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Abstract
Purpose of Review Anxiety symptoms increase during the peri-menstrual phase of the menstrual cycle in people with anxiety 
disorders. Whether this reflects a heightened variant of normal menstrual-related changes in psychological states experi-
enced by healthy (i.e. non-anxious) people is unknown. Moreover, menstrual-related change in anxiety symptoms is a poorly 
understood phenomenon, highlighting a need for pre-clinical models to aid mechanistic discovery. Here, we review recent 
evidence for menstrual effects on anxiety-like features in healthy humans as a counterpart to recent reviews that have focused 
on clinically anxious populations. We appraise the utility of rodent models to identify mechanisms of menstrual effects on 
anxiety and offer suggestions to harmonise methodological practices across species to advance knowledge in this field.
Recent Findings Consistent with reports in clinical populations, some evidence indicates anxiety symptoms increase during 
the peri-menstrual period in healthy people, although null results have been reported, and these effects are heterogeneous 
across studies and individuals. Studies in rats show robust increases in anxiety during analogous phases of the oestrous cycle.
Summary Studies in female rats are useful to identify the evolutionarily conserved biological mechanisms of menstrual-
related changes in anxiety. Future experimental approaches in rats should model the heterogeneity observed in human stud-
ies to increase alignment across species and advance understanding of the individual factors that increase the propensity to 
experience menstrual-related changes in anxiety.
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Introduction

The female menstrual cycle (Fig. 1A) modulates the severity 
and frequency of anxiety symptoms in a subset of menstru-
ating people with a range of diagnostic subtypes, including 
generalised anxiety disorder (GAD), social anxiety disor-
der, panic disorder, posttraumatic stress disorder (PTSD) 
and obsessive–compulsive disorder, as summarised in recent 
reviews [1, 2, 3•].

Notwithstanding notable methodological limitations 
in many of these studies, there is relative consensus that 

anxious symptoms in this subset of people worsen peri-
menstrually, i.e. the weeks prior to and during menstruation 
[3•], a phenomenon referred to as ‘premenstrual exacerba-
tion’ (PME). PME is observed across different anxiety sub-
types and symptom dimensions, including physiological [13], 
cognitive [14] and affective [15–17], and is not a product 
of comorbid reproductive endocrine conditions like premen-
strual dysphoric disorder (PMDD). In most studies, PME is 
evident in a subset and not the full complement of anxious 
symptoms measured. Moreover, a minority of studies [18] 
find no evidence for menstrual changes in any symptom. 
Evidence supports substantial individual variation in PME 
[3•], akin to that reported for PMDD and perimenopausal 
mood disorder [19]. For example, based on retrospective 
reports, estimates of PME prevalence amongst menstruat-
ing people with anxiety or related disorders are 41–79% in 
panic disorder [20, 21], 45% in social anxiety disorder [17] 
and 48.5% in obsessive–compulsive disorder [22]. Whether 
menstrual fluctuations in anxiety symptoms are specific to 
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people with anxiety disorders or are a heightened variant of 
normal changes in psychological states experienced over the 
menstrual cycle in healthy (i.e. non-anxious) people is an 
outstanding question. Moreover, the mechanisms underlying 
peri-menstrual exacerbation of anxiety symptoms are poorly 
understood (in anxious and non-anxious populations alike) 
and likely involve complex interplays between biological and 
psychological processes. Thus, pre-clinical animal models of 
menstrual changes in anxiety are required to enable the use 
of techniques that can identify biological mechanisms with 
greater precision and greater ability to interrogate cause-and-
effect at a greater pace and scale than can be achieved in 
human studies. Promisingly, comparable changes in anxiety-
like behaviour over the rat reproductive cycle (the ‘oestrous’ 
cycle) are well documented [23]. In this article, we review 
the evidence for menstrual changes in anxiety symptoms in 

healthy humans (i.e. those not meeting diagnostic criteria 
for a mental health condition, including PMDD) to provide 
a counterpart to the recent reviews on menstrual-related 
symptom changes in humans with anxiety disorders [2, 3•].  
We also review the evidence for oestrous-mediated changes 
in anxiety-like behaviour in rats and compare these findings 
against those obtained in humans. We focus on rats because 
of the inconsistent oestrous-associated hormonal and behav-
ioural changes reported in past literature in mice, possibly 
driven by strain differences and greater oestrous variability 
in mice [24–29]. We highlight both the complexities and the 
potential gains in investigating menstrual fluctuations in anxi-
ety via a cross-species translational framework, and we offer 
recommendations for future research to harmonise methodo-
logical practices across species to improve our understanding 
of this phenomena in healthy and clinical human populations.
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Menstrual Fluctuations in Anxiety in Healthy 
(Non‑anxious) Humans

Most research on menstrual changes in psychological symp-
toms in healthy people have focused on mood-related symp-
toms [30] or used global scales that average scores across 
distinct psychological states (mood and anxiety [31, 32•, 33, 
34]), resulting in a minority of research that has expressly 
measured and reported statistical comparisons for changes in 
anxiety across the menstrual cycle in healthy people. These 
studies differ substantially with respect to anxiety dimension 
assessed, e.g. trait or state anxiety using validated meas-
ures [13, 18, 35–37] or single items [38], cognitive features 

of anxiety (repetitive negative thinking [14], perceptions 
of control [33, 34], anxiety sensitivity [39]), discrete emo-
tions (nervousness/irritability [40]), sub-classes of anxiety 
(attachment anxiety [38], phobic anxiety [16], panic symp-
toms [13, 41, 42]) and fatigue [40, 43]. Moreover, most stud-
ies have assessed symptoms during pre-selected menstrual 
phases (e.g. mid-luteal versus early follicular) rather than 
over a full cycle, and the precise phases examined differ 
between studies. These factors make it difficult to compare 
findings across studies. Moreover, consistent with com-
mentaries on menstrual cycle research more broadly [4, 44], 
many studies are methodologically limited. For example, 
most studies are underpowered (with sample sizes fewer 
than 10 in several studies), and menstrual phases are poorly 
defined and unreliably measured (e.g. via day count in the 
absence of tests to confirm ovulation). Likewise, measures 
assessing anxiety are often crude (e.g. a single item), and no 
study has measured the full range of physiological, affec-
tive, cognitive and behavioural dimensions that characterise 
anxiety. Finally, very few studies have directly compared 
anxious versus non-anxious populations, which is needed 
to determine whether the presence, quality or magnitude of 
cyclic changes in anxiety symptoms differs as a function of 
mental health status.

Despite the overall limitations of the literature outlined 
above, some studies support the existence of menstrual-
related fluctuations in anxiety symptoms in healthy people. 
An early study [45] reported evidence for elevated premen-
strual anxiety relative to ovulation in a thematic analysis of 
free association speech samples. Consistent with these find-
ings, a later study [35] reported increased premenstrual state 
anxiety and obsessive–compulsive symptoms relative to the 
follicular phase, and these effects were independent of the 
severity of premenstrual physical symptoms reported (e.g. 
bloating, headache). A recent study [46•] in high-functioning 
trauma-exposed individuals, the majority of whom did not 
meet PTSD criteria, assessed PTSD symptoms daily across 
the follicular phase, as oestradiol levels were increasing, con-
firmed via salivary assays. They found that overall PTSD 
symptoms, negative cognitions, and arousal, decreased over 
this time interval. Additionally, oestradiol levels assessed 
during a lab visit negatively correlated with PTSD symptoms, 
and people in a high oestradiol menstrual phase (periovula-
tory, late-follicular) showed less sympathetic nervous system 
activity and more cortisol activity in response to a trauma 
reminder relative to those in a low oestradiol menstrual phase 
(early-follicular, early- and late-luteal). However, null results 
have also been reported in recent studies. One study [40] 
reported no menstrual-related changes in nervousness, irri-
tability, or fatigue, assessed daily over at least two menstrual 
cycles, and another [36] reported no changes in state anxiety 
during the early- and mid-follicular and mid-luteal phases. 
Another study [38] reported no changes in attachment anxiety 

Fig. 1  Sexually mature female rats and humans exhibit changes in 
secretion of the major ovarian hormones, oestradiol and progester-
one, across their reproductive cycle, which are regulated by signalling 
from the hypothalamus and pituitary gland. Changes in these hor-
mones over the average human menstrual cycle, which lasts approx. 
28 days (notwithstanding substantial within- and between-person var-
iability), are depicted in Panel A. At the start of the cycle (the follicu-
lar phase), oestradiol and progesterone are low, followed by a gradual 
rise in oestradiol produced by the developing follicle, triggered by 
elevated gonadotrophin-releasing hormone from the hypothalamus. 
Oestradiol surges prior to ovulation (the release of the egg), marking 
the end of the follicular phase, and then sharply declines. The luteal 
phase follows ovulation and is marked by elevated progesterone lev-
els, and a secondary (smaller) elevation in oestradiol, secreted by 
the corpus luteum (the transient gland formed in the ovary after the 
release of the egg). Once the corpus luteum atrophies, progesterone 
and oestradiol decline; termed the late-luteal or premenstrual phase. 
In humans, the endometrial lining of the uterus thickens during the 
follicular phase; the reduction in hormones at the end of the luteal 
phase causes the endometrium to shed, which marks menstruation, 
or the start of the next cycle. The human menstrual cycle is typically 
measured using one or a combination of methods including calendar 
counting, self-reported onset of menstrual bleeding, luteinizing hor-
mone tests for determining ovulation, and serum or salivary assess-
ment of hormone levels. For recent excellent reviews providing 
recommendations for best practices in this field, see [4–6]. Panel B 
depicts typical fluctuations in oestradiol and progesterone across the 
rat oestrous cycle, which lasts 4–5 days. Oestradiol and progesterone 
are relatively low at the start of the cycle (termed ‘diestrus’, span-
ning two days often sub-divided into ‘metestrus’ and ‘diestrus’). The 
proestrus phase follows diestrus and is marked by an oestradiol surge, 
which occurs ~ 18  h prior to ovulation, as well as a progesterone 
surge, which increases sharply in the afternoon of proestrus (10–12 h 
prior to ovulation). Both hormone levels decline as the rat moves into 
oestrus, which is when ovulation occurs and the rat is sexually recep-
tive (also known as the ‘behavioural oestrus’ phase). In rats, sexual 
activity is required to produce a functional corpus luteum. If no such 
activity occurs, the rats will move into metestrus the day after oestrus, 
and there is only a small increase in progesterone secreted by the cor-
pus luteum which is evident on the evening of metestrus, and reduces 
on the morning of diestrus as the corpus luteum atrophies [7, 8]. The 
rat oestrous cycle is typically measured via visual inspection of vagi-
nal cells [9]; corresponding hormonal levels are then inferred based 
on both vaginal cytology and the time of day the cells were collected. 
Note: oestradiol serum concentrations exist in the pico-molar range, 
whereas progesterone serum concentrations exist in the nano-molar 
range. These figures are based on data from [10–12]

◂
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or avoidance over the follicular, ovulatory and luteal phases, 
but did find that as progesterone increased relative to each 
person’s average progesterone levels, anxiety also increased. 
Other studies [33, 34] found no changes in perceived con-
trol from the follicular to premenstrual phases. Studies using 
between-groups comparisons have reported mixed results 
[37, 38, 47], but a major limitation of between-group designs 
is the inability to control for individual differences in anxiety 
levels that could mask within-person variation.

Of the studies that have directly compared menstrual 
effects in anxious versus non-anxious people, some have 
reported no evidence for menstrual changes in self-reported 
anxiety symptoms, or panic symptoms, in non-anxious peo-
ple [13, 18, 42], despite these studies finding some evidence 
for cyclic changes in anxiety symptoms in people with panic 
disorder. Likewise, a more recent study [48] reported no 
menstrual changes in panic symptoms in people without 
panic disorder, despite finding a premenstrual increase in 
panic symptoms in people with panic disorder and a men-
ses-related increase in physical symptoms (e.g. bloating, 
headache) in both groups. We recently reported that non-
anxious people exhibited increased mental fatigue from the 
early follicular to the mid-luteal phase, comparable to the 
high levels of fatigue exhibited by people with GAD at both 
menstrual phases [43]. In a separate study [14], we found 
no evidence for menstrual fluctuations in repetitive negative 
thinking and negative effect amongst non-anxious people, 
despite finding a mid-luteal increase in these symptoms in 
people with GAD. However, within-person fluctuations in 
progesterone were related to these symptoms in non-anxious 
people, but not those with GAD. Specifically, these symp-
toms were elevated during times of reduced progesterone 
levels relative to each person’s average, consistent with pro-
gesterone’s role in the synthesis of anxiolytic neurosteroids. 
Finally, studies on PTSD have reported an increase in phobic 
anxiety in the early-follicular phase relative to the mid-luteal 
phase in trauma-exposed people with PTSD, but not those  
without PTSD [16], with no cyclic changes in either group on  
anxiety sensitivity [39].

Other studies have examined individual difference factors 
that moderate menstrual fluctuations of anxiety symptoms 
in healthy people. Nillni et al. [41] compared changes in 
panic symptoms in healthy people who were high or low in 
anxiety sensitivity (fear of anxiety and anxiety-related sensa-
tions) at different menstrual phases. Cognitive responses to 
a  CO2 challenge (e.g. fear of losing control) were higher in 
the premenstrual phase relative to the follicular phase, only 
in people high in anxiety sensitivity. There was no impact 
of the menstrual cycle in either group on physical or self-
reported panic symptoms. A recent study [49] reported that 
whereas people higher in health anxiety reported increases 
in perceived stress from the follicular phase to the week prior  
to menses, the opposite pattern was noted in those lower 

in health anxiety. Notably, health anxiety did not moderate 
premenstrual symptoms, illustrating menstrual changes in 
anxiety symptoms seem to exist independent of premen-
strual symptom severity.

Combined, evidence to date for menstrual-related fluctua-
tions in anxiety in healthy people appears more equivocal 
than that in populations with anxiety disorders. However, 
of the studies that do report significant changes, in general 
(with some exceptions), it is the peri-menstrual phase that 
is associated with anxiety symptom exacerbation, consistent 
with the pattern of PME reported in clinical populations.

Methodological Considerations in Studies 
of Menstrual‑related Anxiety Change in Healthy 
Humans

The work by Nillni and colleagues highlights the impor-
tance of the moderating role of individual difference factors, 
such as anxiety sensitivity and health anxiety. These factors 
may be widely dispersed in a healthy population, as opposed 
to a clinical population which may cluster more uniformly 
around one point of these dimensions (e.g. high anxiety 
sensitivity). The wider dispersion of these factors in healthy 
populations could lead to greater variation in the magnitude, 
presence, or direction of menstrual cycle fluctuation and may 
partly account for null results or inconsistencies between 
studies in healthy people. Relatedly, menstrual fluctuation 
in anxiety symptoms is likely a heterogeneous phenomenon 
experienced by a subset of those who menstruate, and there 
may be distinct sub-patterns of cyclic changes in symptoms. 
This is exemplified in work by Kiesner [32•], who tracked 
changes in anxiety and depression in a community sample 
of 213 people (including those with and without psychiat-
ric conditions and menstrual-related difficulties) across two 
menstrual cycles. A single score of anxiety and depression 
was calculated by collapsing responses to two items query-
ing anxiety and four items querying depression in the last 
24 h. Although the study is somewhat limited by the use of 
an unvalidated measure of anxiety, the outcomes highlight  
the importance of considering individual trajectories of  
symptom change over the cycle. Specifically, cluster analysis 
revealed four patterns of anxiety/depression change across 
the menstrual cycle, with one group reporting no cyclic 
change, another group reporting a midcycle symptom exac-
erbation (around ovulation), and the remaining two groups 
both reporting a ‘classic’ premenstrual symptom exacerba-
tion, with one of the groups exhibiting a larger magnitude of 
change than the other. Combined, work by Nillni and Kiesner 
suggests that an advanced understanding of the phenomenol-
ogy of menstrual fluctuation in anxiety symptoms in healthy 
people is likely to be made by using sufficiently sized sam-
ples to capture an array of individual variations and to use 
statistical techniques (e.g. latent group modelling) to identify  
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subgroups exhibiting different patterns of symptom change. 
Conversely, groups could be selected for more focused 
investigations by pre-selecting individuals for heightened 
or reduced levels of moderators implicated in menstrual 
effects on anxiety (e.g. anxiety sensitivity, health anxiety).

Other methodological considerations include the impor-
tance of measuring for hormonal contraceptive use, like the 
oral contraceptive pill, which introduces high and relatively 
steady levels of synthetic oestradiol and progestins. The 
oral contraceptive pill chronically suppresses ovulation and 
inhibits ovarian production of oestradiol and progesterone. 
Several studies did not assess hormonal contraceptive use 
(e.g. [48]), which significantly compromises the internal 
validity of the study because changes in anxiety symptoms 
observed over a monthly timeframe in people taking hormo-
nal contraceptives cannot be attributed to the impact of the 
menstrual cycle. Moreover, an underutilised but possibly 
useful approach is to compare changes in anxiety symptoms 
between cycling people and those taking the oral contracep-
tive pill. Such a design would enable hypotheses regarding 
the mechanisms of menstrual-related symptom change to 
be assessed. For example, if cyclic changes in hormones 
mediate symptom change, then the magnitude of symptom 
variance over time should be reduced in those taking the 
oral contraceptive pill (who have steady levels of hormones) 
relative to cycling people. A conceptually similar idea is  
to compare symptom change in cycling people during ovula-
tory versus anovulatory cycles, which differ in their hormo-
nal profiles (e.g. anovulatory cycles have lower progester-
one) and thus provide a comparison condition to enable the 
assessment of hypotheses regarding mechanisms of men-
strual fluctuations in anxiety. For example, a within-person 
analysis in a longitudinal study [50] revealed a greater peri-
menstrual increase in self-reported anxiety for ovulatory ver-
sus anovulatory cycles. Data from anovulatory cycles could 
easily be examined via within-person analyses over multiple 
cycles or between-person analyses over a single cycle.

Oestrous Fluctuations in Anxiety‑like 
Behaviour in Female Rats

Symptoms of anxiety disorders can be modelled in rats using 
unlearned fear paradigms. The most common unlearned fear 
tasks capitalise on the animal’s innate fear of ethologically 
relevant stimuli (e.g. elevated or open spaces, bright lights, 
predator odour) and therefore do not require training to 
evoke behavioural fear responses (e.g. avoidance, freezing), 
termed ‘anxiety-like behaviour’. These approach-avoidance 
conflict tasks include the elevated plus maze, open field test 
and light–dark box. Other unlearned fear tasks that do not 

depend on approach-avoidance conflict include those meas-
uring active avoidance behaviour (e.g. shock probe bury-
ing test, marble burying test), startle response (e.g. acoustic 
startle, light-enhanced startle) or social behaviour (e.g. ultra-
sonic vocalisations, social interaction tests).

The impact of the oestrous cycle (Fig. 1B) on anxiety-
like behaviour in female rats is conceptually consistent 
with findings in clinically anxious and healthy women. 
That is, female rats exhibit higher anxiety-like behaviour 
when tested during oestrous phases of low sex hormones 
(metestrus or diestrus) compared to oestrous phases of high  
sex hormones (proestrus). These effects are highly robust 
across various rat strains, testing paradigms, lighting con-
ditions and experimental designs and have not diminished 
over time, with several recent studies reporting similar 
results [51–65, 66•, 67•, 68, 69•]. A minority report null 
effects [70–75]. The analogous findings cross-species 
suggest that changes in anxiety coincident with cycling 
hormones are likely linked to an evolutionarily conserved 
mechanism in female rats and women. Given that rats do 
not menstruate, it is unlikely that physical symptoms asso-
ciated with menses in women (e.g. pain, physical discom-
fort) can completely account for peri-menstrual anxiety, 
notwithstanding the likely impact of social and cultural 
beliefs about menstruation [76]. For example, one possi-
bility is that heightened anxiety during the premenstrual 
phase is a by-product of heightened threat perception fol-
lowing ovulation that facilitates a successful pregnancy 
[77], which may be more evident in hormonally sensitive 
individuals. Another possibility is that changes in anxiety 
coincident with cycling hormones across the reproductive 
cycle prepare rats and humans to respond appropriately to 
extended and elevated hormonal changes across the peri-
partum period to ensure offspring survival.

Potential biological mechanisms underlying hormonal-
associated fluctuations in anxiety that have been exam-
ined in female rats and humans include oestradiol and the 
oestrogen receptors [78, 79], the progesterone metabo-
lite allopregnanolone and its actions on the GABAergic 
system [80, 81] and the neurotransmitter serotonin [82]. 
However, the mechanisms remain understudied, and the 
mechanisms contributing to individual variance in men-
strual fluctuations in anxiety are unknown and are difficult, 
time-intensive and costly to examine in humans. Studies in 
female rats offer a controlled laboratory setting to inves-
tigate the potential neurobiological and endocrinological 
mechanisms that may underlie menstrual-related changes in 
anxiety symptoms in humans with greater scale and pace. 
To help improve the translational value of female rat find-
ings, in the following sections, we offer some considera-
tions for future research.
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Defining and Aligning Oestrous and Menstrual Cycle 
Phases

Although there are broad similarities between the human 
and rat reproductive cycles (Fig. 1), there are also differ-
ences. In addition to differences in cycle length, the tim-
ing of ovulation relative to the progesterone surge differs 
between rats and humans, with ovulation occurring prior 
to the progesterone surge in humans and after the proges-
terone surge in rats. In both species, oestradiol surges prior 
to ovulation, but whereas humans experience a secondary 
rise in oestradiol during the post-ovulation luteal phase, this 
is absent in rats. Both species exhibit a post-ovulation rise 
in progesterone, but this appears to be stronger in humans 
than in rats. Finally, unlike humans, rats do not menstru-
ate. As such, although the impact of relative differences in 
sex hormone levels on various behavioural outcomes can be 
compared in humans and rats, it is important to be mindful 
of cross-species differences when making inferences about 
humans based on rats – A point that is rarely acknowledged 
in studies on oestrous effects on anxiety-like behaviour.

We suggest that translational researchers justify their 
selection of the oestrous phase being examined and the 
time of day of testing based on the research question and 
indicate how it aligns with the human menstrual cycle. For 
example, if a researcher is interested in declining oestradiol 
and progesterone levels as experienced during the premen-
strual phase in humans, this may correspond to the oestrus 
phase in rats. However, this may confound the impact of 
declining sex hormones with the period of sexual recep-
tivity, so testing during metestrus or diestrus may be more 
appropriate. Some researchers use the afternoon of diestrus 
in female rats as an analogue to the premenstrual phase in 
humans, given that during diestrus, there is a withdrawal 
from a mini peak in progesterone which is then proceeded 
by a surge in oestradiol [73, 83–85]. Moreover, while some 
studies examine distinct oestrous phases [52–62, 68, 70–73], 
others combine phases with similar hormonal profiles, with 
proestrus and oestrus as a ‘high sex hormones’ group [51, 
63–65, 66•, 67•, 69•, 74, 75] despite oestradiol and proges-
terone declining during oestrus and potentially diluting the 
anxiolytic effect of proestrus. Studying oestrous phases that 
are clearly defined with respect to hormonal state and are 
aligned to the human cycle will improve the translatability 
of rat findings to humans.

Using Repeated Measures to Examine Individual 
Differences in Anxiety Across the Oestrous Cycle

Whereas most rodent studies on oestrous effects adopt a 
between-subject design, most human studies on menstrual 
effects adopt a within-subject design, which, as noted, is 
better suited to detect menstrual-related changes in anxiety. 

Behaviour on unlearned fear tests in rats, such as the EPM, 
is commonly evaluated using a single trial to avoid behav-
ioural changes that may arise due to non-associative learn-
ing processes (e.g. sensitization or habituation). This con-
cern stems from the observation of a ‘one-trial tolerance’ to 
the anxiolytic-like effects of benzodiazepines on the EPM, 
wherein the anxiolytic effects are diminished upon a second 
exposure to the EPM [86, 87]. However, there is little evi-
dence to suggest that sensitisation or habituation to anxiety 
tests occurs under non-drug-induced states. Rather, a recent 
study in male rats found that behaviour on the EPM was 
comparable over three trials, with deviations from the ini-
tial test only emerging in the fourth trial [88]. Unpublished 
data from our lab has found a similar lack of sensitisation or 
habituation in female rats over two testing trials on the EPM 
and LDB (Fig. 2). As such, repeated testing on unlearned 
fear tasks may be a valid approach for assessing oestrous 
effects on anxiety-like behaviour in female rats, requiring 
only two trials (e.g. once each during metestrus and proes-
trus), counterbalancing oestrous phase at the first test.

Examining oestrous effects on anxiety-like behaviour using  
a within-subjects design is advantageous because it allows 
researchers to identify underlying mechanisms that account 
for individual differences in oestrous-related exacerbation 
in anxiety-related behaviour, with the aim of translating 
these findings to understand the biological source of the 
heterogeneity of menstrual effects on anxiety in humans. 
Indeed, individual differences in oestrous effects on anxiety-
like behaviour have been demonstrated on a marble burying 
task, such that only 30% out of 85 female rats exhibited 
cycle-dependent burying behaviour, with higher marble 
burying during metestrus versus proestrus [60]. Future 
studies could measure both anxiety-like behaviour (e.g. via 
EPM) and hormone/neurosteroid levels (e.g. blood collec-
tion via catheter) at multiple oestrous phases in the same rat.  
This experimental approach would enable researchers to 
identify whether absolute levels of hormones, changes in 
hormones and/or the ratio of hormones are associated with 
variability in oestrous effects on anxiety-like behaviour. Stud-
ies in rats could also identify the neurobiological processes  
underlying heightened sensitivity to hormonal fluctuations 
in the absence of differential hormone/neurosteroid levels. 
For example, unlike in humans, studies in rats could eas-
ily examine brain changes (e.g. neuronal activity via cfos 
expression, gene and protein expression) to typical hormo-
nal changes across the oestrous cycle in rats identified as 
‘hormone sensitive’ (i.e. rats that exhibit cyclic-dependent 
anxiety-like behaviour). This is important given recent 
demonstrations that cell cultures from people with versus 
without PMDD exhibit differential changes in gene expres-
sion following treatment with oestradiol and progesterone 
[89]. These findings highlight the need to examine cellu-
lar responsivity to hormones beyond the crude assessment 
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of absolute changes in hormones, which is something that 
can be measured with greater ease in rats. The knowledge 
gained from such experiments may provide insights into the 
endocrinological and neurobiological characteristics of the 
subset of humans with and without anxiety disorders who 
experience menstrual fluctuations in anxiety.

Modelling Multiple Features of Anxiety in Rats 
and Aligning Experimental Tasks Across Species

Just as anxiety symptoms in humans are comprised of affec-
tive, behavioural, physiological, and cognitive dimensions 
that can be assessed using different procedures, tests of 
unlearned fear in rats capture different facets of anxiety-
like behaviour [90]. For example, some tasks measure active 
responses (burying behaviour, compulsive grooming), 
whereas others measure passive responses (freezing, avoid-
ance). However, most studies measure anxiety-like behav-
iour on a single approach-avoidance task. While these tasks 
have high face validity given that avoidance is a key charac-
teristic of anxiety disorders, the caveat of these tasks is that 
it is difficult to disentangle differences in emotionality and 

general locomotor activity, an issue which appears to be par-
ticularly relevant for female rats [91]. It has been suggested 
that researchers can address this post-hoc by calculating a 
ratio score of anxiety-like behaviours divided by locomo-
tive measures (e.g. the ‘anxiety index’ [92, 93]). Another 
solution is to use a battery of tests, including active tasks, 
such as marble burying behaviour, acoustic startle response, 
light-potentiated startle response or social interaction, which 
would produce a more comprehensive picture of oestrous 
effects on anxiety [51, 56, 61, 62, 66•].

An advantage of using measures such as the acoustic 
startle response in female animals is that this test can also 
be examined in humans. Indeed, some studies report higher 
startle response during the late-luteal phase compared to 
the early follicular phase in humans [94, 95], although  
other studies report no changes [96, 97]. Another task that 
can be examined across species is the light-potentiated  
startle response in female rats and the dark-potentiated star-
tle response in humans [98], yet no studies have examined  
the effect of the reproductive cycle on these tasks. Humans 
can also be tested on an EPM using virtual reality while 
also measuring physiological responses (e.g. heart rate, 
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Fig. 2  Unpublished findings from our lab. Sprague–Dawley adult 
female rats were tested twice on the elevated plus maze (n = 18) and 
twice on the light–dark box (n = 14). Half the rats were tested during 

metestrus first, while the other half were tested during proestrus first. 
There were no significant differences in any behaviour measures from 
test 1 to test 2 (paired-samples t’s < 1)
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breathing) and subjective measures of anxiety [99, 100•]. 
Examining common tasks across species may improve the 
translatability of results. In addition, such findings will add 
to a growing body of research showing that cyclic sex hor-
mones impact models of learned anxiety-related features in 
rats and humans, such as fear extinction (model of fear inhi-
bition [101]) and pre-pulse inhibition of the startle response 
(model of sensorimotor gating [102]). Moreover, whereas 
rat studies assess anxiety-like behaviour under provoked 
(inherently threatening) situations, the majority of studies 
on menstrual-related effects on anxiety in healthy humans 
measure changes in basal (i.e. unprovoked) symptoms, with 
some notable exceptions [13, 46•]. More robust effects of 
the menstrual cycle could be unmasked in healthy people 
using tasks designed to provoke symptoms (e.g. behavioural 
approach tests with spiders, social stress paradigms); this 
is particularly relevant in healthy people, given that floor 
effects could contribute to null results.

Testing Non‑human Animals Selectively Bred 
for High Anxiety to Align with Clinically Anxious 
Humans

To the best of our knowledge, all research on oestrous effects 
on anxiety-like behaviour have been conducted using nor-
mally bred adult female rats, with one exception [65] that 
examined Wistar Kyoto rats, a strain associated with height-
ened stress sensitivity. Selective breeding for extremes in trait 
anxiety has produced rodent strains with inborn low or high 
anxiety-like behaviour [103, 104]. Whereas the literature on 
oestrous effects on anxiety in normally bred rats may offer 
insights into menstrual-related changes in anxiety in healthy 
people, future studies testing oestrous effects on anxiety- 
like behaviour in female rodents selectively bred for high 
anxiety-like behaviour may be a promising animal model 
for examining the genetic, neurobiological, and endocrino-
logical causes of menstrual-related anxiety fluctuations in 
clinically anxious women. Additionally, examining oestrous 
effects on anxiety-like behaviour in both normally bred and 
high-anxiety rodents may be a useful analogue to examine 
potential differences in menstrual cycle effects on anxiety 
between healthy and clinically anxious human populations.

Conclusions

Fluctuations in anxiety across the menstrual cycle are 
evident in both clinical and healthy human populations, 
although evidence to date indicates a more robust effect 
in clinical populations, and substantial heterogeneity is 
evident in both populations. Analogous fluctuations in 
anxiety-like behaviour across the oestrous cycle in rats 
point to an evolutionarily conserved biological mechanism 

that at least in part underlies these effects. Cross-species 
translational frameworks can be better leveraged to inves-
tigate and understand this effect. Future research should 
endeavour to improve the alignment of cross-species mod-
els through increasing the reliability and comparability of 
the hormonal phases that are examined, employing within-
subject designs, and further investigating which individ-
ual factors may contribute to the incidence and pattern of 
menstrual-related fluctuations in anxiety across species.

Acknowledgements Preparation of this manuscript was supported by 
an Australian Research Council Discovery Project (DP220101339) to 
BMG.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions.

Declarations 

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance

 1. Handy AB, Greenfield SF, Yonkers KA, Payne LA. Psychi-
atric symptoms across the menstrual cycle in adult women: a  
comprehensive review. Harv Rev Psychiatry. 2022;30:100–17.

 2. Nillni YI, Rasmusson AM, Paul EL, Pineles SL. The impact of 
the menstrual cycle and underlying hormones in anxiety and 
PTSD: what do we know and where do we go from here? Curr 
Psychiatry Rep. 2021;23:8.

 3.• Green SA, Graham BM. Symptom fluctuation over the men-
strual cycle in anxiety disorders, PTSD, and OCD: a system-
atic review. Arch Womens Ment Health. 2022;25:71–85. A 
recent systematic review of menstrual fluctuations in anxi-
ety symptoms in people with anxiety disorders, PTSD and 
OCD.

 4. Schmalenberger KM, Tauseef HA, Barone JC, Owens SA, 
Lieberman L, Jarczok MN, et al. How to study the menstrual 
cycle: practical tools and recommendations. Psychoneuroendo-
crinology. 2021;123: 104895.

704 Current Psychiatry Reports (2022) 24:697–707

http://creativecommons.org/licenses/by/4.0/


1 3

 5. Hampson E. A brief guide to the menstrual cycle and oral con-
traceptive use for researchers in behavioral endocrinology. Horm 
Behav. 2020.

 6. Shea AA, Vitzthum VJ. The extent and causes of natural varia-
tion in menstrual cycles: integrating empirically-based models 
of ovarian cycling into research on women’s health. Drug Dis-
covery Today: Disease Models. 2020;41–9.

 7. Smith MS, Freeman ME, Neill JD. The control of progesterone secre-
tion during the estrous cycle and early pseudopregnancy in the 
rat: prolactin, gonadotropin and steroid levels associated with 
rescue of the Corpus luteum of pseudopregnancy. Endocrinology. 
1975;96:219–26.

 8. Hubscher CH, Brooks DL, Johnson JR. A quantitative method 
for assessing stages of the rat estrous cycle. Biotech Histochem. 
2005;80:79–87.

 9. Becker JB, Arnold AP, Berkley KJ, Blaustein JD, Eckel 
LA, Hampson E, et al. Strategies and methods for research 
on sex differences in brain and behavior. Endocrinology. 
2005;146:1650–73.

 10. Butcher RL, Collins WE, Fugo NW. Plasma concentration of LH, 
FSH, prolactin, progesterone and estradiol-17beta throughout the 
4-day estrous cycle of the rat. Endocrinology. 1974;94:1704–8.

 11. Abraham GE, Odell WD, Swerdloff RS, Hopper K. Simulta-
neous radioimmunoassay of plasma FSH, LH, progesterone, 
17-hydroxyprogesterone, and estradiol-17 beta during the men-
strual cycle. J Clin Endocrinol Metab. 1972;34:312–8.

 12. Draper CF, Duisters K, Weger B, Chakrabarti A, Harms AC, 
Brennan L, et al. Menstrual cycle rhythmicity: metabolic pat-
terns in healthy women. Sci Rep. 2018;8.

 13. Sigmon ST, Dorhofer DM, Rohan KJ, Hotovy LA, Boulard NE, 
Fink CM. Psychophysiological, somatic, and affective changes 
across the menstrual cycle in women with panic disorder. J Con-
sult Clin Psychol. 2000;68:425–31.

 14. Li SH, Denson TF, Graham BM. Women with generalized anxi-
ety disorder show increased repetitive negative thinking dur-
ing the luteal phase of the menstrual cycle. Clin Psychol Sci. 
2020;8:1037–45.

 15. Kaspi SP, Otto MW, Pollack MH, Eppinger S, Rosenbaum JF. 
Premenstrual exacerbation of symptoms in women with panic 
disorder. J Anxiety Disord. 1994;8:131–8.

 16. Nillni YI, Pineles SL, Patton SC, Rouse MH, Sawyer AT, Rasmusson  
AM. Menstrual cycle effects on psychological symptoms in women 
with PTSD. J Trauma Stress. 2015;28:1–7.

 17. van Veen JF, Jonker BW, van Vliet IM, Zitman FG. The effects 
of female reproductive hormones in generalized social anxiety 
disorder. Int J Psychiatry Med. 2009;39:283–95.

 18. Stein MB, Schmidt PJ, Rubinow DR, Uhde TW. Panic disorder 
and the menstrual cycle: panic disorder patients, healthy control 
subjects, and patients with premenstrual syndrome. Am J Psy-
chiatry. 1989;146.

 19. Rubinow DR, Schmidt PJ. Is there a role for reproductive steroids 
in the etiology and treatment of affective disorders? Dialogues 
Clin Neurosci. 2018;20:187–96.

 20. Cook BL, Noyes R, Garvey MJ, et al. Anxiety and the menstrual 
cycle in panic disorder. J Affect Disord. 1990;19:221–6.

 21. Kaspi SP, Otto MW, Pollack MH, et al. Premenstrual exacer-
bation of symptoms in women with panic disorder. J Anxiety 
Disord. 1994;8:131–8.

 22. Vulink NCC, Denys D, Onie Bus L, Westenberg HGM. Female 
hormones affect symptom severity in obsessive-compulsive dis-
order. Int Clin Psychopharmacol. 2006;21:171–5.

 23. Lovick TA, Zangrossi H Jr. Effect of estrous cycle on behavior 
of females in rodent tests of anxiety. Front Psychiatry. 2021;12: 
711065.

 24. Walmer DK, Wrona MA, Hughes CL, Nelson KG. Lactoferrin 
expression in the mouse reproductive tract during the natural 

estrous cycle: correlation with circulating estradiol and proges-
terone. Endocrinology. 1992;131:1458–66.

 25. McLean AC, Valenzuela N, Fai S, Bennett SA. Performing vagi-
nal lavage, crystal violet staining, and vaginal cytological evalu-
ation for mouse estrous cycle staging identification. J Vis Exp. 
2012;e4389.

 26. Walf AA, Koonce C, Manley K, Frye CA. Proestrous compared 
to diestrous wildtype, but not estrogen receptor beta knockout, 
mice have better performance in the spontaneous alternation 
and object recognition tasks and reduced anxiety-like behav-
ior in the elevated plus and mirror maze. Behav Brain Res. 
2009;196:254–60.

 27. Koonce CJ, Walf AA, Frye CA. Type 1 5α-reductase may be 
required for estrous cycle changes in affective behaviors of 
female mice. Behav Brain Res. 2012;226:376–80.

 28. Meziane H, Ouagazzal AM, Aubert L, Wietrzych M, Krezel W. 
Estrous cycle effects on behavior of C57BL/6J and BALB/cByJ 
female mice: implications for phenotyping strategies. Genes 
Brain Behav. 2007;6:192–200.

 29. Corpéchot C, Collins BE, Carey MP, Tsouros A, Robel P, Fry 
JP. Brain neurosteroids during the mouse oestrous cycle. Brain 
Res. 1997;766:276–80.

 30. Laessle RG, Tuschl RJ, Schweiger U, Pirke KM. Mood 
changes and physical complaints during the normal menstrual 
cycle in healthy young women. Psychoneuroendocrinology. 
1990;15:131–8.

 31. Craner JR, Sigmon ST, Young MA. Self-focused attention and 
symptoms across menstrual cycle phases in women with and with-
out premenstrual disorders. Cogn Ther Res. 2016;40:118–27.

 32.• Kiesner J. One woman’s low is another woman’s high: para-
doxical effects of the menstrual cycle. Psychoneuroendocrinol-
ogy. 2011;36:68–76. One of few studies to characterise sub-
patterns of menstrual changes in affective symptoms in a 
large community sample including those with and without 
psychiatric and menstrual-related conditions.

 33. Mahon JN, Rohan KJ, Nillni YI, Zvolensky MJ. The role of 
perceived control over anxiety in prospective symptom reports 
across the menstrual cycle. Arch Womens Ment Health. 
2015;18:239–46.

 34. Manikandan S, Nillni YI, Zvolensky MJ, Rohan KJ, Carkeek 
KR, Leyro TM. The role of emotion regulation in the experi-
ence of menstrual symptoms and perceived control over anxiety-
related events across the menstrual cycle. Arch Women’s Ment 
Health. 2016;19:1109–17.

 35. Gonda X, Telek T, Juhász G, Lazary J, Vargha A, Bagdy G. 
Patterns of mood changes throughout the reproductive cycle in 
healthy women without premenstrual dysphoric disorders. Prog 
Neuropsychopharmacol Biol Psychiatry. 2008;32:1782–8.

 36. Özer Kaya D, Toprak ÇŞ. Fluctuations of state anxiety, spinal 
structure, and postural stability across the menstrual cycle in 
active women. Turk J Med Sci. 2016;46:977–84.

 37. Walder DJ, Statucka M, Daly MP, Axen K, Haber M. Biological 
sex and menstrual cycle phase modulation of cortisol levels and 
psychiatric symptoms in a non-clinical sample of young adults. 
Psychiatry Res. 2012;197:314–21.

 38. Reynolds TA, Makhanova A, Marcinkowska UM, Jasienska G, 
McNulty JK, Eckel LA, et al. Progesterone and women’s anxiety 
across the menstrual cycle. Horm Behav. 2018;102:34–40.

 39. Nillni YI, Arditte Hall KA, Langdon KJ, Pineles SL. Examina-
tion of the stability of the anxiety sensitivity index across the 
menstrual cycle in trauma-exposed women with and without 
PTSD. Anxiety Stress Coping. 2020;33:115–21.

 40. Lorenz TK, Gesselman AN, Vitzthum VJ. Variance in mood 
symptoms across menstrual cycles: implications for pre-
menstrual dysphoric disorder. Womens Reprod Health. 
2017;4:77–88.

705Current Psychiatry Reports (2022) 24:697–707



1 3

 41. Nillni YI, Rohan KJ, Zvolensky MJ. The role of menstrual cycle 
phase and anxiety sensitivity in catastrophic misinterpretation 
of physical symptoms during a CO(2) challenge. Arch Womens 
Ment Health. 2012;15:413–22.

 42. Perna G, Brambilla F, Arancio C, Bellodi L. Menstrual cycle-
related sensitivity to 35% CO2 in panic patients. Biol Psychiatry. 
1995;37:528–32.

 43. Li SH, Lloyd AR, Graham BM. Physical and mental fatigue 
across the menstrual cycle in women with and without general-
ised anxiety disorder. Horm Behav. 2020;118: 104667.

 44. Blake KR, Dixson BJW, O’Dean SM, Denson TF. Standard-
ized protocols for characterizing women’s fertility: a data-driven 
approach. Horm Behav. 2016;81:74–83.

 45. Ivey ME, Bardwick JM. Patterns of affective fluctuation in the 
menstrual cycle. Psychosom Med. 1968;30:336–345.

 46.• Rieder JK, Kleshchova O, Weierich MR. Trauma characteris-
tics moderate the relation between estradiol and trauma-related 
symptoms. J Trauma Stress. 2022;35:246–56. Assessed the 
relationship between menstrual phase, oestradiol levels 
and trauma symptoms in high-functioning trauma-exposed 
people, including use of ecological momentary assessment 
and biological stress reactivity.

 47. Lane T, Francis A. Premenstrual symptomatology, locus of 
control, anxiety and depression in women with normal men-
strual cycles. Arch Womens Ment Health. 2003;6:127–38.

 48. Haigh EAP, Craner JR, Sigmon ST, Yoon KL, Thorpe GL. 
Symptom attributions across the menstrual cycle in women with 
panic disorder. Journal of Rational - Emotive and Cognitive - 
Behavior Therapy. 2018;36:320–32.

 49. Shayani DR, Arditte Hall KA, Isley BC, Rohan KJ, Zvolensky 
MJ, Nillni YI. The role of health anxiety in the experience of 
perceived stress across the menstrual cycle. Anxiety Stress 
Coping. Routledge; 2020;33:706–15.

 50. Harvey AT, Hitchcock CL, Prior JC. Ovulation disturbances 
and mood across the menstrual cycles of healthy women. J 
Psychosom Obstet Gynaecol. 2009;30:207–14.

 51. Rodríguez-Landa JF, Guillén-Ruiz G, Hernández-López F, 
Cueto-Escobedo J, Rivadeneyra-Domínguez E, Bernal-Morales 
B, et al. Chrysin reduces anxiety-like behavior through actions 
on GABA(A) receptors during metestrus-diestrus in the rat. 
Behav Brain Res. 2021;397: 112952.

 52. Fernandez-Guasti A, Picazo O. The actions of diazepam 
and serotonergic anxiolytics vary according to the gender 
and the estrous cycle phase. Pharmacol Biochem Behav. 
1990;37:77–81.

 53. Bitran D, Dowd JA. Ovarian steroids modify the behavioral and 
neurochemical responses of the central benzodiazepine receptor. 
Psychopharmacology. 1996;125:65–73.

 54. Mora S, Dussaubat N, Diaz-Veliz G. Effects of the estrous 
cycle and ovarian hormones on behavioral indices of anxiety 
in female rats. Psychoneuroendocrinology. 1996;21:609–20.

 55. Díaz-Véliz G, Alarcón T, Espinoza C, Dussaubat N, Mora S. 
Ketanserin and anxiety levels: influence of gender, estrous 
cycle, ovariectomy and ovarian hormones in female rats. Phar-
macol Biochem Behav. 1997;58:637–42.

 56. Frye CA, Petralia SM, Rhodes ME. Estrous cycle and sex 
differences in performance on anxiety tasks coincide with 
increases in hippocampal progesterone and 3alpha,5alpha-
THP. Pharmacol Biochem Behav. 2000;67:587–96.

 57. Marcondes FK, Miguel KJ, Melo LL, Spadari-Bratfisch RC. 
Estrous cycle influences the response of female rats in the 
elevated plus-maze test. Physiol Behav. 2001;74:435–40.

 58. Frye CA, Walf AA. Changes in progesterone metabolites in 
the hippocampus can modulate open field and forced swim test 
behavior of proestrous rats. Horm Behav. 2002;41:306–15.

 59. Zuluaga MJ, Agrati D, Pereira M, Uriarte N, Fernandez-Guasti 
A, Ferreira A. Experimental anxiety in the black and white 
model in cycling, pregnant and lactating rats. Physiol Behav. 
2005;84:279–86.

 60. Schneider T, Popik P. Attenuation of estrous cycle-dependent 
marble burying in female rats by acute treatment with pro-
gesterone and antidepressants. Psychoneuroendocrinology. 
2007;32:651–9.

 61. Walf AA, Frye CA. Administration of estrogen receptor beta-
specific selective estrogen receptor modulators to the hippocam-
pus decrease anxiety and depressive behavior of ovariectomized 
rats. Pharmacol Biochem Behav. 2007;86:407–14.

 62. Frye CA, Rhodes ME. Infusions of 3alpha,5alpha-THP to the 
VTA enhance exploratory, anti-anxiety, social, and sexual behav-
ior and increase levels of 3alpha,5alpha-THP in midbrain, hip-
pocampus, diencephalon, and cortex of female rats. Behav Brain 
Res. 2008;187:88–99.

 63. Molina-Hernandez M, Tellez-Alcantara NP, Olivera-Lopez JI, 
Jaramillo MT. Estrous cycle variation in anxiolytic-like effects 
of topiramate in Wistar rats in two animal models of anxiety-like 
behavior. Pharmacol Biochem Behav. 2013;103:631–6.

 64. Sayin A, Derinoz O, Yuksel N, Sahin S, Bolay H. The effects 
of the estrus cycle and citalopram on anxiety-like behav-
iors and c-fos expression in rats. Pharmacol Biochem Behav. 
2014;124:180–7.

 65. D’Souza D, Sadananda M. Estrous cycle phase-dependent 
changes in anxiety- and depression-like profiles in the late ado-
lescent Wistar-Kyoto rat. Ann Neurosci ed. 2017;24:136–45.

 66.• Guillén-Ruiz G, Cueto-Escobedo J, Hernández-López F, Rivera-
Aburto LE, Herrera-Huerta EV, Rodríguez-Landa JF. Estrous 
cycle modulates the anxiogenic effects of caffeine in the elevated 
plus maze and light/dark box in female rats. Behav Brain Res. 
2021;413:113469. Tests the same female rats in a battery 
of unlearned fear tests (EPM, LDB) and a control locomo-
tor test to show that the oestrous cycle impacts anxiety-like 
behaviour.

 67.• Miller CK, Halbing AA, Patisaul HB, Meitzen J. Interactions of 
the estrous cycle, novelty, and light on female and male rat open 
field locomotor and anxiety-related behaviors. Physiol Behav. 
2021;228: 113203. Uses a within-subjects design to examine 
oestrous effects on the OFT in female rats.

 68. Pentkowski NS, Litvin Y, Blanchard DC, Blanchard RJ. Effects 
of estrus cycle stage on defensive behavior in female Long-
Evans hooded rats. Physiol Behav. 2018;194:41–7.

 69.• Pidoplichko VI, Aroniadou-Anderjaska V, Figueiredo TH, 
Wilbraham C, Braga MFM. Increased inhibitory activity in 
the basolateral amygdala and decreased anxiety during estrus: 
a potential role for ASIC1a channels. Brain Res. 2021;1770: 
147628. Tests different female rats in various unlearned fear 
tasks (OFT, LDB, acoustic startle response) and shows that 
the oestrous cycle impacts anxiety-like behaviour on all tasks.

 70. Nomikos GG, Spyraki C. Influence of oestrogen on spontaneous 
and diazepam-induced exploration of rats in an elevated plus 
maze. Neuropharmacology. 1988;27:691–6.

 71. Byrnes EM, Bridges RS. Reproductive experience alters anxiety-
like behavior in the female rat. Horm Behav. 2006;50:70–6.

 72. Hiroi R, Neumaier JF. Differential effects of ovarian steroids 
on anxiety versus fear as measured by open field test and fear-
potentiated startle. Behav Brain Res. 2006;166:93–100.

 73. Soares-Rachetti Vde P, de Sousa Pinto IA, Santos RO, Andre E, 
Gavioli EC, Lovick T. Short term, low dose fluoxetine blocks 
estrous cycle-linked changes in responsiveness to diazepam in 
female rats. J Psychopharmacol. 2016;30:1062–8.

 74. Scholl JL, Afzal A, Fox LC, Watt MJ, Forster GL. Sex differ-
ences in anxiety-like behaviors in rats. Physiol Behav. 2019;211.

706 Current Psychiatry Reports (2022) 24:697–707



1 3

 75. Börchers S, Krieger JP, Asker M, Maric I, Skibicka KP.  
Commonly-used rodent tests of anxiety-like behavior lack predic-
tive validity for human sex differences. Psychoneuroendocrinol-
ogy. 2022;141: 105733.

 76. Klebanov PK, Jemmott JB. Effects of expectations and bodily 
sensations on self-reports of premenstrual symptoms. Psychol 
Women Q. 1992;16:289–310.

 77. Maner JK, Miller SL. Hormones and social monitoring: menstrual 
cycle shifts in progesterone underlie women’s sensitivity to social 
information. Evol Hum Behav. 2014;35:9–16.

 78. Walf AA, Frye CA. A review and update of mechanisms of estro-
gen in the hippocampus and amygdala for anxiety and depression 
behavior. Neuropsychopharmacology. 2006;31:1097–111.

 79. Borrow AP, Handa RJ. Estrogen Receptors Modulation of Anxiety-
Like Behavior. Vitam Horm. 2017;103:27–52.

 80. Gilfarb RA, Leuner B. GABA System modifications during peri-
ods of hormonal flux across the female lifespan. Front Behav 
Neurosci. 2022;16: 802530.

 81. Schiller CE, Schmidt PJ, Rubinow DR. Allopregnanolone as a 
mediator of affective switching in reproductive mood disorders. 
Psychopharmacology. 2014;231:3557–67.

 82. Li SH, Graham BM. Why are women so vulnerable to anxiety, 
trauma-related and stress-related disorders? The potential role 
of sex hormones. Lancet Psychiat. 2017;4:73–82.

 83. Devall AJ, Santos JM, Fry JP, Honour JW, Brandão ML, Lovick 
TA. Elevation of brain allopregnanolone rather than 5-HT 
release by short term, low dose fluoxetine treatment prevents 
the estrous cycle-linked increase in stress sensitivity in female 
rats. Eur Neuropsychopharmacol. 2015;25:113–23.

 84. Machado Figueiredo R, de Carvalho MC, Brandão ML, Lovick 
TA. Short-term, low-dose fluoxetine prevents oestrous cycle-
linked increase in anxiety-like behaviour in female rats. J Psy-
chopharmacol. 2019;33:548–57.

 85. Lovick TA, Griffiths JL, Dunn SM, Martin IL. Changes in 
GABA(A) receptor subunit expression in the midbrain during the 
oestrous cycle in Wistar rats. Neuroscience. 2005;131:397–405.

 86. File SE. One-trial tolerance to the anxiolytic effects of chlordiaz-
epoxide in the plus-maze. Psychopharmacology. 1990;100:281–2.

 87. Rodgers RJ, Lee C, Shepherd JK. Effects of diazepam on behav-
ioural and antinociceptive responses to the elevated plus-maze 
in male mice depend upon treatment regimen and prior maze 
experience. Psychopharmacology. 1992;106:102–10.

 88. Schrader AJ, Taylor RM, Lowery-Gionta EG, Moore NLT. 
Repeated elevated plus maze trials as a measure for track-
ing within-subjects behavioral performance in rats (Rattus 
norvegicus). PLoS ONE. 2018;13: e0207804.

 89. Dubey N, Hoffman JF, Schuebel K, Yuan Q, Martinez PE,  
Nieman LK, et al. The ESC/E(Z) complex, an effector of response 
to ovarian steroids, manifests an intrinsic difference in cells from 
women with premenstrual dysphoric disorder. Mol Psychiatry. 
2017;22:1172–84.

 90. Ramos A. Animal models of anxiety: do I need multiple tests? 
Trends Pharmacol Sci. 2008;29:493–8.

 91. Fernandes C, González MI, Wilson CA, File SE. Factor analy-
sis shows that female rat behaviour is characterized primarily 
by activity, male rats are driven by sex and anxiety. Pharmacol 
Biochem Behav. 1999;64:731–8.

 92. Cohen H, Matar MA, Joseph Z. Animal models of post-traumatic 
stress disorder. Curr Protoc Neurosci. 2013;Chapter 9:Unit 9.45.

 93. Walf AA, Frye CA. The use of the elevated plus maze as an assay 
of anxiety-related behavior in rodents. Nat Protoc. 2007;2:322–8.

 94. Armbruster D, Grage T, Kirschbaum C, Strobel A. Processing 
emotions: effects of menstrual cycle phase and premenstrual 
symptoms on the startle reflex, facial EMG and heart rate. Behav 
Brain Res. 2018;351:178–87.

 95. Armbruster D, Strobel A, Kirschbaum C, Brocke B. The impact 
of sex and menstrual cycle on the acoustic startle response. 
Behav Brain Res. 2014;274:326–33.

 96. Epperson CN, Pittman B, Czarkowski KA, et al. Luteal-phase 
accentuation of acoustic startle response in women with pre-
menstrual dysphoric disorder. Neuropsychopharmacology. 
2007;32:2190–8.

 97. Hantsoo L, Grillon C, Sammel M, et al. Response to sertra-
line is associated with reduction in anxiety-potentiated startle 
in premenstrual dysphoric disorder. Psychopharmacology. 
2021;238:2985–97.

 98. Grillon C. Models and mechanisms of anxiety: evidence from 
startle studies. Psychopharmacology. 2008;199:421–37.

 99. Biedermann S v, Biedermann DG, Wenzlaff F, Kurjak T, 
Nouri S, Auer MK, et al. An elevated plus-maze in mixed real-
ity for studying human anxiety-related behavior. BMC Biol. 
2017;15:125.

 100.• Nouri S, Biedermann S v, Joue G, Auer MK, Sommer T, Fuss 
J. Effects of circulating estradiol on physiological, behavioural, 
and subjective correlates of anxiety: a double-blind, rand-
omized, placebo-controlled trial. Psychoneuroendocrinology. 
2022;138:105682. Tests humans on a virtual reality EPM to 
examine the impact of oestradiol on physiological, behav-
ioural and subjective measures of anxiety.

 101. Velasco ER, Florido A, Milad MR, Andero R. Sex differences 
in fear extinction. Neurosci Biobehav Rev. 2019;103:81–108.

 102. Hantsoo L, Golden CEM, Kornfield S, et al. Startling differ-
ences: using the acoustic startle response to study sex differences 
and neurosteroids in affective disorders. Curr Psychiatry Rep. 
2018;20:40.

 103. Bosch OJ. Maternal nurturing is dependent on her innate anxiety: 
the behavioral roles of brain oxytocin and vasopressin. Horm 
Behav. 2011;59:202–12.

 104. Booher WC, Hall LA, Thomas AL, Merhroff EA, Reyes  
Martínez GJ, Scanlon KE, et  al. Anxiety-related defensive 
behavioral responses in mice selectively bred for high and low 
activity. Genes Brain Behav. 2021;20: e12730.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

707Current Psychiatry Reports (2022) 24:697–707


	What Pre-clinical Rat Models Can Tell Us About Anxiety Across the Menstrual Cycle in Healthy and Clinically Anxious Humans
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Menstrual Fluctuations in Anxiety in Healthy (Non-anxious) Humans
	Methodological Considerations in Studies of Menstrual-related Anxiety Change in Healthy Humans

	Oestrous Fluctuations in Anxiety-like Behaviour in Female Rats
	Defining and Aligning Oestrous and Menstrual Cycle Phases
	Using Repeated Measures to Examine Individual Differences in Anxiety Across the Oestrous Cycle
	Modelling Multiple Features of Anxiety in Rats and Aligning Experimental Tasks Across Species
	Testing Non-human Animals Selectively Bred for High Anxiety to Align with Clinically Anxious Humans

	Conclusions
	Acknowledgements 
	References


