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The global burden of Gestational Diabetes Mellitus (GDM) continues to rise at an alarming
pace, now complicating an estimated 14-25% of pregnancies worldwide [1]. While traditional
risk factors - maternal obesity, advanced age, family history of type 2 diabetes - have long guided
clinical vigilance, a growing and compelling body of epidemiological and experimental evidence
points toward ambient air pollution as an underappreciated yet modifiable contributor to GDM
pathogenesis. We write to highlight this association and to advocate for its integration into clinical,
regulatory, and research agendas.

Multiple high-quality meta-analyses now encompass millions of pregnancies and consistently
implicate key ambient pollutants - fine particulate matter (PM2.5), sulfur dioxide (SO,), nitrogen
dioxide (NO,), nitrogen oxides (NOx), and black carbon - in elevated GDM risk. Ren et al., in the
most expansive meta-analysis to date covering nearly seven million pregnancies, reported statistically
significant associations for PM2.5 (OR 1.06, 95% CI: 1.05-1.08 per 10 ug/m’), SO, (OR 1.18, 95%
CI: 1.10-1.26), and black carbon (OR 1.08, 95% CI: 1.06-1.10) [2]. Liang et al., similarly confirmed
significant associations across PM2.5, PM10, SO,, and NO,, with black carbon and nitrate fractions
of PM2.5 emerging as particularly harmful components [3]. An umbrella review of 41 systematic
reviews further confirmed that perinatal PM2.5 exposure was significantly associated with GDM,
with trimester-specific variation in the magnitude of risk [4]. Although these individual effect
estimates appear modest, the near-ubiquitous nature of air pollution exposure at the population
level renders the attributable burden clinically and epidemiologically substantial.

The biological plausibility of these associations is increasingly well-supported. Inhaled PM2.5
generates reactive oxygen species both locally and systemically, and pancreatic beta cells - which
possess comparatively limited antioxidant defenses - are particularly susceptible to oxidative
damage, impairing insulin secretory capacity at precisely the gestational stage when compensatory
beta-cell function is most critically tested [5]. Concurrent pollutant-driven activation of NF-«B
inflammatory signaling elevates circulating cytokines such as interleukin-6, tumor necrosis factor-
alpha, and C-reactive protein, further promoting insulin resistance [5]. Endocrine disruption of the
thyroid axis, gut microbiome dysbiosis, and mitochondrial dysfunction in adipose tissue represent
additional overlapping pathways through which air pollution may lower the metabolic threshold
for GDM development.

Critically, pregnancy is not uniformly vulnerable across its duration. The periconceptional
period - spanning approximately five weeks before and after conception - coincides with oocyte
maturation and early trophoblast development, processes highly sensitive to oxidative stress [6].
The first trimester represents the window of placentation and peak thyroid adaptation to foetal
demands, during which pollutant-mediated endocrine disruption may disproportionately perturb
glucose regulation. The second trimester marks the physiological nadir of insulin sensitivity, driven
by rising placental lactogen and progesterone; superimposed pollutant-mediated mechanisms
during this period may overwhelm an already-strained beta-cell compensatory reserve [7]. These
trimester-specific windows are biologically coherent and supported by multiple prospective cohort
studies, though their precise boundaries remain incompletely characterized and likely vary by
pollutant type and population.

Certain subgroups warrant heightened clinical attention. Women with pre-pregnancy obesity
demonstrate wider and more pronounced susceptibility windows for pollutant-associated GDM,
consistent with the synergistic interaction between pre-existing chronic low-grade inflammation
and pollutant-driven inflammatory pathways [6]. Socioeconomically disadvantaged populations
face a dual burden - disproportionately high pollution exposure and limited access to the dietary,
lifestyle, and healthcare resources that may otherwise buffer metabolic risk. In low- and middle-
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income countries, where biomass combustion and household air
pollution further compound ambient exposure, the reproductive
health toll of air pollution may be substantially greater than current
evidence - largely derived from East Asian and high-income Western
cohorts - captures.

Several important interpretive caveats must be acknowledged.
The association between air pollution and GDM rests predominantly
on observational data, with residual confounding an inherent
limitation. Most studies employ fixed ambient monitoring stations
rather than personal exposure monitors, likely attenuating true
associations through measurement error. Single-pollutant analytical
models dominate the literature, whereas real-world co-exposures
to pollutant mixtures - and their potentially synergistic effects -
remain inadequately characterized [8]. The null findings from well-
conducted regional studies serve as a valuable reminder that pollutant
composition, not merely concentration, shapes observed risk; crustal
and dust-derived particulate matter carries distinct physicochemical
properties and toxicological potency compared to combustion-
derived PM, underscoring the need for compositionally-informed
exposure assessment.

The clinical and policy implications of this evidence are
nonetheless substantial. Obstetric care providers should consider
incorporating individualized air quality counseling into routine
prenatal care, particularly for women with established metabolic
risk factors or residing in high-pollution areas. Practical guidance -
remaining indoors during pollution peaks, using indoor air filtration,
avoiding high-traffic zones - is low-cost and low-risk, and may
offer adjunctive protection alongside established GDM prevention
strategies. At the regulatory level, alignment with WHO ambient
air quality standards, stricter enforcement of emissions regulations,
and integrated climate-and-air-quality policy frameworks represent
urgent priorities. Given the emerging evidence that traffic-related
NO, and extreme heat interact synergistically to impair metabolic
homeostasis, climate adaptation policy and air quality governance
should not be siloed.

From aresearch standpoint, prospective cohort studies employing
personal-level exposure monitoring, multi-pollutant analytical
frameworks - such as weighted quantile sum regression and Bayesian
kernel machine regression - and pregnancy-specific mechanistic
models are essential [8]. Substantially greater representation of
low- and middle-income country populations is an urgent priority.
Investigations of whether clean cooking fuel transitions, nutritional
antioxidant supplementation, or residential air filtration during
pregnancy can attenuate pollution-associated GDM risk represent a
particularly pressing and understudied area.

In conclusion, the evidence now supports ambient air pollution
as a significant, biologically plausible, and - crucially - modifiable risk
factor for GDM. Given that GDM itself substantially elevates lifetime
risk of type 2 diabetes in both mother and offspring [9], pollution-
driven increases in GDM incidence may function as an upstream
amplifier of intergenerational cardiometabolic vulnerability. The
imperative to breathe this evidence into clinical and policy action has
never been clearer.
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