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Two topics 

Question formulation in 
environmental and occupational 
health 

Risk of bias assessment in the context 
of GRADE for studies evaluating 
exposure - effect relations 
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A clinically sensible 

question 
Population:  In workers exposed to noise, 
 what is the impact of 
 
 
Intervention:  hearing protection devices 
Comparison: compared with no devices  
 

Outcomes: on hearing loss, hearing 
 impairment 

 
PICO 
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Recommendation/Decision 

Evidence synthesis 

(systematic review/HTA) 
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Outcome 

Outcome 

Outcome 

Outcome 

Formulate  question 

Critical 

Important 

Critical 

Not 

Synthesize and Create  

evidence profile or Summary of 

Findings Table with GRADEpro 

Rate certainty of 

evidence for each 

outcome 

Grade recommendations 

(Evidence to Recommendation) 

• For or against (direction)  

• Strong or conditional/weak (strength) 

Assess single studies 

Guideline 

© GRADE Working Group 2008 - 2018 



Etiology 

Is noise exposure associated with 
hearing impairment/loss? 

 



Etiology 

To assess the association between 
exposures and outcomes, including in the 
field of nutrition, environmental and 
occupational health, the concept of 
defining the Population (including animal 
species), Exposure, Comparator, and 
Outcomes (PECO) as pillars of the 
question is increasingly accepted 

 



A sensible question 

Population:  People 
 
 
Exposures: noise 
Comparison: no noise, different levels of  
  noise, exact cut offs  
 

Outcomes: hearing loss, hearing 
 impairment 

 
PICO 





https://www.researchgate.net/publication/273469961 



Formulating Difficult PECOs 

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. 



Potential systematic-review or  

research context 

Approach 

1. Calculate the health effect from an exposure; 

describing the dose-effect relationship between an 

exposure and an outcome for risk characterization. 

Explore the shape and distribution of the 

relationship between the exposure and the 

outcome in the systematic review. 

2. Evaluate the effect of an exposure cut-off on health 

outcomes, when the cut-off can be informed 

iteratively by the results of the systematic review. 

Use cut-offs defined based on distribution in 

the studies identified in the systematic review. 

3. Evaluate the association between an exposure cut-

off and a comparison cut-off, when the cut-offs can be 

identified or are known from other populations. 

Use mean cut-offs from external or other 

populations (may come from other research). 

4. Identify an exposure cut-off that ameliorates the 

effects on health outcomes. 

Use existing exposure cut-offs associated with 

known health outcomes of interest. 

5. Evaluate the potential effect of a cut-off that can be 

achieved through an intervention to ameliorate the 

effects of exposure on health outcomes. 

Select the comparator based on what 

exposure cut-offs can be achieved through an 

intervention. 
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1. Is there an association or effect: Calculate the 
health effect from an exposure 

Purpose - Identification of an association 
between exposure and the outcome 

Approach - Explore the shape and 
distribution of the relationship between the 
exposure and the outcome in the systematic 
review  

Example - Among newborns, what is the 
incremental effect of 10 dB increase during 
gestation on postnatal hearing impairment? 

P: Among newborns, what is the effect of 

E: 10 dB exposure to noise during gestation versus 

C: 10 dB incremental increase on 

O: Postnatal hearing impairment 



2. Evaluate the effect of an exposure cut-off on 
health outcomes 

Purpose – Do not know naturally occurring 
exposure levels or are unsure about which cut-
offs to choose. 

Approach - Use cut-offs defined based on 
distribution in the studies identified in the 
systematic review. 

Example - Among newborns, what is the effect of 
the highest dB exposure compared to the lowest 
dB exposure (e.g. identified tertiles, quartiles, or 
quintiles) during pregnancy on postnatal 
hearing impairment? 

P: Among newborns, what is the effect of 

E: Highest noise exposure during pregnancy versus 

C: Lowest noise exposure during pregnancy on 

O: Postnatal hearing impairment 



3. Evaluate the association between an exposure 
cut-off and a comparison cut-off 

Purpose - Have information about a certain exposure level 
for a population of interest but want to compare that to the 
impact of a different level of exposure on a certain health 
outcome.  

Approach - Use mean cut-offs from external or other 
populations (may come from other research). 

Example - Among commercial pilots, what is the effect of 
noise corresponding to occupational exposure compared to 
noise exposure experienced in other occupations on hearing 
impairment? 

P: Among commercial pilots, what is the effect of 

E: Noise corresponding to their occupational exposure versus 

C: Noise exposure experienced by people in low-exposure occupations on 

O: Hearing impairment. 



4. Identify an exposure cut-off that ameliorates 
the effects on health outcomes. 

Purpose – Identify a permissive level of exposure 
based on a quantified dose-response relationship. 

Approach - Use existing exposure cut-offs 
associated with known health outcomes of 
interest. 

Example - Among industrial workers, what is the 
effect of exposure to <80 dB compared to ≥80 dB 
on hearing impairment? 

P: Among industrial workers, what is the effect of 

E: Occupational noise exposure < 80 dB versus 

C: Occupational noise exposure ≥ 80 dB on 

O: Hearing impairment. 



5. Evaluate the potential effect of a cut-off that 
can be achieved through an intervention 

Purpose – When the decision-maker is interested in a 
specific exposure cut-off that can be achieved 
through an intervention to mitigate the exposure. 

Approach - Select the comparator based on what 
exposure cut-offs can be achieved through an 
intervention. 

Example - Among the general population, what is the 
effect of an intervention that reduces noise levels by 
20 dB compared to no intervention on hearing 
impairment? 

P: Among the general population, what is the effect of 

E: Noise levels that are 20 dB lower than 

C: Current noise levels on 

O: Hearing impairment. 



Need for methods 
advancement 

“GRADE represents an untapped opportunity 

for environmental and occupational health to 

make evidence-based recommendations in a 

systematic and transparent manner.” 



Evaluate the effect of an exposure on health 
outcomes 

Higher exposure to Bisphenol A (BPA) is 
associated with increased weight! 

 

How certain can we be in this statement? 



GRADE for 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  

  



 

 

After over 20 years of increasing confusion, beginning in 2000, 
GRADE developed a unifying, transparent and sensible system 
for grading the certainty of evidence and making decisions 

• WHO, NICE, CADTH, CDC, AHRQ, professional societies, 
academic institutions since 2000 – over 100 use GRADE 

• For systematic reviews, HTA and guidelines 

• International & diverse contributors (>600)  

• 2008/16 BMJ series; 2011 -? JCE series – over 30,000 cites 

• Various other publications (incl. GRADE Handbook) 

• IT applications 

CMAJ 2003, BMJ 2004, BMC 2004, BMC 2005, AJRCCM 
2006, Chest 2006, BMJ 2008, JCE 2011-2017 



Development of the risk of 

bias instrument for NRS of 

exposures 





Evaluation of a new risk of bias 
instrument for non-randomized 
studies 

Risk Of Bias In Non-randomised Studies – of 
Interventions (ROBINS-I) 

• Evaluates health effects of medical interventions by 
comparing to the ideal RCT 

 

Application for studies of exposures 

• Need for a robust tool to assess exposure studies 

• Many similarities between RoB domains 



The RoB instrument for NRS 
of exposures 
Replacement of “intervention” with “exposure” 

Additional instructions and examples added to the 
handbook (e.g., consideration of cross-sectional studies, 
exposure-specific examples) 

Replacement of the wording for “Target Trial” with “Target 
Experiment”; 

Fields added to address measurement of exposure and 
outcome 

Replacement of signaling questions in “Bias in 
Measurement of Exposure” 

 



Steps for applying the RoB 
instrument for NRS of exposures 

Step I: Clarify the review question and identify 
topic-specific considerations (i.e., potential 
confounders, co-interventions, and exposure and 
outcome measurement accuracy information) 
important to assess bias; 

Step II: Describe a target trial or experimental 
version of the study, including specific 
confounders and co-interventions from that study 
that will require consideration; and 

Step III: Evaluate the study by completing 
signaling questions across seven RoB domains. 



Background 

Guidance needed for instruments that evaluate NRS as an 
ideal target trial 

• GRADE Working Group approved guidance for ROBINS-I in 2017 

 

ROBINS-I required modifications for application to NRS of 
exposures 

• Replacement of the wording for “Target Trial” with “Target Experiment” 

• Replacement of “intervention” with “exposure” 

• Additional instructions and examples added to the handbook (e.g., 
consideration of cross-sectional studies, exposure-specific examples) 

• Fields added to address measurement of exposure and outcome 

• Replacement of signaling questions in “Bias in Measurement of Exposure” 



Evaluate RoB per outcome using 
the RoB instrument for NRS of 
exposures 

Study Confounding Selection 
Measurement of 

Exposure 

Departures from 

Exposure 
Missing Data 

Measurement of 

Outcomes 

Reported 

Results 

Apelberg et al. 

2007 
              

Domains 

• Confounding 

• Selection 

• Measurement of Exposure 

• Departures from Exposure 

• Missing Data 

• Measurement of Outcomes 

• Reported Results 

 

Low Moderate Serious Critical 

36 





RoB Matrix: Exposure to BPA 
on prevalent overweight and 
obesity 

Studies Confounding Selection Measurement 

of Exposure 

Departures 

from 

Exposure 

Missing 

Data 

Measurement 

of Outcomes 

Reported 

Results 

Carwile 2011*               

Eng 2013*, †               

Harley 2013*               

Li 2013*               

Shankar 2012† 

Wang 2012*, †               

 Low Moderate Serious Critical 

* Prevalent overweight 
† Prevalent obesity 

Ranciere, F., Lyons, J. G., Loh, V. H., Botton, J., Galloway, T., Wang, T., . . . Magliano, D. J. (2015). Bisphenol A and the risk of 

cardiometabolic disorders: a systematic review with meta-analysis of the epidemiological evidence. Environ Health, 14(1), 46. 

doi:10.1186/s12940-015-0036-5 



RoB instrument integration 

within GRADE evidence 

assessment 



Identify studies eligible for SR  

Build the PECO, develop protocol and 

define preferred exposure assessment, 

and related confounders and co-

interventions 

Define individual study-

level target experiment 

that minimizes RoB 

Conduct RoB for exposures 

assessment of eligible 

studies 

Identify studies 

not eligible for 

SR 

Conduct sensitivity 

analyses at domain 

level 

Determine the final RoB across 

body of evidence 

Identify studies not 

included in the 

decision-making 

Low Moderate Serious Critical 

Identify issues of indirectness 

and link to GRADE 

Integrate final RoB into GRADE 

certainty of the evidence 

assessment 

Step I 

Step II 

Step III 

Determine final RoB per study 

& 

GRADE 
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RoB Matrix: Exposure to BPA on 
prevalent overweight and 
obesity 

Studies Confounding Selection Measurement 

of Exposure 

Departures 

from 

Exposure 

Missing 

Data 

Measurement 

of Outcomes 

Reported 

Results 

Carwile 2011*               

Eng 2013*, †               

Harley 2013*               

Li 2013*               

Shankar 2012† 

Wang 2012*, †               

 Low Moderate Serious Critical 

* Prevalent overweight 
† Prevalent obesity 

Ranciere, F., Lyons, J. G., Loh, V. H., Botton, J., Galloway, T., Wang, T., . . . Magliano, D. J. (2015). Bisphenol A and the risk of 

cardiometabolic disorders: a systematic review with meta-analysis of the epidemiological evidence. Environ Health, 14(1), 46. 

doi:10.1186/s12940-015-0036-5 



RoB judgment across the 
body of evidence: Part 1 

Studies Confoundin

g 

Selection Measurement 

of Exposure 

Departures 

from 

Exposure 

Missing 

Data 

Measurement 

of Outcomes 

Reported 

Results 

Study-level 

RoB 

Judgment 

Carwile 

2011*                 

Eng 2013*, † 
                

Harley 2013*                 

Li 2013*                 

Shankar 

2012† 

Wang 2012*, †                 

* Prevalent overweight 
† Prevalent obesity  Low Moderate Serious Critical 



RoB judgment across the 
body of evidence (prevalent 
overweight): Part 2 

Studies Confounding Selection Measurement of 

Exposure 

Departures 

from 

Exposure 

Missing 

Data 

Measurement of 

Outcomes 

Reported 

Results 

Carwile 2011               

Eng 2013               

Harley 2013               

Li 2013               

Wang 2012               

Item-level 

judgment 

 Low Moderate Serious Critical 



Prevalent overweight 

1 

2 



RoB judgment across the 
body of evidence (prevalent 
obesity): Part 2 

Studies Confounding Selection Measurement of 

Exposure 

Departures 

from 

Exposure 

Missing 

Data 

Measurement of 

Outcomes 

Reported 

Results 

Eng 2013               

Shankar 2012 

Wang 2012               

Item-level 

judgment 

 Low Moderate Serious Critical 



Prevalent obesity 

1 

2 



Transparency within the Evidence 
Profile: GRADE assessment 

CI: Confidence interval; OR: Odds ratio 

Quality assessment № of patients Effect 

Quality № of 

studies 

Study 

design 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 

considerations 

exposure to 

BPA (CAS# 

80-05-7) 

exposure to 

lower levels 

of BPA  

Relative 

(95% CI) 

Absolute 

(95% CI) 

Prevalent overweight (assessed with: BMI ≥85th percentile for age/gender in children; BMI 18.5-25/30 kg/m2) 

5  studies  very, very 

serious a 

not serious b not serious  serious none  1774/5403 

(32.8%)  

1584/5657 

(28.0%)  

OR 1.21 

(0.98 to 1.56)  

40 more per 

1,000 

(from 4 fewer 

to 98 more)  

⨁◯◯◯ 

VERY LOW   

Prevalent obesity (assessed with: BMI ≥95th percentile for age/gender in children; BMI ≥25-30 kg/m2) 

3  studies  very 

serious a 

not serious  not serious  not serious  none  1425/5178 

(27.5%)  

1204/5342 

(22.5%)  

OR 1.67 

(1.32 to 1.93)  

102 more per 

1,000 

(from 52 more 

to 134 more)  

⨁⨁◯◯ 

LOW  

a. Most studies adjusted for known confounders of body composition (age, ethnicity, 
gender, height, race), and diet; however, two studies did not account for caloric 
intake or diet which is relevant for evaluating weight-related outcomes, there is 
some risk of unmeasured confounding; BPA measurement present potential for bias as 
the chemical is non-persistent with a short half-life and exposure measurements were 
not repeated (except in one study), one study measures BPA three months post-BMI 
measurement, remaining studies measure BPA and BMI at the same time; potential risk 
of reporting bias because three studies did not report prior publication of a protocol; 
however, all studies present outcome measures and analyses consistent with a priori 
plan outlined in the manuscript. 

b. The I2 value = 45% and exploration of the forest plot suggests some inconsistency 
introduced by one outlying study contributing 4.3% of the weight to the analysis of 
children. 

c. Imprecision is present because the width of the confidence interval is consistent with 
both important benefit and harm.  



Summary 

Formulating good questions: PECO 

 

Guidance when evaluating RoB of exposure 
studies using a target experiment approach 

 

Conceptualization of RoB integration of studies of 
exposures into GRADE 

 

GRADE as a decision-making framework for 
research on environmental exposures 



Eskerrik asko – Thank you 

@schunemann_mac 


