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Science: a bird’s eye view 

• 15,153,100 different scientists publishing 

papers in major scientific journals in 1996-

2011 (Scopus) 

• An estimated 160 million scholarly 

documents in Google Scholar 

• Each empirical paper can include anywhere 

from a few up to many millions of results 

Ioannidis, et al. EJCI 2013 



A map of recent science: 20 million papers, 2 million patents, 200000 clusters lasting 2-16 years each  

Hi there!  

My best paper is a speck of dust in a 

speck of dust in a speck of dusk 

somewhere around here 
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Definitions 

 

• Credibility=how likely a research finding is 

to be true 

• Significance=how likely a research finding 

is to attract attention 

• Statistical significance=a key criterion for 

attracting attention 



“Credible” has little to do with 

“statistically significant” 

• Peer review improves credibility but not 

necessarily impressively so 



Scientific discovery has become a boring nuisance: 96% of 

the biomedical literature claims significant results 

Chavalarias, Wallach, Li, Ioannidis, JAMA 2016 



Diet causes cancer 

• Open a popular cookbook 

• Randomly check 50 ingredients 

• How many of those are associated with 

significantly increased or significantly 

decreased cancer risk in the scientific 

literature? 



Associated with cancer risk 

• veal, salt, pepper spice, flour, egg, bread, 

pork, butter, tomato, lemon, duck, onion, 

celery, carrot, parsley, mace, sherry, olive, 

mushroom, tripe, milk, cheese, coffee, 

bacon, sugar, lobster, potato, beef, lamb, 

mustard, nuts, wine, peas, corn, cinnamon, 

cayenne, orange, tea, rum, raisin 



Schoenfeld and Ioannidis AJCN 2013 
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One third of known medications 

may affect cancer risk (!?) 

Patel et al, Sci Reports 2016 



Why research findings may not be 

credible? 

• There is bias 

• There is random error (see multiple 

comparisons) 

 

 

• Usually there is plenty of both 



Bias 

• Any deviation from the truth beyond chance 
error 

• Conscious, subconscious, or unconscious 

• One may create theory (or theories) about 
bias or may study its consequences 

• The former seem more robust, but it is the 
latter that we measure, witness, and 
eventually suffer   



Total genetic information (subjects or al leles)
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Ioannidis et al, Nature Genetics 2001 

Non-replicated diminishing effects 



Candidate genes replicated through GWAS:  

replication rate = 1.2% 

Ioannidis, Tarone, McLaughlin, Epidemiology 2011 





Highly-cited contradicted findings 

• Vitamin E and cardiovascular mortality (two large 

prospective cohorts and one trial of 2,002 subjects 

claimed large decreases in mortality) 

• Hormone replacement therapy and coronary artery 

disease (major benefits claimed by the Nurses’ 

Health Study) 

• Nitric oxide found initially to markedly improve 

outcomes in adult respiratory distress syndrome 

 



Some other major refuted claims  

• Flavonoids decrease cardiovascular mortality by 
80% 

• Low-fat diet dramatically decreases colorectal 
cancer, heart disease, stroke, and breast cancer  

• Aspirin is highly protective against heart disease 
in both men and women 

• Beta-carotene is highly effective in preventing 
against cancer and heart disease 

• Fruit intake diminishes breast cancer risk by up to 
90%  



Different types of reproducibility 

• Reproducibility of methods: the ability to 

understand or repeat as exactly as possible the 

experimental and computational procedures.  

• Reproducibility of results: the ability to produce 

corroborating results in a new study, having 

followed the same experimental methods. 

• Reproducibility of inferences: the making of 

knowledge claims of similar strength from a study 

replication.  

Goodman, Fanelli, Ioannidis. Science Transl Med 2016 



Overall credibility 

• Depends on the pre-evidence odds 

(multiplicity of comparisons against true 

associations) 

• Depends on the data (the study at hand) 

• Depends on bias 

• Depends on the field 

• All of these may depend on each other 



Simple model: no bias, one team of 

researchers 



Bias present 



Many teams of researchers 





Science at low pre-study odds of true findings 
Ioannidis. Why most published research findings are false? PLoS Medicine 2005 

Positive predictive value (PPV) of research findings for various combinations of power (1-β), 

ratio of true to no relationships (R) and bias (u) 

 

1-β R u Practical example       PPV 

0.80 1:1 0.10 Adequately powered RCT with little bias and 1:1 pre-study odds .85 

0.95 2:1 0.30 Confirmatory meta-analysis of good quality RCTs   .85 

0.80 1:3 0.40 Meta-analysis of small inconclusive studies    .41 

0.20 1:5 0.20 Underpowered, phase I/II well-performed RCT   .23 

0.20 1:5 0.80 Underpowered, phase I/II poorly performed RCT   .17 

0.80 1:10 0.30 Adequately powered, exploratory epidemiological study  .20 

0.20 1:10 0.30 Underpowered, exploratory epidemiological study   .12 

0.20 1:1000 0.80 Discovery-oriented exploratory research with massive testing .0010 

0.20 1:1000 0.20 As above, but with more limited bias (more standardized)                .0015 



Effect size = bias 

• In several scientific disciplines, the effect sizes 
observed in different studies are, on average, 
accurate estimates of the extent of net bias 
operating in the field 

• Thus, disciplines that find larger effect sizes (=are 
scientifically considered more successful) are 
simply more biased than others that find smaller 
effect sizes 

• In the same scientific discipline, the most 
successful and appreciated studies are simply the 
ones that suffer the worst net bias 



Effect size = bias 

A Chinese language lesson 

Pan et al. PLoS Med 2005 



Post-study odds of a true finding are small 

• When effect sizes are small 

• When studies are small 

• When fields are “hot” (many furtively 

competitively teams work on them) 

• When there is strong interest in the results 

• When databases are large 

• When analyses are more flexible  

Ioannidis JP. PLoS Medicine 2005 





Patel, Burford, Ioannidis. JCE 2015 

Analytical flexibility: Vibration of 

effects and the Janus phenomenon 



Conflicts of interest 

• 185 MEDLINE-listed meta-analyses evaluating 

antidepressants for depression published in 1/2007-3/2014.  

• Only 58 of the 185 meta-analyses on antidepressants for 

depression (31%) had any negative statements in the 

concluding statement of the abstract.  

• Meta-analyses including an author who were employees of 

the manufacturer of the assessed drug were 22-times less 

likely to have negative statements about the drug than 

other meta-analyses (1/54 [2%] vs. 57/131 [44%], 

p<0.001).  

 



Registration 

• Level 0: no registration 

• Level 1: registration of dataset 

• Level 2: registration of protocol 

• Level 3: registration of analysis plan 

• Level 4: registration of analysis plan and 

raw data 

• Level 5: open live streaming 





A research finding cannot reach 

credibility over 50% unless  

 

 

u<R 

 

 

 

i.e. bias must be less than the pre-study 

odds 



Early discovered true associations are 

inflated 

Ioannidis, Why most true discovered associations are inflated. Epidemiology 2008 



Effect sizes for the top-cited 

biomarkers in the biomedical literature 
1

5
1

5
3

0

R
e
la

ti
v
e

 r
is

k
 i
n

 t
h
e

 l
a
rg

e
s
t 

s
tu

d
y

1 5 15 30
Relative risk in the highly-cited study

Ioannidis and Panagiotou, JAMA 2011 



Decrease in AUC of predictive models 

upon external validation  

Siontis, Castaldi, Tzoulaki, Ioannidis, JCE 2015 



Adjusting effects downwards 



Repeatability 





Science, December 2, 2016 



Ioannidis, PLoS Medicine 2014 



Guidelines as a marketing tool and 

as a potential threat to patients 







Concluding comments 

• Type of design, sample size (power), presence of 

conflicts of interest (financial or other), analytical 

flexibility, and potential for (hidden) multiplicity 

may influence the credibility of different types of 

research 

• Each paper/study may have a multitude of other 

features that may help understand how credible it is  

• Significant does not mean credible 

• Credible does not mean useful 
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