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Introduction

Trimethylbenzene and pain sensitivity: results

Often, human health risk assessments have relied on qualitative approaches for hazard
identification, which involves weight of evidence determinations that integrate evidence
across multiple studies. In 2014, the National Research Council recommended that IRIS
develop and apply quantitative approaches for evidence integration, including the
application of meta-analyses to animal and human data, to help summarize and evaluate
the results of a systematic review. In the meta-analytic approach, a pooled effect size is
calculated after consideration of multiple potential confounding factors in order to
determine whether the entire database under consideration indicates a chemical is a
hazard. Two examples demonstrate approaches used in IRIS assessments: TMB
(trimethylbenzene) neurotoxic hazard and pleural plaques effect on lung function.

Pleural plaques effects on lung function: results
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Trimethylbenzene and pain sensitivity: methods
• A publically available, comprehensive literature search was performed in support of the
IRIS Toxicological Review of trimethylbenzenes (TMBs)
• Six neurotoxicity studies were found that investigated decreased pain sensitivity
following exposure in individual TMB isomers or a mixture thereof (i.e., C-9 fraction) studies differed in testing time, test agent, and application of foot shock
• Qualitative hazard identification concluded the pain sensitivity was a hazard and that
testing time mainly influenced observation of effect
• Methods outlined in
Vesterinen et al. (2014)
and Viechtbauer (2010)
were applied using the
Metafor R package
• Random and mixedeffects models were
run
• Effect sizes were
calculated as
standardized mean
differences
• Hedge’s G was used
to account for bias
due to small sample
sizes
• Restricted maximum
likelihood was used
to calculate total
heterogeneity to
prevent
underestimated/biased
estimates of variance
• Publication bias,
normality of residuals
and sensitivity
analyses were
investigated
Figure 1. Forest plots for pain sensitivity studies. (A) Pre-foot shock; (B)
post-foot shock
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Figure 1 (FVC)

• Quantitative meta-analyses and meta-regressions supported original qualitative hazard
identification determination – decreased pain sensitivity is a hazard in humans
following exposure to trimethylbenzene isomers
• Time of testing appeared to be the study-level variable that most strongly affected
differing study results and explained the majority of inter-study heterogeneity

Pleural plaques effect on lung function: methods
A literature search was conducted using the PubMed
and Web of Science databases with no publication
date limitations. Studies were excluded if
• the plaques group included individuals with
diffuse pleural thickening (DPT)
• undefined pleural or parenchymal abnormalities.

Figure 2 (FEV1)

• The summary effect estimates for both FVC and FEV1 are statistically significant,
showing a change of −4.09 %pred (95% CI: −5.86, −2.31) and −1.99 %pred (95% CI:
−3.77, −0.22), respectively (See Fig. 1 and Fig. 2)
• The results of larger studies are very consistent in showing a decrease in FVC (see Fig.
1). In contrast, fewer large studies are available for FEV1, and there is less consistency
in the results (see Fig. 2).
• At the individual level, the decrement in FVC or FEV1 may or may not be noticeable
for a given patient; while many with pleural plaques could have well-preserved lung
function, there are some at the lower end of ‘normal’ lung function, for whom even a
small additional decrement would result in an increased in disease severity (e.g., mild
to moderate disease).
• At the population level, even small changes in the average of a distribution of lung
function can result in a proportion of the exposed population shifted down into the
lower “tail” of the distribution, into clinically significant lung function deficit region

Discussion

Each paper was reviewed independently by 2 of the 3
reviewers. In cases of disagreements, the 3rd
reviewer reviewed the paper and participated in the
consensus- building discussions. Reviewers evaluated
potential limitations in 5 aspects of study design:
• selection of participants
• protocols for x ray or HRCT readings
• protocols for spirometry measurements;
• analytic approach
• considerations of smoking.

• Both human and animal data are amenable to quantitative synthesis via meta-analysis
• Studies need not be exactly the same, as long as results are reported in a consistent way
or can be converted into a comparable format (e.g., use of standardized mean
difference as effect metric)
• Use of free R software allows conducting meta-analysis
• Use of meta-analytic methods for hazard identification are in line with National
Research Council (2014) recommendations for the development of quantitative hazard
identification and evidence integration methods
• Applying meta-analysis and meta-regression methods will help to improve future risk
assessments and ensure the use of the best available science
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The Metaphor R package was used for the meta-analyses
• A random effects model was used for both FVC and FEV1
• To assess possible publication bias, funnel plots were evaluated. Additional sensitivity
analyses were conducted to evaluate the potential effect of identified limitations on the
meta-analyses results.

Davis JA, Kraft A. Quantitative meta-analytic approaches for the systematic synthesis of data and hazard
identification: a case study of decreased pain sensitivity due to trimethylbenzene exposure. 2017.
Environmental Research. 158: 598-609.
Kopylev L, Christensen KY, Brown JS, Cooper GS. A systematic review of the association between
pleural plaques and changes in lung function. 2015. Occupational and Environmental Medicine. 72(8):
606-14.
Disclaimer: The views expressed in this poster are those of the authors and
do not necessarily represent the views or policies of the U.S. Environmental
Protection Agency.

