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Table S1. The grey literature search methodology, including screening rules, inclusion criteria, and rationale for limits applied
	Source
	Search Method
	Inclusion Criteria
	Screening Rules
	Last Searched

	Reference lists of all 30 included full-text articles
	Manually scanned for additional relevant studies
	Studies not captured in database search
	Screened using same PECOs criteria
	May 31, 2024

	National Grey Literature Repository (https://allcatsrgrey.org.uk)

	Searched using keywords: "PAHs AND reproductive health"
	 "Polycyclic aromatic hydrocarbons AND infertility"
	Reports, government documents, technical studies, Full text assessed for eligibility
	May 31, 2024

	medRxiv (https://www.medrxiv.org)

	Searched: "PAHs AND reproductive health"
	Preprints with full methodology and data
	Included only if peer-reviewed or later published; otherwise noted as preprint
	May 31, 2024

	PsyArXiv (https://psyarxiv.com)

	Searched: "PAHs AND fertility"
	Behavioral/environmental health preprints
	Only included if reproductive outcomes were primary focus
	May 31, 2024

	Google Scholar
	Incognito mode, first 200 results per query
	Articles not indexed in major databases
	Titles/abstracts screened; full texts retrieved if relevant
	May 31, 2024

	EThOS (https://ethos.bl.uk)

	Searched: "PAHs AND male fertility"
	 "Polycyclic aromatic hydrocarbons AND female reproductive outcomes"
	PhD theses from UK institutions; Full theses downloaded and assessed for data extraction
	May 31, 2024










Table S2. Summary of Studies Excluded from Meta-Analysis with Justification
	[bookmark: _Hlk205116467]Study (Author, Year)
	Outcome Category
	Exposure Matrix
	Reported Effect Type
	Reason for Exclusion from Meta-analysis

	Yang et al., 2017, [1]
	Semen parameters (concentration, count, motility, morphology, DNA damage, motion parameters)
	Urine & Semen
	β coefficients, correlations
	Heterogeneous metrics; insufficient data for pooling

	Jurewicz et al., 2013, [2]
	Semen parameters, sperm DNA damage, motion parameters
	Urine
	β coefficients
	Outcome and exposure heterogeneity

	Xia et al., 2009, [3]
	Male infertility
	Urine
	ORs (no CI for some), β
	Incomplete data for effect size aggregation

	Ji et al., 2013, [4]
	Semen quality, DNA damage
	Semen
	β coefficients
	Effect types and units not standardized

	Saad et al., 2019, [5]
	Semen parameters, male infertility
	Semen & Urine
	Mean difference, β
	Exposure sources not comparable across studies

	Wang et al., 2001, [6]
	Sperm count, motility, viability
	Semen
	Mean ± SD
	Descriptive data, lacking variance estimates

	Meeker et al., 2004, [7]
	Sperm motility, motion parameters
	Urine
	OR, β coefficients
	ORs inconsistent; mixed reporting formats

	Nayak et al., 2023, [8]
	Semen quality, viability, morphology
	Semen
	Mean ± SD
	No standard errors; data not meta-analytically usable

	Wu et al., 2024, [9] 
	Female infertility
	Urine
	ORs (some unadjusted)
	OR format inconsistent; non-poolable

	Zhang et al., 2024, [10]
	Endometriosis
	Urine
	Adjusted ORs
	Sample heterogeneity; endpoint not comparable

	Engelsman et al., 2023, [11]
	Sperm motility
	Urine
	Median/IQR
	Data format not suitable for synthesis

	Jeng et al., 2013, [12]
	Sperm viability, motility, morphology
	Urine
	β coefficients
	Exposure types varied; non-standardized metrics

	Gaspari et al., 2003, [13]
	Sperm morphology
	Semen
	β coefficients
	β metrics varied by subdomain; not pool-able


	Study (Author, Year)
	Outcome Category
	Exposure Matrix
	Reported Effect Type
	Reason for Exclusion from Meta-analysis

	De Fleurian et al., 2009, [14]
	Sperm count
	Semen
	OR
	Population and exposure context not comparable

	Bull et al., 1999, [15]
	Male infertility
	Occupational exposure
	Fecundity ratio
	Different outcome measure; cannot be pooled

	Xia et al., 2009, [16]
	Semen concentration & volume
	Urine
	ORs & β
	Mixed effect types across outcome dimensions

	Jurewicz et al., 2016, [17]
	Semen parameters
	Urine
	Correlation coefficient
	Incomplete data; format not meta-analytically usable

	Mordukhovich et al., 2016, [18]
	Female cancer
	Environmental
	OR
	Exposure misalignment with pooled SIR format

	Bonner et al., 2005, [19]
	Breast cancer
	Environmental
	OR
	OR used; SIRs required for pooling

	Yang et al., 2017, [20]
	DNA damage
	Urine & Semen
	Correlation coefficient
	Effect types incompatible

	Radwan et al. 2015, [21]
	Semen parameters
	Urine
	Correlation coefficient
	Metrics incompatible with meta-analysis


[bookmark: _Hlk205116750]Note: Full list includes 21 non-meta-analyzed studies, covering primarily non-carcinogenic outcomes. For clarity, exposure matrices (e.g., semen, urine, blood) and effect types (β, OR, SIR) are matched against inclusion criteria for pooling. Table aligned with PRISMA guidance for narrative synthesis justification.


Table S3: Newcastle–Ottawa risk of bias assessment scale results for case-control studies included in the study
	Study, year (Ref)
	Selection
	Comparability
	Outcome
	Total score
	AHRQ

	
	Is the case definition adequate?
	Representative-ness of the cases
	Selection of Controls
	Definition of Controls
	Total
	
	Ascertainment of exposure
	Same method of ascertainment for cases and controls
	Non-Response rate
	Total
	
	

	Bonner et al., 2005, [19]
	*
	*
	-
	*
	3
	2
	*
	*
	*
	3
	8
	Fair

	Rybicki et al., 2006, [22]
	*
	*
	-
	-
	2
	1
	*
	*
	-
	2
	5
	Fair

	De Fleurian et al., 2009, [14]
	*
	*
	-
	*
	3
	2
	*
	*
	-
	2
	7
	Good

	Xia et al., 2009, [3]
	*
	-
	*
	*
	3
	2
	*
	*
	*
	3
	8
	Good

	Mordukhovich et al., 2016, [18]
	*
	-
	*
	*
	3
	2
	*
	*
	-
	2
	7
	Good

	Saad et al., 2019, [5]
	*
	*
	*
	*
	4
	2
	*
	*
	-
	2
	8
	Good


Newcastle–Ottawa risk of bias assessment scale results for cohort studies included in the qualitative synthesis. The results were converted in AHQR standards of ‘good’, ‘fair’ or ‘poor’. Each category within selection an outcome can be awarded up to one star, comparability can be awarded up to two stars. **Two stars can be awarded for comparability. First star is awarded if the study controls for chronic illness or being immunocompromised. Second star is awarded if the study controls for any other factor. Thresholds for converting the Newcastle–Ottawa scales to AHRQ standards (good, fair and poor): Good quality: three or four stars in selection domain AND one or two stars in comparability domain AND two or three stars in outcome/exposure domain. Fair quality: two stars in selection domain AND one or two stars in comparability domain AND two or three stars in outcome/exposure domain. Poor quality: zero or one star in selection domain OR zero stars in comparability domain OR zero or one star in outcome/exposure domain.










Table S4: Newcastle–Ottawa risk of bias assessment scale results for cohort studies included in the study
	Study, year (Ref)
	Selection
	Comparability
	Outcome
	Total score
	AHRQ

	
	Representative-ness of exposed
cohort
	Selection of
non-exposed
cohort
	Ascertainment
of exposure
	Demonstration
outcome of interest not present at the
start of the study
	Total
	
	Ascertainment of exposure
	Follow-up long enough for
outcomes to occur?
	Adequacy of
follow-up of cohorts
	Total
	
	

	Gun et al., 2006, [23]
	-
	*
	*
	*
	3
	1
	*
	*
	*
	3
	7
	Good

	Gun et al., 2004, [24]
	-
	*
	*
	-
	2
	1
	*
	*
	*
	3
	6
	Good

	Christie et al., 1991, [25]
	*
	-
	*
	-
	2
	1
	*
	-
	-
	1
	4
	Fair

	Järvholm et al., 1997, [26]
	*
	-
	*
	-
	2
	1
	*
	-
	-
	1
	4
	Fair

	Lewis et al., 2003, [27]
	*
	-
	*
	-
	2
	1
	*
	-
	-
	1
	4
	Fair

	Schechter et al, 1989, [28]
	-
	*
	*
	-
	2
	1
	*
	-
	-
	1
	4
	Fair


Newcastle–Ottawa risk of bias assessment scale results for cohort studies included in the qualitative synthesis. The results were converted in AHQR standards of ‘good’, ‘fair’ or ‘poor’. Each category within selection an outcome can be awarded up to one star, comparability can be awarded up to two stars. **Two stars can be awarded for comparability. First star is awarded if the study controls for chronic illness or being immunocompromised. Second star is awarded if the study controls for any other factor. Thresholds for converting the Newcastle–Ottawa scales to AHRQ standards (good, fair and poor): Good quality: three or four stars in selection domain AND one or two stars in comparability domain AND two or three stars in outcome/exposure domain. Fair quality: two stars in selection domain AND one or two stars in comparability domain AND two or three stars in outcome/exposure domain. Poor quality: zero or one star in selection domain OR zero stars in comparability domain OR zero or one star in outcome/exposure domain.











Table S5: Newcastle–Ottawa risk of bias assessment scale results for cross-sectional studies included in the study
	Study, year (Ref)
	Selection
	Comparability
	Outcome
	
	Total score
	AHRQ

	
	Representative-ness of the sample

	Sampling method
	Non-response rate
	Ascertainment
of exposure
	Total
	
	valid outcome assessment
	objective/ blinded assessment
	Total
	
	

	Jurewicz et al., 2016, [17]
	*
	*
	-
	*
	3
	2
	*
	*
	2
	7
	Good

	Rosenberg et al, 1985, [29]
	-
	*
	-
	*
	2
	1
	*
	*
	2
	5
	Fair

	Wang et al., 2001, [6]
	*
	*
	*
	-
	3
	2
	*
	*
	2
	7
	Good

	Bull et al., 1999, [15]
	-
	*
	-
	*
	2
	1
	*
	*
	2
	5
	Fair

	Xia et al., 2009, [16]
	*
	*
	-
	*
	3
	2
	*
	*
	2
	7
	Good

	Yang et al., 2017, [1]
	*
	*
	*
	*
	4
	2
	*
	*
	2
	8
	Good

	Yang et al., 2017, [20]
	*
	-
	*
	*
	3
	2
	*
	*
	2
	7
	Good

	Radwan et al., 2015, [21]
	*
	*
	-
	*
	3
	1
	*
	-
	1
	5
	Fair

	Jurewicz et al., 2013, [2]
	*
	*
	-
	*
	3
	2
	*
	*
	2
	7
	Good

	Ji et al., 2013, [4]
	*
	*
	-
	*
	3
	2
	*
	*
	2
	7
	Good

	Song et al., 2013, [30]
	-
	*
	-
	*
	2
	2
	*
	*
	2
	6
	Good

	Jeng et al., 2013, [12]
	*
	*
	*
	*
	3
	2
	*
	*
	2
	7
	Good

	Meeker et al., 2004, [7]
	-
	*
	-
	*
	2
	1
	*
	*
	2
	5 
	Fair

	Gaspari et al., 2003, [13]
	*
	*
	-
	*
	3
	1
	*
	*
	2
	6
	Good

	Nayak et al., 2023, [8]
	-
	*
	-
	*
	2
	2
	*
	-
	1
	5
	Fair

	Engelsman et al., 2023, [11]
	*
	*
	-
	*
	3
	1
	*
	*
	2
	6
	Good

	Wu et al., 2024, [9]
	*
	*
	*
	*
	4
	2
	*
	*
	2
	8
	Good

	Zhang et al., 2024, [10]
	-
	*
	-
	*
	2
	2
	*
	*
	2
	6
	Good


Adapted Newcastle–Ottawa Scale (NOS) domain-level assessment was used for cross-sectional studies. The adapted scale uses a maximum of 8 points: 4 for Selection, 2 for Comparability, and 2 for Outcome. Selection: Up to 4 points (1 each for: representativeness of the sample, sampling method, non-response rate, and exposure ascertainment). Comparability: Up to 2 points (based on control for confounding; 1 point for adjustment for ≥1 key confounder [e.g., age, smoking], 1 additional point for adjustment for ≥2 confounders). Outcome: Up to 2 points (1 for valid outcome assessment method, 1 for objective/blinded assessment). The total NOS score was converted to the Agency for Healthcare Research and Quality (AHRQ) quality rating as follows: Good: ≥6 points; Fair: 4–5 points; Poor: ≤3 points
     

 Table S6: Evidence Quality Assessment Using GRADE for Included Studies Investigating the Relationship Between PAHs Exposure and Male Reproductive Organ Cancers
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Exposed to
	Non-Exposed to
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Reproductive Male Organ Cancer

	
7
	Observational (cohort/case-control)
	Not serious
	Not serious a
	Not serious b
	Not serious
	Strong association all plausible residual confounding would reduce the demonstrated effect
	135994
	General population
	OR 1.13
(1.04 to 1.23)
	1 fewer per 1,000
(from 1 fewer to 1 fewer)
	Moderate ⨁⨁⨁◯
	CRITICAL


CI: confidence interval; OR: odds ratio
Explanations
a. In some studies, there is insufficient information reported to make a clear judgment on risk of bias.
b. While the included studies varied in design and population, subgroup analyses addressed these concerns and justified inclusion, reducing concern about indirectness.


























Table S7: Evidence Quality Assessment Using GRADE for Included Studies Investigating the Relationship Between PAHs Exposure and Female Reproductive Organ Cancers

	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Exposed to
	Non-exposed to 
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

		Reproductive Female Organ Cancer




	
4
	Observational (cohort/case-control
	Not serious
	Not serious a
	Not serious b
	Serious
	None c
	50026
	General population
	OR 1.01
(0.91 to 1.12)
	0 fewer per 1,000
(from 0 fewer to 0 fewer)
	Low ⨁⨁◯◯
	CRITICAL


CI: confidence interval; OR: odds ratio
Explanations
a. In some studies, there is insufficient information reported to make a judgement on risk of bias.
b. Studies that are not appropriate for addressing the review question have been included but through sub-group analysis or sub-categorizing of results the possible reasons to produce some degree of indirectness can be explained
c. This clearly indicates that no additional factors were used to upgrade the certainty of evidence, which aligns with GRADE guidance given the null or minimal effect (OR = 1.01).
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