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Rachel Carson’s Silent Springinspired a wave of research on the impacts of
organochlorine pesticides, followed by a subsequent wave of meta-analyses.

However, the methodological quality and content of these meta-analyses
has not been evaluated. Here we systematically map and evaluate

the methodological quality of 105 meta-analyses on organochlorine
pesticides. We found that 83.4% of the evaluated methodological elements
are low quality using the Collaboration for Environmental Evidence
Synthesis Assessment Tool (CEESAT v2.1). We then reveal that 227 policy
documents cited the included meta-analyses, and there is no difference in
methodological quality between those that were cited in policy and those
that were not. We also found a paucity of meta-analyses on wildlife despite
ample primary evidence. Finally, we quantified the positive impact of
using reporting guidelines and we provide recommendations for readily
implementable methodological improvements.

Sixty years ago, Rachael Carsonbrought the damaging effects of dichlo-
rodiphenyltrichloroethane (DDT, Chemical Abstracts Service Registry
Number (CAS): 50-29-3) and other organochlorine pesticides to light
in her seminal book, Silent Spring. She described a range of negative
impacts of organochlorine pesticides on wildlife, the environment
and humans. Carson further emphasized the alarming persistence of
organochlorine pesticides and their propensity to bioaccumulate in
both the environment and within living organisms.

Silent Spring’s exposé of the negative impacts of organochlorine
pesticides spurred aremarkable shiftin public opinion towards pesti-
cideusage. This shiftin opinion eventually catalysed the emergence of
the pro-environmental movement and rapid growthin primary litera-
tureinvestigating organochlorine pesticide impacts’. The publication
of Silent Spring and the subsequent research kickstarted pivotal policy
changes, eventually resulting in the formation of the US Environmental

Protection Agency and the widespread banning of many organochlo-
rine pesticides.

As the primary research on organochlorine pesticides grew, it
naturally spurred a subsequent wave of secondary research. This sec-
ondary research often took the form of meta-analyses: that is, the
quantitative syntheses of research results”. At their best, meta-analyses
can be a powerful tool to reconcile conflicting outcomes and direct
future research and can effectively complement primary research to
inform policy decisions. However, at their worst, they can be mislead-
ing and riddled with subjective bias while projecting the illusion of
objective authority’.

Meta-analyses are frequently used to elicit the impacts of organo-
chlorine pesticides, but their methodological quality remains uncer-
tain. Uncertainty regarding methodological quality is worrisome
because some environmental policy decisions are influenced by the
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conclusions of meta-analyses*. Consequently, the weaknesses of exist-
ing meta-analyses may be overlooked and may misinform policy deci-
sions. Furthermore, poor-quality methodologies in meta-analyses can
mistakenly depict weak evidence as strong evidence, hindering future
research. Critical appraisal tools such as the Collaboration for Environ-
mental Evidence Synthesis Appraisal Tool (hereon, CEESAT v2.1) can
address theseissues by helping researchersidentify the methodologi-
cal quality and rigour of meta-analyses’. In turn, appraisal tools can be
valuable for policymakers and the research community to identify poor
methodological quality in meta-analyses.

The concerns regarding meta-analyses on organochlorine pesti-
cides extend beyond methodologicalissues. This is because the charac-
teristics of the primary studies used in meta-analyses, including which
pesticides and subjects were examined and whether key ecological and
ecotoxicological factors were synthesized, remain largely unknown.
Thelack of clarity regarding the included study characteristics could
misinform policy decisions in areas where policy implementation is
necessary. Concurrently, the fragmented evidence presents achallenge
for future research, as the limitations in our current understanding
remain unclear. To effectively address this lastissue, one canemploy a
systematic review map (thatis, asystematic evidence map of secondary
literature) toidentify study characteristics included in meta-analyses®.
By mapping evidence included in meta-analyses, systematic review
maps allow researchers to identify limitations in large and multidisci-
plinary research topics, which is essential to consolidate the past 60
years of organochlorine pesticide research since Silent Spring.

Given the highlighted concerns, we aimed to critically appraise
and systematically map existing meta-analyses on the impacts of
organochlorine pesticides. First, we assessed the methodological
quality of meta-analyses. We then quantified which policy documents
have cited the included meta-analysis and investigated whether the
methodological quality of meta-analyses differed between those cited
inpolicy documents and those not. Second, we identified the central
research themes regarding characteristics of the primary literature
thatincludes pesticides, subjects and impacts. Furthermore, we inves-
tigated whether these important ecological and ecotoxicological
factors wereincludedinthe analysis (for example, in meta-regression
models or subgroup analysis). To augment the critical appraisal and
systematic map of meta-analyses, weintegrated abibliometric analysis
under the ‘research weaving’ framework’. This enabled us to delineate
global research geography and identify the key collaboration networks
among countries, continents and research disciplines, providing a
holistic view of the research focused on meta-analysis on organo-
chlorine pesticides.

Results

Search and general time trends

The primary aim of this study was to investigate the methodologi-
cal quality and study characteristics in meta-analyses investigating
the impacts of organochlorine pesticides. To locate existing studies,
we conducted a systematic literature search. This initial literature
search was completed on six scientific literature databases: Scopus,
Web of Science Core Collection, PubMed, ScienceDirect, the Cochrane
Library and Bielefeld Academic Search Engine (see Supplementary
Information 1 for full search strings). We then supplemented the sci-
entific literature search with a backwards/forwards citation search
using relevant umbrella reviews. Ultimately, our scientific literature
searchyielded a total of 3,439 unique records. To screen for relevant
studies, weimplemented a two-step process. First, we screened titles,
abstracts and keywords, resulting in 344 articles meeting our prede-
fined eligibility criteria. Second, we screened full texts. Following the
full-text screening, we included 105 meta-analyses representing a body
of 3,911 primary studies in our systematic map (Supplementary Fig. 3).
We have provided alist of all studies rejected at full-text screening in
Supplementary Datal.

The earliest found meta-analysis fulfilling our eligibility criteria
was published in 1993 (ref. 8). However, it was not until 2006 that
meta-analyses became consistently published. The most productive
yearsinterms of the number of articles published were 2014, 2016 and
2021, each of which yielded more than 10 meta-analyses (Fig. 1a,b).
We found that a total of 227 policy documents cited the included
meta-analyses, and the total number of policy citations is increasing
over time (Fig. 1c,d). Furthermore, we found that policies focused on
health (n =121), agriculture and food (n = 22) and toxicological reports
(n=34)weremost likely to cite the included meta-analyses (Fig.1c,d).
Clearly, despite the impacts of organochlorine pesticides being rec-
ognized for more than 60 years, it is only in the past two decades that
meta-analyses have become commonplace in this research field and
thus cited in policy documents.

Methodological evaluation

Toindicate the methodological quality of meta-analyses on the impacts
of organochlorine pesticides, we critically appraised 83 out of 105 rel-
evant meta-analyses using the CEESAT v2.1 (ref. 5). The remaining 22
meta-analyses were unsuitable for critical appraisal using CEESAT v2.1
because they were meta-analyses between multiple databases (not
primary papers) or without systematic review. To enhance the utility of
CEESAT v2.1to appraise the methodological quality of meta-analyses
effectively, we surveyed the reporting of an additional four methodo-
logical items not currently appraised in CEESAT v2.1 (that s, publica-
tion bias, heterogeneity, sensitivity analyses and the use of reporting
guidelines).

Overall, foreach critical appraisalitem, theincluded meta-analyses
received the lowest score (represented in red) or the second-lowest
score (represented in amber) in 83.4% of cases, indicating that
low-quality methodologies are prevalent in meta-analysesinvestigat-
ingtheimpact of organochlorine pesticides (Fig.2a). Furthermore, we
investigated whether methodological quality differed between those
citedin policy documents and those not. We found that meta-analyses
were cited in policy documentsirrespective of methodological quality
(multinomial generalized linear model: Z=-0.0417, standard error
(s.e.) =0.3423, Pvalue = 0.903) (Fig. 2b). This is a notable concern as
it highlights that poor-quality meta-analyses are used in policy docu-
ments and are likely contributing to policy-making.

Concerning specific areas of methodologies in meta-analyses,
we found that items related to data extraction (CEESAT items 5.1,
5.2,6.1,6.2and 6.3) remain a notable area for improvement, with red
scores beingreceived in 44.3% of cases. Conversely, literature search-
ing (CEESAT items 3.1 and 3.2) received the fewest red scores (6.6%),
showing an area of relative methodological strength. However, we
found that across all methodological areas assessed by CEESAT v2.1,
second-highestscores (represented ingreen;10.7%) and highest scores
(represented in gold; 5.9%) remained scarce. This finding is consistent
with other reports that poor-quality methodologies in meta-analysis
are common in environmental science”’. For complete details on the
results of each CEESAT v2.1item, please see Supplementary Informa-
tionl.

Toextend theinsights on the methodological quality, we surveyed
methodological items for meta-analyses not appraised in CEESAT v2.1
(refer to Supplementary Data 1 for a comprehensive list of extracted
methodological items). This survey focused on the reporting of pub-
lication bias (also known as risk of bias due to missing evidence), het-
erogeneity, sensitivity analyses and the use of reporting guidelines.
Additionally, we provide an indication of the literature databases,
analysis software, effect sizes, risk-of-biases tests and visualization
techniques used within relevant meta-analyses in Supplementary
Information 1.

In the appraised meta-analyses, 37.3% of studies did not report
publication bias test results (n = 31) (Fig. 3a). This high proportion is
anotable concern given that publication bias can alter the results of
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Fig.1| Characteristics of the dataset. a, Bar chart showing the annual number
of meta-analyses synthesizing research on the impacts of organochlorine
pesticides, categorized by different subjects of exposure. b, Area graph
showing the cumulative time trends of meta-analyses synthesizing research
on theimpacts of organochlorine pesticides, categorized by different subjects
of exposure. ¢, Bar chart showing the annual number of policy citations of

the included meta-analysis analyses synthesizing research on the impacts of
organochlorine pesticides, categorized by policy topics. d, Area graph showing
the cumulative time trends of policy citations of the included meta-analysis
analyses synthesizing research on the impacts of organochlorine pesticides,
categorized by policy topics.
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Fig. 2| Methodological assessment using CEESAT. The methodological and
reporting quality of meta-analyses according to CEESAT v2.1(ref. 5). Scores are
represented by the following colours: gold represents the highest (best) score,
greenis the second-highest score, amber is the second-lowest score, and red
isthe lowest (worst) score. The total counts of studies allocated to each score

areshownineach bar. All CEESAT v2.1items, along with our interpretation, are
provided in Supplementary Datal.a, CEESAT scores for 83 assessed meta-
analyses. b, CEESAT scores for meta-analyses not cited in policy documents (left)
and those cited in policy documents (right).

ameta-analysis". Importantly, when publication bias is present and
not addressed, meta-analytic conclusions are undermined and could
mislead policymakers and the scientific community™.

Next, we found that heterogeneity was explored in 85.5% of
appraised meta-analyses (Fig. 3b). This is a noted area of strength in
the literature because exploring heterogeneity enables authors to
quantify theinconsistency in effect size estimates. We emphasize that
measuring heterogeneity is essential to understanding and correctly
interpreting the overall mean effect®. If future authors find heteroge-
neity among effect size estimates, we encourage them to investigate
sources of heterogeneity using meta-regression models®.

Also, wefound that37.3% (n = 31) of the meta-analyses reported sen-
sitivity analyses (Fig. 3¢c) (adifferent analysis from publication bias and
within-study risk-of-bias assessments, which are sometimes considered
sensitivity analyses'. We assert that omitting sensitivity analyses comes
atacost to the methodological quality and reliability of meta-analyses.
Thisis because sensitivity analyses enable authors to explore the robust-
ness of meta-analysis results by conducting additional analyses, such
as analysing the data with an alternative model, omitting a study or
accounting for outlier effects and rerunning the model™.

Last, we investigated the use of reporting and conduct guide-
lines. We discovered that 51% of the surveyed meta-analyses followed a
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Fig. 3| Additional methodological evaluation. Bar plots showing the counts
(and percentages) of meta-analyses investigating the impacts of organochlorine
pesticides according to main types of publication bias tests used (a), main types
of data heterogeneity assessments used (b), main types of sensitivity analyses
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used (c) and main types of reporting guidelines used (d). Note that some meta-
analyses may contribute to multiple types of approaches. MOOSE, Meta-analysis
of Observational Studies in Epidemiology; PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-Analyses.

reporting or conduct guideline (n = 41) (Fig. 3d). Notably, we found that
meta-analyses following a guideline had higher methodological quality
compared to meta-analyses that did not follow aguideline (multinomial
generalized linear model: Z=5.18, s.e. = 0.4656, Pvalue < 0.001). This is
primarily because guidelines and checklists provide minimum report-
ingor conduct standards. Moreover, for meta-analyses that followed a
reporting or conduct guideline,10.5% included a relevant checklistin
the supplementary material (n = 4). We found that, despite their uptake
in other disciplines®, reporting guidelines remain underutilized in
meta-analyses onthe impacts of organochlorine pesticides and meth-
odological quality is increased when reporting guidelines are used.
Taken together, we demonstrated that poor-quality methodolo-
gies are prevalent in the assessed meta-analyses (Fig. 2a). Also, other
important elements of a robust meta-analyses are commonly not
reported (Fig. 3). These findings underscore the need for enhanced
methodological and reporting quality in future meta-analyses. We
address these needs with methodological recommendations in the
section ‘Recommendations toimprove methodological quality’ below.

Characteristics of included primary studies
We characterized primary studies synthesized in the included
meta-analysesto find gaps and clusters of the synthesized evidence. We
considered the characteristics that are underrepresented in the exist-
ing meta-analyses as gaps and the ones that are common as clusters.
We found that the most frequently synthesized organochlorine
pesticides were pooled DDT isomers (CAS: 50-29-3, n =36, 43.4%),
p,p’-dichlorodiphenyldichloroethylene (CAS: 72-55-9, n =21, 20.3%),
pooled DDE isomers (CAS: 72-55-9, n =20, 19.2%) and lindane, also
called gamma-hexachlorocyclohexane (CAS: 58-89-9, n =20, 19.2%)
(Fig. 4). Overall, 14 organochlorine pesticides were included in 10 or
more meta-analyses. However, despite widespread coverage of many
pesticides, 19.2% of meta-analyses did not report the chemical classifi-
cation of the pesticidesin the synthesis (n =20). This isanotable con-
cern, as poor chemical classification introduces ambiguity and makes

it more difficult for research to effectively inform evidence-based
policy onspecific pesticides. Additionally, we found that 100% (n = 105)
of meta-analyses included ecotoxicological relevant factors such as
pesticide type, duration of exposure or concentration of exposure as
moderatorsinameta-regression. Thisis a highlighted strength of the
evidence base, which features how important ecotoxicological factors
influence results.

Interms of subjects and impacts measured, we found that 76.2% of
meta-analyses focused on humans (n = 80). Here, carcinogenic effects
(n=35,33.3%), neurological effects (n =14,13.3%) and endocrine dis-
ruption (n =14, 13.3%), were the most frequently investigated (Fig. 3
and Supplementary Information 2). Thus, human-focused research
is a distinct cluster of knowledge in the evidence base. In contrast,
16.2% of meta-analyses focused on the impacts of organochlorine
pesticides onwildlife (n =17) (Supplementary Information2). Thisisa
notable gap giventhat organochlorine pesticides have been described
inprimary literature to have both direct and indirectimpacts on birds,
fish, amphibians, mammals and insects', providing ample scope for
meta-analyses in ecotoxicology. Furthermore, we found that 100%
(n=105) of meta-analyses included ecologically relevant factors such
asenvironment/habitat type, species exposed (if wildlife) or life stage of
the exposure group. Similar to ecotoxicological characteristics, thisisa
strength of the evidence base, highlighting the importance of ecologi-
cal factors ininfluencing results. Future directions for meta-analyses
based on gaps in study characteristics are provided in the section
‘Future opportunities’.

Global research geography and collaborations

Our bibliometric analysis was conducted on an exported bibliometric
file from Scopus, whichincluded 100 of the 105 relevant meta-analyses.
We found that the most productive countries of affiliation of first
authors in the evidence base were China (n =17, 17%), the United
States of America (n =11, 11%), Belgium (n =7, 7%), Canada (n=6,
6%) and France (n =6, 6%) (Fig. 5 and Supplementary Information).

Nature Sustainability | Volume 8 | November 2025 | 1270-1279

1274


http://www.nature.com/natsustain

Article

https://doi.org/10.1038/s41893-025-01634-5

HCH

DDT

DDE

Chlordane

No chemical
classification

Dieldrin

Heptachlor

Aldrin
Q X N
& £ 8 &
& & @ &
S N & e
& @ il <&
) & &
O [ex

Fig. 4| Contents of meta-analyses. Bubble heat map displaying the number of times each of the top eight pesticides was included in meta-analyses and their studied

impact categories. HCH, hexachlorocyclohexane.

These findings highlight that most research is led by developed
countries, with limited studies led by Southeast Asia, Africaand Eastern
Europe (Fig.5).Inadditionto poor geographical coverage, international
co-authorships remainscarce, with 59% (n = 59) of meta-analyses having
all authors affiliated with a single country (Supplementary Informa-
tion). Thelack of research output and collaboration efforts with devel-
oping countries is concerning, particularly because many developing
countries continue to use organochlorine pesticides for agricultural
pest control and to combat vector-borne diseases"”.

To foster more research fromdeveloping countries and promote
international co-authorships in research, numerous strategies have
been proposed. For example, journals and institutions could incentiv-
ize international collaboration', Similarly, researchers could adopt
openscienceinitiatives such as the sharing of code, dataand methods".
Byintegrating research fromless developed countries and promoting
broader international collaborations, a more inclusive and compre-
hensive understanding of pesticide impacts can be achieved. This
integration is crucial for developing globally relevant policies for
organochlorine pesticide use.

Discussion and recommendations

Recommendations to improve methodological quality

In light of the identified methodological limitations, as well as gaps
and clusters of synthesized evidence within meta-analyses exploring
the effects of organochlorine pesticides, we offer recommendations
to address these shortcomings in the literature.

Our survey indicated that potential publication bias was not
reportedin 31(37.3%) meta-analyses within the evidence base. Among
the meta-analyses examining the impacts of publication bias, Egger’s
regression was the most-used methodology (n =44, 66.7%; Fig. 3a).
Additionally, the funnel plot was the most frequently used visualization
technique (n =56, 67.5%; Supplementary Fig.13). Although widely used,
Egger’s regression and funnel plots are often not appropriate as they
cannot handle heterogeneity and, more importantly, cannotaccount
for non-independence between effect size estimates®. To combat
these limitations, we recommend leveraging recent methodological

developments, such as implementing a multilevel meta-regression
approach to Egger’s regression'. This approach can be extended to
account for time-lag bias (that is, a decline in the size of effect sizes
over time?), which is seldom considered in the literature (n =0 in our
dataset).

Next, we showed that assessment of (within-)study risk of bias (that
is, critical appraisal of primary studies) remains relatively scarceinthe
literature (n=42,50.6%). Among those meta-analyses that reported a
measure of within-study risk of bias, the Newcastle-Ottawa scale was
used most frequently (n =21, 50.0%). The Newcastle-Ottawa Scale
was developed to assess the quality of non-randomized controlled
studiesin medicine, which may limitits applicability to environmental
sciences. Forinstance, itis not well-suited for evaluating pesticide expo-
sure experimental studies on wildlife due to the omission of important
stepsinexperimental design, asit does notinclude details suchas the
species or life stage of exposure®. Furthermore, we found that these
risk-of-bias tools were rarely included in the analysis (n =7, 8.4%). To
enhance the usefulness of risk-of-bias assessments, we recommend
developing more tailored tools for specific scenarios in environmen-
tal science” and incorporating the results of these assessments into
statistical analyses.

Unfortunately, we discovered that meta-analyses synthesizing
evidence on the impacts of organochlorine pesticides commonly do
not report a sensitivity analysis (meaning sensitivity analysis exclud-
ing publication bias and within-study risk-of-bias assessments) (n = 52,
62.7%). The most widely used sensitivity analysis methodology was
the leave-one-out analysis, in which each effect size is systematically
excluded one by one, and meta-analytic models are rerun to investi-
gate how the resulting overall effect size estimates are altered (n = 26,
66.7%).Notably, we propose that sensitivity analyses can be extended
to highlight the consequences of violating assumptions of statistical or
methodological non-independence', helping to mitigate awidespread
issue in environmental science meta-analysis'. Hence, sensitivity
analysis can extend beyond investigating how individual studiesimpact
meta-analytic results to shed light on the broader implications of
methodological decisions.
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Fig. 5| Authorship and collaboration network. a, Heat map of the world
showing the country-level counts for first authors’ country of affiliation of
meta-analyses investigating the impacts of organochlorine pesticides. Grey
indicates no publications affiliated with a given country in our dataset. Map
generated according to ggplot2 function map_data using Mercator projection.
b, Collaboration plot by meta-analyses authors’ continent of affiliation. Lines
originate from one author’s continent and connect to the continent affiliated
witha collaborating author. The portion of the circumference for each
continent corresponds to how many authors are affiliated with that continent.
Purple, authors affiliated with North America; orange, authors affiliated with
Europe; green, authors affiliated with Asia; yellow, authors affiliated with other
continents (Africa, Australasia and South America).

We learned that guidelines for reporting and conducting
meta-analyses are underused in the evidence base (n =38, 45.8%).
We argue that this underuse is a leading cause of the overall poor
methodological and reporting quality overserved in meta-analyses
synthesizing evidence on the impacts of organochlorine pesticides,
as shown by the difference in the CEESAT v2.1 scores between those
meta-analyses reporting the use of a guideline and those not. Conse-
quently, werecommend that future meta-analyses consider following
reporting guidelines such as PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)*** and ROSES (RepOrting
standards for Systematic Evidence Syntheses)* and conduct guide-
lines such as COSTER (recomendations for the conduct of systematic
reviews in toxicology and environmental health research)” toincrease
reporting and methodological quality.

Future opportunities

Primary studies on organochlorine pesticides have been described to
impact a range of non-human animal taxa'®. Yet meta-analyses on this
topicremainscarce (n =16,15.7%). Research synthesis approaches using
meta-analyses can investigate the role of important ecotoxicological
and ecological factors in pollution research. For example, they can
test whether phylogeny influences sensitivity to organochlorine pes-
ticides. Although multispecies experiments can also be conducted, it
is usually not possible to explore pesticide impacts on large numbers
of species across many taxonomic groups due to ethical concerns
and the resources available. To overcome this constraint and study
how phylogeny moderates the impacts of organochlorine pesticides,
meta-analytic models canincorporate phylogeneticrelatedness when
aggregating evidence from existing primary studies.

Study limitations and additional opportunities

Although our systematic review map provides several valuable insights,
we acknowledge potential limitations stemming from the conduct of
theliterature searchand dataextraction. Werecognize that our search
was solely conducted in English, which may introduce language bias.
This limitation could contribute to the geographical biases observed
in bibliometric analyses®. Our work can be extended in the future to
investigate global research output and collaboration efforts in lan-
guages other than English. Additionally, we acknowledge that other
critical appraisal tools may give different insights than CEESAT v2.1.
Thus, using or developing alternative critical appraisal tools can be
considered in future work on this topic. Finally, we acknowledge that
the Altmetric and Plumx platforms capture a limited range of policy
documents. Therefore, we are likely to underestimate the potential
impact of meta-analyses on policy documents.

Concluding remarks

Our systematic map, critical appraisal and bibliometric analysis of
meta-analyses on the effects of organochlorine pesticides found that
the literature has grown since Silent Spring’s publication to include
105 meta-analyses of 3,911 primary studies. Furthermore, we found
that meta-analyses on organochlorine pesticides have been cited in
227 policy documents. The collated list makes these meta-analyses
easier for policymakers and the environmental science community to
find. By highlighting issues with methodological quality and research
patterns, we have indicated directions for future evidence synthesis
onthistopic. Our bibliometric analysis showed a geographical biasin
global research output, with alimited number of meta-analyses from
developing countries, which could be addressed by fostering greater
international collaboration and skills transfer.

Methods

We adhered to the RepOrting standards for Systematic Evidence
Syntheses for systematic map reports®, adapting it for map-
ping meta-analyses. We preregistered our work with PROCEED
(PROCEED-22-00043). Our full search and coding strategy can be
found in Supplementary Information 1and Supplementary Datal,
respectively. We provide author contributions within the methodology
section using the MeRIT approach®.

Deviations from preregistration

We adhered to our preregistration (PROCEED-22-00043) as closely as
possible with five minor modifications implemented. First, our initial
planwas to employ CEESAT v1.0 for the critical appraisal component of
our study. However, after deliberation, we decided to use CEESAT v2.1
(ref.5). This revised version was deemed to provide amore robust and
comprehensive assessment of the methodological quality and rigour
in meta-analyses. Second, our data extraction process was refined.
Whereas our original intention was to note whether astudy had used a
reporting guideline such as PRISMA 2020%, we expanded this to code
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whether the study explicitly reported the application of the guideline
or just presented the process flowchart. These two items were consid-
ered as two additional points in our analysis. We also added the fol-
lowing additional variables to enhance the insights from our study: (1)
ecotox_confound, whichrefers to whether the meta-analysis provides
ecotoxicological factorsin the analysis; (2) eco_confound, which refers
to whether the meta-analysis provides ecological factors; and (3) con-
found_analysis, which refers to whether the meta-analysisincorporates
confoundsinto theanalysisidentified through risk-of-bias assessments.
Third, we gathered the Web of Science Journal Citation Category for
eachstudy. Fourth, we additionally coded ageneral classification of the
impact category investigated in relation to organochlorine pesticide
exposure. Fifth, we extracted the policy document citations using Plumx
(https://www.elsevier.com/en-au/insights/metrics/plumx) and Altmet-
ric (https://www.altmetric.com/) data of all included meta-analyses
to find out the policy influence of the included literature. We also cat-
egorized each policy by the country/region of origin and what area
the policy was directed to (for example, agriculture, health, chemical
profiling). This enabled us to compare methodological quality between
studies that were cited in policy documents at least once and those
that were not. Finally, our initial proposal was to use the bibliometrix
package® for bibliometric analysis. However, to enhance our research,
we supplemented the bibliometrix package output by also performing
bibliometric analysis using VOSviewer™.

Searching procedure

K.M. conducted asystematic literature search on five publishedlitera-
ture databases: Scopus, ISI Web of Science Core Collection, PubMED,
Cochrane Library and ScienceDirect. All searches were conducted
on 4 August 2022 (accessed via the University of New South Wales,
Sydney). Our search strategy comprised two groups of keywords: (1)
terms describing organochlorine pesticides, including ‘aldrin’, ‘endrin’
and ‘endosulfan’, alongside their relevant abbreviations; and (2) terms
related to meta-analysis, including ‘evidence synthesis’, ‘global analysis’,
and ‘meta-review’. Complete details of all used search strings can be
found in Supplementary Information 1.

K.M. vetted the sensitivity of our search strings against a set of
ten pertinentbenchmark papers® *. Inaddition, we performed back-
wards and forwards citation searches using a set of relevant umbrella
reviews**¢, To further expand our search, we also explored the grey
literature using the Bielefeld Academic Search Engine, focusing on aca-
demictheses. Full details of the benchmark studies and the backwards/
forwards citationsearches are provided in Supplementary Information.

Screening process

We conducted abstract and full-text screening using Rayyan QCRI".
The screening was carried out in accordance with our PECOST
framework (Supplementary Table 1) and screening decision trees
(Supplementary Figs. 1and 2). To minimize potential biases, every
articleunderwentindependent review by at least two examiners (K.M.
screened100% of thearticles,and L.R.,CW.and M.L. each screened 33%
of the articles). Any conflicts arising during the review process were
initially addressed through discussion. In cases where disagreements
persisted, an independent mediator (S.N.) was engaged to facilitate
aresolution. Initial screening conflict rates between reviewers were
established during a series of pilot screens and were documented in
theregistration (PROCEED-22-00043). All studies rejected during the
full-text screening stage, along with the reason for exclusion are listed
inSupplementary Datal.

Data extraction

We manually extracted data in five steps. First, we extracted biblio-
metric information such as author, publication year, digital object
identifier, journal and aunique study ID. We also extracted study meth-
odology details, including the literature databases used, effect size

type and how they tested for publication bias. Second, we extracted
details about the organochlorine pesticides that were synthesized in
each of the included meta-analyses. Third, we extracted information
on the study subjects in each meta-analysis: specifically, whether the
focus was ontheimpacts of organochlorine pesticides on humans, the
environmentor non-human animals. Fourth, we extracted information
regarding the impact types investigated in relation to organochlorine
pesticide exposure. Fifth, we then extracted all policy citations for each
of the included meta-analyses. All the data extraction was conducted
byK.M., with CW., L.R.and M.L. cross-checking 7% of studies each (21%
of data were cross-checked). Any conflicts between reviewers were
resolved through discussion, with a mediator present if conflict per-
sisted (S.N.). Supplementary Datalprovidesacomplete dataextraction
strategy and all data descriptions (thatis, metadata). Furthermore, all
extracted dataare provided in an external GitHub repository: https://
github.com/KyleMorrison99/organochlorineSRM_analysis.

Critical appraisal

To assess the methodological quality of included meta-analyses, we
used CEESAT v2.1(ref.5). K.M. conducted the appraisal for all relevant
meta-analyses (withno authorship involvementinany of the assessed
meta-analyses),and CW.,L.R.and M.L. cross-checked 7% of extractions
each (excluding any articles they authored). We note that it was not
possible to conduct a critical appraisal of all included meta-analyses
because some meta-analyses did not synthesize evidence across mul-
tiple primary studies, so that many items of CEESAT were not appli-
cable in such cases. This excluded 22 meta-analyses from the critical
appraisal. We conducted the critical appraisal on 83 of the remain-
ing meta-analyses. We then compared the methodological quality of
meta-analyses that were cited in policy documents at least once and
those that were not. Supplementary Data 1includes all CEESAT v2.1
items and our interpretation of each item.

Bibliometric analysis

K.M. downloaded bibliometric information from Scopus on 20
March 2023 using the digital object identifier of each of the included
meta-analyses. We used the bibliometric software VOSviewer® to com-
plete thebibliometric analysis. The network construction method used
was bibliometric coupling, and the count method selected was “full
counting’ (thatis, all bibliometric coupling links weighted the same).
The units of the analysis were document, source, author, organization
and country. For each of the created networks, we filtered for the larg-
est set of connected units. K.M. completed all bibliometric analyses,
whichwere cross-checked by Y.Y.

Data analysis

K.M. conducted data analyses (cross-checked by Y.Y.) and created
figures in R Statistical Environment version 4.2.1 (ref. 48) using RStu-
dio build 576 (ref. 49). To compare methodological quality between
meta-analyses cited in policy and those not, we used the clm function
in the nominal package®. To create visualizations, we used circlize
version 0.4.15 (ref. 50) and ggplot2 version 3.4.1(ref. 51). All code is pro-
vided within a GitHub repository: https://github.com/KyleMorrison99/
organochlorineSRM_analysis.

Declaration of generative Al and Al-assisted technologies
During preparation of this work, the authors used Generative Al: GPT
4.0by OpenAl. This was used to enhance the structure, clarity and read-
ability of the manuscript. GPT 4.0 was also used to annotate code with
comments. The authorsreviewed and edited the content as needed and
take full responsibility for the content of the publication.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.
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Data availability

To ensure transparency in our research, we have included all the data
that were extracted, as well as the corresponding data descriptions
(thatis, metadata) for both the systematic review map and bibliomet-
ric analysis, in Supplementary Information. Additionally, we have
provided an interpretation of CEESAT v2.1 to aid in reproducibility.
Tofurther facilitate the replication of our analyses, all of the data have
been stored in a public GitHub repository, which can be accessed at
https://github.com/KyleMorrison99/organochlorineSRM_analysis.

Code availability

For reproducibility and transparency, the code used to complete the
systematic review map and bibliometric analysis is provided ina public
GitHub repository: https://github.com/KyleMorrison99/organochlo-
rineSRM_analysis. TheRmarkdownfileis also available via the following
link: https://kylemorrison99.github.io/organochlorineSRM_analysis/.
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Data collection

Data analysis

We conducted our literature search on six scientific literature databases: Scopus, Web of Science Core Collection, PubMed, ScienceDirect, the
Cochrane library and BASE. All the search strings are provided in the supplementary material.We then supplemented the scientific literature
search with a backward/forward citation search using relevant umbrella reviews.

Data analyses

KM conducted data analyses (cross-checked by YY) and created figures in the R Statistical Environment version 4.2.1 (R Core Team, 2022)
using RStudio build 576 (RStudio Team, 2022). To compare methodological quality between meta-analysis cited in policy and those not, we
used the cIm function in the nominal package (Christenson, 2023). To create visualizations, we used circlize, version 0.4.15 (Gu et al., 2014)
and ggplot2, version 3.4.1 (Wickham, 2016). All code is provided within a GitHub repository: https://github.com/KyleMorrison99/
organochlorineSRM_analysis.

Bibliometric analysis

KM downloaded bibliometric information from Scopus on 20/03/2023 using the DOI’s of each of the included meta-analyses. We used the
bibliometric software, VOSviewer (Eck and Waltman, 2010) to complete the bibliometric analysis. The network construction method used was
bibliometric coupling, and the count method selected was “full counting” (i.e., all bibliometric coupling links are weighted the same). The units
of the analysis were document, source, author, organisation, and country. For each of the created networks we filtered for the largest set of
connected units. KM completed all bibliometric analyses which were cross-checked by YY.
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All of the data has been stored in a public GitHub repository which can be accessed via the following link: https://github.com/KyleMorrison99/
organochlorineSRM_analysis.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender We did not collect any data segregated by sex.

Population characteristics We focused on meta-analyses that compiled studies exploring the effects of organochlorine pesticides on the environment,
human beings, or wildlife. We included studies from all populations as long as they evaluated the effects of exposure to
organochlorine pesticides.

Recruitment We included meta-analyses investigating the impacts of organochlorine pesticides on human, wildlife and environmental
health. We did not include any meta-analyses investigated pesticide resistance, the economic implications of pesticide use,

alternatives to pesticides, or related policies.

Ethics oversight We did not require ethics approval since the data acquired were extracted from published meta-analyses.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description We conducted a systematic evidence map, critical appraisal and bibliometric analysis of meta-analyses synthesizing evidence on the
impacts of organochlorine pesticides. We ultimately included 105 meta-analyses synthesizing evidence from 3,911 primary studies
within the systematic evidence map. We conducted critical appraisal on 83 meta-analyses (we excluded meta-analyses that did not
conduct systematic review as was not appropriate for CEESAT 2.1), and we conducted bibliometric analyses on 100 meta-analyses
(we excluded 5 studies that could not be found on Scopus).

Research sample All 105 meta-analyses that fulfilled each of our eligibility criteria were included in our systematic evidence map.

Sampling strategy We screened for relevant for relevant meta-analyses found in our search strategy. We firstly screened titles, abstracts and keywords,
followed by screening of full texts.

Data collection We manually extracted data in five steps.

Firstly, we extracted bibliometric information such as author, publication year, DOI, journal, and a unique study ID. We also extracted
study methodology details, including the literature databases used, effect size type, and how they tested for publication bias.

Secondly, we extracted details about the organochlorine pesticides that were synthesized in each of the included meta-analyses.

Thirdly, we extracted information on the study subjects in each meta-analysis, specifically, whether the focus was on the impacts of
organochlorine pesticides on humans, the environment, or non-human animals.

Fourthly, we extracted information regarding the impact types investigated in relation to organochlorine pesticide exposure.
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Timing and spatial scale  We conducted all searches on 04/08/2022. We did not restrict any date of publication for the included meta-analyses.

Data exclusions We excluded studies that did not meet the following Population-Exposure-Comparator-Study design-Time frame (PECOST)
framework:

Population

We focused on meta-analyses that compiled studies exploring the effects of organochlorine pesticides on the environment, human
beings, or wildlife. We included studies from all populations as long as they evaluated the effects of exposure to organochlorine
pesticides.

Exposure

We concentrated on meta-analyses examining the effects of organochlorine pesticides on human, environmental, or wildlife health.
Inclusion criteria permitted studies that mentioned the use of a generic organochlorine pesticide, rather than a specific one.
However, we excluded meta-analyses that ambiguously referred to the chemical class of the pesticide, such as those stating the
exposure as a "pesticide" or an "endocrine disrupting chemical" without providing further specification.

Comparator
Not applicable.
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Outcome

Our focus was on meta-analyses that measured the impacts of organochlorine pesticides, which could vary from lethal to non-lethal
effects. However, we did not consider studies that investigated pesticide resistance, the economic implications of pesticide use,
alternatives to pesticides, or related policies.

Study Type

We concentrated on meta-analyses that explored the impacts of exposure to organochlorine pesticides. While studies compiling data
from various databases were selected for inclusion, they were not considered in the critical appraisal.

Time Frame

We had no time restrictions on the publication dates of included meta-analyses.

Reproducibility We have provided the full search strategy, screening strategy, all extracted data and associated code to conduct the analysis within
the manuscript and supplementary material. All the code and date can be found in the following GitHub repository: https://
github.com/KyleMorrison99/organochlorineSRM_analysis.

Randomization Randomization was not relevant to our systematic evidence map.

Blinding Binding was not relevant to our systematic evidence map.

Did the study involve field work? |:| Yes No

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies XI|[] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XXX XXX s
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