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Background

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) has been
developed to standardize the approach to judging the certainty of the effects of interventions (1).
As such, the approach is currently the basis for evidence review in support of WHO Guidelines

).

The main value of the system is that the comparability of the judgements increases when all
assessors consider the same arguments underpinning their certainty in a similar manner. That is
how the factors for downgrading and upgrading the certainty have been developed: to guide expert
judgement. Behind each down- and upgrading factor in GRADE, there is a rationale for its
importance and guidance for elaborating good reasons for downgrading or not downgrading. These
ideas are well explained in the GRADE Handbook (1). Most of the reasoning in this framework
can be equally well used for observational studies of exposure as for randomized studies of
interventions (3). However, at some points there is a need for elaboration or clarification on how
to use the GRADE criteria for observational studies of exposure.

Although different groups have adapted the approach for environmental exposures in recent years,
no consensus has emerged among experts yet. Unlike some previous efforts, the aim of this work
is not assessing the strength of evidence for causal inference by considering all the relevant streams
of research (4), but to rate how certain one is that the ‘true’ estimate of the epidemiological
association between an air pollutant and an adverse health effect lies within a particular range (5).
Consistent with the standard GRADE framework, the certainty of the effect estimate is graded as
high, moderate, low or very low. The ratings are subsequently used to select and underpin
concentration—response functions in the process of deriving guideline exposure levels.

The current approach was designed specifically to assess the certainty of the evidence from the
systematic reviews commissioned by WHO to inform the update of global air quality guidelines
(AQGS). Its development benefitted from previous experiences in applying GRADE in the field
of occupational and environmental health, as well as specific expertise in air pollution
epidemiology. The approach was extensively discussed in two Guideline Development Group
meetings, pilot tested by the members of the Systematic Review Team and improved iteratively
according to the feedback received.

The Working Group accepted to start the rating of the certainty of the evidence for observational
studies at moderate certainty evidence and not at high certainty, because of the risk of unmeasured
confounding in observational studies. The certainty of the evidence from this level can then be
downgraded or upgraded, based on the criteria per GRADE domain. The GRADE domains and
the criteria considered when judging the certainty of the evidence are elaborated below.
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Reasons for downgrading

Limitations in studies: downgrade one or two levels

For risk of bias in studies, there should be serious concern about bias in the studies that have the
most weight in the meta-analysis to rate down the certainty of the total body of evidence with one
level. If there are very serious concerns, the certainty can be downgraded with two levels.

This is a judgement and there are no clear pre-set cut-off points (6). A judgement is based on the
number of studies and the impact they have in the meta-analysis, as well as the seriousness of the
risk of bias in these studies. One small study with very serious risk of bias but hardly an influence
on the meta-analysis should not be a reason to downgrade, but two big studies with a considerable
weight in the meta-analysis should.

If the sensitivity analysis for risk of bias shows a considerable impact on the effect size, the
conclusions could be based on the studies at low risk of bias only. In that case, there is no reason
to downgrade because the body of evidence on which the conclusions are based is considered to
be at low risk of bias only.

Indirectness: downgrade one or two levels

The assessors should consider the extent to which the Population, Exposure, Comparator,
Outcome(s), Study Design (PECOS) of the studies in the meta-analysis reflects the original
PECOS question formulated at the beginning of the systematic review process (7).

If there are considerable differences between the elements of the PECOS in the body of evidence
compared to the original question, then the certainty of the body of evidence should be rated down
with one level. This would, for example, be the case if the evidence consists of studies of
occupational exposure instead of exposure in the general population.

Inconsistency: downgrade one or two levels

Inconsistency among studies means that there is a considerable difference in effect size between
studies. For example, if there are studies in the body of evidence that show a harmful effect and
also studies that show a preventive effect, this indicates serious inconsistency or heterogeneity.

Usually there is more heterogeneity in observational than in experimental studies, because more
factors can influence the effect size. Therefore, it is important to try to explain the heterogeneity.
The first step should be to consider the factors that are listed for subgroup analyses in the protocol,
as those that are most likely to be moderators of effect sizes. Another source of heterogeneity can
be variation in risk of bias. This may explain part of the heterogeneity, and evaluation of only
studies at low risk of bias should then decrease the heterogeneity. The difference in effect sizes
between the subgroups should be tested for statistical significance. A rule of thumb to be used is
to check if the confidence intervals of the subgroup pooled effect sizes do not overlap.
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Ideally, a meta-regression should be conducted including all moderators of the effect size, to find
out how much heterogeneity remains after allowing for previously established reasons for
heterogeneity. In practice, it is unlikely that all studies in a systematic review will have the
necessary information to do a complete meta-regression including all previously documented
reasons for heterogeneity. This could then be done on subsets of studies having the relevant
information.

Heterogeneity is often measured with the 12 statistic which varies between 0 and 100%, where 0%
would indicate no heterogeneity and 100% large heterogeneity. Because the 12 statistic is a relative
measure, it is difficult to make a judgement about the absolute amount of heterogeneity. As a
result, the use of the prediction interval has been suggested (8-10).

The prediction interval provides an estimate of the distribution of the true effect sizes. To prevent
overstating heterogeneity in observational studies, an 80% interval, and not the usual 95% interval,
was chosen. For an 80% prediction interval, the true effect size for 80% of all populations would
fall in this interval. This tells if the effect is consistent or if it varies substantially. It also tells if
the effect is harmful in all populations, or if there is no effect in some populations or maybe even
a preventive effect.

To make a judgement about the amount of heterogeneity that cannot be explained and that would
be a reason for concern and a reason for downgrading, the following approach is proposed.

If the 80% prediction interval for a specific meta-analysis of relative risks is of the same size as
the confidence interval, this indicates that there is no more variation in effect sizes than the
statistical uncertainty. Then there is no reason for concern about heterogeneity.

However, if the prediction interval is considerably wider than the confidence interval (e.g., double
the size) and overlaps with 1, there is reason for concern about heterogeneity. The effect sizes of
the studies vary so much that with different samples of studies the conclusions of the meta-analysis
could be substantially different. For example, an alternative conclusion could be that there would
be no risk. In this case, the certainty of the body of evidence would be downgraded with one level.

Assessors need to provide arationale for downgrading or not downgrading by explicitly addressing
all of the issues mentioned above. This includes an assessment of how much of the heterogeneity
can be explained.

Imprecision: downgrade one or two levels

Precision of the pooled effect size is another domain to be judged for downgrading. If there are
only a few participants and the confidence interval around the pooled effect size is wide, one is
less inclined to believe that the results reflect the true effects. If there is considerable imprecision,
there is a reason to downgrade.

The cut-offs for downgrading because of imprecision given by the standard GRADE approach are
applicable to clinical decision-making. Since in environmental health there are no clinical decision
thresholds involved, only the second criterion of optimal information size can be applied to air
pollution and health studies.

Therefore, the proposed approach consists of calculating the number of participants needed for a
single study that can measure the relative risk of interest with sufficient precision (11). If the
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number of participants in the meta-analysis is considerably lower than the number that would be
needed for an adequately powered study, the certainty of the evidence is rated down. This is a
relatively conservative approach, and implies that the information size of the meta-analysis would
need to be larger than the single study because heterogeneity has to be taken into account.

A method of calculating the sample size needed for a study with a specific relative risk and
confidence interval was recently proposed by Rothman and Greenland (12). As guidance, the
calculation of the sample size needed to be able to assess a relative risk for mortality of 1.05 per
10 pg/m? increase of PM2swith a confidence interval with a width 0f0.09 (1.01-1.10) is provided
below.

The event rate of mortality would be 0.0116 per person-year as in Ostro et al, 2010 (13). This
would lead to a number of about 940,000 person-years in the meta-analysis, containing sufficient
information to assess the relative risk of interest with sufficient precision.

The event rate in the example above was observed over a five-year follow-up period in a cohort of
female public school teachers aged around 54 years on average at baseline. As the confidence
interval of the relative risk depends also and strongly on the event rate, the calculated number of
about 940,000 person years should be viewed as indicative. It could be considerably smaller in
older populations with higher event rates, and considerably larger in populations with lower event
rates.

Separate calculations are needed for short-term studies which do not deal with person years but
with numbers of daily events.

Publication bias: downgrade one level

Publication bias is assessed by a funnel plot and Egger’s test. If the funnel plot upon visual
inspection shows that small studies with non-harmful effects are missing, this would be an
indication of publication bias. This means that small (imprecise) studies that have a relative risk
smaller than 1 are missing. If there is no indication for these missing studies in the funnel plot,
there is no use for the Egger’s test, because significance will result from other factors causing
heterogeneity (10). The Egger’s test would just be used to confirm suspected publication bias
detected from the funnel plot.

It is important to note that the Egger’s test can easily produce statistical significance for other
reasons than publication bias in case of heterogeneity. Members of the Working Group noted that
the Egger’s test should not be used in case of heterogeneity, and that funnel plots should only
include the studies included in the meta-analysis. Then, assessors should examine if small
imprecise studies are missing in the funnel plots.

Other approaches to assessing reporting bias, such as a subgroup analysis of multi-centre studies
compared to single city studies in case of evidence based on time series studies, an analysis of
differences in effect estimates from earlier versus later studies, and a comparison to published
results of attempts to quantify the magnitude of reporting bias, may help make a judgement.
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Reasons for upgrading

The majority of the Working Group decided to recommend that upgrades for reasons of large effect
size, all plausible confounding moving the relative risk estimate towards the null, and
concentration—response gradient should be addressed independently from the results of applying
the downgrading factors. Domains would be treated equally and independently, thus, leading to
upgrading, downgrading or not changing the evidence level. A downgrade for any reason would
not necessarily preclude upgrading for another reason.

Large magnitude of effect size: upgrade one level

The standard GRADE approach proposes upgrading the certainty of the evidence in observational
studies if the pooled effect size is large or very large, so that ‘the study design that is more prone
to bias is unlikely to explain all of the apparent benefit or harm’. The cut-off point for a large effect
size for harm is arelative risk >2, while for avery large effect size is arelative risk >5 (13). These
numbers are somehow arbitrary, and are not in the order of magnitude of the many relative risks
reported in environmental health.

Instead of taking a certain value of the relative risk as the cut-off point, it is reasonable to judge
whether confounding could have easily influenced the pooled effect size found in the meta-
analysis. To this end, the application of the E-value approach is helpful (14-17). This statistic is
based on an assessment of how easily unmeasured confounders could explain away the
relationship found between the exposure and the health outcome. It is based on the mathematical
calculation of how large the effect of a confounder should be to explain away the relative risk that
has been found in a study. With ‘explain away’, it is meant that such a confounder would reduce
the relative risk that resulted from the observations in the study to 1. This effect (or E-value) is a
function of the relative risk that has been found in a study or in a meta-analysis and is calculated
as follows: E-value =RR +sqgrt {RR * (RR — 1)}. The idea behind it is very similar to the ‘large
effect” concept in the standard GRADE framework but does not use absolute cut-offs for large
effect sizes.

The judgement is then to ascertain if an unmeasured confounder could easily have an association
with the exposure and the outcome with relative risks as large as or larger than the E-value. It is
important to note that this is always the covariate-adjusted association between the unmeasured
confounder and the outcome, and also the covariate-adjusted association between the unmeasured
confounder and exposure to air pollution. If such a confounder could realistically have such strong
relationships with both exposure and outcome, then unmeasured confounding could explain away
the observed pooled relative risk. If one judges that it would be very unlikely that an unmeasured
confounder would attain a relative risk as high as the E-value, then one can conclude that
unmeasured confounding is unlikely to explain away the relative risk that has been observed. In
that case, the certainty of the evidence can be upgraded because of a large effect size.

It is important to note that a major part of the judgement is what a realistic value for the relative
risk of the unmeasured confounder could possibly be. Preferably, this should be based on what is
known about strong confounders for the association at hand. For the association air pollution—
mortality, smoking would be an obvious choice about which much information is available
concerning its relationship with all-cause and cause-specific mortality. However, the residual
association between smoking and air pollution is highly variable across published studies, and
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calculations of E-values should report the covariate-adjusted associations with both air pollution
and the outcome. The same logic applies to short-term studies where the covariate-adjusted
associations between the confounder and the exposure (and the confounder—outcome) is relevant.

All plausible confounding shifts the relative risk towards the null:
upgrade one level

Another proposed reason for upgrading is if all plausible confounding would shift the relative risk
towards the null and still there would be a significant relative risk. This requires considerable
judgement of possible confounders.

In most air quality and health studies, there would be along list of possible confounders that would
shift the relative risk in both directions. However, if one can reasonably argue that all confounding
would have reduced the relative risk towards 1, then this will be a reason to upgrade the certainty
of the evidence with one level.

Concentration—response gradient: upgrade one level

The standard GRADE proposes upgrading the certainty of the evidence if there is a
concentration—response relationship between exposure and adverse health outcomes.

This domain is readily applicable to air quality and health studies. If there is an increase in risk
with increasing exposure, either linearly or non-linearly, the certainty of the evidence would be
upgraded with one level.
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