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Abstract

Introduction: Prenatal nicotine exposure occurs when pregnant individuals use nicotine products, exposing the fetus to
nicotine, which readily crosses the placental and blood-brain barriers, accumulating in fetal circulation and amniotic fluid. As
nicotine is a neuroteratogenic agent, prenatal nicotine exposure disrupts fetal brain development, particularly in regions
critical for memory and cognition, such as the hippocampus and prefrontal cortex. These disruptions have been shown to
have a profound long-term impact on short and long-term memory. This literature review aims to understand how prenatal
nicotine exposure affects short- and long-term memory.

Methods: A literature search was performed using Boolean operators to find pre-clinical studies, clinical studies and reviews
on the effects of prenatal nicotine exposure on memory published between 2010 and 2024. The databases used were Web of
Science, PubMed, EMBASE, and the JAMA Network. After removing duplicates and studies that did not meet inclusion
criteria, 22 studies remained.

Results: 12 preclinical studies, 6 clinical studies, and 4 reviews met the inclusion criteria and were included in this review.
The studies found the exposed participants did not perform as well as the non-exposed control participants in memory and
learning tests. Impaired brain function, hyperactivity, reduced nAChRs, and decreased integrity of the brain and neuronal
structures were found in exposed subjects across multiple studies.

Discussion: Prenatal nicotine exposure impairs memory with distinct neural and cognitive implications. It alters brain
structures such as the hippocampus, prefrontal cortex, and cerebellum, disrupting cholinergic and glutamatergic pathways
critical for memory function. Short-term memory deficits are linked to compensatory neural mechanisms, while long-term
memory impairments involve structural changes like reduced hippocampal and cortical volumes. Sex-dependent effects show
males experiencing greater spatial memory deficits, while females exhibit heightened exploratory tendencies. Due to
impaired development of the brain and/or neuronal regions critical for memory, memory and learning deficits can carry into
adolescence and adulthood of exposed participants.

Conclusion: The information summarized in this review can be used to guide future research and aid in public education on
the negative effects of maternal smoking. Therapeutic and public health-oriented strategies can be developed to reduce the
effects of prenatal nicotine exposure on cognitive development.
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Introduction exacerbates its impact on brain development through

Nicotine, a key component of tobacco, smoking and
vaping products, poses significant risks when used during
pregnancy, exposing the developing fetus to its harmful
effects through prenatal nicotine exposure (PNE) [1].
Nicotine readily crosses the placental barrier, entering
fetal circulation and causing adverse effects on
neurodevelopment such as reductions in brain cell number,
size, and surface area [1]. The blood-brain barrier (BBB), a
critical structure of the central nervous system (CNS),
regulates the brain's microenvironment by restricting the
passage of macromolecules and proteins while mediating
immune cell trafficking. Damage to the BBB by nicotine
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fewer tight junction proteins and altered ion transporter
expression which increases permeability, and induces
oxidative stress and inflammation, thus affecting the
barrier’s integrity [2].

Nicotine is a neuroteratogen that crosses both the
placental and blood-brain barriers, exposing the fetus and
thus impairing the development of brain regions critical
to memory, such as the hippocampus and prefrontal
cortex [2-4]. These disruptions are mediated by nicotine
binding to nicotinic acetylcholine receptors (nAChRs),
which are critical for cholinergic neurotransmitter system
regulation [1, 4]. NnAChRs can begin activating during the
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first trimester of pregnancy, and plays a critical role in
neurodevelopment [5]. Early activation and subsequent
desensitization of nAChRs during neurodevelopment
result in long-term neurological consequences. [5, 6].
With nicotine’s addictive property and ability to
accumulate in amniotic fluid and breast milk, fetal
exposure and risks for placental dysfunction, fetal growth
restriction, and preterm birth are amplified [3, 4].
Ultimately, these harmful effects of nicotine on fetal
brain development can carry into adulthood, creating
long-term deficits.

Methods

A systematic search of databases (Web of Science,
PubMed, EMBASE, and the JAMA Network) was
conducted to identify relevant studies published between
2010 and 2024. Boolean operators (nicotine) AND
(prenatal) AND (memory) vyielded 115 studies. After
removing duplicates and applying inclusion criteria, 22 pre-
clinical studies, clinical studies, and reviews were selected,
focusing on cognitive and anatomical outcomes related to
memory in both preclinical and clinical models after PNE.
Inclusion criteria consisted of peer-reviewed studies that
were written in English, included PNE compared to a
control, effects on short or long-term memory and/or
cognitive function. Studies that did not investigate the
anatomical or cognitive impacts of PNE were excluded.
Specific effects of polydrug exposure mentioned in a few
papers such as Liu et al. (2024) were not included due to
possible confounding effects. A secondary search was

Table 1. Summary of Findings from Preclinical Studies

conducted to supplement the findings using Boolean
operators such as (placenta), (placenta) AND (nicotine),
and (brain sparing) for additional information included in
this review. Moreover, to expand upon specific terms or
definitions, simple searches were conducted to consult
relevant literature

Results

The literature search identified 12 preclinical studies, 6
clinical studies, and 4 literature reviews. Preclinical studies
used rodent models to assess cognition and memory
through various behavioural tests, summarized in Table 1,
such as the Y-maze test, radial arm maze (RAM), Morris
water maze test (MWMT), radial arm water maze
(RAWM), novel object recognition test (NORT), object
location test (OLT), object recognition test (ORT), open
field test (OFT) [2, 7-17]. In these preclinical studies,
rodents exposed to prenatal nicotine (PN) were compared to
unexposed control counterparts to evaluate the specific
impacts of nicotine exposure on cognitive function. Human
clinical studies employed methods such as the Back-Task,
fMRI analysis, and electroencephalogram (EEG) protocols
[18-23], as summarized in Table 2. Both preclinical and
clinical studies highlight cognitive deficits. However,
clinical research is limited and sometimes fails to control
for confounding factors like alcohol, marijuana exposure, or
genetics. The studies involving animal and human subjects
included relevant ethical considerations such as formal
committee approval of utilised procedures.

Study Study Model Nicotine Exposure Results
Archie et al. Adult CD1 female | e-Cigarette (ECIG) vapour Significantly reduced expression of tight
(2023) [2] and male mice, (2.4% nicotine) from junction proteins (ZO-1, claudin-5, and

PD40-45 and
PD90-95 testing

gestational day (GD) 5 to
postnatal day (PD) 7 via
lactation.

occludin) of BBB in ECIG-exposed offspring.
Slower learning processes were observed for
ECIG-exposed male and female mice at
adulthood. Decreased short-term recognition
memory in exposed offspring for the NORT.

Al-Sawalha et al.

Wistar rats, 19

1-hour ECIG aerosol

Impairments in long-term memory function in the

(2020) [7] weeks postnatal exposure, 18 mg/mL exposed group through testing with RAM trials
testing nicotine. after 30 min, 5 hours, and 24 hours.

Church et al. CD-1 Mice, 8 16 mg/mL nicotine, 3 Delayed escape latency, and reduced probe test

(2020) [8] weeks postnatal hours/day for 7 days/week performance and increased exploratory behaviours.

testing

from GD 0.5 to GD 17.5.

Significant effects on exploratory and novelty-
seeking behaviours in females. Reduced novel
object recognition ability and IFNy in PN-exposed
offspring.

Deng et al. (2023)
[9]

C57BL/6 Mice and
only used male
offspring mice in
the behavioural
experiments, PD60
testing

200 pg/mL nicotine in
drinking water with 1%
saccharin, beginning 2
weeks before mating and
continuing through weaning
of the offspring.

Compromised recognition memory in MWMT.
Significant hippocampal and prefrontal cortical
region changes through Bdnf, pCreb, and Sert
gene expression.
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Study Study Model Nicotine Exposure Results

Gavini et al. C57BL/6 J female | 200 ug/ml of nicotine Reduction in spatial memory capacity and

(2021) [10] mice through drinking water impairment in object location memory in
mixed with 2% saccharin nicotine-exposed mice from ORT and RAM tests.
initiated 3 weeks before Decrease in acetylcholine (ACh) and
mating until birth of acetylcholinesterase (AChE) in the hippocampus.
offspring daily.

Fuentes-Cano et Albino mice 12 ug/mL of daily oral Decreased learning efficiency within a 24-hour

al. (2020) [11]

BALB/c, PD30
testing

nicotine consumption
initiated 10 days before
mating until weaning

study period. Impairments in long-term memory
after 8 days of learning experience with the
exposed mice.

Li et al. (2015)
[12]

Pregnant Sprague-
Dawley rats, PD70
testing

Nicotine at 6 mg/kg/day
with a flow rate of 60 pl/day
from GD4 until the end of
the pregnancy.

Longer escape latency for PN-exposed offspring
in the MWMT. Increased N-methyl-D-aspartic
acid receptor protein (NMDAR1) and mRNA
expression in PN-exposed offspring’s
hippocampus. Altered expression of a7 nAChRs
and NMDAR during hippocampal development.
Decreased a7-nAChRs in the hippocampus of
PN-exposed offspring.

Martin et al.
(2020) [13]

GADG67-GFP
knock-in Swiss
Webster female
mice, PD60 and
PD90 testing

100 or 200 pg/mL of
nicotine in drinking water
beginning 3 weeks before
breeding and until 3 weeks
postpartum.

Lower GABA-to-non-GABA neuron ratio in the
frontal cortex of the 200 ug/mL nicotine mice
group. Increased exploratory and novelty-seeking
behaviours in PN-exposed mice found through
photobeam motion sensor testing, Y-Maze, and
Elevated Plus Maze testing.

MccCarthy et al.
(2022) [14]

Swiss Webster
C57BL/6 female
mice, 2-3 months
testing

100-200 ug/mL nicotine in
drinking water, daily
consumption was 600-1200
ug of nicotine.

Decreased GABA-to-non-GABA ratios in PN-
exposed mice. Reduction in medial prefrontal
cortex volume and microstructural integrity of the
ansiform lobule. Increased exploratory behavior
in PN-exposed mice.

Polli et al. (2020)
[15]

NMRI Mice

300 pg/mL nicotine via
drinking water from 7 days
before mating until the end
of pregnancy. Saccharine
(2%) was added to the
drinking water.

Behavioural and neurobiological impairments in
males. Exhibited hyperactivity in females but
were otherwise less affected behaviorally. Results
measured through the spontaneous alternation
behaviour test, OFT and mRNA analysis for
mGlu and NMDA receptors.

Sirasanagandla et
al. (2014) [16]

Female Wistar
rats, PD40 testing

0.96 mg/kg body weight
subcutaneous injections
daily dose.

PNE reduced spatial learning and memory
performance in rat offspring, tested through the
MWMT.

Zhang et al.
(2018) [17]

C57BI/6 female
mice, PD30 testing

100 pg/ml of nicotine with
2% saccharin in aqueous
solution initiated 3 weeks
before mating until 3 weeks
postpartum.

Spontaneous alternation (three arm choices
without repeated entry) decreased in male mice in
the water, saccharin, and nicotine + saccharin
(N+S) groups. Object-based attention tests
showed significant deficits in male N+S mice.

Bhatt et al. | URNCST Journal (2025): Volume 9, Issue 4
DOI Link: https://doi.org/10.26685/urncst.776

Page 3 0f 9



https://www.urncst.com/
https://doi.org/10.26685/urncst.776

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Table 2. Summary of Findings from Clinical Studies

Study Nicotine Exposure Study Age Results
Size
Bennettetal. | Mean number of n=18 12 years Higher fMRI brain activation in the inferior
(2013) [18] cigarettes is 4.18 with a parietal region of the exposed group. Lesser
range of 1-10/per day inferior frontal activation in the exposed group.
King et al. Smoking rates ranged n=48 3to 5 months | Reduced orientation to stimulus from infants in
(2018) [19] from 0-20 cigarettes the PN-exposed group. Reduced delta activity in
every day for the PN- K-complexes in the PN-exposed group.
exposed group
Liu et al. Exposure to nicotine n=40 13 to 15 years | Reduced palladium volume. Results were
(2024) [20] through tobacco, quantity, confounded with cocaine exposure. Results
and frequency discussed are related to nicotine exposure.
unspecified
Longo et al. 0.03-35 mg/day of n=25 Mean age of | Greater fMRI brain response in the frontal
(2014) [21] nicotine 21 years regions of exposed individuals. Greater activity
in the parietal lobule and the left cingulate gyrus.
Madley-Dowd | Not specified n=13479 | 8to 15 years | No significant impacts on intellectual ability. A
et al. (2024) negative control design with partner smoking did
[22] not demonstrate a causal effect between PNE
and intellectual disability.
Puga et al. Exposure to cigarettes, e- | n=11448 | 9to 12 years | Impairments in picture sequence memory
(2024) [23] cigarettes, smokeless capabilities in the PNE group. Significantly
tobacco, cigars, and decreased ability in episodic memory.
hookah

Short-Term Memory Impacts of PNE

PNE significantly impacted short-term memory by
disrupting neural development through genetic and
epigenetic alterations and impaired neuronal balances, as
evidenced by both clinical and preclinical studies [2].
Specifically, PNE affected the hippocampus, a critical
region for memory, through receptor oxidative stress,
inflammation, and neurotransmitter imbalances [8, 12-,
14]. Behavioural studies with NORT showed impaired
short-term recognition memory in PNE offspring [2, 8, 9].
MWMT also revealed slowed learning in PNE offspring,
indicative of deficits in short-term spatial acquisition
[2, 8, 9, 12, 16]. The animals showed increased escape
latency and difficulty identifying platforms during
initial trials. These deficits were accompanied by altered
synaptic plasticity, reduced neural connectivity, and
disruptions in acetylcholine signalling, which is essential
for cognitive processing [24]. As such, the effects of PNE
can carry into adulthood, impairing essential cognitive
functions.

Long-Term Memory Impacts of PNE

3 reviews discussed the effects of PNE on hippocampal
neurogenesis, focusing on the effects of long-term memory
potentiation and long-term memory such as episodic
memory, semantic memory, and muscle memory [25, 26].
These forms of memory play a role in conditioning and
testing trials of various memory tests such as NORT. In
animal models, persistent autonomic alterations carried into
adulthood such as decreased norepinephrine levels and
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impaired acute cholinergic stimulation [3]. Alterations in
the brain’s cholinergic neurotransmitter system were
discussed as an effect of PNE and a justification for
decreased cognitive function [16]. The literature search
included only preclinical studies that studied the impact of
PNE on long-term memory. Studies claimed that the long-
term impacts of PNE include hyperactivity, decreased
learning and memory function, increased depression,
altered brain development and enhanced hypoxic-ischemic
brain injury [2].

Neuropathological Impacts of PNE

Nicotine directly stimulates nAChRs, altering brain
cell proliferation, maturation and differentiation [3, 12].
PNE decreases a7-nAChRs in the hippocampus of PN-
exposed offspring but no significant difference at the
MRNA level, suggesting post-transcriptional changes or
cell death rather than gene expression alterations [12].
Moreover, overactivation of NMDAR1 leads to calcium
influx, oxidative damage, mitochondrial dysfunction, and
neuronal apoptosis, impairing learning and memory [12].
PNE reduces blood oxygen levels and increases pCO, and
hemoglobin in fetuses which may exacerbate receptor
changes through oxidative stress and neuronal apoptosis,
contributing to memory impairment [12]. Reduced ACh
and AChE activity levels were reduced due to decreased
MRNA expression of choline transporters in the
hippocampus [10]. PNE has been associated with
epigenetic changes, including DNA methylation alterations
in placental and fetal tissues, particularly in hippocampal
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regions [9, 24]. For instance, studies have identified hypo-
methylation in promoter regions of nicotine-metabolizing
enzymes like CYP1Al, increasing susceptibility to
oxidative damage

Anatomical Effects of PNE

A recurring theme found in the literature highlights
areas and regions such as the hippocampus, prefrontal
cortex, cingulate gyrus, frontal gyrus, temporal gyrus,
medial temporal lobe, cerebellum, and parietal lobe and
their roles in the function of spatial, sensory, verbal ,
picture sequence, declarative, episodic memory and
overall consolidation [3, 9, 10, 12, 18, 19, 21, 23, 25, 26].
Specifically, 3 reviews discussed the hippocampus’s role
in long-term potentiation, episodic and spatial memory,
and memory retrieval via synaptic connection to areas
responsible for visual memory, auditory memory, and
semantic memory [25-27]. Changes in baseline prefrontal
cortical function affected short-term memory through an
inability to process information. fMRI studies highlighted
higher activation in regions, such as the inferior parietal
lobe, left middle frontal gyrus, and left dorsolateral
prefrontal cortex [14, 18, 21]. These brain regions are
involved in short-term memory storage, verbal memory,
and memory maintenance and manipulation, respectively,
thus critical to the normal function of short-term memory
[18, 21]. Decreases in cortical volumes of gray matter
such as the medial prefrontal cortex, which is involved in
critical regulation of attention, short-term memory, and
risk-taking behaviours, were also observed in offspring
with PNE [3, 14]. Sex differences were noted in 7 studies,
with males exhibiting greater behavioural, molecular, and
anatomical impairments related to memory than females
[2,8,9, 12-15].

Discussion

While differences in gestation timelines exist between
humans and animal model studies, rodent studies offer
valuable insight into the impacts on brain development and
help to nicotine’s neuro-teratogenic effects on the CNS
despite limitations in replicating the full human gestation
period.

Short-Term Memory

Short-term memory, also called active or working
memory, involves the temporary storage and processing of
information for fast recall [26]. Sensory memory such as
echoic or iconic memory precedes and transitions into
short-term memory upon processing [26]. PNE impacts the
structure and function of brain regions essential for memory
such as the hippocampus, prefrontal cortex, parietal lobe,
and cingulate gyrus, also inducing structural changes in
prefrontal cortex neurons, including increased dendritic
length and spine density [4].

fMRI analyses revealed heightened activity in brain
regions such as the left middle frontal gyrus and
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dorsolateral prefrontal cortex in PN-exposed individuals
during verbal memory tasks which suggests that exposed
individuals expend greater neural effort to achieve
comparable task performance to non-exposed counterparts
[21]. Increased inferior parietal activation in exposed
individuals implies a compensatory mechanism for memory
maintenance but highlights inefficiencies compared to
controls [21]. It was found that in animal model studies,
specifically male mice exposed to PNE demonstrated
anxiety- and compulsive-like behaviors, thus providing
insight into gender differences within attention deficit
hyperactivity disorder (ADHD) development in humans
[15]. Exposed individuals exhibit patterns resembling those
of ADHD, with impaired short-term memory, compared to
age-appropriate frontal region development in unexposed
counterparts [21, 25, 26]. When the development of key
brain regions like the prefrontal cortex is particularly
affected, the likelihood of disorders such as ADHD in PN-
exposed individuals increases, becoming more apparent
during school age [2, 3].

Glutamatergic neurons and GABAergic neurons, also
known as GABA, are found to be recruited as associative
memory cells in the brain [27]. Significant dose-dependent
reductions to GABA-to-non-GABA neuron ratios were
observed in preclinical studies, suggesting that PNE targets
neural networks associated with GABA transmission and
results in an imbalance between excitatory and inhibitory
signalling through a reduction in frontal cortical inhibitory
tone [14].

Long-Term Memory

Long-term memory stores information indefinitely,
thus differing from short-term in storage capacity and
duration [26]. Declarative memory, a subset of long-term
memory, includes semantic memory (general knowledge)
and episodic memory (past personal experiences) [26]. PNE
significantly impairs episodic memory, with deficits linked
to parahippocampal area reduction [23]. Structural and
functional changes due to PNE in the hippocampus and
cerebellum, critical for long-term and motor memory,
further hinder memory consolidation [20, 25, 26, 28]. PNE
compromises BBB integrity through the downregulation of
tight-junction proteins like ZO-1 and occludin, impacting
nervous tissue and behaviour [2].

A reduction in hippocampus-associated short-term and
object location memory correlated with a decrease in ACh
and AChe levels and an altered cholinergic function critical
for normal memory function [13, 29]. Reductions in
hippocampal choline transporter mRNA translation disrupt
the regulation of hippocampal circuits [29]. ACh modulation
of memory function is most prominent in the hippocampus
where its role with declarative memory is independent of the
modulation of implicit memory [29]. Nonetheless, a
decrease in ACh levels align with the impairments observed
[13]. Additionally, an absence of IFNy in memory-related
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brain regions was associated with altered performance in
tasks on memory function [8, 10, 28].

Smaller cortical volumes in the posterior cingulate and
entorhinal cortex, both critical for episodic memory
processing, and reduced pallidum volume in adolescents
exposed to PNE further underscores long-term structural
impacts [19, 20]. Disrupted K-complex delta activity during
sleep in PNE groups suggested impaired memory
consolidation  processes, particularly for declarative
memory [19]. Overall, the clinical studies indicated that
PNE does not manifest as overt cognitive deficits but
rather, induces compensatory neural strategies and
structural changes, with lasting implications for memory
and cognitive function.These compensatory strategies likely
aim to mitigate cognitive deficits as it has been discussed
that human subjects challenged with harder tasks, and
prenatally exposed to greater amounts of nicotine, may
have more difficulty compensating, thus resulting in
performance impairment [21].

Age Effects
It is important to consider the function of memory

amongst age groups participating in clinical studies as
memory function continues to change and develop after birth.
Short-term and long-term object recognition peaks during
adolescence [30]. Amongst the 6 clinical studies discussed, 1
study involved an age group of young adults, while the others
studies age groups of adolescent participants or younger
[18-23]. Longo et al. discussed greater brain responses in the
brain’s frontal regions of PNE individuals while Bennett et
al. discussed lesser inferior frontal region brain activation in
PNE individuals, suggesting changes in efficient usage of
neural resources from adolescence to young adulthood to
complete cognitive tasks [18, 21]. Both clinical studies
utilised Back-Task performance results as a metric for short-
term and long-term object recognition
[18, 21]. No prominent trends were identified between the
mice’s ages and the impacts of PNE.

Sex Differences

PNE exhibits sex-dependent effects on cognition and
behaviour in animal models. Nicotine-exposed male
offspring exhibited more significant deficits in spatial
memory and object-based attention with tasks such as the
NORT, revealing increased errors and impaired recognition
memory. These deficits may be linked to altered
glutamatergic signalling, particularly affecting mGlu and
NMDA receptor subunits in the prefrontal cortex, which
may underlie behavioural deficits such as hyperactivity and
increased escape latency in memory tasks [2, 9, 15].
However, nicotine-exposed females showed higher
exploratory behaviour, hyperactivity, and novelty-seeking
tendencies, possibly linked to estrogen receptor signalling
and the hypothalamic-pituitary axis [8, 13, 14].

Both sexes experience reductions in GABA-to-non-
GABA neuron ratios in the frontal cortex, leading to
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disrupted excitation-inhibition balance, though females
exhibit greater exploratory tendencies compared to males
[8, 12, 13]. PNE impacts the medial prefrontal cortex and
cerebellum, contributing to deficits in short-term memory
and attention regulation; these effects were more
pronounced in males, resulting in cognitive impairments
during memory retention phases [8, 9, 14]. The sex-
dependent differences of PNE can be attributed to the
varying impacts of nicotine on neurotransmitter systems,
including glutamatergic and cholinergic pathways, as well
as sex-dependent epigenetic regulation during fetal
development. Moreover, the effects of nicotine may be less
pronounced in females due to faster metabolism of nicotine
[2].Another possible reason for the sex differences is BBB
integrity. Research suggested that PNE males exhibit
greater reductions in tight junction proteins like ZO-1 and
claudin-5, which are crucial for maintaining BBB function.
Disruptions in BBB permeability may enhance the passage
of neuroinflammatory agents into the brain, exacerbating
cognitive deficits in males. Female offspring, on the other
hand, tend to have stronger BBB integrity due to higher
baseline expression of tight junction proteins, as observed
in preclinical studies comparing male and female
endothelial cells [2]. These differences in BBB regulation
may contribute to the more severe cognitive and
behavioural impairments seen in males, particularly in tasks
related to memory retention and attention [2].

Fetal Growth Restriction

PNE disrupts fetal brain development through
placental dysfunction, compensatory fetal brain responses,
and fetal growth restriction, which often results in a
premature birth [2, 12, 24]. Chronic fetal hypoxia caused
by placental dysfunction triggers brain sparing, which
redirects oxygen-rich blood to the brain, but prolonged
activation during later stages of gestation disrupts cerebral
vasculature, hindering normal brain development [12, 24,
31, 32]. Fetal growth restriction and preterm delivery
further reduce brain volume in white and gray matter,
increasing the risk of neurobehavioral challenges, motor
learning difficulties, and cognitive impairments in school-
aged children, particularly in brain regions critical for
attention and learning [3, 32].

Limitations

Through the literature review, it was determined that
PNE correlated with negative impacts on memory.
However, there remains a gap in the literature for studies
that investigated impacts of PNE on long-term memory,
specifically in human models. Future research can be driven
towards longitudinal clinical study designs with human
participants to investigate the structural, biochemical and
cognitive impacts of PNE. While existing studies primarily
focused on the overall effects of PNE, they did not
extensively investigate the underlying sex-specific
mechanisms, highlighting the need for future research on
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hormonal and genetic influences. Future research may also
include investigations into alternate exposure mechanisms
such as that of second-hand exposure to smoke from
nicotine sources.

Conclusions

This review highlighted the effects of PNE on
memory, emphasizing its impact on brain structures,
molecular pathways, and behaviour crucial to memory
development and function. Alterations in the
hippocampus, cerebellum, blood-brain barrier, and
prefrontal cortex result in cognitive deficits like impaired
object-based attention, spatial working memory, and
locomotor activity, increasing the risk of conditions like
ADHD, particularly in males. While evidence points to
the detrimental effects of PNE, gaps remain in
understanding its long-term memory impacts in humans.
These findings stress the need for public health initiatives
to reduce nicotine use during pregnancy and prevent
enduring cognitive impairments in offspring.
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