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Air pollution, particularly fine particulate matter (PM2.5),
has long been recognized as a significant global

environmental and public health concern. The detrimental
effects of PM2.5 on human health are well-documented, with
implications for respiratory, cardiovascular, and metabolic
health.1−3 However, its potential impact on reproductive
health, particularly on very early pregnancy outcomes, is an
area of growing research interest. In this issue of Environment&
Health, Lan and colleagues make a notable contribution to the
field, offering key insights into the effects of PM2.5 on early
pregnancy outcomes, particularly among women undergoing
assisted reproductive technology (ART).4

Lan et al. undertook a large multicenter retrospective cohort
study,4 examining 141,040 IVF-ET cycles from eight fertility
centers across China. Their findings provide compelling
evidence that increased PM2.5 exposure, both before and
after embryo transfer, significantly reduces the success rate of
very early pregnancy (VEP). This multicenter study used both
biochemical and clinical pregnancy outcomes as end points,
while also applying high-resolution PM2.5 data to enhance the
precision of exposure assessment and provide a more detailed
examination of sensitive windows in the reproductive process.
Moreover, through stratified analysis, the study identified
women undergoing fresh cycles and single embryo transfers as
particularly vulnerable to the adverse effects of PM2.5 exposure.
The findings of epidemiologic studies investigating the

impact of air pollution on ART outcomes have been
inconsistent, with variability in study design, sample size, and
exposure assessment contributing to the discrepancies.5−7 The
large sample size and robust methodology employed by Lan et
al. provide valuable evidence that adds clarity to the field,
offering new insights by pinpointing specific time windows
during which PM2.5 exposure is most detrimental to early
pregnancy outcomes.4 These results are consistent with
toxicological evidence suggesting that PM2.5 can induce
oxidative stress, inflammation, and immune system dysregula-
tion�mechanisms that are known to impair reproductive
function.8 By validating these findings in a human population,
the study reinforces the biological plausibility of a causal
relationship between PM2.5 exposure and early pregnancy loss,
further strengthening the case for more stringent air quality
regulations, particularly in urban areas, where infertility
treatments such as IVF-ET are becoming increasingly
prevalent.

Another key issue is the identification of susceptible
subpopulations. Lan et al.’s findings suggest that women
undergoing fresh cycles and single embryo transfers are at
higher risk, potentially due to altered endometrial receptivity in
fresh cycles and the lower likelihood of success associated with
single embryo transfers. Fresh cycles, compared to frozen ones,
often involve hormonal imbalances and suboptimal endome-
trial conditions,9 potentially exacerbated by environmental
stressors like air pollution. Additionally, single embryo
transfers are often chosen to reduce the risk of multiple
pregnancies. However, the potential adverse effects of air
pollution may pose added challenges for this subpopulation
during critical reproductive windows. These insights have
important clinical implications, suggesting that targeted
interventions may be necessary to mitigate the effects of air
pollution during critical reproductive periods, particularly for
these vulnerable subgroups.
The study underscores the importance of considering

environmental factors, such as air pollution, when counseling
patients undergoing IVF-ET. Given the substantial emotional
and financial burden that ART places on couples, any
modifiable factor that can improve the likelihood of a
successful pregnancy should be carefully considered. Fertility
clinics, especially those located in regions with high PM2.5
concentrations, may need to implement additional strategies to
protect their patients. Such strategies could include adjusting
the timing of embryo transfers to coincide with periods of
lower air pollution or enhancing indoor air filtration systems
within fertility clinics to minimize patients’ exposure to harmful
pollutants during sensitive reproductive windows.
In China, where air pollution remains a significant public

health challenge, this study could inform the development of
more rigorous environmental policies aimed at safeguarding
reproductive health. The identification of specific time
windows during which PM2.5 exposure is most harmful
suggests that targeted interventions�such as improving air
quality near fertility centers or offering temporary accom-
modations with cleaner air for IVF patients�could signifi-
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cantly reduce the risk of early pregnancy loss. Furthermore, the
findings of Lan et al. may have broader implications for
addressing declining birth rates in China and other
industrialized nations facing similar challenges. Collectively,
as infertility rates rise,10 particularly in regions with high levels
of air pollution, research exploring the relationship between
environmental factors and in vitro reproductive outcomes is
essential for guiding future efforts to enhance reproductive
success and protect public health.
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