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Effects of Climate and Environmental Changes
on Women’s Reproductive Health
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Climate and environmental changes (CECs) consti-
tute a major global health threat. Record temperatures in

2020, as reported in 2021 by the international collaboration,
Lancet Countdown, which monitors the health consequences
of a changing climate, resulted in increased person-days of
heatwave exposure, with serious health consequences, com-
pared with the annual average for the 1986–2005 baseline.1

The world temperature increased 1.2�C compared with the
preindustrial period (1850–1900), and the past 7 years have
been the hottest 7 years on record.1

Heatwaves and rising mean temperatures present major
health problems, especially for populations with limited
physiological ability or socioeconomic means to respond or
adapt to them. Also in 2020, 84 disasters from floods,
droughts, wildfires, and storms affected more than 50 million
people. Moreover, the atmospheric concentrations of CO2 are
now 50% higher than in the preindustrial era.2 Although
energy-related emissions decreased during the COVID-19
pandemic in 2020, emissions have risen again in 2021.3

Importantly, the effects of CECs are ubiquitous, ranging
from their effects on an individual’s internal biology to their
effects on a society’s external systems. Sexual maturation,
fertility, pregnancy and neonatal outcomes, lactation, and
menopause (Fig. 1) are subject to short- and long-term neg-
ative effects from CECs.

Sexual Maturation and Fertility

In recent years, the global average age for menarche has
been declining.4 Importantly, CECs could alter the age of
menarche by disrupting food availability, nutritional factors,
or through increased toxin/pollutant release.4 Perturbations in
the timing of menarche may further affect mental health,
fertility-related conditions, cardiovascular disease, and bone
health.5 Moreover, an inverse association between mortality
and the timing of menarche has been suggested.6

The significant amount of pollutants discharged into the
environment due to increasing industrial and agricultural
activities is a serious threat for human health. Moreover,
several of these synthetic chemicals with long half-life times

are classified as potential endocrine-disrupting chemicals
(EDCs) and can affect women’s reproductive health.7

In addition to the impact of CECs on diet and nutrition,
exposure to EDCs has also been associated with early men-
arche.4 These reproductive toxicants in air pollution can also
cause defects during gametogenesis leading to impaired
fertility.4 Air pollution may further aggravate asthma,8 which
is associated with difficulties in conception.9 EDCs may also
adversely affect the ovarian reserve in women and high levels
of EDCs have been linked to a decline in ovarian function,
infertility, and earlier menopause.10

Pregnancy Outcomes

Pregnant women have been included among the groups
most vulnerable to heat stress as the physiological and ana-
tomical changes that occur during pregnancy pose particular
challenges to thermoregulation.11 A recent systematic review
including a total of almost 33 million births found a signifi-
cant association between heat, and adverse pregnancy out-
comes, preterm birth (PTB), low birth weight (LBW), and
stillbirth in the United States.12 It has also been reported that
pregnant women who are exposed to higher air pollution
levels may be at greater risk for miscarriage, gestational di-
abetes, PTB, and stillbirths.12,13 Maternal metabolites and
metabolic pathways, perturbed by air pollution exposures,
may also lead to adverse pregnancy and birth outcomes; thus,
they can be considered mediators in the causal pathways.14

Moreover, prenatal maternal stress (PNMS) has an impact
on pregnancy outcomes and the offspring’s development and
lifelong health, and natural disasters contribute to PNMS.15

PTB and neuropsychiatric disorders in the offspring have
been associated with PNMS,15 and it is now recognized that
maternal stress may be passed on, both intergenerationally
and transgenerationally through epigenetic mechanisms.16

CECs also affect the distribution of arthropod-borne,
foodborne, and waterborne diseases. Arboviral infections
transmitted by mosquitoes, such as dengue, chikungunya
viruses, and Zika, may have detrimental effects during
pregnancy and may contribute to PTB.17 Zika virus has also
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been associated with congenital fetal brain abnormalities,
including microcephaly.17 Moreover, increased temperatures
and rainfall increase the length of the transmission season for
parasites with deleterious effects in pregnancy such as
Plasmodium falciparum. Pregnant women infected with
malaria show not only higher rates of miscarriage, intra-
uterine fetal death, PTB, LBW neonates, and neonatal death,
but also have a higher risk for severe anemia and maternal
death.18 Higher temperatures may further increase the risk of
cholera and other infections caused by Vibrio bacteria as well
as leptospirosis with negative clinical consequences.

Lactation and Breastfeeding

In contrast with infant formula, which has a standardized
composition, human milk composition changes dynamically
throughout the day and throughout gestation. Importantly,
human milk can contain environmental pollutants,19 and
pollutants with lipophilic properties may have serious effects
when absorbed in the neonate digestive track; the presence of
heavy metals in human breast milk has been associated with
abnormal immune function in the neonate and allergy,
endocrine disorders, neurodevelopment delay, and neuro-
psychiatric disorders later in life.20

However, it is important to note that the American Academy
of Pediatrics and World Health Organization still recommend
breastfeeding for at least the first 6 months of life. Breast-
feeding is not only beneficial for the mother and neonate but
also for the environment, minimizing the impact on the earth’s
resources. Specifically, breastfeeding uses less water or land
resources, produces no carbon emissions, and generates min-
imal or zero waste. To put things in perspective, breastfeeding
for 6 months saves an estimated 95–153 kg CO2 equivalents
per baby compared with infants fed with formula.21 In the
United Kingdom alone, the carbon emission savings gained by
supporting mothers to breastfeed has been equated to taking
between 50,000 and 77,500 cars off the road each year.22

Menopause

CECs increase the exposure of women to EDCs resulting
in a decline in ovarian function and earlier menopause.10

Specifically, individuals with higher levels of EDCs experi-
ence menopause 1.9–3.8 years earlier than women with lower
levels of these chemicals.23 EDC-exposed women are also up
to six times more likely to be menopausal than nonexposed
women of same age.23 Interestingly, CECs may also affect
menopause by exacerbating and increasing the duration of
symptoms, specifically hot flashes.24

Conclusions

The current climate crisis is threatening global health and
disproportionally affects disadvantaged communities. The
literature in this space is increasing and opportunities for
novel research exist. Importantly, CECs not only negatively
impact many stages of a woman’s reproductive life but also
impact the health of future generations. The impact of CECs
on reproductive health can no longer be ignored. Interven-
tions to mitigate CECs are critical to ensuring the future
health of women and children worldwide.

Disclaimer

The contents of this article represent the authors’ views
and do not constitute an official position of the National
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FIG. 1. Effects of CECs on
women’s reproductive health
(sexual maturation, fertility,
pregnancy, lactation, and
menopause). CECs, climate
and environmental changes;
GDM, gestational diabetes;
LBW, low birth weight;
PTB, preterm birth.
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