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Canpharmaceuticaluseduringpregnancy
affect the reproductive health of the
offspring?

Check for updates

Agnes Stefansdottir1 & Norah Spears2

Care is required when administrating pharmaceuticals to pregnant women, bearing in mind not only
the mother-to-be’s health but also that of the unborn offspring. Until now, studies of fetal outcomes
have primarily focused on avoiding major effects, but some outcomes could become apparent only
later. This perspective discusses whether fetal exposure to pharmaceuticals administered to a
pregnant woman could affect the developing reproductive system, potentially resulting in fertility
problems, even with consequences for subsequent generations. Different circumstances in which
pregnantwomencanbeadministeredpharmaceuticals are examined, somewhere there is a necessity
for treatment, but others that may be dispensable.

Medical treatment for a patient who is pregnant is always approached with
care, with the medical practitioner needing to consider not only the health
and wellbeing of the patient but also that of the unborn fetus. If any phar-
maceutical is to be prescribed, drug safety is paramount.Would a medicine
cross the placenta so that the fetuswould be directly exposed to it? If so,what
effectsmight exposure have on the fetus? Evenwithout direct fetal exposure,
there could be downstream or indirect consequences to the fetus following
maternal treatment. Where fetal development is affected, the consequences
of any such effect might become apparent only later, with some harmful
effects potentially resulting in lifelong consequences for the unborn indi-
vidual. Themost urgent concern is to determine if treatment could affect the
viability of the fetus, leading to an increased rate of spontaneous abortions
and/or congenital malformations. However, for any drugs where data
indicate that these drastic consequences are highly unlikely, the more
complex task is todetermine if therewill bedownstreameffects on thehealth
of the unborn child; effects that are more subtle, perhaps not immediately
apparent. However, for one aspect of the fetus, something even longer-term
is at stake—not only the health of that unborn child but also her or his
subsequent fertility, an aspect that could also potentially affect the health,
well-being, or even existence of future generations (Fig. 1).

Fromaroundmidway throughpregnancy, fetal ovaries already contain
all the germcells that an individualwill everhave.Thismeans that any future
eggs that an unborn female will ever ovulate, and that might one day be
fertilized, are already sitting in the fetal ovary at that point, potentially
exposed to any pharmaceuticals administered to the pregnant woman. For
male fetuses, stem germ cells are already present from around that same
stage of pregnancy, althoughno future spermcells are yet present in the fetal
testis. In contrast to the fetal ovary, the stem germ cells present in the fetal

testis will continue to divide a number of times before undergoing meiosis
and differentiating into sperm, with that final process starting only after
puberty. In either case, if fetal drug exposure does impact gonadal devel-
opment, the consequences of that disruptionmaywell not become apparent
for years, perhaps after puberty but potentially not until decades later, when
an individual experiences sub-fertility or infertility. With the added
potential of induction of epigenetic modifications in the fetal germ cells, we
also need to consider the possibility of effects not only on the individual after
birth, but of epigenetic transgenerational inheritance, effects on future
generations not directly exposed to the medication1.

It is nowwell established that the environment during development can
affect the long-term health of individuals, a concept termed the Develop-
mental Origins of Health and Disease (DOHaD)2. An environmental per-
turbation can be prior to parturition, even as early as around the time of
conception. This, of course, includes effects on the developing reproductive
systems, the consequences of which may not become apparent for some
time3,4. Much of the focus of work on DOHaD has been investigating una-
voidable stresses such as impaired nutrition or exposure to environmental
disruptors, but there is a clear application to effects from pharmaceuticals.
Probably the best-known example of this is from effects of the estrogen
diethylstilbestrol (DES), a drug prescribed to pregnant women for several
decades from the 1940s in order to preventmiscarriages:DESwas later found
to have a plethora of effects including increased rates of several reproductive
cancers, with consequences sometimes apparent for several generations5.

In this perspective, we discuss some of the situations in which phar-
maceuticals administered to or taken by a woman who is pregnant could
affect the reproductive systemsof theunborn fetus, highlighting theneed for
a better understanding of these potentially several-generations-long effects.
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Overview of gonadal development
The reproductive systems in both sexes begin to develop during early
embryonic development, with the formation of the genital ridge; the pri-
mordium of the gonad. From that point onwards the gonads continue to
develop throughout pregnancy, thus potentially rendering them vulnerable
to pharmaceutical drug exposure (Fig. 2).

During the fourth week of gestation, the primordial germ cells (PGCs)
that will go on to form the mature gametes, oocytes and sperm, migrate to
the genital ridge. During migration and after arrival at the genital ridge,
PGCs proliferate rapidly, increasing their number as they populate the

developing gonads, which at that stage are bipotential, still able to develop
into either ovaries or testes. Where the SRY gene on the Y chromosome is
expressed in males, bipotential gonads will then develop into testes, while
absence of SRY expression will result in development of ovaries. At this
point, PGCs are termed oogonia or gonocytes in the ovary or testis
respectively.

Ovarian development
The developing ovary becomes populated by rapidly proliferating oogonia,
increasing in number, reaching a peak of around seven million by the fifth
month of gestation.Oogonia then formclusters surrounded by somatic cells
thatwill differentiate into granulosa cells.At that point, oogoniaundergo the
first stage of the first meiotic division, prophase I, after which they enter
meiotic arrest, now termed oocytes. As oocytes enter meiotic arrest, gran-
ulosa cells form a layer surrounding individual germ cells, forming a pool of
resting primordial follicles. The oocytes remain in meiotic arrest until they
ovulate several decades later. The majority of the seven million oogonia
produced earlier do not go on to form follicles, but instead undergo apop-
tosis, leaving only around two million primordial follicles present in the
human ovary by birth, comprising the non-renewable ovarian reserve of the
female from which all future ovulated oocytes will derive6,7.

From the point of follicle formation onwards there is a steady
recruitment of dormant primordial follicles into the growth phase, and thus
a continual reduction in the sizeof the resting follicle pool.Oncea follicle has
started growing, it will either continue to develop until reaching the pre-
ovulatory stage (from puberty onwards) or die during the process of follicle
development. Follicles reaching the pre-ovulatory stage can then ovulate,
releasing a fully developed oocyte capable of fertilization.During adulthood,
once the follicular pool has become too small to support ovarian cycles, a
womanwill enter themenopause. Consequently, the age at which a woman
enters menopause is directly correlated with the size of her primordial
follicle pool at birth: if a female fetus forms fewer follicles during ovarian
development or losesmoreof the ones that she has formed, then, as an adult,
she is likely to go through menopause at a younger age.

Testicular development
Within the developing testis, Sertoli cells, the first testicular cell type to
differentiate, envelop, and support the differentiation of PGCs tomale germ
cells, termed gonocytes at that developmental stage. Sertoli and germ cells
are contained within seminiferous cords, the primordium of the semi-
niferous tubules. Sertoli cells proliferateduring fetal development: since each
Sertoli cell is able to support only a set number of SSCs, the final size of the
Sertoli cell population limits the future potential of sperm production
throughout the male’s reproductive lifespan8. The fetal Leydig cells, in the

Fig. 1 | Treatment with pharmaceutical drugs during pregnancy can affect three
generations, not only the mother and the fetus, who are both directly exposed to the
drugs, but also a third generation, since the germ cells for that generation are laid
down in the developing gonad during fetal development, with some changes
potentially affecting generation(s) beyond that.

Fig. 2 | Overview of gonadal development and
potential periods of exposure to different phar-
maceutical agents. (*Note that some non-steroidal
anti-inflammatory drugs such as ibuprofen and
diclofenac are not recommended after 20 weeks of
pregnancy.) GCN—germ cell nest, PGCs—pri-
mordial germ cells, PTM cells—peritubular myoid
cells, WPC—week(s) post-conception.

https://doi.org/10.1038/s44294-025-00069-9 Perspective

npj Women's Health |            (2025) 3:22 2

www.nature.com/npjwomenshealth


interstitial tissue, produce testosterone throughout fetal life, but eventually
regress and are replaced by the adult Leydig cells during puberty9. After
birth, gonocytes differentiate into spermatogonial stem cells (SSCs) and
spermatogonia that will undergo meiosis to form spermatozoa. The pre-
sence of functional SSCs and their supporting Sertoli cells enable the pro-
duction of new sperm throughout a male’s lifetime.

Fetal testicular development has a critical period, the masculinization
programming window (MPW), when it is highly sensitive to disruptions.
The presumptive MPW occurs between 8–14 weeks of gestation and it has
been hypothesized that testicular dysgenesis syndrome disorders, such as
poor semen quality, testicular cancer and hypospadias, can result from
disruptions following xenobiotic exposure during that period3,10.

Use of pharmaceuticals during pregnancy
For womenwho are pregnant, differentiating between drug treatments that
are necessary and the use of non-essential medications is crucial. In certain
circumstances, treatment with pharmaceutical agents simply cannot be
avoided, as is the case in the management of cancer or epilepsy. Treatment
can be vital formanaging life-threatening conditions, and sowithholding or
discontinuing treatment could have muchmore serious consequences than
administering drug(s) to the pregnant patient. Depending on medical cir-
cumstances, this can be the case for administration of antibiotics. Some
infections such as of the urinary tract are crucial to treat,withnon-treatment
incurring a significant risk to fetal health, although in other cases, risks and
benefits need carefully weighed up, with some antibiotics having proven
detrimental effects on fetal development11. In contrast, otherpharmaceutical
drugs such as analgesics are usually used for management of pain relief
rather than to treat life-threatening conditions. They can, however, affect
fetal development, and should therefore be used with caution.

Clear thinking about the distinction between necessary and non-
essential pharmaceuticals by medical professionals and their patients is key
for guiding clinical decision-making. This is particularly important given
the distinct lack of follow-up studies, or even of research on animal models
and/or human tissues, often leaving us without answers as to what extent
different pharmaceutical agents taken during pregnancy could affect future
fertility of individuals who have been exposed in-utero. There is a need for
clear and transparent communication between doctors and pregnant
patients about the risks and benefits of any medication. While the
immediate needs of the pregnant woman are paramount, potential long-
term effects on the fetus need to be acknowledged, including where follow-
up data are limited. For conditions that require life-saving treatment, the
priority should be on identifying the safest possible treatment regimen
whilst acknowledging that there could be some degree of fetal risk involved.
At the other end of the spectrum, there will be non-essential treatments,
where a more conservative approach should be taken, and where medica-
tions, if needed, should always be taken for the shortest possible duration
and at the lowest possible dose. Ultimately, balancing maternal treatment
needswith the safety of the fetus requires some level of nuance,whichwill be
personalized to each individual patient, at least untilmore research becomes
available to permit better-informed treatment decisions.

This article explores four examples in detail, instances that fit within
different categories of why pregnant womenmight be administered or self-
administer pharmaceuticals. Firstly, for treatment that could be required
regardless of the pregnancy, there is use of chemotherapy drugs to treat
various cancers. Secondly, treatment that may be required but where it
might be best to change the specific drug(s) administered, the use of sodium
valproate (SV) to treat epilepsy is explored, with a current consensus that its
use should be avoided in women of reproductive age, treatment for these
patients switched to other anti-epileptic drugs (AEDs) that have a better
safety profile in terms of effects on fetal development. The third instance is
where treatment of apregnantwoman is primarily for thehealth of the fetus,
exploring the example of the drug ursodeoxycholic acid (UDCA), which is
administered to women with the liver condition intrahepatic cholestasis of
pregnancy (ICP) primarily in order to protect the fetus from exposure to
high levels of bile. Finally, to explore treatment thatmay not be essential, the

use of analgesics during pregnancy is discussed: while these can be pre-
scribed during pregnancy for the health of the pregnant woman and/or
developing fetus, some use can at the very least be curtailed.

(i) Chemotherapy drug treatment
Although thankfully rare, around one in every thousand pregnant women
receives a cancerdiagnosis duringherpregnancy,most commonly for breast
cancer12. In Europe alone, this results in an estimated 3000–5000 diagnoses
of cancer in pregnant women each year13. The treatment of a pregnant
cancer patient is challenging, requiring consideration of both maternal and
fetal well-being. Chemotherapy drug treatment during the first trimester of
pregnancy is administered only where there is no option, since it is linked to
increased rates of spontaneous abortions and of congenital malformations.
Where deemed necessary though, these drugs are considered safe to
administer during the second and third trimesters, although avoided
immediately before birth. While there are some reported associations with
negative neonatal outcomes such as being small for gestational age14, it
appears that fetal chemotherapy drug exposure at these later stages of
pregnancy is broadly compatiblewith fetal health, with nonoted association
with severe congenital, neurological, or cardiac outcomes in any of the
resulting births: as such, they are considered safe to administer15. None-
theless, many chemotherapeutics can cross the placenta, and so enter fetal
circulation12. Thismeans that the potential exists for fetal development to be
affected by these drugs, perhaps causing effects that either have a low level of
severity or are not apparent until later in life.Any effects on the reproductive
system could well fall into the latter category: a child may have affected
ovaries, testes, or indeed other reproductive organs16, but show no symp-
toms until after puberty, or even not until later, possibly not until those
individuals begin trying to have children themselves only to discover that
they are sub- or infertile.

What then is the likelihood that chemotherapy drugs administered to a
pregnantwoman and crossing the placentawould have a deleterious impact
on ovarian or testicular development in the exposed fetus? Given that there
is a large body of evidence showing that many of these drugs have dele-
terious effects on postnatal ovaries and testes, this could well be the case17,18.

Postnatally, alkylating and alkylating-like agents such as cyclopho-
sphamide and cisplatin are particularly damaging both to the ovary and to
the testis: with chemotherapy treatment almost always involving adminis-
tration of different drug combinations, it is not always clear yet just how
damaging some other classes of drug are. In the ovary, exposure to many
different chemotherapy drugs results in a loss of ovarian follicles from the
primordial follicle stage onwards, but evidence to date indicates that the
pathway to that damage can be variable, with some drugs initially targeting
oocytes and others damaging surrounding somatic cells19. There is also an
ongoing controversy as to whether the drugs result in the direct death of
primordial follicles, or whether the drugs induce early growth activation of
these resting follicles, which then die as a result of drug exposurewhile in the
growth phase; these two possibilities are not exclusive, and it may well be
that both processes occur17,20. In the testis, it appears that the germ cell
population is particularly sensitive, with effects on numbers seen at all germ
cell stages, from stem spermatogonial cells through to spermatozoa9,18.

In contrast to the large body of evidence of damaging effects of che-
motherapeutics on postnatal gonads, the extent of any damage to the
developing fetal gonad is far from clear. Comparison of the fetal and the
postnatal gonad may be instructive, to help determine likely effects. For the
female, from around halfway through pregnancy, which is not far into the
window during which chemotherapeutics are considered safe to administer
to pregnant women, the ovary already contains its store of ovarian follicles.
Given that both primordial and early growing follicles in the postnatal ovary
are sensitive to chemotherapy drug exposure, it is highly likely that these
same follicle stages are equally sensitive to drug exposure prior to birth. For
themale, the situation is somewhat different, with the fetal testis containing
earlier stages of germ cells, gonocytes. In addition, prior to birth the germ
cells are contained within seminiferous cords, which will develop to tubules
only later. Theoretically, therefore, it is possible that the sensitivity of the
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testis to chemotherapy drugs could be different before birth compared to
later. At the time of writing, though, there are only a handful of studies that
have directly examined chemotherapy drug effects on fetal ovaries and
testes. Of these, ovary studies all use the mouse as a model (see for example
refs. 21–23), while testis work involves not only rodent models but also
studies using human fetal testis biopsies24–26. In work on both the ovary and
the testis, germ cell number is affected by chemotherapy exposure21,22,25–27:
two studies also indicate deleterious effects on Leydig cell function in the
testis28,29.

(ii) Treatment of epilepsy with sodium valproate
Epilepsy is one of themost common neurological disorders, characterized by
the onset of repeated, unprovoked, and debilitating seizures that can lead to
the loss of consciousness and convulsions. It affects around 50–60 million
people worldwide, with around 15 million of those being women of repro-
ductive age, resulting in around one in every 200 pregnant women requiring
treatment with AEDs. While some AEDs can cause problems for the devel-
oping fetus, in this circumstance pausing or changing AEDmedication could
result in evenmore severeproblems, suchas intense seizures thatmight lead to
serious detrimental consequences for the developing fetus. Consequently, the
safest option for pregnant women with epilepsy is to continue taking their
seizure medication throughout the pregnancy, perhaps adjusting dosage to
minimize fetal exposure while still maintaining seizure control. In 2018, the
AED SV was contraindicated for women of childbearing age due to its ter-
atogenic risks, causingmajor congenitalmalformations including spina bifida
and cleft palate, as well as minor malformations including hypospadias30,31.
Furthermore, in January 2024, the UK’s Medicines and Healthcare products
RegulatoryAgency (MHRA) issuedanationalpatient safetyalert advising that
SV prescriptions for all patients under 55 had to be signed off by two inde-
pendent specialists (https://www.gov.uk/guidance/valproate-use-by-women-
and-girls#valproate-should-not-be-used-in-pregnancy). However, even tak-
ing into account current policies limiting use in many countries, we need to
consider the children born before such regulations were in place: in the UK
alone, around 20,000 children are estimated to have been exposed to SV
prenatally. Approximately 40% of these children are at risk of developmental
disorders, yet assessment of effects on the developing fetal gonads has been
limited. This is concerning given that both women and men with epilepsy
have well-recognized reproductive symptoms, including an increased risk of
infertility, while treatment with SV has been shown to cause endocrine side
effects, causing menstrual disturbances, hyperandrogenism, and polycystic
ovaries in women32–35, and a reduction in sperm count and motility and
increase in abnormal sperm morphology in men36,37. Given that AEDs can
cross the placenta and impact organogenesis, more information is needed to
determine whether AED exposure can detrimentally impact fetal gonadal
development and hence the long-term reproductive health of the in-utero
exposed fetus. Few epidemiological studies have examined the impact of in-
utero AED exposure on the developing reproductive system and only a small
number of experimental studies have examined their impact, with most of
these conducted in rodent and/or in vitromodels, and none on the fetal ovary
at the time of writing30,38,39. Prenatal AED exposure has been shown to affect
testicular steroidogenesis and germ and somatic cell survival, eventually
leading to decreased sperm counts and increased rates of morphologically
abnormal sperm39.

(iii) Ursodeoxycholic acid
In some cases, drug administrationduring pregnancy is required not only to
protect the mother but also—or even solely—to safeguard fetal health. This
is particularly the case where maternal health conditions could be detri-
mental to fetal safety, such as with the liver condition ICP, a pregnancy-
related ailment that can develop during the second or third trimester of
pregnancy. Pregnant women with ICP suffer from impaired bile flow
leading to an accumulation of circulating bile acids. These can cross the
placenta and pose a risk to the fetus, including preterm birth, meconium-
stained amniotic fluid, or miscarriage. Treatment with the drug UDCA is
recommended here, not only to help alleviate maternal symptoms but also

to lower the levels of circulating bile acids and hence improve placental
function, mitigating the risks to the fetus. UDCA is considered a low-risk
medication, with observational studies and randomized trials on its safety
indicating that its use doesnot pose any significant risk to fetal development,
whilst also improving outcomes for both the mother and her fetus40,41.
However, while at this point there has been no reported effect on the
developing gonads, it is still the case that more comprehensive and larger-
scale studies are required, in order to better understand the full range of
effects on long-term health outcomes of people who have been exposed to
UDCA in utero, including effects on reproductive health.

(iv) Use of analgesics during pregnancy
Over-the-counter analgesics such as paracetamol (also known as acet-
aminophen) and non-steroidal anti-inflammatory drugs (NSAIDs) such as
aspirin or ibuprofen are amongst the most widely sold medications in the
world. Paracetamol is considered the safest analgesic to take during preg-
nancy, with around 50–65%of pregnant womenworldwide using it at some
stage of their pregnancy42–44. Paracetamol is important for the treatment of
fever and severe pain during pregnancy. If left untreated, fever could harm
the mother and her developing fetus. However, less than 10% of pregnant
women use paracetamol for management of fever, with the majority of use
being for chronic pain and headaches. The popularity of paracetamol for
treating various types of pain and fever is in part due to the recommendation
against using NSAIDs such as ibuprofen and aspirin, both of which are
contraindicatedafterweek 28of pregnancydue to apotential impacton fetal
kidney and heart development (https://www.gov.uk/drug-safety-update/
non-steroidal-anti-inflammatory-drugs-nsaids-potential-risks-following-
prolonged-use-after-20-weeks-of-pregnancy). Over 25% of pregnant
women do, though, take NSAIDs during the first trimester45. Furthermore,
pregnantwomenwhouse analgesics are frequently unaware of the potential
for adverse side effects of this medication, with analgesics therefore often
taken inappropriately46. One study demonstrated that, unless specifically
prompted, many pregnant women did not consider mild analgesics as
medications43. This suggests that analgesic usage during pregnancy may be
widely under-reported. Observational studies suggest an association
between analgesic consumption during pregnancy and genital malforma-
tions, increasing the risk of congenital cryptorchidism47–49. In turn, cryp-
torchidism is itself a risk factor for poor semen quality, testicular germ cell
cancer, and early puberty onset50. This potential risk from analgesic con-
sumption during pregnancy is supported by evidence from animal model
work. Animal model studies show that paracetamol can directly perturb
hormone-dependent processes and cause urogenital tract reproductive
disorders: impacts on male offspring include impaired masculinization,
anti-androgenic effects, aberrations in testicular function, and increased
occurrence of abnormal sperm51,52. Similarly, animal studies reporting
effects on ovary development include reduced oocyte number, early ovarian
insufficiency, and a reduction in fertility (reviewed in refs. 53,54). In 2021, a
worldwide group of scientists, clinicians, and public health professionals
raised concerns over this matter, highlighting developmental effects asso-
ciated with maternal and perinatal use of paracetamol, including repro-
ductive and urogenital disorders47. Their Consensus Statement urged
caution, recommending that pregnant women should be advised from the
start of pregnancy to avoid paracetamol unless its use ismedically indicated,
and tominimize exposure by using the lowest effective dose for the shortest
possible duration.

The best way forward
In some instances, treatment of pregnant women with pharmaceuticals is
unavoidable. Clearly, it is best if this is kept to an absoluteminimum, ideally,
medications taken where required for the long-term health of the pregnant
woman and/or of the child yet to be born, and with consideration as to
whether specific pharmaceuticals could or should be avoided. For non-
essential medications, caution is required: use of pharmaceuticals should be
reduced or even omitted where possible and appropriate, with more care
needed before labeling medications as safe to take during pregnancy.
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Where pharmaceuticals are taken during pregnancy, more informa-
tion is needed, not only regarding immediate impacts on fetal health, effects
that would be apparent by or shortly after birth, but also about longer-term
effects such as those on the reproductive systems (Fig. 2). More animal
model studies are clearly required, as are studies usinghuman tissue through
experimental models such as in vitro or transplantation work. Alongside
such research though, there is a pressing need for longitudinal studies to
monitor individuals who were exposed to drugs prior to birth as a con-
sequence of their mothers’ treatments. One of the most comprehensive
studies to date investigated long-term effects of chemotherapy exposure in
utero, following up the children of women diagnosed with hematologic
malignancies during pregnancy and with a median follow-up of nearly 20
years, although reproductive and fertility outcomes were not included in
that follow-up55. There are also organizations such as the International
Network on Cancer, Infertility and Pregnancy (INCIP: https://www.
cancerinpregnancy.org/), with one fairly recent paper from that group
finding that offspring of mothers treated with chemotherapy during their
pregnancies showed no impairment of cognitive, cardiac, or general
development in early childhood15. However, to date, most studies generally
focus on measuring major malformations, early developmental milestones,
cognitive functions, andphysical health,with littlementionof fertility issues.
Overall, more long-term studies are key to providing parents and their
offspring with information on both short- and long-term complications of
drug treatments during pregnancy. Such investigations need to be more
comprehensive in terms of outcomes followed, including examination as to
whether or not reproductive health and/or fertility are affected. When
considering consequences of fetal gonadal exposure, including the possi-
bility of epigenetic modifications to germ cells and thus the potential for
epigenetic transgenerational inheritance, it should be borne in mind that
effects could not only be on the unborn child but on generations to come.

Data availability
No datasets were generated or analysed during the current study.
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