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Abstract  21 

Rachel Carson’s Silent Spring inspired a wave of research on the impacts of organochlorine 22 

pesticides, followed by a subsequent wave of meta-analyses. These meta-analyses are now 23 

routinely used to inform policy decisions. However, the methodological quality of meta-24 

analyses on organochlorine pesticides remains largely unknown. Here, our study 25 

systematically maps and evaluates the methodological quality of 105 meta-analyses 26 

synthesizing 3,911 primary studies. Concerningly, we find that 83.4% of the meta-analyses 27 

exhibit low methodological quality. Importantly, such meta-analyses are commonly cited in 28 

policy documents, suggesting poor quality meta-analyses are misinforming policies. We also 29 

found a paucity of meta-analyses on wildlife despite ample primary evidence. Furthermore, 30 

our bibliometric analysis shows a limited number of meta-analyses originating from the 31 

developing countries, where organochlorines are still used to combat vectors of fatal 32 

diseases. Finally, we quantified the positive impact of using reporting guidelines and we 33 

provide recommendations for readily implementable methodological improvements. 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 



Introduction 42 

Sixty years ago, Rachael Carson brought the damaging effects of 43 

Dichlorodiphenyltrichloroethane (DDT) and other organochlorine pesticides to light in her 44 

seminal book, Silent Spring (Carson, 1962). She described a range of negative impacts of 45 

organochlorine pesticides on wildlife, the environment, and humans. Carson further 46 

emphasized the alarming persistence of organochlorine pesticides and their propensity to 47 

bioaccumulate in both the environment and within living organisms.  48 

 49 

Silent Spring’s exposé of the negative impacts of organochlorine pesticides spurred a 50 

remarkable shift in public opinion towards pesticide usage. A shift in opinion that eventually 51 

catalysed the emergence of the pro-environmental movement and rapid growth in primary 52 

literature investigating organochlorine pesticide impacts (“Silent Spring at sixty,” 2022). The 53 

publication of Silent Spring and the subsequent research kickstarted pivotal policy changes, 54 

eventually resulting in the formation of the US Environmental Protection Agency and the 55 

widespread banning of many organochlorine pesticides (USEPA, 2023).   56 

 57 

  58 



Box 1:  The banning of DDT is not without controversy.  59 

For the public, and much of the scientific community, Silent Spring marks a pivotal point 

in the environmental movement (Dunn, 2012). Rachael Carson dared to challenge the 

widespread use of organochlorine pesticides. She highlighted that humans are 

increasingly damaging the environment, and we now must choose between two roads: 

one leading towards apocalypse; the other towards reason. The resulting pivotal policy 

changes on organochlorine pesticide use around the globe were seen as a great success 

by many, especially the general public.  

 

Yet, contrary to public support, the influence of Silent Spring has been also met with 

fierce criticism (see Trewavas, 2012). The leading argument against the banning of DDT 

and other organochlorine pesticides is their effectiveness in mitigating the spread of 

many vector-borne diseases such as malaria and schistosomiases (Bouwman et al., 

2011). In the aftermath of DDT's ban, there has been a marked surge in vector-borne 

diseases-related fatalities globally (Jagannathan and Kakuru, 2022).  

 

However, further research is necessary to conclusively determine if the DDT ban directly 

resulted in the observed increase in vector-borne disease fatalities. Numerous other 

factors, including climate change, alterations in land use, changes in migration patterns, 

and new economic development could potentially contribute to the increase in vector-

borne disease cases (Caminade et al., 2014).  

 

While not without its critics, Silent Spring is a seminal work in environmental literature. 



Therefore, it is both necessary and enlightening to reflect on the sixty years of 

organochlorine pesticide research since Silent Spring. 

 60 

As the primary research on organochlorine pesticides grew, it naturally spurred a 61 

subsequent wave of secondary research. This secondary research often took the form of 62 

meta-analyses, that is, the quantitative syntheses of research results (Gurevitch et al., 2018). 63 

At their best, meta-analyses can be a powerful tool to reconcile conflicting outcomes, 64 

effectively inform evidence-based policy decisions and direct future research. However, at 65 

their worst, they can be misleading and riddled with subjective bias while projecting the 66 

illusion of objective authority (Ioannidis, 2016).   67 

 68 

Meta-analyses are frequently used to elicit the impacts of organochlorine pesticides, but 69 

their methodological quality remains uncertain. Uncertainty regarding methodological 70 

quality is worrisome because many evidence-based policy decisions hinge on the 71 

conclusions of meta-analyses (Haddaway and Pullin, 2014). Consequently, the weaknesses of 72 

existing meta-analysis may be overlooked, resulting in misinformed policy decisions. 73 

Furthermore, poor-quality methodologies in meta-analyses can mistakenly depict weak 74 

evidence as strong evidence, hindering future research. Critical appraisal tools such as the 75 

Collaboration for Environmental Evidence Synthesis Appraisal Tool (CEESAT, from hereon) 76 

can address these issues by helping researchers identify methodological quality and 77 

reporting rigour in meta-analyses (Woodcock et al., 2014). In turn, appraisal tools can be 78 

valuable to prevent misleading conclusions for policymakers and the research community.  79 



 80 

The concerns regarding meta-analyses on organochlorine pesticides extend beyond 81 

methodological issues. This is because the characteristics of primary studies used in meta-82 

analyses, such as the studied pesticides and subjects synthesised, remain largely unknown. 83 

The lack of clarity regarding the included study characteristics could misinform policy 84 

decisions in areas where policy implementation is necessary. Concurrently, the fragmented 85 

evidence presents a challenge for future research, as the limitations in our current 86 

understanding remain unclear. To effectively address this last issue, one can employ 87 

systematic review maps (i.e., systematic evidence maps of secondary literature) to identify 88 

study characteristics included in meta-analyses (Clapton et al., 2009). By mapping evidence 89 

included in meta-analyses, systematic review maps allow researchers to identify limitations 90 

in large and multidisciplinary research topics, which is essential to consolidate the past sixty 91 

years of organochlorine pesticide research since Silent Spring.  92 

 93 

Given the highlighted concerns, we aim to critically appraise and systematically map existing 94 

meta-analyses on the impacts of organochlorine pesticides with two major goals. First, we 95 

assess the methodological quality of meta-analyses. Given meta-analysis’s policy relevance, 96 

we also investigate whether methodological quality in meta-analyses positively correlates 97 

with policy adaption. Second, we identify the central research themes regarding 98 

characteristics of included primary literature such as the pesticides, subjects, and impacts 99 

synthesised. To augment the critical appraisal and systematic map of meta-analyses, we 100 

integrate a bibliometric analysis under the “research weaving” framework (Nakagawa et al., 101 

2019). This enables us to delineate global research geography and identify the key 102 



collaboration networks between countries, continents, and research disciplines, providing a 103 

holistic view of the research focused on evidence synthesis on organochlorine pesticides.  104 

 105 

Results 106 

Search and general time trends 107 

The purpose of this study was to investigate the methodological quality and study 108 

characteristics in meta-analyses investigating the impacts of organochlorine pesticides. To 109 

locate existing studies, we conducted a systematic literature search. This initial literature 110 

search was completed on six scientific literature databases: Scopus, Web of Science Core 111 

Collection, PubMed, ScienceDirect, the Cochrane library and BASE (see Supplementary File 1, 112 

Section 1.1 for full search strings). We then supplemented the scientific literature search 113 

with a backward/forward citation search using relevant umbrella reviews. Ultimately our 114 

scientific literature search yielded a total of 3,439 unique records. To screen for relevant 115 

studies, we implemented a two-step process. First, we screened titles, abstracts, and 116 

keywords, resulting in 344 articles meeting our predefined eligibility criteria. And second, we 117 

screened full texts. Following the full-text screening, we included 105 meta-analyses 118 

representing a body of 3,911 primary studies in our systematic map (see Supplementary File 119 

1, Figure s3). We have provided a list of all studies rejected at full-text screening in the 120 

Supplementary File 2.  121 

 122 

The earliest found meta-analysis fulfilling our eligibility criteria was published in 1993 (Davis, 123 

1993). However, it was not until 2006 that meta-analyses became consistently published. 124 



The most productive years in terms of the number of articles published were 2014, 2016, 125 

and 2021, each of which yielded more than 10 meta-analyses (Figure 1A). Clearly, despite 126 

the impacts of organochlorine pesticides being recognized for over 60 years, it is only in the 127 

past two decades that meta-analyses have become commonplace in this research field 128 

(Figure 1B). 129 

 130 

 131 

Figure 1A) Bar chart showing the annual number of meta-analyses synthesising research on 132 

the impacts of organochlorine pesticides, categorised by different subjects of exposure.  133 

B) Area graph showing the cumulative time trends of meta-analyses synthesising research on 134 

the impacts of organochlorine pesticides, categorised by different subjects of exposure. 135 



 136 

Critical appraisal and survey of systematic review and meta-analysis methodology      137 

To indicate the methodological quality of meta-analyses on the impacts of organochlorine 138 

pesticides, we critically appraised 83 out of 105 relevant meta-analyses using the CEESAT 139 

v.2.1 checklist (Woodcock et al., 2014). The remaining 22 meta-analyses were unsuitable for 140 

critical appraisal using CEESAT v2.1 because they were meta-analyses between multiple 141 

databases (not primary papers) or without systematic review. To enhance the utility of 142 

CEESATv2.1 to appraise the methodological quality of meta-analyses effectively, we surveyed 143 

an additional four methodological items not currently appraised in CEESAT v2.1 (i.e., 144 

publication bias, heterogeneity, sensitivity analyses, and the use of reporting guidelines). 145 

Recommendations for future practices based on the critical appraisal and survey are 146 

discussed in the ‘Recommendations to improve meta-analyses methodological quality’ 147 

section below. 148 

 149 

Critical appraisal of meta-analysis methodology 150 

Overall, for each critical appraisal item, the included meta-analyses received a Red or Amber 151 

score in 83.4% of cases, showing that low-quality methodologies are prevalent in meta-152 

analyses investigating the impact of organochlorine pesticides (Figure 2A). Furthermore, we 153 

investigated whether methodological quality differed between those cited in policy 154 

documents and those not. We found that meta-analyses were cited in policy documents 155 

irrespective of methodological quality (z = -0.436, se = 0.4055, p-value = 0.663) (Figure 2B). 156 

This is a notable concern as it highlights that poor-quality meta-analyses are used in policy 157 

documents and are likely contributing to policy making.  158 



 159 

Concerning specific areas of methodologies in meta-analyses, we revealed that items related 160 

to data extraction (CEESAT items 5.1, 5.2, 6.1, 6.2, and 6.3) remain a significant area for 161 

improvement, with Red scores being received in 44.3% of cases. Conversely, literature 162 

searching (CEESAT items 3.1 and 3.2) received the least Red scores (6.6%), showing an area 163 

of relative methodological strength. However, we found that across all methodological areas 164 

assessed by CEESAT v2.1, Green (10.7%) and Gold (5.9%) scores remained scarce. This 165 

finding is consistent with other reports that poor-quality methodologies are common in 166 

environmental science (L. Macartney et al., 2023; Menon et al., 2022; Nakagawa et al., 167 

2023b). For complete details on the results of each CEESAT v2.1 item, please see 168 

Supplementary File 1, Objective 1. 169 

 170 

 171 



 172 

Figure 2 – The methodological and reporting quality of meta-analyses according to CEESAT v. 173 

2.1 (Woodcock et al., 2014). Scores are represented by the following colours: gold is regarded 174 

as the highest (best) score, green is the second highest score, amber is the second-lowest 175 

score, and red is the lowest (worst) score. The total counts of studies allocated to each score 176 

are shown in each bar. All CEESAT v. 2.1 items, along with our interpretation, are provided in 177 

Supplementary File 2. A) CEESAT scores for 83 assessed meta-analyses B) CEESAT scores for 178 

meta-analyses cited in policy documents (left panel) and those not cited in policy documents 179 

(right panel). 180 

 181 

Survey of meta-analyses methodological items  182 

To extend the insights on the methodological quality, we surveyed methodological items for 183 

meta-analyses - not appraised in CEESAT v2.1 (please refer to Supplementary File 2 for a 184 

comprehensive list of extracted methodological items). This survey focused on the reporting 185 



of publication bias (also known as risk of bias due to missing evidence), heterogeneity, 186 

sensitivity analyses, and the use of reporting guidelines. Additionally, we provide an 187 

indication of the literature databases, analysis software, effect sizes, risk of biases tests and 188 

visualization techniques used within relevant meta-analyses in the Supplementary File 1, 189 

Objective 1. 190 

 191 

In the appraised meta-analyses, 37.3% of studies did not report publication bias test results 192 

(n = 31) (Figure 3A). This high proportion is a notable concern given that publication bias can 193 

alter the results of a meta-analysis (Hartling et al., 2017; McAuley et al., 2000; Yang et al., 194 

2023b). Importantly, when publication bias is present and not addressed, meta-analytic 195 

conclusions are undermined and could mislead policymakers and the scientific community 196 

(Nakagawa et al., 2017).  197 

 198 

Next, we found that data heterogeneity was explored in 85.5% of appraised meta-analyses 199 

(Figure 3B). This is a noted area of strength in the literature because exploring heterogeneity 200 

enables authors to quantify the inconsistency in effect size estimates. We emphasise that 201 

measuring heterogeneity is essential to understanding and correctly interpreting the overall 202 

mean effect (Nakagawa et al., 2023b). If future authors find heterogeneity amongst effect 203 

size estimates, we encourage them to investigate sources of heterogeneity using meta-204 

regression models (Nakagawa et al., 2017). 205 

 206 



Also, we found that 37.3% (n = 31) of the meta-analyses reported sensitivity analyses (Figure 207 

3C) (a different analysis from publication bias and within study risk of bias assessments, 208 

which are sometimes considered sensitivity analyses (Noble et al., 2017)). We assert that 209 

omitting sensitivity analyses comes at a cost to the methodological quality and reliability of 210 

meta-analyses. This is because sensitivity analyses enable authors to explore the robustness 211 

of meta-analyses results by conducting additional analyses such as analysing the data with 212 

an alternative model or omitting a study or outlier effects and running the model (Noble et 213 

al., 2017). 214 

 215 

Last, we investigated the use of reporting and conduct guidelines. We discovered that 45.8% 216 

of the surveyed meta-analyses followed a reporting or conduct guideline (n = 38) (Figure 217 

3D). Notably, we found that meta-analyses following a guideline had higher methodological 218 

quality compared to meta-analyses that did not follow a guideline (z = 5.18, se= 0.4656, p-219 

value < 0.001). This is primarily because guidelines and checklists provide minimum 220 

reporting or conduct standards. Moreover, for meta-analyses that followed a reporting or 221 

conduct guideline, 10.5% included a relevant checklist in the supplementary material (n = 4). 222 

We reveal that, despite their uptake in other disciplines (Page and Moher, 2017), reporting 223 

guidelines remain underutilised in meta-analyses on the impacts of organochlorine 224 

pesticides and methodological quality is increased when reporting guidelines are used.  225 

 226 

Taken together, we demonstrate that poor quality methodologies are prevalent in the 227 

assessed meta-analyses (Figure 2A). Also, other important elements of a robust meta-228 

analyses, such as investigating publication bias, are not commonly reported (Figure 3). These 229 



findings underscore the need for enhanced methodological quality in future meta-analyses. 230 

We address these needs with methodological recommendations in the ‘Recommendations 231 

to improve meta-analyses methodological quality’ section below. 232 

 233 

 234 

 235 

Figure 3) Bar plots showing the counts (and percentages) of meta-analyses investigating the 236 

impacts of organochlorine pesticides according to: A) main types of used publication bias 237 

tests, B) main types of used data heterogeneity assessments, C) main types of used 238 

sensitivity analyses and, D) main types of used reporting guidelines. Note that some meta-239 

analyses may contribute to multiple types of approaches. 240 

 241 



Characteristics of included primary studies  242 

We characterised primary studies synthesized in the included meta-analyses to find gaps and 243 

clusters of the synthesized evidence. We considered the characteristics that are 244 

underrepresented in the existing meta-analyses as gaps and the ones that are common as 245 

clusters.  246 

 247 

We revealed that the most frequently synthesized organochlorine pesticides were DDT (n = 248 

36, 43.4%), p’p-DDE (n = 21, 20.3%), DDE (n = 20, 19.2%) and Lindane, also called gamma-249 

HCH (n = 20, 19.2%) (Figure 4). And, overall, 14 organochlorine pesticides were included in 250 

10 or more meta-analyses. However, despite widespread coverage of many pesticides, 251 

19.2% of meta-analyses did not report the chemical classification of the pesticides in the 252 

synthesis (n = 20). This is a notable concern, as poor chemical classification introduces 253 

ambiguity and makes it more difficult for research to effectively inform evidence-based 254 

policy on specific pesticides.   255 

 256 

In terms of subjects and impacts measured, we found that 76.2% of meta-analyses focused 257 

on humans (n = 80). Here, carcinogenic effects (n = 35, 33.3%), neurological effects (n = 14, 258 

13.3%), and endocrine disruption (n = 14, 13.3%), were the most frequently investigated 259 

(Figure 4; Supplementary file, Objective 2). Thus, human-focused research is a distinct cluster 260 

of knowledge in the evidence base. In contrast, 16.2% of meta-analyses focused on the 261 

impacts of organochlorine pesticides on wildlife (n = 17) (Supplementary File 1, Objective 2). 262 

This is a notable gap given that organochlorine pesticides have been described in primary 263 

literature to have both direct and indirect impacts on birds, fish, amphibians, mammals, and 264 



insects (Bertram et al., 2022; Köhler and Triebskorn, 2013), providing ample scope for meta-265 

analyses in ecotoxicology. Future directions for meta-analyses based on gaps in study 266 

characteristics are provided in the ‘Future opportunities for meta-analyses on the impacts of 267 

organochlorine pesticides’. 268 

 269 

 270 

Figure 4) Bubble heatmap displaying the number of times each of the top 8 pesticides were 271 

included in meta-analyses and their studied impact categories. 272 

 273 

Global research geography and collaborations  274 

Our bibliometric analysis was conducted on an exported bibliometric file from Scopus, which 275 

included 100 out of the 105 relevant meta-analyses. We found that the most productive 276 

country of affiliation of first authors in the evidence base was China (n = 17, 17%), the 277 



United States of America (n = 11, 11%), Belgium (n = 7, 7%), Canada (n = 6, 6%) and France 278 

(n = 6, 6%) (Figure 5; Supplementary File 1, Objective 3). These findings highlight that most 279 

research is led by developed countries, with limited studies led by Southeast Asia, Africa, 280 

and Eastern Europe (Figure 5). In addition to poor geographical coverage, international co-281 

authorships remain scarce, with 59% (n = 59) of meta-analyses having all authors affiliated 282 

with a single country (Supplementary File 1, Objective 3). The lack of global research output 283 

and international co-authorships is concerning, given that many developing countries still 284 

rely on organochlorine pesticides in agricultural systems and to combat harmful vector-285 

borne diseases (van den Berg et al., 2021).  286 

 287 

To foster more research from developing countries and promote international co-288 

authorships in research, numerous strategies have been proposed. For example, journals 289 

and institutions could incentivize international collaboration (Guerrero-Medina et al., 2013). 290 

Similarly, researchers could adopt open science initiatives such as the sharing of code, data 291 

and methods (Allen and Mehler, 2019). By integrating research from less developed 292 

countries and promoting broader international collaborations, a more inclusive and 293 

comprehensive understanding of pesticide impacts can be achieved. This integration is 294 

crucial for developing globally relevant policies for organochlorine pesticide use.  295 

 296 



 297 

Figure 5A) Heat map of the world showing the country-level counts for first authors’ country 298 

of affiliation of meta-analysis investigating the impacts of organochlorine pesticides. Grey 299 

indicates no publications affiliated with a given country in our data set. 300 



 301 

Figure 5b) Collaboration plot by meta-analyses authors’ continent of affiliation. Lines 302 

originate from one author’s continent and connect to the continent affiliated with a 303 

collaborating author. The portion of the circumference for each continent corresponds to 304 

how many authors affiliated with that continent. Plot is coloured purple are authors 305 

affiliated with North America, orange are authors affiliated with Europe, green are authors 306 

affiliated with Asia, and yellow are those affiliated with other continents these being Africa, 307 

Australasia, and South America. 308 



 309 

Recommendations and future opportunities 310 

Recommendations to improve methodological quality of meta-analyses 311 

In light of the identified methodological issues, as well as gaps and clusters of synthesized 312 

evidence within meta-analyses exploring the effects of organochlorine pesticides, we offer 313 

recommendations to address these shortcomings in the literature. 314 

 315 

Our critical appraisal and survey indicated that potential publication bias is rarely 316 

investigated within the evidence base (n = 31, 37.3%). Among the meta-analyses examining 317 

the impacts of publication bias, Egger’s regression was the most used methodology (n = 44, 318 

53.0%) (Figure 3B). Additionally, the funnel plot was the most frequently used visualisation 319 

technique (n = 56, 67.5%). Although widely used, Egger’s regression and funnel plot are 320 

often not appropriate as they cannot handle heterogeneity and, more importantly, they 321 

cannot account for non-independence between effect size estimates (Rodgers and 322 

Pustejovsky, 2021). To combat these limitations, we recommend leveraging recent 323 

methodological developments such as implementing a multi-level meta-regression approach 324 

to Egger’s regression (Nakagawa et al., 2022; Yang et al., 2023a).  This approach can be 325 

extended to account for time-lag bias (i.e., a decline effect over time (Koricheva and 326 

Kulinskaya, 2019) )which is seldom considered in the literature (n = 0 in our dataset).  327 

 328 

Next, we showed that assessment of (within-) study risk of bias (i.e., critical appraisal of 329 

primary studies) remains relatively scarce in the literature (n = 42, 50.6%). Among those 330 



meta-analyses that reported a measure of within-study risk of bias, the Newcastle Ottawa 331 

scale was used most frequently (n = 21, 50.0%). This tool may not be fit for purpose without 332 

modification because the Newcastle-Ottawa scale is designed to assess the quality of non-333 

randomised control studies in medicine (Wells et al., 2000). Therefore, to increase the 334 

uptake and utility of risk of bias assessments, we suggest developing more appropriate tools 335 

for specific scenarios in environmental science, such as environmental risk assessments 336 

(Ågerstrand et al., 2011).  337 

 338 

Unfortunately, we discovered that meta-analyses synthesizing evidence on the impacts of 339 

organochlorine pesticides seldom conduct sensitivity analyses (referring to sensitivity 340 

analysis excluding publication bias and within study risk of bias assessments) (n = 52, 62.7%). 341 

The most widely used sensitivity analysis methodology was the leave-one-out analysis, in 342 

which each effect size is systematically excluded one by one, and meta-analytic models are 343 

re-run to investigate how the resulting overall effect size estimates are altered. Notably, we 344 

propose that sensitivity analyses can be extended to highlight the consequences of violating 345 

assumptions of statistical or methodological non-independence (Noble et al., 2017); helping 346 

to mitigate a widespread issue in environmental science meta-analysis (Nakagawa et al., 347 

2023b). Hence, sensitivity analysis can extend beyond investigating how individual studies 348 

impact meta-analytic results to shed light on the broader implications of methodological 349 

decisions.  350 

 351 

We learnt that guidelines for reporting and conducting meta-analyses are underused in the 352 

evidence base (n = 38, 45.8%). We argue that this underuse is a leading cause of the overall 353 



poor methodological and reporting quality overserved in meta-analyses synthesising 354 

evidence on the impacts of organochlorine pesticides. As shown by the difference in the 355 

CEESAT scores between those meta-analyses reporting the use of a guideline and those not. 356 

Consequently, we recommend that future meta-analyses consider following reporting and 357 

conduct guidelines such as PRISMA (Moher et al., 2009; Page et al., 2021) and COSTER 358 

(Whaley et al., 2020) to increase methodological quality. 359 

 360 

Future opportunities for meta-analyses on the impacts of organochlorine pesticides 361 

Primary studies on organochlorine pesticides have been described to impact a range of non-362 

human animal taxa (Köhler and Triebskorn, 2013). Yet, meta-analyses on this topic remain 363 

scarce (15.7%, n = 16). Multi-study approaches using meta-analyses can answer pressing 364 

questions in ecotoxicology. For example, they can test phylogeny influences on sensitivity to 365 

organochlorine pesticides. Although multi-species experiments can also be conducted, it is 366 

usually not possible to explore pesticide impacts on large numbers of species across many 367 

taxonomic groups due to ethical concerns and resources available. To overcome this 368 

constraint and study how phylogeny moderates the impacts of organochlorine pesticides, 369 

meta-analytic models can incorporate phylogenetic relatedness when aggregating evidence 370 

from existing primary studies. 371 

 372 

Study limitations and additional opportunities  373 

While our systematic review map provides several valuable insights, we acknowledge 374 

potential limitations stemming from the conduct of the literature search and data extraction. 375 

We recognize that our search was solely conducted in English, which may introduce 376 



language bias (nevertheless we captured a large body of works from China). This limitation 377 

could contribute to the geographical biases observed in bibliometric analyses (Neimann 378 

Rasmussen and Montgomery, 2018; Song et al., 2010). Our work can be extended in the 379 

future to investigate global research output and collaboration efforts in languages other 380 

than English. Additionally, we acknowledge that other critical appraisal tools may give 381 

different insights than CEESAT v2.1. Thus, using or developing alternative critical appraisal 382 

tools can be considered in future work on this topic. Lastly, we acknowledge that the 383 

Altmetric captures a limited range of policy documents. Therefore, we are likely to 384 

underestimate the impact of meta-analyses on policy documents.  385 

 386 

Conclusion  387 

Rachel Carson's Silent Spring is a pioneering work in environmental science that inspired a 388 

generation of environmental activism and policy change, as well as a large and diverse body 389 

of work synthesizing primary evidence. Our systematic map, critical appraisal, and 390 

bibliometric analysis of meta-analyses on the effects of organochlorine pesticides revealed 391 

that the literature has grown since Silent Spring’s publication to include 105 meta-analyses 392 

of 3,911 primary studies. The collated list makes these meta-analyses easier to find for 393 

policymakers and the environmental science community. By highlighting issues with 394 

methodological quality and research patterns, we have indicated direction for future 395 

evidence synthesis on this topic. Our bibliometric analysis revealed a geographical bias in 396 

global research output, with a limited number of meta-analyses from developing countries, 397 

which could be addressed by fostering greater international collaboration and skills transfer.  398 



 399 

Methodology 400 

We adhered to the RepOrting standards for Systematic Evidence Syntheses (ROSES) for 401 

systematic map reports (Haddaway et al., 2018), adapting it for mapping meta-analyses. We 402 

pre-registered our work with PROCEED (PROCEED-22-00043). Our full search and coding 403 

strategy can be found in the Supplementary File 1, Section 1 and within the Supplementary 404 

File 2, respectively. We provide author contributions within the methodology section using 405 

MeRIT approach (Nakagawa et al., 2023a).  406 

 407 

Deviations from preregistration  408 

We adhered to our preregistration (PROCEED-22-00043) as closely as possible with five 409 

minor modifications implemented. First, our initial plan was to employ CEESAT v.1.0 for the 410 

critical appraisal component of our study. However, after deliberation, we decided to use 411 

CEESAT v.2.1 (Woodcock et al., 2014). This revised version was deemed to provide a more 412 

robust and comprehensive assessment of the methodological quality and rigour in meta-413 

analyses. Second, our data extraction process was refined. While our original intention was 414 

to note if a study had used a reporting guideline such as PRISMA (Page et al., 2021), we 415 

expanded this to code whether the study explicitly reported the application of the guideline 416 

or just presented the process flowchart. These two items were considered as two additional 417 

points in our analysis. Third, we gathered the Web of Science Journal Citation Category for 418 

each study. This information was used to create the alluvial plots in the Supplementary File 419 

1. Fourth, we additionally coded a general classification of the impact category investigated 420 



in relation to organochlorine pesticide exposure. Fifth, we extracted the Altimetric data of all 421 

included meta-analyses to find out which meta-analyses have been cited in policy 422 

documents. This enabled us to compare methodological quality between studies which were 423 

cited in policy documents at least once and those which were not. Last, our initial proposal 424 

was to use the bibliometrix package (Aria and Cuccurullo, 2017) for bibliometric analysis. 425 

However, to enhance our research, we supplemented the bibliometrix package output by 426 

also performing bibliometric analysis using VOSviewer (Van Eck and Waltman, 2010).  427 

 428 

Searching procedure 429 

KM conducted a systematic literature search on five published literature databases: Scopus, 430 

ISI Web of Science Core Collection, PubMED, Cochrane Library and ScienceDirect. All 431 

searches were conducted on 4/08/2022 (accessed via the University of New South Wales, 432 

Sydney). Our search strategy comprised two groups of keywords: 1) terms describing 433 

organochlorine pesticides, including aldrin, endrin, and endosulfan, alongside their relevant 434 

abbreviations, and 2) terms related to meta-analysis, which encompassed terms like 435 

evidence synthesis, global analysis, and meta-review. Complete details of all used search 436 

strings can be found in Supplementary File 1, Section 1.1. 437 

 438 

KM vetted the sensitivity of our search strings against a set of 10 pertinent benchmark 439 

papers (Cano-Sancho et al., 2019; Khanjani et al., 2007; Lamat et al., 2022; Lewis-Mikhael et 440 

al., 2015; Luo et al., 2016; Odutola et al., 2021; Park et al., 2014; Song and Fu, 2022; Wen et 441 

al., 2019; Yang et al., 2020). In addition, we performed backward and forward citation 442 

searches using a set of relevant umbrella reviews (Bellou et al., 2016; Burns and Juberg, 443 



2021; Iqbal et al., 2022; Mentis et al., 2021; Onyije et al., 2022; Rojas-Rueda et al., 2021). To 444 

further expand our search, we also explored the grey literature using the Bielefeld Academic 445 

Search Engine, focusing on academic theses. Full details of the benchmark studies and the 446 

backward/forward citation searches are provided in the Supplementary File 1, Section 1. 447 

 448 

Screening process 449 

We conducted abstract and full-text screening using Rayyan QCRI (Ouzzani et al., 2016). The 450 

screening was carried out in accordance with our PECOST framework (Supplementary File 1, 451 

Table s1) and screening decision trees (Supplementary File 1, Figure s1 & s2). To minimize 452 

potential biases, every article underwent independent review by at least two examiners (KM 453 

screened 100% of the articles, while LR, CW, and ML each screened 33% of the articles). Any 454 

conflicts arising during the review process were initially addressed through discussion. In 455 

cases where disagreements persisted, an independent mediator (SN) was engaged to 456 

facilitate a resolution. Initial screening conflict rates between reviewers were established 457 

during a series of pilot screens and were documented in the registration (PROCEED-22-458 

00043). All studies rejected during the full text screening stage, along with the reason for 459 

exclusion are listed in the Supplementary File 2.  460 

 461 

Data extraction 462 

We manually extracted data in five steps. Firstly, we extracted bibliometric information such 463 

as author, publication year, DOI, journal, and a unique study ID. We also extracted study 464 

methodology details, including the literature databases used, effect size type, and how they 465 



tested for publication bias. Secondly, we extracted details about the organochlorine 466 

pesticides that were synthesized in each of the included meta-analyses. Thirdly, we extracted 467 

information on the study subjects in each meta-analysis, specifically, whether the focus was 468 

on the impacts of organochlorine pesticides on humans, the environment, or non-human 469 

animals. Fourthly, we extracted information regarding the impact types investigated in 470 

relation to organochlorine pesticide exposure. All the data extraction was conducted by KM, 471 

with CW, LR and ML cross-checking 7% of studies each (21% of data was cross-checked). Any 472 

conflicts between reviewers were resolved through discussion, with a mediator present if 473 

conflict persisted (SN). The Supplementary File 2 provides a complete data extraction 474 

strategy and all data descriptions (i.e., meta-data). Furthermore, all extracted data are 475 

provided in an external GitHub repository 476 

https://github.com/KyleMorrison99/organochlorineSRM_analysis 477 

 478 

Critical appraisal of meta-analyses 479 

To assess the rigour and transparency of existing meta-analyses, we used the Collaboration 480 

for Environmental Evidence Synthesis Assessment Tool (CEESAT) version 2.1 (Pullin et al., 481 

2022). KM conducted the appraisal for all relevant meta-analyses (with no authorship 482 

involvement in any of the assessed meta-analyses), while CW, LR, and ML cross-checked 7% 483 

of extractions each (excluding any articles they authored). We note that it was not possible 484 

to conduct a critical appraisal of all included meta-analyses because some meta-analysis did 485 

not synthesise evidence across multiple primary studies, so that many items of CEESAT were 486 

not applicable in such cases. This excluded 22 meta-analyses from the critical appraisal. We 487 

https://github.com/KyleMorrison99/organochlorineSRM_analysis


conducted the critical appraisal on 83 of the remaining meta-analyses. The Supplementary 488 

File 2 includes all CEESAT 2.1 items and our interpretation of each item. 489 

 490 

Bibliometric analysis 491 

KM downloaded bibliometric information from Scopus on 20/03/2023 using the DOI’s of 492 

each of the included meta-analyses. We used the bibliometric software, VOSviewer (Eck and 493 

Waltman, 2010) to complete the bibliometric analysis. The network construction method 494 

used was bibliometric coupling, and the count method selected was “full counting” (i.e., all 495 

bibliometric coupling links are weighted the same). The units of the analysis were document, 496 

source, author, organisation, and country. For each of the created networks we filtered for 497 

the largest set of connected units. KM completed all bibliometric analyses which were cross-498 

checked by YY.  499 

 500 

Data analysis 501 

KM conducted data analyses (cross-checked by YY) and created figures in the R Statistical 502 

Environment version 4.2.1 (R Core Team, 2022) using RStudio build 576 (RStudio Team, 503 

2022). To compare methodological quality between meta-analysis cited in policy and those 504 

not, we used the clm function in the nominal package (Christenson, 2023). To create 505 

visualizations, we used circlize, version 0.4.15 (Gu et al., 2014) and ggplot2, version 3.4.1 -506 

(Wickham, 2016). All code is provided within a GitHub repository: 507 

https://github.com/KyleMorrison99/organochlorineSRM_analysis.  508 

 509 

https://github.com/KyleMorrison99/organochlorineSRM_analysis


Data Availability  510 

To ensure transparency in our research, we have included all the data that was extracted, as 511 

well as the corresponding data descriptions (i.e., meta-data) for both the systematic review 512 

map and bibliometric analysis, in the supplementary material. Additionally, we have 513 

provided an interpretation of CEESAT 2.1 to aid in reproducibility. To further facilitate the 514 

replication of our analyses, all of the data has been stored in a public GitHub repository 515 

which can be accessed via the following link: 516 

https://github.com/KyleMorrison99/organochlorineSRM_analysis 517 

 518 

Code Availability  519 

For reproducibility and transparency, the code used to complete the systematic review map 520 

and bibliometric analysis is provided in a public GitHub repository: 521 

https://github.com/KyleMorrison99/organochlorineSRM_analysis.The R markdown file is 522 

also available via the following link: 523 

https://kylemorrison99.github.io/organochlorineSRM_analysis/ 524 

 525 

Declaration of competing interests  526 

The authors declare that they have not competing interests or relationships that could 527 

influence the outcome of this work.  528 

 529 

Declaration of Generative AI and AI-assisted technologies 530 

https://github.com/KyleMorrison99/organochlorineSRM_analysis
https://github.com/KyleMorrison99/organochlorineSRM_analysis
https://kylemorrison99.github.io/organochlorineSRM_analysis/


During preparation of this work, the authors used Generative AI, GPT 4.0 by OpenAI. This 531 

was used to enhance the structure, clarity and readability of the manuscript. GPT 4.0 was 532 

also used to annotate code with comments. The authors reviewed and edited the content as 533 

needed and take full responsibility for the content of the publication.  534 

 535 

Acknowledgements  536 

We thank all the researchers who completed research that provided data in an accessible 537 

format and was used in our critical appraisal, systematic review map and bibliometric 538 

analysis. We also acknowledge the facilities provided the Evolution & Ecology Research 539 

Centre and the School of Biological, Earth and Environmental Sciences at the University of 540 

New South Wales. The research was supported by the Australian Research Council Discovery 541 

Project (DP210100812), awarded to SN and ML.  542 

 543 

Author Contributions  544 

Conceptualization: KM, ML, SN. Investigation (literature searching, screening and extraction): 545 

KM, CW, LR, ML and SN. Analysis and visualizations: KM, YY, ML. Writing original draft: KM. 546 

Writing review: KM, CW, LR, YY, ML, SN.  547 

 548 

 549 

References 550 

https://www.epa.gov/  : Accessed 02/06/2023  551 

https://www.epa.gov/


http://www.pops.int/ : Accessed 02/06/2023   552 

 Ågerstrand, M., Küster, A., Bachmann, J., Breitholtz, M., Ebert, I., Rechenberg, B., Rudén, C., 2011. 553 
Reporting and evaluation criteria as means towards a transparent use of ecotoxicity data for 554 
environmental risk assessment of pharmaceuticals. Environmental Pollution 159, 2487–2492. 555 
https://doi.org/10.1016/j.envpol.2011.06.023 556 

Allen, C., Mehler, D.M.A., 2019. Open science challenges, benefits and tips in early career and 557 
beyond. PLoS Biol 17, e3000246. https://doi.org/10.1371/journal.pbio.3000246  558 

Aria M, Cuccurullo C (2017). “bibliometrix: An R-tool for comprehensive science mapping analysis.” 559 
Journal of Informetrics. doi:10.1016/j.joi.2017.08.007. 560 

Bellou, V., Belbasis, L., Tzoulaki, I., Evangelou, E., Ioannidis, J.P.A., 2016. Environmental risk factors 561 
and Parkinson’s disease: An umbrella review of meta-analyses. Parkinsonism & Related 562 
Disorders 23, 1–9. https://doi.org/10.1016/j.parkreldis.2015.12.008 563 

Bertram, M.G., Martin, J.M., McCallum, E.S., Alton, L.A., Brand, J.A., Brooks, B.W., Cerveny, D., Fick, J., 564 
Ford, A.T., Hellström, G., Michelangeli, M., Nakagawa, S., Polverino, G., Saaristo, M., Sih, A., 565 
Tan, H., Tyler, C.R., Wong, B.B.M., Brodin, T., 2022. Frontiers in quantifying wildlife 566 
behavioural responses to chemical pollution. Biological Reviews 97, 1346–1364. 567 
https://doi.org/10.1111/brv.12844 568 

Bouwman, H., Van Den Berg, H., Kylin, H., 2011. DDT and Malaria Prevention: Addressing the 569 
Paradox. Environ Health Perspect 119, 744–747. https://doi.org/10.1289/ehp.1002127 570 

Burns, C.J., Juberg, D.R., 2021. Cancer and occupational exposure to pesticides: an umbrella review. 571 
Int Arch Occup Environ Health 94, 945–957. https://doi.org/10.1007/s00420-020-01638-y 572 

Caminade, C., Kovats, S., Rocklov, J., Tompkins, A.M., Morse, A.P., Colón-González, F.J., Stenlund, H., 573 
Martens, P., Lloyd, S.J., 2014. Impact of climate change on global malaria distribution. Proc. 574 
Natl. Acad. Sci. U.S.A. 111, 3286–3291. https://doi.org/10.1073/pnas.1302089111 575 

Cano-Sancho, G., Ploteau, S., Matta, K., Adoamnei, E., Louis, G.B., Mendiola, J., Darai, E., Squifflet, J., 576 
Le Bizec, B., Antignac, J.-P., 2019. Human epidemiological evidence about the associations 577 
between exposure to organochlorine chemicals and endometriosis: Systematic review and 578 
meta-analysis. Environment International 123, 209–223. 579 
https://doi.org/10.1016/j.envint.2018.11.065 580 

Christensen R (2023). ordinal—Regression Models for Ordinal Data. R package version 2023.12-4, 581 
https://CRAN.R-project.org/package=ordinal. 582 

Clapton, J., Rutter, D., Sharif, N., 2009. SCIE Systematic mapping guidance. 583 
Davis, W.J., 1993. Contamination of coastal versus open ocean surface waters. Marine Pollution 584 

Bulletin 26, 128–134. https://doi.org/10.1016/0025-326X(93)90121-Y  585 
Gu Z, Gu L, Eils R, Schlesner M, Brors B (2014). “circlize implements and enhances circular 586 

visualization in R.” Bioinformatics, 30, 2811-2812. 587 
Guerrero-Medina, G., Feliú-Mójer, M., González-Espada, W., Díaz-Muñoz, G., López, M., Díaz-Muñoz, 588 

S.L., Fortis-Santiago, Y., Flores-Otero, J., Craig, D., Colón-Ramos, D.A., 2013. Supporting 589 
Diversity in Science through Social Networking. PLoS Biol 11, e1001740. 590 
https://doi.org/10.1371/journal.pbio.1001740 591 

Gurevitch, J., Koricheva, J., Nakagawa, S., Stewart, G., 2018. Meta-analysis and the science of 592 
research synthesis. Nature 555, 175–182. https://doi.org/10.1038/nature25753 593 

Haddaway, N.R., Macura, B., Whaley, P., Pullin, A.S., 2018. ROSES RepOrting standards for Systematic 594 
Evidence Syntheses: pro forma, flow-diagram and descriptive summary of the plan and 595 
conduct of environmental systematic reviews and systematic maps. Environ Evid 7, 7. 596 
https://doi.org/10.1186/s13750-018-0121-7 597 

Haddaway, N.R., Pullin, A.S., 2014. The Policy Role of Systematic Reviews: Past, Present and Future. 598 
Springer Science Reviews 2, 179–183. https://doi.org/10.1007/s40362-014-0023-1 599 

Hartling, L., Featherstone, R., Nuspl, M., Shave, K., Dryden, D.M., Vandermeer, B., 2017. Grey 600 
literature in systematic reviews: a cross-sectional study of the contribution of non-English 601 

http://www.pops.int/
https://doi.org/10.1371/journal.pbio.3000246
https://doi.org/10.1016/j.envint.2018.11.065
https://doi.org/10.1016/0025-326X(93)90121-Y


reports, unpublished studies and dissertations to the results of meta-analyses in child-602 
relevant reviews. BMC Med Res Methodol 17, 64. https://doi.org/10.1186/s12874-017-0347-603 
z 604 

Ioannidis, J.P.A., 2016. The Mass Production of Redundant, Misleading, and Conflicted Systematic 605 
Reviews and Meta-analyses: Mass Production of Systematic Reviews and Meta-analyses. The 606 
Milbank Quarterly 94, 485–514. https://doi.org/10.1111/1468-0009.12210 607 

Iqbal, S., Ali, S., Ali, I., 2022. Maternal pesticide exposure and its relation to childhood cancer: an 608 
umbrella review of meta-analyses. International Journal of Environmental Health Research 609 
32, 1609–1627. https://doi.org/10.1080/09603123.2021.1900550 610 

Jagannathan, P., Kakuru, A., 2022. Malaria in 2022: Increasing challenges, cautious optimism. Nat 611 
Commun 13, 2678. https://doi.org/10.1038/s41467-022-30133-w 612 

Ji, C., Tanabe, P., Shi, Q., Qian, L., McGruer, V., Magnuson, J.T., Wang, X., Gan, J., Gadepalli, R.S., 613 
Rimoldi, J., Schlenk, D., 2021. Stage Dependent Enantioselective Metabolism of Bifenthrin in 614 
Embryos of Zebrafish ( Danio rerio ) and Japanese Medaka ( Oryzias latipes ). Environ. Sci. 615 
Technol. 55, 9087–9096. https://doi.org/10.1021/acs.est.1c01663 616 

Khanjani, N., Hoving, J.L., Forbes, A.B., Sim, M.R., 2007. Systematic Review and Meta-analysis of 617 
Cyclodiene Insecticides and Breast Cancer. Journal of Environmental Science and Health, Part 618 
C 25, 23–52. https://doi.org/10.1080/10590500701201711 619 

Köhler, H.-R., Triebskorn, R., 2013. Wildlife Ecotoxicology of Pesticides: Can We Track Effects to the 620 
Population Level and Beyond? Science 341, 759–765. 621 
https://doi.org/10.1126/science.1237591 622 

Koricheva, J., Kulinskaya, E., 2019. Temporal Instability of Evidence Base: A Threat to Policy Making? 623 
Trends in Ecology & Evolution 34, 895–902. https://doi.org/10.1016/j.tree.2019.05.006 624 

L. Macartney, E., M. Drobniak, S., Nakagawa, S., Lagisz, M., 2023. Evidence base for non-genetic 625 
inheritance of environmental exposures in non-human animals and plants: a map of 626 
evidence syntheses with bibliometric analysis. Environ Evid 12, 1. 627 
https://doi.org/10.1186/s13750-022-00290-y 628 

Lamat, H., Sauvant-Rochat, M.-P., Tauveron, I., Bagheri, R., Ugbolue, U.C., Maqdasi, S., Navel, V., 629 
Dutheil, F., 2022. Metabolic syndrome and pesticides: A systematic review and meta-analysis. 630 
Environmental Pollution 305, 119288. https://doi.org/10.1016/j.envpol.2022.119288 631 

Lewis-Mikhael, A.-M., Olmedo-Requena, R., Martínez-Ruiz, V., Bueno-Cavanillas, A., Jiménez-Moleón, 632 
J.J., 2015. Organochlorine pesticides and prostate cancer, Is there an association? A meta-633 
analysis of epidemiological evidence. Cancer Causes Control 26, 1375–1392. 634 
https://doi.org/10.1007/s10552-015-0643-z 635 

Luo, D., Zhou, T., Tao, Y., Feng, Y., Shen, X., Mei, S., 2016. Exposure to organochlorine pesticides and 636 
non-Hodgkin lymphoma: a meta-analysis of observational studies. Sci Rep 6, 25768. 637 
https://doi.org/10.1038/srep25768 638 

McAuley, L., Pham, B., Tugwell, P., Moher, D., 2000. Does the inclusion of grey literature influence 639 
estimates of intervention effectiveness reported in meta-analyses? The Lancet 356, 1228–640 
1231. https://doi.org/10.1016/S0140-6736(00)02786-0 641 

Menon, J.M.L., Struijs, F., Whaley, P., 2022. The methodological rigour of systematic reviews in 642 
environmental health. Critical Reviews in Toxicology 52, 167–187. 643 
https://doi.org/10.1080/10408444.2022.2082917 644 

Mentis, A.-F.A., Dardiotis, E., Efthymiou, V., Chrousos, G.P., 2021. Non-genetic risk and protective 645 
factors and biomarkers for neurological disorders: a meta-umbrella systematic review of 646 
umbrella reviews. BMC Med 19, 6. https://doi.org/10.1186/s12916-020-01873-7 647 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., for the PRISMA Group, 2009. Preferred reporting 648 
items for systematic reviews and meta-analyses: the PRISMA statement. BMJ 339, b2535–649 
b2535. https://doi.org/10.1136/bmj.b2535 650 

Nakagawa, S., Ivimey-Cook, E.R., Grainger, M.J., O’Dea, R.E., Burke, S., Drobniak, S.M., Gould, E., 651 
Macartney, E.L., Martinig, A.R., Morrison, K., Paquet, M., Pick, J.L., Pottier, P., Ricolfi, L., 652 



Wilkinson, D.P., Willcox, A., Williams, C., Wilson, L.A.B., Windecker, S.M., Yang, Y., Lagisz, M., 653 
2023a. Method Reporting with Initials for Transparency (MeRIT) promotes more granularity 654 
and accountability for author contributions. Nat Commun 14, 1788. 655 
https://doi.org/10.1038/s41467-023-37039-1 656 

Nakagawa, S., Lagisz, M., Jennions, M.D., Koricheva, J., Noble, D.W.A., Parker, T.H., Sánchez‐Tójar, A., 657 
Yang, Y., O’Dea, R.E., 2022. Methods for testing publication bias in ecological and 658 
evolutionary meta‐analyses. Methods Ecol Evol 13, 4–21. https://doi.org/10.1111/2041-659 
210X.13724 660 

Nakagawa, S., Noble, D.W.A., Senior, A.M., Lagisz, M., 2017. Meta-evaluation of meta-analysis: ten 661 
appraisal questions for biologists. BMC Biol 15, 18. https://doi.org/10.1186/s12915-017-662 
0357-7 663 

Nakagawa, S., Samarasinghe, G., Haddaway, N.R., Westgate, M.J., O’Dea, R.E., Noble, D.W.A., Lagisz, 664 
M., 2019. Research Weaving: Visualizing the Future of Research Synthesis. Trends in Ecology 665 
& Evolution 34, 224–238. https://doi.org/10.1016/j.tree.2018.11.007 666 

Nakagawa, S., Yang, Y., Macartney, E.L., Spake, R., Lagisz, M., 2023b. Quantitative evidence synthesis: 667 
a practical guide on meta-analysis, meta-regression, and publication bias tests for 668 
environmental sciences. Environ Evid 12, 8. https://doi.org/10.1186/s13750-023-00301-6 669 

Neimann Rasmussen, L., Montgomery, P., 2018. The prevalence of and factors associated with 670 
inclusion of non-English language studies in Campbell systematic reviews: a survey and meta-671 
epidemiological study. Syst Rev 7, 129. https://doi.org/10.1186/s13643-018-0786-6 672 

Noble, D.W.A., Lagisz, M., O’dea, R.E., Nakagawa, S., 2017. Nonindependence and sensitivity analyses 673 
in ecological and evolutionary meta‐analyses. Molecular Ecology 26, 2410–2425. 674 
https://doi.org/10.1111/mec.14031 675 

Odutola, M.K., Benke, G., Fritschi, L., Giles, G.G., Van Leeuwen, M.T., Vajdic, C.M., 2021. A systematic 676 
review and meta-analysis of occupational exposures and risk of follicular lymphoma. 677 
Environmental Research 197, 110887. https://doi.org/10.1016/j.envres.2021.110887 678 

Onyije, F.M., Olsson, A., Baaken, D., Erdmann, F., Stanulla, M., Wollschläger, D., Schüz, J., 2022. 679 
Environmental Risk Factors for Childhood Acute Lymphoblastic Leukemia: An Umbrella 680 
Review. Cancers 14, 382. https://doi.org/10.3390/cancers14020382  681 

Ouzzani, Hossam Hammady, Zbys Fedorowicz, and Ahmed Elmagarmid. Rayyan — a web and mobile 682 
app for systematic reviews. Systematic Reviews (2016) 5:210, DOI: 10.1186/s13643-016-683 
0384-4. 684 

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., Shamseer, L., 685 
Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J., Grimshaw, J.M., Hróbjartsson, A., 686 
Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson, E., McDonald, S., McGuinness, L.A., Stewart, L.A., 687 
Thomas, J., Tricco, A.C., Welch, V.A., Whiting, P., Moher, D., 2021. The PRISMA 2020 688 
statement: An updated guideline for reporting systematic reviews. International Journal of 689 
Surgery 88, 105906. https://doi.org/10.1016/j.ijsu.2021.105906 690 

Page, M.J., Moher, D., 2017. Evaluations of the uptake and impact of the Preferred Reporting Items 691 
for Systematic reviews and Meta-Analyses (PRISMA) Statement and extensions: a scoping 692 
review. Syst Rev 6, 263. https://doi.org/10.1186/s13643-017-0663-8 693 

Park, J.-H., Cha, E.S., Ko, Y., Hwang, M.-S., Hong, J.-H., Lee, W.J., 2014. Exposure to 694 
Dichlorodiphenyltrichloroethane and the Risk of Breast Cancer: A Systematic Review and 695 
Meta-analysis. Osong Public Health and Research Perspectives 5, 77–84. 696 
https://doi.org/10.1016/j.phrp.2014.02.001 697 

Pullin, A.S., Cheng, S.H., Jackson, J.D., Eales, J., Envall, I., Fada, S.J., Frampton, G.K., Harper, M., 698 
Kadykalo, A.N., Kohl, C., Konno, K., Livoreil, B., Ouédraogo, D.-Y., O’Leary, B.C., Pullin, G., 699 
Randall, N., Rees, R., Smith, A., Sordello, R., Sterling, E.J., Twardek, W.M., Woodcock, P., 2022. 700 
Standards of conduct and reporting in evidence syntheses that could inform environmental 701 
policy and management decisions. Environ Evid 11, 16. https://doi.org/10.1186/s13750-022-702 
00269-9  703 

https://doi.org/10.3390/cancers14020382
https://doi.org/10.1186/s13750-022-00269-9
https://doi.org/10.1186/s13750-022-00269-9


R Core Team (2022). R: A language and environment for statistical computing. R Foundation for 704 
  Statistical Computing, Vienna, Austria. URL https://www.R-project.org/. 705 
Rodgers, M.A., Pustejovsky, J.E., n.d. Evaluating Meta-Analytic Methods to Detect Selective Reporting 706 

in the Presence of Dependent Effect Sizes. 707 
Rojas-Rueda, D., Morales-Zamora, E., Alsufyani, W.A., Herbst, C.H., AlBalawi, S.M., Alsukait, R., 708 

Alomran, M., 2021. Environmental Risk Factors and Health: An Umbrella Review of Meta-709 
Analyses. IJERPH 18, 704. https://doi.org/10.3390/ijerph18020704  710 

RStudio Team (2020). RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL 711 
http://www.rstudio.com/. 712 

Silent Spring at sixty, 2022. . Nat Ecol Evol 6, 1399–1400. https://doi.org/10.1038/s41559-022-01911-713 
y 714 

Song, F., Parekh, S., Hooper, L., Loke, Y., Ryder, J., Sutton, A., Hing, C., Kwok, C., Pang, C., Harvey, I., 715 
2010. Dissemination and publication of research findings: an updated review of related 716 
biases. Health Technol Assess 14. https://doi.org/10.3310/hta14080 717 

Song, X., Fu, X., 2022. Association of Pentachlorophenol with Fetal Risk of Prolonged Bradycardia: A 718 
Systematic Review and Meta-Analysis. Journal of Healthcare Engineering 2022, 1–9. 719 
https://doi.org/10.1155/2022/7552294 720 

Trewavas, T., 2012. Carson no “beacon of reason” on DDT. Nature 486, 473–473. 721 
https://doi.org/10.1038/486473a 722 

van den Berg, H., da Silva Bezerra, H.S., Al-Eryani, S., Chanda, E., Nagpal, B.N., Knox, T.B., Velayudhan, 723 
R., Yadav, R.S., 2021. Recent trends in global insecticide use for disease vector control and 724 
potential implications for resistance management. Sci Rep 11, 23867. 725 
https://doi.org/10.1038/s41598-021-03367-9  726 

van Eck, N. J.; Waltman, L. (2010) VOSViewer: Visualizing Scientific Landscapes [Software]. Available 727 
from https://www.vosviewer.com  728 

Wickham H (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York. ISBN 978-729 
3-319-24277-4, https://ggplot2.tidyverse.org. 730 

Wells, G.A., Wells, G., Shea, B., Shea, B., O'Connell, D., Peterson, J., Welch, Losos, M., Tugwell, P., Ga, 731 
S.W., Zello, G.A., & Petersen, J.A. (2014). The Newcastle-Ottawa Scale (NOS) for Assessing the 732 
Quality of Nonrandomised Studies in Meta-Analyses. 733 

Wen, X., Xiong, Y., Qu, X., Jin, L., Zhou, C., Zhang, M., Zhang, Y., 2019. The risk of endometriosis after 734 
exposure to endocrine-disrupting chemicals: a meta-analysis of 30 epidemiology studies. 735 
Gynecological Endocrinology 35, 645–650. https://doi.org/10.1080/09513590.2019.1590546 736 

Whaley, P., Aiassa, E., Beausoleil, C., Beronius, A., Bilotta, G., Boobis, A., De Vries, R., Hanberg, A., 737 
Hoffmann, S., Hunt, N., Kwiatkowski, C.F., Lam, J., Lipworth, S., Martin, O., Randall, N., 738 
Rhomberg, L., Rooney, A.A., Schünemann, H.J., Wikoff, D., Wolffe, T., Halsall, C., 2020. 739 
Recommendations for the conduct of systematic reviews in toxicology and environmental 740 
health research (COSTER). Environment International 143, 105926. 741 
https://doi.org/10.1016/j.envint.2020.105926 742 

Woodcock, P., Pullin, A.S., Kaiser, M.J., 2014. Evaluating and improving the reliability of evidence 743 
syntheses in conservation and environmental science: A methodology. Biological 744 
Conservation 176, 54–62. https://doi.org/10.1016/j.biocon.2014.04.020 745 

Yang, X., Zhang, M., Lu, T., Chen, S., Sun, X., Guan, Y., Zhang, Y., Zhang, T., Sun, R., Hang, B., Wang, X., 746 
Chen, M., Chen, Y., Xia, Y., 2020. Metabolomics study and meta-analysis on the association 747 
between maternal pesticide exposome and birth outcomes. Environmental Research 182, 748 
109087. https://doi.org/10.1016/j.envres.2019.109087 749 

Yang, Y., Lagisz, M., Williams, C., Pan, J., Noble, D., Nakagawa, S., 2023a. Robust point and variance 750 
estimation for ecological and evolutionary meta-analyses with selective reporting and 751 
dependent effect sizes (preprint). Life Sciences. https://doi.org/10.32942/X20G6Q 752 

Yang, Y., Sánchez-Tójar, A., O’Dea, R.E., Noble, D.W.A., Koricheva, J., Jennions, M.D., Parker, T.H., 753 
Lagisz, M., Nakagawa, S., 2023b. Publication bias impacts on effect size, statistical power, and 754 

https://doi.org/10.3390/ijerph18020704
https://doi.org/10.1038/s41598-021-03367-9
https://www.vosviewer.com/


magnitude (Type M) and sign (Type S) errors in ecology and evolutionary biology. BMC Biol 755 
21, 71. https://doi.org/10.1186/s12915-022-01485-y 756 

 757 

 758 


