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Today
• Brief background
• Considerations about conflicts of 

interest
• Defining the purpose and review 

questions 
• Inclusion and exclusion criteria
• Developing protocols
• Assessing the certainty of the evidence 
• Assessing the credibility of a review



What is a Systematic Review?

Systematic reviews are scientific 
investigations in themselves, with 
pre-planned methods and an 
assembly of original studies as 
their "subjects." They synthesize 
the results of multiple primary 
investigations by using strategies 
that limit bias and random error*

*Mulrow CD. Ann Intern Med, 1987



A properly conducted systematic 
review summarizes the evidence 
from all relevant studies on the 
topic of interest, and it does so 
concisely and transparently

*Cook DJ, Sackett DL, Spitzer WO. J Clin Epidemiol 1995



Why do a systematic review?
Identify and rely on least biased data

Explore variability

Reduce random error

Inform decision-making

Inform future research



Why do we need systematic 
reviews?
Statistician Karl Pearson in 1904* 

"Many of the groups ... are far too 
small to allow of any definite opinion 
being formed at all, having regard to 
the size of the probable error 
involved."

*Egger & Smith, BMJ, 1997



To much (irrelevant) Information



Narrative vs. Systematic 
Reviews

Cook DJ. Mulrow CD. Haynes RB. Ann Int Med, 1997



Universe of Review Articles

Systematic 
reviews

Meta-analysis













Hoffmann et al., Arch Toxicol 2017 





Defining the purpose and review 
questions 

No guiding framework for operationalizing the 
PECO approach and the types of PECO questions 
researchers and decision-makers can answer

In environmental, public and occupational health 
research, specific challenges exist with identifying 
the exposure and comparator within the PECO

Five paradigmatic approaches and examples for 
identifying the exposure and comparator in 
systematic review and decision-making questions.



Developing protocols



… the time from search to 
submission was much longer for SRs 
with published protocols compared 
with [those without]. 

… while at the same time SRs with 
published protocols were better 
elaborated and reported.

Allers et al. JCE, 2018



Allers et al. JCE, 2018



Mechanistic data
Mechanistic data come from a wide variety of 
studies and are generally not intended to 
identify a disease phenotype. This source of 
experimental data includes in vitro and in vivo 
laboratory studies directed at identifying the 
cellular, biochemical, and molecular 
mechanisms that are related to chemicals that 
produces particular adverse effects. 

Another broad class of mechanistic data relates 
to the toxicokinetics of a chemical (NRC 2014a).



Historical criticism
•mixing apples and oranges

historical response
•interested in effect of fruit

But may be good to know through mechanistic 
data if effect is from Vitamin C and how it works



Inclusion and exclusion criteria



Confidence in the conclusion
Certainty of the evidence is also referred 
to as quality of the evidence, confidence 
in the effect estimate, and strength of 
the evidence. It is an assessment of the 
likelihood that the effect will not be 
substantially different from what the 
research found; i.e. different enough that 
it might affect a decision.

Get-It glossary



Confidence in the conclusion
Certainty of evidence is best considered 
as the certainty that a true effect lies on 
one side of a specified threshold or 
within a chosen range. 

Hultcrantz et al., JCE 2017



Certainty of evidence
How confident in the research?  

Are the research studies well done? Risk of bias

Are the results consistent across studies ? Inconsistency 

How directly do the results relate to our question? Indirectness

Is the effect size precise - due to random error? Imprecision

Are these all of the studies that have been conducted? Pub. Bias  

Is there anything else that makes us particularly certain? Large 
effects, worst case scenario predictors still strong conclusions, 
exposure-effect relation 



Bias in the design and execution 
of the studies only one of several 
domains – risk of bias
Systematic error or systematic deviation 
from the truth
Systematic review conclusions depend 
on risk of bias of included studies
•biased studies = misleading review 
results
•should we believe the results?



UCSF Navigation Guide: PFOA and Fetal Growth

29

Human = moderate quality, 
sufficient strength

Nonhuman animal = moderate 
quality, sufficient strength

Integration of human and animal evidence led 
to conclusion of “known” to be toxic to 
human reproduction and development



GRADE and Rapid Response

30



Rest of table 
summarizes:
§ GRADE domains

§ risk of bias, 
imprecision, 
indirectness, 
inconsistency, 
publication bias, 
magnitude, etc.

§ Certainty in evidence
§ Possible summary 

statements



• random error 
due to 
sampling 
variation
• reflected in 

the 
confidence 
interval

• bias can occur 
in well-
conducted 
studies
• not all 

methodologic
al flaws 
introduce bias

QualityImprecision Reporting

• good 
methods may 
have been 
used but not 
well reported 

Risk of bias is not the same as







Summary
Methods and standards for systematic 
reviews exist for various scientific fields

Overarching principles not different 

Work on operationalization of the gaps

• E.g. how mechanistic data support 
statements about human health effects 
when the relevant mechanistic 
evidence has been systematically 
reviewed
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