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Using GRADE for exposures:
Question formulation and assessing

the certainty of evidence using the
risk of bias tool for exposure studies
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“Birthplace of
evidence-based
medicine and
problem based

lea 'n | N g” Department of Health Research Methods, Evidence, and Impact (HEI)

Welcome to the Department of Health Research Methods, Evidence, and Impact (HEI), formerly the Department of Clinical Epidemiology and Biostatistics (CE&B). Recognizing that
the CE&B name captured only some of the depth and breadth of disciplines and expertise in the department, we formally changed its name effective January 1, 2017.
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Research Education Service People

The name is outcomes focused: we produce, synthesize, package, share, and support the best available research evidence in the health and health-related fields, and we

undertake a variety of initiatives designed to achieve impacts at all levels within as well as across health systems. The name effectively connects us to the department's history in
‘ aS er evidence-based medicine and the global impact that this and other departmental initiatives have had. Moreover, the new name captures the department's strategic goal of
. . extending its leadership in developing new health research methods, generating and synthesizing actionable research evidence, and achieving impact.
-
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HEI welcomes your enquiries, requests, comments, suggestions and proposals. Please contact chairhei@mcmaster.ca I I I
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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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Interventions to prevent occupational noise-induced hearing

loss (Review)

Tikka C, Verbeek JH, Kateman E, Morata TC, Dreschler WA, Ferrite S



A clinically sensible

guestion

Population: In workers exposed to noise,
what is the impact of

Intervention: hearing protection devices

Comparison: compared with no devices

PICO
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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

PICO
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Formulating Difficult PECOs

journal homepage: www.elsevier.com/locate/envint

Environment International

Contents lists available at ScienceDirect

Preface

Identifying the PECO: A framework for formulating good questions to
explore the association of environmental and other exposures with health

outcomes

Rebecca L. Morgan®, Paul Whaley”, Kristina A. Thayer®, Holger J. Schiinemann™"*
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No guiding framework for operationalizing the PECO
fapproach and the types of PECO questions

ARTICLE INFO

Handling Editor: Paul Whaley

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.
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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

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

GRADE: Assessing the quality of evidence in environmental and occupational health

Rebecca L. Morgan ?, Kristina A. Thayer °, Lisa Bero ¢, Nigel Bruce ¢, Yngve Falck-Ytter ¢, Davina Ghersi "2,
Gordon Guyatt ?, Carlijn Hooijmans ", Miranda Langendam , Daniele Mandrioli’, Reem A. Mustafa *¥,

Eva A. Rehfuess ', Andrew A. Rooney °, Beverley Shea™, Ellen K. Silbergeld ", Patrice Sutton °, Mary S. Wolfe °,
Tracey J. Woodruff®, Jos H. Verbeek P, Alison C. Holloway 9, Nancy Santesso °, Holger J. Schiinemann ***

“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?



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
s 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



[G RADE working group

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)

e 2008/16 BMJ series; 2011 -? JCE series — over 30,000 cites
e Various other publications (incl. GRADE Handbook)

* IT applications |GRADEpro|GDT

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



Environment International 120 (2018) 382-387

Contents lists available at ScienceDirect

Environment International

Jjournal homepage: www.elsevier.com/locate/envint

Evaluation of the risk of bias in non-randomized studies of interventions ) |
(ROBINS-I) and the ‘target experiment’ concept in studies of exposures: e

Rationale and preliminary instrument development

Rebecca L. Morgan®, Kristina A. Thayer”, Nancy Santesso®, Alison C. Holloway®, Robyn Blain®,
Sorina E. Eftim?, Alexandra E. Goldstone®, Pam Ross", Gordon Guyatt”, Holger J. Schiinemann™*“"

* Department of Health Research Methods, Evidence, and Impact (formerly the Department of Clinical Epidemiology & Biostatistics), McMaster University, Health Sciences
Centre, Room 2C14, 1280 Muain Street West, Hamilton, ON L8S 4K1, Canada

P Integrated Risk Information System (IRIS) Division, National Center for Environmental Assessment (NCEA), Office of Research and Development, US Environmental
Protection Agency, Building B (Room 211i), Research Triangle Park, NC 27711, USA

© Department of Obstetrics and Gynecology, McMaster University, Health Sciences Centre, Room 3N52A, 1280 Muin Street West, Hamilton, ON L8S 4K1, Canada

< ICF, 9300 Lee Highway, Fairfax, VA 22031, USA

© Department of Medicine, McMaster University, Health Sciences Centre, Room 2C14, 1280 Main Street West, Hamilton, ON L8S 4K1, Canada




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 [: 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 lll: 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
Research | ChldrensHealt the RoB instrument for NRS of

Cord Serum Concentrations of Perfluorooctane Sulfonate (PFOS) and

Perfluorooctanoate (PFOA) in Relation to Weight and Size at Birth exposu res
Benjamin J. Apelberg,’ Frank R. Witter,? Julie B. Herbstman,® Antonia M. Calafat, Rolf U. Halden,*

Larry L. Needham,* and Lynn R. Goldman®

D of Johns Hopkins School of Public Health, Baltimore, Maryland, USA; 2Department of H
Gynecology and Obstetrics, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA; *Columbia Children’s Center for 0 I I I a I n S
Environmental Health, Columbia Mailman School of Public Health, New York, New York, USA; “Division of Laboratory Sciences,

National Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, Georgia, USA; *Department of
Environmental Health Sciences, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA
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and/for

BACKGROUND: Recent studies have reported developmental toxicity among rodents dosed with serum cholesterol
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OmjECTIVES: We examined the relationship between concentrations of PFOS and PFOA in cord

ral animal species
hom and Spydevold 1992; Seacat

serum (surrogates for én wrero exposures) and gestational age, birth weight, and birth size in et al. 2002, 2003; Thibodeaux et al. 2003). ° .
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Perfluorinated chemicals, whi
wifactured for > 50 years, h
a wide range of industrial 4
products. Perfluoroactane sulf
and perfluorooctanoate (PFO.
representative of perfluorinated
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fonate acid are (PFCs) widely distributed in
the environment. Previous studies of PFCs and birth weight are equivocal. The authors examined this association
in the Norwegian Mother and Child Cohort Study (MoBa), using data from 901 women enrolied from 2003 to 2004
and selected for a prior case-based study of PFCs and subfecundity. Matemal plasma samples were obtained
around 17 weeks of gestation. Qutcomes included birth weight z scores, preterm birth, small for gestational age,
and large for gestational age. The adjusted birth weight z scores were sfightly lower among infants bom to mothers
in the highest quartiles of PFCs compared with infants bom to mothers in the lowest quarties: for perfiuorooctane
sulfonate, [} — -0.18 (95% confidence interval: —0.41, 0.05) and, for perfiuorooctanoic acid. 3 — —0.21 (95%
confidence interval: -0.45, 0.04). No clear evidence of an association with small for gestational age or large for
gestational age was observed. sulfonate and acid were each associated with
decreased adjusted odds of preterm birth, although the cell counts were small. Whether some of the associations
suggested by these findings may be due to a noncausal pharmacokinetic mechanism remains unciear.

birth weight; MoBa: Norwegian Mother and Child Cohort Study: perfiuorinated compounds; perfiuorooctane sul-
fonate; perfluorooctanoic acid




RoB Matrix: Exposure to BPA
on prevalent overweight and
obesity

Studies Confounding  Selection Measurement  Departures Missing  Measurement  Reported

of Exposure from Data of Outcomes Results
Exposure

Carwile 2011*
Eng 2013* T
Harley 2013*
Li 2013"
Shankar 2012f

Wang 2012" T

*Prevalent overweight
T 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:10.1186/512940-015-0036-5



RoB Iinstrument integration
within GRADE evidence
assessment



fFS®O3C 30 S =

S5 O —h

N
R
S

-h O

wmaIE WnWOoOT XM

Build the PECO, develop protocol and
define preferred exposure assessment,
and related confounders and co-
interventions

A»

Identify studies eligible for SR Identify studies
not eligible for

Step |
________l______________. A
Define individual study-
Step Il level target experiment &
that minimizes RoB

Identify issues of indirectness
and link to GRADE

________t_____________.

Conduct RoB for exposures
assessment of eligible
studies

Determine finaﬁ RoB per study

Stepl” Low Moderate = Serious

Conduct sensitivity
analyses at domain
level

Identify studies not
included in the

Determine the?inal RoB across
body of evidence

Integrate final RoB into GRADE
certainty of the evidence <
assessment

GRADE




RoB Matrix: Exposure to BPA on
prevalent overweight and
obesity

Studies Confounding  Selection Measurement  Departures Missing  Measurement  Reported

of Exposure from Data of Outcomes Results
Exposure

Carwile 2011*
Eng 2013* T
Harley 2013*
Li 2013"
Shankar 2012f

Wang 2012" T

*Prevalent overweight
T 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:10.1186/512940-015-0036-5



RoB judgment across the
body of evidence: Part 1

Studies

Carwile
2011*

Confoundin  Selection Measurement Departures Missing Measurement Reported
of Exposure  from Data of Outcomes  Results

g

Exposure

Eng 2013* ¥

Harley 2013*
Li 2013"

Wang 2012"

* Prevalent overweight
T Prevalent obesity

— |

- Moderate Serious -




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

Studies Confounding Selection Measurement of Departures Missing ~ Measurement of Reported
Exposure from Data Outcomes Results
Exposure

Carwile 2011
Eng 2013
Harley 2013
Li 2013

- Moderate Serious -



Prevalent overweight

Odds Ratio
IV, Random, 95% CI

Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI
1.3.1 Adults
Carwile & Michels 2011 027 02516 12.2% 1.31[0.80, 2.14]
Wang 2012 0.21581 01353 236% 1.24 [0.97,1.59]
Subtotal {95% CI) 35.8% 1.25[1.01, 1.56]

Heterogeneity Taus= 0.00; Chi = 0.04, df= 1 (P = 0.85); F= 0%
Testfor overall effect Z=2.02 (P = 0.04)

1.3.2 Children

Eng 2013 0.0677 01484 21.0% 1.07[0.80,1.43]
Harley 2012 &y 0.3075 03037 G.4% 1.36[0.75, 2.47]
Harley 2012 Gy 14351 04524  43% 4.20[1.60,11.03]
Li 2013 boys -0.1985 02038 156% 0.82[0.55,1.22
Li 2013 girls 0.2546 0225 14.0% 1.29[0.83, 2.00]
Subtotal (95% CI) 64.2% 1.24[0.88, 1.74]

Heterogeneity: Tau®= 0.08, Chi*=10.44, df= 4 (P = 0.03); "= 62%
Testfor overall effect Z=1.22 (P =0.22)

Total {95% CI) 100.0%
Heterageneity: Tau?= 0.03; ChiF = 10,98, df= 6 (P = 0.08); F= 45%
Testfor overall effect Z=1.77 (P = 0.08)

Testfor subgroup differences: Chi*= 000, df=1(P= 095, F=0%

1.21[0.98, 1.50]

| o

>

Odds Ratio
IV, Random, 95% CI

>
010z s 2 510
Decreased risk Increased risk
Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI
1.3.1 Adults
Carwile & Michels 2011 0.27 0.2516 17.3% 1.31[0.80,2.14]
Wang 2012 02161 01253 33.5% 1.24[0.97,1.59]
Subtotal (95% CI) 50.8%  1.25[1.01, 1.56]

Heterogeneity: Tau®= 0.00; Chi*= 0.04, df =1 {P = 0.85); F=0%
Testfor overall effect Z=2.02 (P = 0.04)

1.3.2 Children

Eng 2013 00677 01434 20.8% 1.07[0.80,1.43]
Harley 2012 &y 03075 03037 13.3% 1.36[0.75, 2.47]
Harley 2012 9y 1.4351 04924 61% 4.20[1.60,11.03]
Li 2013 boys -0.1985 02038 0.0% 0.82[0.55 1.22]
Li 2013 girls 0.2646 0225 0.0% 1.20[0.83, 2.00]
Subtotal (95% CI) 49.2% 1.58 [0.84, 2.98]

Heterogeneity: Tau?=0.22; Chi*=7.21, df= 2 (P =003); P=72%
Testfor overall effect Z=1.42 (P = 0.16)

Total (95% Cl) 1000%  1.31[1.01,1.69]
Heterogensity: Tau?= 0.03; Chi*= 7.27, df= 4 (F = 0.12); F= 45%

Testfor overall effect 2= 2.05 (F = 0.04)

Testfor subaroup diferences: Chi*= 0,46, df=1 (P = 0.50), F=0%

HT

0.1

-
02 05 2
Decreasedrisk Increasedrisk
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RoB judgment across the
body of evidence (prevalent
obesity): Part 2

Studies Confounding Selection Measurement of Departures Missing ~ Measurement of Reported

Exposure from Data Outcomes Results
Exposure

Eng 2013
Shankar 2012

Wang 2012

- Moderate Serious -




Prevalent obesity

Study or Subgroup  log[Odds Ratio]

SE Weight IV, Random, 95% Cl

1.2.1 Adults
Shankar 2012 0.5247 01334
Wang 2012 0.4055 01356

Subtotal (95% CI)

Test for overall effect £= 4,89 (P = 0.00001})

1.2.2 Children

Eng 2013

Subtotal (95% CI)
Heterogeneity: Mot applicahle
Test for overall effect: Z= 3.56 (P = 0.0004)

0.717a 02014

Total (95% CI)

Testfor overall effect Z=5.94 (P = 0.00001)

41.4%
40.4%
81.8%

Heterogeneity: Tau®=0.00; Chi*= 038, df=1{FP=053);, F=0%

18.2%
18.2%

100.0%

Heterogeneity: Tau®=0.00; Chi*=1.66, df= 2{(P=043);, F=0%

Testfor subgroup differences: Chi*=1.97 df=1 (P = 0.26) F=31.5%

Odds Ratio Odds Ratio
IV, Random, 95% CI

1.68[1.30, 2.20] —a— 1
1.501[1.15, 1.96] ——

1.58 [1.32,1.92] <&

2.05[1.38, 3.09] —

2.05[1.38, 3.05] -

1.67 [1.41,1.98] L 2

01 02 05 2 510
Decreasedrisk Increased risk

Odds Ratio
IV, Random, 95% CI

Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI
1.2.1 Adults
Shankar 2012 05247 01339 B9.5% 1.69[1.30, 2.20]
Wang 2012 0.4055 0.1356 0.0% 1.50[1.15,1.96]
Subtotal (95% CI) 69.5% 1.69 [1.30, 2.20]
Heterogeneity: Mot applicable
Testfor overall effect 2= 3.92 (P = 0.0001}
1.2.2 Children
Eng 2013 07178 02019 305% 2.051[1.38, 3.08]
Subtotal (95% CI) 30.5% 2.05[1.38, 3.05]
Heterogeneity: Mot applicable
Testfor overall effect: Z£= 3.56 (P = 0.0004)
Total (95% CI) 100.0% 1.79[1.44, 2.23]
Heterogeneity: Tau®= 0.00; Chi*= 064, df=1 {P=043), F=0%
Testfor overall effect £=5.23 (P = 0.000013
Testfor subgroup differences: Chi*= 0.64 df=1 {P=043) F= 0%

¢ =

0.1

0z 05
Decreasedrisk Increasedrisk
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Transparency within the Evidence
Profile: GRADE assessment

Quality assessment Ne of patients Effect

Neof | Study | Risk of Other
studies | design

exposure to | exposure to
BPA (CAS# | lower levels
80-05-7) of BPA

Relative | Absolute Quality

Inconsistency | Indirectness | Imprecision (95% ClI) (95% CI)

considerations

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

5

studies |very, very |notserious®  |not serious  |serious none 1774/5403 | 1584/5657 | OR1.21 |40 more per | &OOO

Prevalent obesity

3

studies

a.

i
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.

CI: Confid

The 12 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.

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




Summary #GRAADEpIanet

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
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