
832

American Journal of
Biomedical Science & Research

www.biomedgrid.com

---------------------------------------------------------------------------------------------------------------------------------
ISSN: 2642-1747

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.004199.

 Review Article Copyright © All rights are reserved by Raouf Roshdy

Ambient Fine Particulate Matter and Assisted 
Reproduction: A Narrative Review of Gamete, 

Implantation and Fetal Evidence

Raouf Roshdy1*, Inas Taha2 and Amal Yaseen Zaman3

1Egypt Health Foundation 

2Mayaseen Foundation for Public Health

3Taibah University, Saudi Arabia

*Corresponding author: Raouf Roshdy, Egypt Health Foundation, Egypt.

To Cite This article: Raouf Roshdy*, Inas Taha and Amal Yaseen Zaman, Ambient Fine Particulate Matter and Assisted Reproduction: A 

Narrative Review of Gamete, Implantation and Fetal Evidence. Am J Biomed Sci & Res. 2026 32(5) AJBSR.MS.ID.004199, DOI: 10.34297/

AJBSR.2026.32.004199

Received:   October 27, 2026  Published:  November 06, 2026

Introduction

Assisted reproduction already gives patients a precise exposure 
window: gonadotropin start, retrieval, transfer, hCG test. That  

 

window makes ART cohorts a useful setting for asking whether 
ambient air pollution changes reproductive outcomes. Early 

Abstract

Background: Fine Particulate Matter (PM2.5) is a candidate modifiable risk factor in Assisted Reproductive Technology (ART), but published 
estimates disagree on size, timing and even direction.

Methods: Narrative review. We searched PubMed on 27 October 2026 for human and experimental studies linking PM2.5 and related air-pollu-
tion metrics to ovarian reserve, gametes, implantation, early loss, placental function, fetal outcomes and mitigation. Records were screened by title 
and abstract; reported estimates were taken from abstracts. No formal risk-of-bias scoring was done.

Findings: In a single-clinic cohort of 3659 frozen embryo transfers, highest-quartile PM2.5 in the three months before oocyte retrieval carried 
34% lower odds of live birth (OR 0.66, 95% CI 0.47-0.92) than the lowest quartile. A meta-analysis of five studies (about 282,000 participants) found 
a 6% lower probability of live birth per 10 µg/m³ of fine particulate matter in the year before retrieval (RR 0.94, 95% CI 0.92-0.97). A US registry 
analysis of 253,528 fresh cycles found no association between PM2.5 and any reproductive outcome. Cohorts of 5354 and 29,610 ART patients 
linked particulate exposure to lower antral follicle count. In 21,851 US semen samples, PM2.5 was associated with sperm DNA fragmentation, with 
a non-linear pattern peaking near 11 µg/m³. Cell and rodent studies show trophoblast, granulosa-cell and follicle injury, but they do not establish 
human effect sizes. Evidence for fetal harm is modest for preterm birth (pooled OR 1.07 for whole-pregnancy PM2.5 in China) and mixed for neu-
rodevelopment. Air-purifier trials show limited benefits.

Conclusion: The association between PM2.5 and poorer ART outcomes is plausible and repeatedly observed, but the evidence is observational, 
heterogeneous and partly null. [Inference] Counselling on exposure is reasonable; claims of proven causation or of clinical benefit from specific 
interventions are not yet supported.
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reviews pointed out that way. A 2016 systematic review reported 
lower live birth and higher miscarriage among IVF patients exposed 
to higher pollutant concentrations [1], and a 2018 review reached a 
similar but cautious conclusion [2]. The field has since grown fast, 
and it has not converged. A 2025 meta-analysis pooled five studies 
and reported a small decrease in live birth per 10 µg/m³ of fine 
particulate matter [3]. Yet the largest single analysis, 253,528 fresh 
US cycles, found no association between PM2.5 and implantation, 
pregnancy or live birth [4]. Studies also disagree on which exposure 
window matters: the three months before retrieval [5], the year 
before retrieval [6], or the period around transfer [7]. Teaching 
material and conference talks often compress this literature into 
a single message, that PM2.5 is a proven reproductive toxicant. 
This review asks a narrower question. For each stage from ovarian 
reserve to neurodevelopment, what do the primary sources report, 
how large is the effect, and where do studies disagree?.

Methods

This is a narrative review, not a systematic review. On 27 October 
2026 we searched PubMed only, using combinations of PM2.5, 
particulate matter, air pollution, assisted reproductive technology, 
IVF, live birth, ovarian reserve, antral follicle count, sperm DNA 
fragmentation, frozen embryo transfer, biochemical pregnancy, 
placenta, trophoblast, intellectual disability, preterm birth, DNA 
methylation and air purifier. We screened titles and abstracts 
and kept human studies, systematic reviews and mechanistic 
experiments that addressed a stage of the reproductive pathway. 
Effect sizes are taken from abstracts as indexed in PubMed. Where 
PubMed text lost the subscript in PM2.5 or PM10, we do not assign 
a size fraction to the estimate. We did not search other databases, 
grey literature or non-English sources, did not score risk of bias, 
and did not pool data. [Inference] Selection of studies may therefore 
favour positive findings that are easier to retrieve.

Evidence by Reproductive Stage

Ovarian Reserve, Oocytes and Sperm

In 5354 women undergoing ART in eastern China, particulate 
matter of three aerodynamic diameters was linked to lower Antral 
Follicle Count (AFC) and to lower odds of live birth (ORs 0.908 to 
0.924). AFC explained 6.49%, 9.16% and 6.79% of live-birth failures 
attributed to the three fractions [8]. In 29,610 infertile women 
in Shaanxi, PM2.5 was associated with lower AFC across several 
follicle-development periods (adjusted β -0.123 to -0.190), most 
strongly in the earliest stages, with sulfate the leading constituent 
[9]. A systematic review of 40 cohort reports concluded that long-
term PM2.5 and PM10 exposure is associated with reduced ovarian 
reserve, while stating that heterogeneous exposure assessment 
and residual confounding limit confidence [10]. [Unverified]. The 
abstracts we accessed did not give AMH-specific pooled estimates, 
so the AMH association is supported here only at the level of 
that review. Experimental work points in the same direction. 
Maternal PM2.5 exposure shrank the primordial follicle pool of 
mouse offspring through PI3K/AKT/FoxO3a activation and ROS-

dependent NF-κB signalling [11]. Chronic concentrated PM2.5 
increased follicular atresia and granulosa-cell apoptosis in mice 
[12]. In hyperlipidaemic mice, 12 weeks of exposure reduced 
primordial, primary and secondary follicles by 45%, 40% and 17% 
[13]. [Inference] These doses and species cannot be translated 
into a human effect size. Oocyte-level effects are smaller. In 1237 
women, one particulate fraction was associated with a 1.01% 
lower maturation rate and a 1.42% lower fertilization rate per 
Interquartile-Range (IQR) increase, with no significant link to 
clinical pregnancy outcomes [14]. In 8048 women, a mixture of 
pollutants in the 90 days before oocyte pick-up was associated 
with fewer total oocytes (-1.27%) and mature oocytes (-1.42%) 
per unit of a weighted index, but gaseous pollutants drove much of 
that mixture [15]. For sperm, a cross-sectional analysis of 21,851 
US semen samples found higher PM2.5 associated with greater 
sperm DNA fragmentation (estimate 0.45; P = 0.0025), with a 
non-linear pattern peaking near 11 µg/m³ and a stronger effect 
in lower socioeconomic areas (interaction P = 0.0148) [16]. The 
sample came from men seeking fertility evaluation, so it may not 
represent the general population. An earlier systematic review 
of 17 studies judged the evidence on DNA fragmentation limited 
but suggestive [17]. In 238 men in an IVF cohort, exposure during 
spermatogenesis was associated with fewer good-quality day-3 
embryos and lower fertilization, yet not with pregnancy, loss or 
live birth [18]. [Inference] A paternal contribution is plausible; its 
downstream clinical effect is unproven.

Timing Windows, Implantation and Early Loss

The most cited single estimate comes from 3659 Frozen 
Embryo Transfers (FET) in 1835 patients at one clinic. PM2.5 in the 
three months before oocyte retrieval was associated with a trend 
to lower live birth (P = 0.011); the highest quartile had 34% lower 
odds than the lowest (OR 0.66, 95% CI 0.47-0.92). The direction 
was consistent in other pre-retrieval windows, exposure was city-
level, and air quality was described as excellent [5]. A meta-analysis 
of five studies estimated a 6% lower probability of live birth per 
10 µg/m³ of fine particulate matter in the year before retrieval (RR 
0.94, 95% CI 0.92-0.97) [3]. Other studies disagree about timing. 
In 12,665 women in the Yangtze River Delta, the one-year window 
before retrieval showed a stronger negative association than the 90-
day window, and FET cycles were more vulnerable [6]. In 255 FET 
patients, exposure in the year before transfer was associated with 
live birth, while the pre-retrieval period was not [19]. A US analysis 
of 253,528 fresh cycles found no association between PM2.5 and 
implantation, pregnancy or live birth [4]. [Inference] Differences 
in exposure assessment (county averages versus city monitors), 
pollution range, cycle type and window definition probably 
explain part of the disagreement; this review cannot test that. 
Around transfer, a mixture of pollutants between embryo transfer 
and the hCG test was associated with 12% lower odds of clinical 
pregnancy (aOR 0.89, 95% CI 0.79-0.99) in 5208 patients, with SO₂ 
and NO₂ contributing most [7]. [Inference] Because pre-retrieval 
PM2.5 predicted live birth after FET independent of conditions at 
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transfer [5], the signal their points to the oocyte rather than the 
endometrium; the FET data do not by themselves implicate the 
uterine environment. On early loss, a prospective cohort of 2431 
women found that each 10 µg/m³ increase in PM2.5 from the hCG 
test to 30 days after transfer was associated with a borderline 
higher risk of biochemical pregnancy loss (RR 1.06, 95% CI 1.00-
1.13), more clearly after fresh transfer, with no association with 
implantation failure or live birth [20]. A meta-analysis of 20 studies 
reported significant pooled reductions in biochemical pregnancy 
for CO and NO₂; its abstract reports no significant pooled PM2.5 
result [21]. [Unverified] Placentation failure or lipid peroxidation 
as the cause of such losses was not tested in these cohorts.

Placenta, Fetal Growth, Neurodevelopment and 
Epigenetics

Placental evidence is experimental. In a first-trimester 
trophoblast line, urban PM2.5 was taken up by cells and localised 
to mitochondria, which showed vacuolisation and disrupted 
cristae; at 48 hours hCG secretion fell while IL-6 and progesterone 
secretion rose [22]. A second study reported rapid endocytosis, 
reduced hCGβ, higher IL-6 and endoplasmic-reticulum stress 
proteins, with the hCGβ effect at high doses (500 to 5000 ng/
mL) [23]. A review attributes direct placental translocation to 
ultrafine particles, and oxidative stress and inflammation to fine 
particles [24]. [Inference] Passage of PM2.5 itself into human fetal 
tissue is therefore not established by these sources. [Unverified] 
We did not locate primary data on TNF-α, vascular thrombosis or 
chorioamnionitis in PM2.5-exposed placentas. For birth outcomes, 
a meta-analysis of 29 studies (9,283,110 people) in China reported 
higher preterm birth with whole-pregnancy PM2.5 (OR 1.07, 95% 
CI 1.05-1.10) and smaller associations in mid-pregnancy and late 
pregnancy (OR 1.03 each); the authors called the associations 
weak and confounding-prone [25]. In a Scottish IVF cohort of 2069 
babies, a particulate-matter metric in the post-transfer windows 
was associated with preterm birth, whereas low birth weight and 
small-for-gestational-age were associated with NO₂ rather than 
particulates [26]. [Inference] Growth restriction from PM2.5 is 
therefore not supported in this ART cohort.

Neurodevelopmental findings are mixed. In a Utah case-

control study, each day above the WHO 24-hour guideline of 15 
µg/m³ raised the odds of Intellectual Disability (ID) by 2.3% in the 
preconception period (OR 1.023, 95% CI 1.011-1.040) and 3.2% 
in the first trimester (OR 1.032, 95% CI 1.017-1.047), with no 
association in the second or third trimester [27]. A follow-up found 
that long-term PM2.5 in preconception and the first trimester raised 
odds of ID alone and of ID with autism [28]. A Medicaid cohort of 
1,547,244 mother-child pairs linked prenatal PM2.5 to ID only 
among Hispanic children (HR 1.57, 95% CI 1.02-2.43) and found no 
association for most other disorders [29]. Per-day odds are small, 
and neuroinflammation in humans was not demonstrated in these 
studies. On epigenetics, reviews report that prenatal air pollution 
is associated with altered placental DNA methylation in genes for 
circadian rhythm, energy metabolism and DNA repair, and that 
some changes accompany low birth weight [30,31]. [Unverified] 
We did not find human data naming CLOCK or BMAL1 methylation 
in cord blood, or showing that such changes predispose offspring to 
metabolic syndrome.

Mitigation

The best evidence on indoor filtration is the UGAAR randomised 
trial in Ulaanbaatar, where 540 pregnant women received HEPA air 
cleaners or none; indoor PM2.5 fell by 29%. Birth weight did not 
differ overall (18 g; 95% CI -84 to 120) but was 85 g higher (95% CI 
3-167) among term births [32]. Child BMI z-score was 0.16 lower 
(95% CI -0.35 to 0.04) and overweight or obesity odds were 0.59 
(95% CI 0.31-1.12), both compatible with no effect [33]. Behaviour 
scores did not differ between arms [34]. These are modest, partly 
null results from a coal-heating setting, and they do not show that 
purifiers reduce adverse outcomes in ART populations elsewhere. 
For the laboratory, a Bordeaux cohort of 10,763 IVF attempts linked 
proximity of a biomass boiler to the laboratory to lower clinical 
pregnancy (OR 0.75, 95% CI 0.61-0.91) [35]. After an Oregon 
wildfire, the laboratory-exposure cohort (n = 15) had a median 
of 2 blastocysts versus 4.5 in unexposed cycles (n = 44), without 
a significant change in blastulation rate [36]. [Unverified] We did 
not identify controlled studies showing that HEPA or VOC filtration 
in IVF laboratories improves clinical outcomes, nor trials of patient 
counselling to limit outdoor activity (Table 1).

Table 1: Key human studies on particulate matter and reproductive outcomes (estimates as reported in PubMed abstracts).

Ref. Design (n) Exposure Window Reported Result

[5] Retrospective, FET (3659 trans-
fers) 3 months before retrieval, PM2.5 Highest vs lowest quartile: live birth OR 0.66 (0.47-0.92)

[3] Meta-analysis, 5 studies 
(~282,000) Year before retrieval, fine PM per 10 µg/m³ Live birth RR 0.94 (0.92-0.97)

[6] Retrospective (12,665) 90 days vs 1 year before retrieval 1-year window stronger; FET more vulnerable

[4] Retrospective, fresh cycles 
(253,528) Cycle starts to transfer +14 days PM2.5 not associated with any outcome

[19] Retrospective, FET (255) Year before transfer Associated with live birth; pre-retrieval period not

[8] Longitudinal ART (5354) First 6 months of AFC and longer Lower AFC; live birth ORs 0.908-0.924
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[9] ART cohort (29,610) Five follicle stages Lower AFC (β -0.123 to -0.190)

[14] Prospective IVF/ICSI (1237) Per IQR, to retrieval Maturation -1.01%; fertilization -1.42%

[16] Cross-sectional (21,851 semen 
samples) 70-80 days before sample Higher DNA fragmentation; peak near 11 µg/m³

[18] IVF cohort, men (238) Spermatogenesis windows Fewer good day-3 embryos; no pregnancy effect

[20] Prospective ART (2431) hCG test to day 30, per 10 µg/m³ Biochemical loss RR 1.06 (1.00-1.13)

[25] Meta-analysis, China (29 studies) Whole pregnancy Preterm birth OR 1.07 (1.05-1.10)

[27] Case-control, Utah Days above 15 µg/m³ ID OR 1.023 (preconception), 1.032 (trimester 1) per day

[35] Retrospective IVF (10,763 
attempts) Biomass boiler near laboratory Clinical pregnancy OR 0.75 (0.61-0.91)

[32] RCT, HEPA cleaners (540) Pregnancy Birth weighs +85 g in term births only

Discussion

Three findings recur. Higher particulate exposure is associated 
with lower live birth in several large cohorts [3,5,6]; with lower 
antral follicle count in two independent ART populations [8,9]; and 
with higher sperm DNA fragmentation in one large cross-sectional 
sample [16]. Against that, the largest cohort found nothing for 
PM2.5 [4], the effect on oocyte maturation and fertilization is 
a percentage point or two [14], and the early-loss signal sits at 
the edge of significance [20]. The timing question is unresolved. 
Estimates point to three months [5], one year [6] or the year 
before transfer [19]. [Inference] If the oocyte is the main target, 
the relevant window should span follicle recruitment, which lasts 
longer than three months; the one-year findings fit that better than 
a single 90-day window, but no included study tests it directly. 
Several claims that circulate in teaching material did not survive 
checking. We found no primary source for a 7.5% fall in mature 
oocytes per IQR of PM2.5, for specific mitochondrial-fission, tight-
junction or adhesion-molecule changes in ART patients, or for 
placental thrombosis in exposed tissue. Reported effects on fetal 
growth in ART depend on the pollutant [26]. Air-purifier benefit 
rests on one trial series with mostly non-significant estimates [32-
34].

Limitations

The included studies are observational, so confounding by 
season, temperature, socioeconomic status and clinic practice is 
likely; [Inference] heat and cold may independently predict ART 
outcomes in the same cohorts. Exposure is mostly residential or 
city-level and ignores time indoors. Pollutants are correlated, so 
PM2.5 effects are hard to separate from NO₂, SO₂ and ozone. Our 
own review used one database, abstract-level data and no risk-of-
bias scoring, and subscript loss in indexed abstracts forced us to 
leave some size fractions unassigned.

Clinical Implications

[Inference] Advising patients to check local air-quality indices, 
to reduce high-pollution outdoor exposure in the months before 
stimulation, and to consider indoor filtration is low-risk, but it rests 

on association rather than trial evidence. Clinics near combustion 
sources should audit laboratory air handling [35,36]. Research 
priorities are prospective ART cohorts with personal or indoor 
monitoring, pre-specified windows, and trials of filtration with live 
birth as the outcome.

Conclusions

Particulate exposure is repeatedly associated with lower 
ovarian reserve, lower live birth after ART and higher sperm DNA 
fragmentation, but effects are modest, timing is disputed and one 
very large cohort found none. The data support cautious exposure 
counselling and better trials, not claims of proven toxicity or of 
benefit from any single intervention.
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