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We undertook a systematic review (incorporating meta-analysis) of the literature concerning the neurotoxicity
of cumulative low level occupational exposure to organophosphate pesticides, which was published online by
the journal Critical Reviews in Toxicology in 2012. As far as we are aware, we were the first research team to at-
tempt quantitative evaluation of study findings on this topic, using meta-analysis. We wish to encourage others
to apply systematic review techniques in chemical risk assessment to reduce bias, increase transparency and bet-
ter inform public policy. We thought it would be useful to share our experience of undertaking a systematic re-
view in the hope of dispelling misconceptions about the complexity, time and resource issues involved along
with the view that meta-analysis is meaningless when studies are not homogeneous. In this commentary
paper we reflect on aspects of the processwhichwere relatively straightforward; aspects whichweremore chal-
lenging; the advantages of using systematic review techniques; and the advantages and limitations of using sta-
tistical techniques such as meta-analysis in this context.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Organophosphate pesticides (OPs) are the most widely used group
of pesticides in the world and concern about their effects on human
health have been growing as they are increasingly used for a variety of
agricultural, industrial and domestic purposes (WHO, 1990). The neuro-
toxic effects of acute poisoning are well established, but research
concerning the neurotoxicity of cumulative low level exposure has pro-
duced inconsistent results (see reviews by Alavanja et al., 2004; COT Re-
port, 1999; COT Statement, 2014; Freire and Koifman, 2013; Kamel and
Hoppin, 2004; Mackenzie Ross et al., 2013; Ontario College of Family
Physicians Report, 2012; Takahashi and Hashizume, 2015). Narrative
reviews of the literature published over the last three decades, have
failed to resolve the debate so in 2010 we employed systematic
methods (includingmeta-analysis) to see if we could integrate the stud-
ies in a more systematic way to give an answer to the question of
whether low level occupational exposure to OPs is associated with def-
icits in neurobehavioural function.

Systematic reviewmethodology aims to identify and summarise the
findings of relevant studies using a strict protocol whichminimises bias
and provides a more reliable appraisal of research evidence (Centre for

Reviews and Dissemination, 2009). Meta-analysis is a useful method of
summarising and quantifying the results fromdifferent studies and pro-
vides amore reliable estimate of whether an association exists between
specified variables than one study alone (Lipsey and Wilson, 2001). As
far as we are aware, we were the first research team to attempt quanti-
tative evaluation of study findings using meta-analysis to evaluate the
literature regarding the neurotoxicity of low level occupational expo-
sure to OPs. In 2012 our findings were reported online by the journal
Critical Reviews in Toxicology and published in January 2013
(Mackenzie Ross et al., 2013). In summary, we reviewed literature pub-
lished between 1960 and 2012, and assimilated data from14 studies in-
corporating more than 1600 participants, using meta-analysis. We
found the majority of well-designed studies reported a significant rela-
tionship between low level exposure to OPs and impaired
neurobehavioural function which is small to moderate in magnitude
and concerned primarily with cognitive functions such as psychomotor
speed, memory, visuo-spatial and executive function. In addition we
identified a number of unresolved issues in the literature requiring fur-
ther investigation.

In November 2014, the lead author attended an ‘International Expert
Workshop’ regarding the implementation of systematic review tech-
niques in chemical risk assessment, in which the opportunity and chal-
lenges of implementing systematic review techniques in this arena
were discussed. Many experts involved in reviewing evidence in order
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to inform Government policy, expressed reservations about using sys-
tematic review methodology in toxicology due to uncertainty as to
where systematic review fits into themulti-faceted process of chemical
risk assessment, the cost effectiveness of systematic reviews, resource
issues and lack of training in systematic review methodology.

We found systematic review techniques useful in evaluating the lit-
erature regarding the neurotoxicity of OPs and hope to encourage
others to apply systematic review techniques in chemical risk assess-
ment/risk characterisation to reduce bias, increase transparency and
better inform public policy. We thought it would be useful to share
our experience of undertaking a systematic review with readers. In
this commentary we reflect on aspects of the process which were rela-
tively straightforward; aspects which were more difficult and challeng-
ing; the advantages of using systematic review techniques in terms of
what we learnt about the literature by systematically appraising it;
the advantages and limitations of using statistical techniques such as
meta-analysis in this context; and unresolved issues in the literature
which need addressing by future research.

According to organisations like the Cochrane Collaboration and the
Centre for Reviews and Dissemination, a systematic review should
focus on a well-defined question, undertake a comprehensive search
of the literature, have clear criteria for the selection/rejection of studies,
make explicit criteria for assessing the quality of studies, clearly describe
the extraction and synthesis of data and explore the similarities/differ-
ences between studies and the possible reasons for variation in study
findings. Ideally the review team should have expertise in systematic
review techniques, researchmethods and statistical analysis, in addition
to the topic under review (Centre for Reviews and Dissemination,
2009).

2. Straightforward aspects of the process

Our research team has considerable expertise in neuropsychology,
clinical psychology, toxicology, systematic review techniques, research
methods and statistical analysis. Indeed, all of us have been involved
in teaching advanced research methods and statistical analysis at post-
graduate level and Professor McManus has completed a number of sys-
tematic reviews incorporating meta-analysis over the last decade
(Bourassa et al., 1996; McManus et al., 2013; Van Horn and McManus,
1992; Woolf et al., 2011). The research question we chose to focus on
was the effects of cumulative low level exposure to OPs on
neurobehavioural function in occupational settings, a topic which has
been debated for decades. Inclusion and exclusion criteria and criteria
for assessing the quality of studies were relatively easy to identify and
agree on given our knowledge of the literature. The process of undertak-
ing a comprehensive literature search was also relatively straightfor-
ward and in terms of time and resources, no different from the
amount of time we would have spent locating articles for a less formal
narrative review. Another aspect which was not particularly onerous
was the statistical analysis of the data which yielded a considerable
amount of useful information, not least because most studies provided
multiple effect sizes from different measures. However, data extraction
and synthesis were more challenging and will be discussed later on in
this paper. As far as software are concerned, we used the Mix software
for Excel, but if repeating the study would now use themetafor package
in R, which is very versatile (Viechtbauer, 2010).

2.1. What did we learn by systematically appraising the literature?

The systematic appraisal of study quality was very revealing. Our
criteria stipulated that study designsmust adequately address the ques-
tion of whether cumulative low level exposure to OPs has adverse ef-
fects on neurobehavioural function; that researchers provide adequate
information about exposure history, particularly whether participants
show evidence of prior acute poisoning; that studies use reliable,

valid, objective outcome measures (not subjective symptom question-
naires) and suitably matched comparison groups.

Out of a total of 644 potentially relevant articles which were re-
trieved from database searches, only 45 met our inclusion criteria. Of
particular interest was the fact that several studies appeared, from an
initial review of titles and abstracts, to be concerned with the effects
of cumulative low level exposure, but involved study designs that did
not adequately address this issue. For example, several studies looked
at the impact of low level exposure by examining participants before
and after a single season or episode of exposure but failed to provide in-
formation regarding exposure history prior to the study time frame
(Albers et al., 2004; Bazylewicz-Walczak et al., 1999; Daniell et al.,
1992; Maizlish et al., 1987; Misra et al., 1994; Rothlien et al., 2006;
Salvi et al., 2003). Others studies used proxy measures of exposure
such as occupational group or area of residency so causality and dose–
response relationships could not be determined (Beseler et al., 2006;
Browne et al., 2006; Cole et al., 1997; Kamel et al., 2003; Parron et al.,
1996; Rohlman et al., 2007). Seven studies failed to provide detailed in-
formation about exposure history (Bosma et al., 2000; Dimich-Ward
et al., 1996; Kilburn, 1999; Korsak and Sato, 1977; Kurlychek &Morrow,
1989; Richter et al., 1992; Starks et al., 2012); and eight used subjective
symptom questionnaires (Ahmed and Davies, 1997; Ciesielski et al.,
1994; Cox et al., 2005; Davies et al., 1999; Kamel et al., 2007;
Ohayo-Mitoko et al., 2000; Smit et al., 2003; Solomon et al., 2007). Pre-
vious reviews of the literature regarding the neurotoxicity of low level
exposure to OPs have included these studies without noticing or
discussing the fact that they do not adequately address the issue of
whether cumulative low level exposure to OPs is associated with
neurobehavioural impairment (COT Report, 1999 updated in 2014).

Overall, the literature we reviewed encompassed considerable vari-
ation in studymethodology leaving uswith a sample of only 16 relevant
studies, which adequately addressed the issue of whether long-term
low level exposure to OPs is associated with neurobehavioural deficits.
However, these studies recruited different occupational groups and
sample sizes, ranging from 23 to 380 participants. Exposure history
also varied considerably from 2 to 20 years. We provided a narrative
synthesis of these studies so that readers were aware of the variation
in study methodology, before undertaking a quantitative synthesis of
the data using meta-analysis.

2.2. Challenging aspects of the process

Data extraction was challenging on occasion as (1) several studies,
failed to provide the relevant statistical information required for meta-
analysis (means and standard deviations) and a decision had to be
made about how to code them. Two studies had to be excluded as it
was impossible to extract any meaningful data. Three studies failed to
provide relevant statistics for all the comparisons made and simply
stated that some of their findings were not significant. We were con-
cerned that the exclusion of these studies would introduce bias into
the analysis so we coded them as having an effect size of zero. It is im-
portant to note that this procedure leads to effect size estimates that
are small and is very conservative in nature (Rosenthal, 1995) (2) a
large variety of outcomemeasures have been used in previous research,
some requiring statistical transformations to make them comparable.
One technical subtlety is that we used Glass's delta rather than the
more usual Cohen's d, since this is more common in studies where a
control group is compared with a ‘pathological’ group which may well
be muchmore variable than the controls. Meta-analysis was performed
in several stages. Firstly multiple effects sizes were calculated for each
study incorporating data from all the outcome measures. Then, to re-
duce bias from a small number of studies producing multiple effect
sizes, we calculated an overall effect size per study by adding the effect
sizes for each variable and dividing by the number of comparisons
made. The second stage of the analysis involved establishing the vari-
ance of effect size distributions (i.e. heterogeneity) and the influence
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