensitive’ clinical choices. A systematic review of 115 randomised controlled trials involving
more than 34 000 patients of the effects of SDM and exposure
to decision aids (written, electronic, audiovisual or in webbased tool formats), reported that patients had greater
knowledge gain, felt more confident regarding what mattered
to them and had more accurate expectations about risks and
benefits than patients who received usual care. Participants in
the experimental arms participated more actively in the
decision-making process and were on average ~20% more
likely to make conservative choices when facing difficult
decisions regarding surgical and nonsurgical interventions,
resulting in no known adverse health outcomes, decreased
satisfaction or anxiety [45].
Given the power of patient decision aids and clinician–patient dialogue, both need to be accurate if patients are to make
properly informed decisions. Accuracy of decision aids
depends upon the critical appraisal skills of their producers
[46], while the effectiveness of clinician–patient conversations
requires clinicians who are willing and able to engage and
know the evidence. Barriers to implementing effective SDM
include pervasive professional indifference, organisational
inertia, lack of physician comfort with decision aids, time constraints, competing priorities, lack of training, lack of reimbursement and perceived work burden and cost [47]. Patients’
preferences for a treatment often differ from those of clinicians
[48,49], yet clinicians often underestimate patients’ desires for
information [50].
Not surprisingly, discussions with patients infrequently fulfil
the criteria considered integral to informed decision-making
and informed consent. A study of outpatient visits in primary
care clinics assessed six elements of informed decision-making:
description of the nature of the decision, discussion of alternatives; discussion of risks and benefits, discussion of related
uncertainties; assessment of the patient’s understanding and
elicitation of the patient’s preference. No discussions fulfilled all
criteria. Physicians frequently described the nature of the decision (83%), but infrequently elicited patients’ preferences (19%),
discussed alternatives (14%), risks and benefits (9%),

uncertainties (5%) and rarely (2%) assessed the patient’s understanding of the decision [51]. In a similar study, only rarely (11–
166%) did physicians relate to patients the uncertainty of evidence surrounding the recommended treatments [52].
The combination of unreliable medical evidence, the tsunami of misleading reports in the media, inadequate discussions between clinicians and patients and a culture of
patients’ trust in providers’ recommendations and expectation
of something to be done together produce massive medical
misinformation, with suboptimal, nonpatient-centred decision-making.

Moving forward
We think that all healthcare professionals involved in medical
decision-making should possess basic critical appraisal skills
and be knowledgeable about which sources of information are
likely to be accurate and relevant. As Glasziou et al. [53] have
stated, ‘a 21st century clinician who cannot critically read a
study is as unprepared as one who cannot take a blood pressure or examine the cardiovascular system’. Such illiteracy is
common and clinicians thus foster unrealistic expectations
about medicine. A systematic review of 48 studies on clinician
expectations on the benefits and/or harms of treatments, tests
or screening tests showed that in most studies most physicians
had inaccurate expectations. Moreover, it was far more common for clinicians to overestimate than underestimate benefits
and to underestimate rather than overestimate harms [54].
Their inability to assess evidence further contributes to skewed
views among patients, the media, policy makers and others.
The problem of having so much unreliable and nonuseful
published medical research may be attacked at its root, that is by
funding, conducting, publishing and disseminating more true
and useful research. However, it is important in the meantime to
make healthcare professionals, patients, journalists and others
aware of the problem, provide them with critical appraisal skills
and ensure that the best evidence available is included in clinician–patient discussions about treatment choices.
How to accomplish those three goals is neither obvious nor
simple. We need additional high-quality RCTs on the effectiveness of specific interventions to teach EBM. Assessed
interventions may include both fixed components (e.g. basic
EBM concepts and skills) and variable components (e.g. contextual elements such as settings, leadership support, involvement of opinion leaders and other details regarding employed
implementation strategies) [55]. It has not been decisively
shown which implementation strategies are optimal for a given
clinical practice change. Important barriers and considerations
for successful clinical practice change may include personal
factors (e.g. motivation, time, skills required to evaluate the
relevance and validity of medical information),
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recommendation-related factors (access, complexity) and
external factors (e.g. local clinical culture) [56].
We should also caution that any of the EBM critical appraisal
tools can be subverted. For example, industry-sponsored trials
may be performed and presented in a way that they tick all the
boxes in the CONSORT checklist and on risk of bias tools, even
as some fundamental aspects of their design, for example the
question asked and how it is asked and answered (what comparators, outcomes or follow-up are used), may still be highly
misleading. There is no standard package or automated training tool to substitute for thinking and some healthy scepticism.
Similarly, while decision tools can enhance SDM, automated
tools alone cannot address some additional fundamental challenges that weaken the position and involvement of patients in
the decision-making. For example, patients typically have had
little or no input to the design of the research that produced the
available evidence, power imbalances may exist in the clinical
consultation, and many people do not seek or cannot access
care [57]. In addition, journalists must be trained to bring
greater scepticism and some critical appraisal skills to reporting
on medical research. Addressing these challenges requires
rethinking medical research and care at large.
Acknowledging these broader challenges, agents of change
could include journals, government agencies, professional
groups, schools for healthcare professionals, payers, accreditation bodies, as well as fellow healthcare providers who can
reinforce the importance of mastering critical appraisal and
communication skills in every day’s practice. The mass media
have a special role to play in this regard, as all players in
healthcare, from journals to clinicians to government agencies,
may respond to criticism in the press.
Critical appraisal skills may have a short half-life and need
continuous use and reinforcement. Moreover, given the vast
and rapidly expanding nature of the literature and the limited
time available to healthcare professionals, it may be easier to
focus on using critically pre-appraised evidence, for example
from well-done evidence synthesis efforts or guidelines, rather
than try to appraise every single article. However, even systematic reviews, meta-analyses and guidelines are currently so
numerous and often so poor, biased, conflicted or useless that
building and maintaining skills to appraise them is not an easy
task. Moreover, becoming proficient in dissecting the caveats of
higher-level syntheses requires understanding the problems of
primary studies.
As more journal editors recognise the Medical Misinformation Mess as an issue, they can promote awareness by publishing articles, commentaries and editorials on the subject. It
seems astonishing that there is a need to point out that investigators should understand what constitutes good design,
methodology, execution, performance and reporting in
research; nevertheless, the need exists. Journals should require

6

www.ejci-online.com

manuscripts to provide all information required for their critical appraisal. Government agencies and professional groups
may also be influential stakeholders in ensuring that investigators possess key EBM skills. The press also needs training in
critical thinking [58]. Schools of journalism should include basic
epidemiology and statistics in their coursework for future
healthcare and medical writers. Journalists and editors should
also be aware of the evidence-based critiques of mass media
stories, such as those offered by HealthNewsReview.org [38].
Schools for healthcare professionals could do a better job of
ensuring that training in critical appraisal of the medical literature is integrated into the curricula and clinical care. Encouraging reports suggest that attitudes, knowledge and critical
appraisal skills can improve through tightly integrated EBM
teaching programmes [59,60]. Payers and accreditation bodies,
such as the Accreditation Council for Graduate Medical Education, involved in the delivery of healthcare, could also require
skills in critical appraisal of medical evidence.
Eventually, successful initiatives should be part of everyday
clinical experience, not seen as an artificial formal imposed
requirement. Teachers and trainers need ever sharper skills in
critical appraisal of the medical literature [59]. Furthermore, all
healthcare professionals can take up the responsibility to master skills and become teachers and trainers for themselves
and for others during encounters with patients and decisionmaking.
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