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Introduction

ADHD is a neurodevelopmental condition characterized 
by symptoms of inattention and hyperactivity/impulsivity 
(American Psychiatric Association, 2013). ADHD has 
historically been considered a male condition due to the 
higher diagnostic rates in boys, with current prevalence 
estimates in childhood of a 2.4:1 ratio of boys to girls 
(Polanczyk et al., 2007). More recently, sex and gender1 
differences in ADHD have been recognized, and demon-
strate a likely underdiagnosis of ADHD in females2 in 
childhood and adulthood, rather than a male disposition 
to ADHD (Faraone et  al., 2024; Young et  al., 2020). 
Females typically present with internalizing symptoms of 
ADHD including inattention, as well as additional symp-
toms not included in the diagnostic criteria but associated 
with ADHD, such as executive dysfunction and emotional 
dysregulation (P. Quinn & Wigal, 2004; Young et  al., 
2020). Alternatively, males, and particularly younger 
males/boys present with more externalizing symptoms 

including hyperactivity; as these symptoms are more 
observable to teachers and caregivers, they may reinforce 
sex-based perceptions of ADHD being more common in 
males, as they conform with typical characterizations of 
ADHD based on males (Mowlem et  al., 2019; Young 
et al., 2020). In this sense, the traditional conceptualiza-
tion of ADHD centered around male presentation is chal-
lenged by presentation in females, and contributes to the 
under recognition of ADHD in females. Comorbid mental 
health symptoms are also highly prevalent in people with 
ADHD (Choi et al., 2022), and specifically females with 
ADHD, which may further contribute to misdiagnosis and 
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underdiagnosis of ADHD in females (Ottosen et al., 2019; 
Young et al., 2020).

Interest has recently grown regarding sex differences in 
ADHD, including research specifically exploring ADHD 
presentation and underlying mechanisms in females. 
Endogenous sex hormones have been identified as one fac-
tor that may contribute to the sex differences in ADHD 
symptoms. Hormones such as estrogen and progesterone 
are thought to play a key role in cognition and many psychi-
atric and neurodevelopment conditions (Gurvich et  al., 
2018). In females, fluctuations of estrogen and progester-
one have been directly implicated in conditions including 
premenstrual dysphoric disorder, postpartum depression, 
and menopausal depression (Hantsoo & Epperson, 2015; 
Kulkarni et al., 2024). Other mental health conditions such 
as schizophrenia have also shown hormonal effects, with 
exacerbation of symptoms at times of low estrogen, and 
demonstrated improvement of symptoms with hormonal 
therapy (Brzezinski et al., 2017).

Sex hormones are largely produced by the gonads and 
primarily associated with their role in reproductive function-
ing, however they also have important functions as neuros-
teroids. Estrogen exists in three key forms in females: 
estrone (E1; primary estrogen during menopause), estradiol 
(E2; primary estrogen during reproductive years), and estriol 
(E3; primary estrogen during pregnancy). Progesterone is 
the second key sex hormone in females and follows the same 
patterns of estrogen, increasing from childhood into repro-
ductive years, and falling to very low levels in menopause, 
shown in Figure 1. Androgens such as testosterone are also 

present in females, though estrogen and progesterone are 
considered the key hormones in females. Estrogen and pro-
gesterone act directly on the hypothalamic-pituitary-adrenal 
(HPA) axis to modulate release of hormones, and effect reg-
ulation of monoamines including serotonin, dopamine, and 
noradrenaline, which are involved in cognition and behavior 
(Del Río et al., 2018).

Both preclinical and clinical studies have demonstrated a 
key role for sex hormones in cognition. Animal studies have 
shown organizational effects of estradiol to enhance mem-
ory, suggesting estradiol activates signaling pathways which 
stimulate synaptogenesis and changes to neuronal structures 
that improve functioning (Finney et al., 2020; Luine, 2014). 
Clinical studies provide evidence to support a role of hor-
mones in cognition; surgical menopause following bilateral 
oophorectomy with a rapid decrease in endogenous estrogen 
and progesterone, has been associated with a subjective 
decline in cognition 6 months later (Chang et al., 2021), as 
well as an increased risk of later life cognitive decline and 
dementia (Georgakis et al., 2019; Rocca et al., 2021). Natural 
menopause, which is associated with a 4- to 10-year period 
of fluctuating and declining levels of estradiol and proges-
terone, is often associated with cognitive complaints and 
symptoms of brain fog, particularly impacting attention and 
memory (Conde et al., 2021; Epperson et al., 2015; Khadilkar 
& Patil, 2019).

Dopamine is one of the most recognized neurotransmit-
ters implicated in ADHD pathology and has demonstrated 
interactions with estrogen and progesterone. In preclinical 
studies, estrogen has been shown to stimulate dopamine 

Figure 1.  Indicative sex hormone (estrogen and progesterone) levels across the lifespan in females. Created in Biorender.com.
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production and reduce reuptake and degradation at the syn-
apse (Del Río et  al., 2018). Progesterone however has 
shown more varied effects; in estrogen environments, pro-
gesterone may increase dopamine synthesis in the striatum, 
however in the prefrontal cortex, allopregnanolone, a pro-
gesterone metabolite, may have inhibitory effects on dopa-
mine release (Dazzi et al., 2002; Matuszewich et al., 2000). 
Theories surrounding a hormonal influence on ADHD sug-
gest sex hormones are likely to modulate neurotransmitters 
including dopamine, as well as serotonin and noradrenaline 
(Haimov-Kochman & Berger, 2014). This may provide a 
mechanism to explain exacerbation of ADHD symptoms 
during periods of hormonal fluctuation, such as menopause 
and across the menstrual cycle (Haimov-Kochman & 
Berger, 2014). However, empirical research investigating 
the relationship between sex hormones and ADHD symp-
toms is lacking- and potential confounders such as exoge-
nous hormones (including menopausal therapies and 
contraceptives) are often not considered in research investi-
gating ADHD in females. Two recent studies in children 
with ADHD have found associations with gene variances 
and levels of estrogen receptors (Lin et  al., 2023; Sahin 
et al., 2018). While this is suggestive of a hormonal influ-
ence, more evidence is needed. Investigation of ADHD 
symptoms and medication efficacy in the context of the hor-
monal milieu experienced by females is necessary to 
improve understandings of ADHD in females.

The aims of this systematic review are to determine 
potential effects of female sex hormones on ADHD symp-
toms/ADHD medication efficacy. Specifically, this review 
aims to:

(1)	 Determine potential effects of sex hormones (either 
measured directly or explored through life phases 
reflecting hormonal changes, such as puberty, preg-
nancy, and menopause) on ADHD symptoms or per-
ceived efficacy of ADHD medication in females.

(2)	 Determine potential effects of female sex hormones 
(including hormonal life phases) on co-existing 
mental health symptoms in females with ADHD.

Methods
This systematic review was completed according to 
PRISMA 2020 guidelines (Page et al., 2021) and registered 
on PROSPERO (CRD42024554464). Studies investigating 
relationships between female sex hormones and ADHD 
symptoms, published in English in peer-review journals 
were considered for inclusion. Relevant studies were identi-
fied by search of electronic databases Ovid MEDLINE, 
Embase, and PsycINFO from 1980 to January 24th 2025. 
Search terms for initial title and abstract screening included 
terms for ADHD, female sex hormones, hormonal life 
phases in females (i.e., puberty, pregnancy, and meno-
pause), and synonyms of these terms, as shown in Table 1.

Selection Criteria and Search Strategy

Studies were considered to meet inclusion criteria if (i) 
they included a sample of females/women with ADHD or 
a proxy ADHD screener, (ii) outcomes included a measure 
of ADHD symptoms (either a scale score or qualitative 
report), and (iii) ADHD symptoms were measured in the 
context of a hormonal phase/environment. Articles were 
excluded for one or more of the following reasons: (i) 
there was no all-female group and (ii) it was not a peer 
reviewed journal article.

All methods of ADHD diagnosis/proxy were included 
in this review, including formal diagnosis by a clinician, 
as well as self-reported scale scores indicating ADHD 

Table 1.  Search Terms. 

Attention Deficit Disorder with Hyperactivity
ADHD
attention deficit hyperactivity disorder
attention deficit disorder
Amphetamines
(clonidine and hormon*)
Atomoxetine Hydrochloride
Methylphenidate
methylphenidate
Lisdexamfetamine Dimesylate
lisdexamfetamine
Dextroamphetamine
dexamfetamine
Guanfacine
guanfacine
Estrogens
estrogen
oestrogen
estrad*
Progesterone
Progest*
testosterone
sex hormone*
Gonadal Steroid Hormones
gonadal steroid hormone*
Menarche
menarche
Menstrual Cycle
Puberty
pubert*
(hormon* and pregnan*)
Contraceptive Agents
contracepti
Hormonal Contraception
Contraceptive Agents, Female
menopause
Menopause
Postpartum Period
postpartum
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traits. ADHD outcome measures in relation to hormonal 
phases were included in the summary tables. When avail-
able, ADHD medication usage by participants was also 
recorded.

Studies were first screened by their title and abstract by 
one author, and then examined at the full text level by two 
authors. Conflicts between authors were resolved by deci-
sion of a third author.

Data Collection and Analysis

Data extraction was completed by one author for each 
report. We primarily focused on ADHD measures in 
relation to a hormonal phase (e.g., menstrual cycle and 
puberty). Secondary outcome data was collected as 
mental health symptom measures in relation to the 
hormonal phase. Results relevant for each outcome 
domain were included in analysis. Studies were 
grouped by the hormonal phase within which ADHD 
symptoms were being measured, including menstrual 
cycle, puberty, and pregnancy. Studies which could 
not be grouped due to diversity of hormonal phases 
were included in a fourth “other hormonal environ-
ment” group. Data synthesis was achieved using tex-
tual narrative synthesis.

Study Quality and Risk of Bias

Risk of bias and assessment of study quality was completed 
for each study included in this review. Risk of bias was 
determined based on an adapted version of the Newcastle-
Ottowa Quality Assessment Scale, with scoring criteria 
including selection, comparability and outcome of each 
study (Supplemental Material 1). Classification of bias risk 
was scored on a scale of 0 to 9: 0 to 4 = unsatisfactory, 5 to 
6 = satisfactory, 7 to 8 = good, and 9 = very good. Risk of 
bias assessment was completed by two authors, with con-
flicts resolved by decision of a third author.

Results

Search Results
The initial search yielded 4,309 records, with duplicate 
records removed before screening (see Figure 2). Of these, 
3,240 records progressed to title and abstract screening, 
which resulted in exclusion of 3,204 records which did not 
meet inclusion criteria. Therefore, 35 articles advanced to 
full text screening, of which 24 were excluded. This 
resulted in a final n = 11 studies included in this review. 
Studies were grouped according to hormonal life phase 
investigated, including Menstrual Cycle, Puberty, and 
Pregnancy, with remaining articles grouped as Other 
Hormonal Environment.

Puberty

Of the 11 studies, 3 studies investigated the relationship 
between puberty and ADHD symptoms in females (sum-
marized in Table 2). Eng et al. (2023), over-sampled a group 
of 324 girls with ADHD (Mage = 9.62) and prospectively fol-
lowed them over 8 years (N = 128, Mage = 15.67). They found 
that ADHD symptoms of inattention and impulsivity were 
not associated with pubertal development, whilst hyperac-
tivity significantly decreased in within-person analyses as 
pubertal development progressed. Depression was signifi-
cantly increased in females with later pubertal development 
stages in between-persons analyses, and found to be associ-
ated with older age at time of study entry. Ostojic and Miller 
(2016) found inattention and difficulties in emotional regu-
lation scores were associated with early pubertal onset in 
college studies. However, this study utilized retrospective 
ratings of pubertal development relative to peers in a com-
munity sample, without any formal assessment of ADHD 
diagnosis. Conversely, Yuan et al. (2024), reported no sig-
nificant associations between early menarche and ADHD as 
assessed by the Adult ADHD Self Report scale in a cohort 
of school-aged Chinese females.

Menstrual Cycle

Of the 11 studies, 4 studies investigated the relationship 
between the menstrual cycle and ADHD symptoms (sum-
marized in Table 3). Three of the four articles included 
measured ADHD symptom changes across the menstrual 
cycle according to participants’ responses to interview 
questions (Bürger et al., 2024; de Jong et al., 2023; P. O. 
Quinn, 2005). Of these, one study (P. O. Quinn, 2005) 
reported a case of a single female participant with a recent 
ADHD diagnosis, describing decreased perceived efficacy 
of stimulant medication premenstrually. The remaining 
two studies used qualitative interviews to derive results 
from cohorts of participants with ADHD diagnoses. de 
Jong et al. (2023), recruited nine participants who experi-
enced premenstrual worsening of ADHD symptoms, and 
tracked within-person effects of increased psychostimu-
lant dosage premenstrually in improving these symptoms. 
All participants reported improvement of ADHD and 
mood symptoms (emotional regulation and energy levels), 
with increased psychostimulant dosage premenstrually 
after 6 to 24 months (de Jong et  al., 2023). Similarly, 
Bürger et  al. (2024), measured perceived association of 
ADHD symptoms across the menstrual cycle, using reflex-
ive thematic analyses of a cohort of 10 participants diag-
nosed with ADHD, taking stimulant medication and not 
on hormonal birth control. Key findings indicated partici-
pants perceived changes in ADHD severity and stimulant 
medication efficacy with their menstrual cycle, specifi-
cally effecting symptoms of emotional dysregulation, 
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Figure 2.  PRISMA flowchart of study inclusion.

executive dysfunction, inattention, and concentration dif-
ficulties. Symptoms were perceived to change severely, 
particularly during the mid-luteal phase and menses, with 
additional negative impacts to quality of life.

Roberts et  al. (2018) evaluated interactions between 
ADHD symptoms and sex hormone concentrations, includ-
ing estradiol, progesterone, and testosterone, prospectively 
across the menstrual cycle. Participants were grouped 
according to scores on the UPPS-P Trait Impulsivity Scale, 
with participants’ scores +1 standard deviation of the 
cohort defined as high scorers. Females with high trait 
impulsivity demonstrated interactive effects of sex hor-
mones and ADHD symptoms: in the context of high 

progesterone or testosterone environments, low estradiol 
levels were predictive of an exacerbation of ADHD symp-
toms. In terms of menstrual cycle phases, the post ovulatory 
phase (early luteal) was primarily associated with ADHD 
symptom worsening in females with high trait impulsivity, 
with the early follicular phase identified as a secondary 
period of symptom exacerbation.

Pregnancy

One study explored the relationship between pregnancy and 
ADHD (Table 4). Baker et al. (2022) explored the relation-
ship between pregnancy and ADHD in a prospective cohort 
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of 25 pregnant females. Females were grouped according to 
medication use, either: medication continued as normal, 
change in regime to taking as needed or medication discon-
tinued (Baker et  al., 2022). Adult ADHD Investigator 
Symptom Rating Scale (AISRS) scores and postnatal 
depression scale scores were collected at three time points 
throughout pregnancy: <20 weeks pregnant, approximately 
24 weeks pregnant, and approximately 36 weeks pregnant. 
No between-group differences in ADHD symptom scores 
were determined across pregnancy between medication use 
groups; however, hyperactivity scores had a larger decrease 
as pregnancy progressed in medication continuers, com-
pared to discontinuers. Depression scores significantly 
decreased as pregnancy progressed in medication continu-
ers compared to discontinuers.

Endogenous Hormone Levels and Other 
Hormonal Environments

The remaining three studies explored the associations 
between ADHD and either endogenous hormone levels or 
hormonal environments (Table 5).

Childhood Hormone Concentrations.  Tsai et al. (2020), mea-
sured serum levels of estradiol, progesterone, and testoster-
one in girls aged 6 to 12 years with and without ADHD 
diagnoses. No differences in estradiol, progesterone, or tes-
tosterone were found between girls with ADHD and with-
out ADHD.

Testosterone and ADHD.  Dinkelbach et al. (2024), compared 
genetic variants of bioavailable testosterone in subgroups of 
females with and without ADHD using a Mendelian ran-
domization study. No causal effects of bioavailable testos-
terone on ADHD risk were found in females, nor in males.

Polycystic Ovary Syndrome (PCOS) and ADHD.  Hergüner et al. 
(2015) investigated ADHD symptoms in a group of 40 
females with PCOS, a common endocrine condition associ-
ated with hyperandrogenism, compared to a control group 
of 40 females without PCOS. Inclusion criteria did not 
include ADHD diagnosis or screening scales. In females 
with PCOS, Hyperactivity, and Total adult ADHD symp-
toms scores (ASRS), as well as childhood symptoms of 
Behavioral Problems/Impulsivity on the Wender-Utah Rat-
ing Scale, were significantly increased compared to females 
without PCOS.

Together, these studies suggest some relationship between 
endogenous sex hormones and ADHD symptoms in females.

Discussion

The majority of studies suggest that hormones, or life 
phases associated with hormonal changes, are associated 

with a change in ADHD symptoms. However, the small 
pool of 11 studies discussed in this review demonstrate the 
limited research specifically investigating ADHD and sex 
hormones or life phases associated with hormonal changes 
in females.

Hormonal Life Phases and ADHD Symptoms

Childhood.  ADHD is amongst the most prevalent psychiat-
ric conditions in childhood (Sayal et al., 2018). Sex differ-
ences in ADHD presentation can be seen from childhood, 
reflected by the higher prevalence of ADHD in boys com-
pared to girls at an approximate 2.4:1 ratio in the general 
population (Polanczyk et  al., 2007). However, sexual 
dimorphism in sex hormone levels typically occurs from 
the ages of eight onwards, meaning differences in ADHD 
presentation may be reflective of organizational effects of 
sex hormones (Igarashi et al., 2021). In their study of sex 
hormones in cohorts of girls from ages 6 to 12 years with 
and without ADHD, Tsai et al. (2020), found no difference 
in serum levels of estrogen, progesterone, or testosterone in 
girls with ADHD compared to girls without ADHD. Thus, 
whilst sex differences in ADHD presentation amongst girls 
and boys can be observed, hormonal levels are not specifi-
cally different between girls with and without ADHD. Con-
sidering the young age of the Tsai et al. cohort, results may 
also be reflective of the lack of activational effects of sex 
hormones in prepubertal children. However, given the very 
limited evidence, more research is needed to understand the 
relationship between sex hormones and ADHD in 
childhood.

Puberty.  Puberty has been recognized as a period of mani-
festation or exacerbation of ADHD symptoms, as well as 
comorbid mental health symptoms in females (Eng et al., 
2024; Ostojic & Miller, 2016). However, this stance was 
contradicted by one study in this review: Yuan et  al. 
(2024), reported no association between ADHD and early 
menarche in Chinese school children. However, results 
may have been influenced by the method of ADHD diag-
nosis; ADHD was determined using the Adult ADHD Self 
Report Scale, which has been validated for use in adults as 
a screening tool, though was used here as a proxy diagnos-
tic method of ADHD in children. In contrast, two studies 
included in this review did find evidence for a relationship 
between puberty and ADHD symptoms (Eng et al., 2023; 
Ostojic & Miller, 2016). A longitudinal study by Eng et al. 
(2023), found symptoms of hyperactivity, though not inat-
tention, decreased as females developed pubertally. This 
aligns with the wider literature, that describes an improve-
ment in externalizing ADHD symptoms with age, and spe-
cifically during puberty (Nussbaum, 2012; Vos & Hartman, 
2022). Ostojic and Miller (2016) found inattention scores 
in adulthood were predicted by early pubertal onset. 
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Although the evidence base is not consistent, these studies 
generally suggest some relationship between puberty, 
pubertal timing, and ADHD symptoms. Despite percep-
tions of ADHD improving with age, it has been suggested 
that puberty is a period of ADHD exacerbation in females, 
whilst symptoms may improve in males who present with 
more externalized symptoms (Nussbaum, 2012).

Puberty is a key period of neurodevelopment, coinciding 
with widespread neuronal proliferation, synapse formation, 
and elimination (Gurvich et al., 2018). Preclinical rat stud-
ies have shown in males, dopamine receptors are overpro-
duced preceding and during puberty, with density reducing 
into adulthood−this aligns with clinical patterns of ADHD 
symptomology, as males often experience increased hyper-
activity symptoms before and during puberty that alleviate 
into adulthood (Andersen & Teicher, 2000). Conversely, in 
female rats, puberty is associated with an increase in dopa-
mine receptors which may relate to an exacerbation of 
ADHD symptoms (Andersen & Teicher, 2000). This sup-
ports recent theories suggesting the organizational effects 
instigating structural and functional neuronal changes dur-
ing puberty, in combination with activational effects of 
fluctuating hormones, may contribute to exacerbate ADHD 
symptoms in females (Eng et  al., 2024). However, these 
interpretations should be considered preliminary, given no 
studies reporting associations between ADHD in puberty in 
this review recruited an all ADHD-diagnosed sample; one 
study included an over-recruited sample with over 30% of 
participants diagnosed with ADHD (Eng et al., 2023), and 
the other did not specify ADHD diagnosis or a proxy as 
inclusionary criteria (Ostojic & Miller, 2016).

Menstrual Cycle.  There were four studies included in this 
review investigating ADHD symptoms across the menstrual 
cycle. Roberts et al. (2018), reported that the postovulatory/
early luteal phase, characterized by low estradiol and high 
progesterone, was associated with increased impulsivity 
and hyperactivity symptoms. Two studies (Bürger et  al., 
2024; de Jong et al., 2023) reported exacerbation of ADHD 
symptoms including inattention and executive dysfunction, 
and co-existing mental health symptoms such as depres-
sion, irritability and anxiety during the premenstrual/late 
luteal phase. These studies also explored the reduced effi-
cacy of ADHD medication during the premenstrual/late 
luteal phase. The late luteal phase is frequently linked with 
mood disturbances, including symptoms of irritability and 
fatigue in premenstrual syndrome, to severe sadness and 
feelings of hopelessness in people with premenstrual dys-
phoric disorder (Hantsoo & Epperson, 2015). In terms of 
cognition, the luteal phase has previously been associated 
with poorer performance in some cognitive domains, how-
ever evidence is inconsistent (Le et al., 2020). Investigation 
of other conditions with similar mechanisms to ADHD, 
such as schizophrenia, has previously shown specific 

menstrual cycle phases to be associated with symptom 
severity fluctuations (Ray et  al., 2020). Current theories 
suggest ADHD symptom-specific hormonal effects across 
the menstrual cycle; inattention symptoms may be related 
to decreasing estrogen and moderated by progesterone, 
whereas hyperactive/impulsivity symptoms may similarly 
be driven by reducing estrogen levels, though without effect 
of progesterone (Eng et al., 2024).

Pregnancy and Postpartum.  The current evidence base 
investigating ADHD during pregnancy and the postpartum 
period is very limited, and generally focused on natal 
development. Baker et  al. (2022), explored how medica-
tion regime changes affect ADHD and depression symp-
toms across three time points in pregnancy. Results 
indicated no differences in ADHD symptom scores between 
groups who continued ADHD medication as usual, changed 
medication regime to as-needed, and those who ceased 
ADHD medication. Findings here may be interpreted as 
pregnancy and its high estrogen environment positively 
impacting ADHD symptoms, given adjusted mean differ-
ences in ADHD symptoms did not differ between those 
who ceased medication and those who continued their 
ADHD medication. However, adjusted mean scores in the 
hyperactivity subscale were significantly lower for the 
medication maintainers compared to those who discontin-
ued medication. Given only one study was found to inves-
tigate ADHD in pregnancy, and the small group sizes 
included in the study, more research is required to contex-
tualize these results. The postpartum period has been asso-
ciated with depression and anxiety, that in addition to 
psychosocial changes, may be related to changes in sex 
hormones, including substantial declines in estrogen and 
progesterone following delivery, as well as changes in cor-
tisol levels that may interplay with cortisol mediated stress 
responses (Fairbrother et  al., 2016; Modzelewski et  al., 
2023; Szpunar et al., 2021). Our understanding of the rela-
tionship between ADHD symptoms and hormones during 
the postpartum period is limited by the current evidence 
base; however, comorbid symptoms of anxiety and depres-
sion may be more prevalent in postpartum females with 
ADHD compared to postpartum females without ADHD 
(Andersson et al., 2023; Dorani et al., 2021).

Menopause.  Perimenopause is characterized by decreasing 
and fluctuating estrogen and progesterone levels which sta-
bilize to very low levels in postmenopause. Our literature 
search found no empirical studies that investigated ADHD 
during menopause. However, clinicians’ experiences and 
non-peer reviewed preliminary findings suggest many 
females report an exacerbation of ADHD symptoms during 
menopause (Antoniou et al., 2021; Wasserstein et al., 2023). 
There is evidence of females with ADHD experiencing 
greater climacteric symptoms during menopause, which 
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may be indicative of hormonal vulnerabilities related to 
mechanisms of ADHD in females (Dorani et al., 2021). In 
similar conditions to ADHD such as autism spectrum con-
ditions, menopausal symptoms have been associated with 
increased autistic traits (Groenman et  al., 2022). Meno-
pause is associated with cognitive symptoms in many 
females, with brain fog and executive dysfunction fre-
quently reported, and potentially related to the fluctuating 
and declining levels of estrogen (Conde et al., 2021; Khad-
ilkar & Patil, 2019). It may therefore be challenging to dis-
entangle exacerbation of ADHD symptoms in menopause 
from the brain fog symptoms more directly associated with 
menopause itself (Pines, 2016). One study found lisdexam-
fetamine, a psychostimulant used in treatment of ADHD, 
improved Brown Attention Deficit Disorder Scale scores in 
a community sample of menopausal females experiencing 
executive dysfunction (although ADHD was not specifi-
cally measured; Epperson et al., 2015). A similar study in 
menopausal females found executive functioning to 
improve with lisdexamfetamine administration (Shanmu-
gan et al., 2017). Psychostimulants have demonstrated ben-
eficial effects in non-clinical samples, and therefore 
improvement in cognitive functioning with their use may 
not be indicative of the presence of ADHD (Bagot & 
Kaminer, 2014). However, improvement of ADHD-like 
symptoms in menopausal people with psychostimulant use 
reflects similarities between symptomologies of ADHD and 
menopausal cognitive dysfunction.

Estrogens, Progesterone, and ADHD in Females

The hormonal milieu experienced by females throughout 
life may impact ADHD symptoms. Specifically, low estro-
gen environments appear to be most often associated with 
ADHD symptom exacerbation, although further investiga-
tion of these relationships is required. ADHD etiology is 
complex and not fully understood, however dysfunction of 
dopaminergic pathways have consistently been reported in 
people with ADHD (Faraone et  al., 2024). Estrogen has 
been demonstrated to increase dopamine and serotonin syn-
thesis and receptor levels, as well has limiting reuptake 
through inhibition of monoamine oxidase (Del Río et  al., 
2018). Regions of interest in ADHD pathophysiology 
including the basal ganglia and prefrontal regions may be 
particularly sensitive to the effects of estrogen. For exam-
ple, dopamine neurons in the basal ganglia have shown 
expression of estrogen receptors, and the relationship 
between estradiol and dopamine have demonstrated effects 
in prefrontal cortex functions (Bendis et al., 2024; Jacobs & 
D’Esposito, 2011). Lower and fluctuating estrogen levels 
may therefore impact regulation of dopamine synthesis and 
activity. Given the existing dysregulation of dopaminergic 
pathways in ADHD, further fluctuations may exacerbate 
mechanisms of ADHD pathophysiology, and/or alter the 

efficacy of stimulant medication, leading to an increased 
severity of ADHD symptoms during times of hormonal 
change, such as the luteal phase of the menstrual cycle.

Androgens and ADHD in Females

Estrogen and progesterone are the key neurosteroids in 
females; however, androgens such as testosterone also exert 
effects. Two studies included in this review explored ADHD 
in females in the context of androgens. Dinkelbach et  al. 
(2024), investigated this relationship directly through anal-
ysis of genetic variants of bioavailable testosterone in 
females with ADHD compared to females without ADHD, 
finding no significant differences. The relationship between 
androgens and ADHD in females was also investigated by 
Hergüner et al. (2015), though this was achieved indirectly 
through comparison of ADHD scores in a group of females 
with and without PCOS. Females with PCOS, who have 
characteristically higher levels of androgens, were demon-
strated to have higher hyperactivity/impulsivity scores in 
ADHD scales compared to controls (Hergüner et al., 2015).

In males, testosterone has been investigated in the con-
text of ADHD, showing mixed effects (Martel et  al., 
2009; Rogne & Hassel, 2022). Prenatal androgen expo-
sure in ADHD has more commonly been studied, with 
indicators of higher testosterone in utero associated with 
greater ADHD symptoms. There is limited research of the 
relationship between cognition in females and testoster-
one; one study found testosterone administration had no 
cognitive effects in females with low testosterone after 
surgical menopause (Huang et al., 2015). Conflicting evi-
dence here may be indicative of symptom specific effects 
of androgens in females. Specifically, higher androgen 
levels were not associated with inattention symptoms, nor 
was bioavailable testosterone associated with ADHD 
risk. However hyperactivity/impulsivity symptoms were 
higher in females with higher androgens (PCOS) com-
pared to control females. Similarly, males who have 
higher circulating androgens compared to females, also 
have higher hyperactivity/impulsivity symptoms (Young 
et al., 2020). These results may therefore suggest andro-
gens are associated with hyperactive symptoms of ADHD 
specifically, though more research is required to explore 
this relationship.

Limitations

There are several limitations that should be considered 
when interpreting these findings. Primarily, only 11 studies 
met criteria for inclusion, with varying ADHD diagnostic 
criteria (only 6 studies included participants with a diagno-
sis of ADHD), diverse ADHD outcome measures and dif-
ferent hormonal environments were included in this review. 
Study types included qualitative interviews, prospective 
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designs, and cross-sectional cohort studies, and often 
included small sample sizes. The variability of methodolog-
ical aspects in combination with the often small sample 
sizes may limit accuracy of our conclusions based on the 
synthesis of these studies, and reduce generalizability to the 
population of females with ADHD. Findings are also lim-
ited by the mixed quality of studies; although most were 
satisfactory, the novelty of the research area means 4 of the 
11 studies included were classified as having an unsatisfac-
tory risk of bias. Three of these studies (Bürger et al., 2024; 
de Jong et al., 2023; P. O. Quinn, 2005) received an unsatis-
factory risk of bias classification due to their qualitative 
nature, lack of statistical analysis, inclusion of small sample 
sizes, and no experimental control. Therefore, conclusions 
drawn from these studies may provide direction for future 
studies, though should be considered with acknowledgment 
of potential biases. The fourth study classified as having an 
unsatisfactory risk of bias was due to lack of clarity in the 
ascertainment of ADHD diagnosis and details of sampling 
strategy and selection of sample size (Yuan et  al., 2024). 
Whilst these factors limit the conclusions that can be drawn 
from this systematic review, our findings suggest a potential 
relationship between ADHD and sex hormones in females.

Future Research Directions

This review suggests that females with ADHD experience 
changes in symptoms that may reflect changes in endoge-
nous sex hormones, such as during puberty, pregnancy, 
across the menstrual cycle, and during menopause. Future 
research is warranted to investigate the nature of the asso-
ciation between sex hormones and ADHD symptoms, as 
well as co-existing mental health symptoms at different life 
stages that can include self-report methodology and pro-
spective studies to enhance understanding of how ADHD 
symptoms, characteristics, and symptoms may correspond 
to life stages associated with hormonal changes. In addi-
tion, to advance our understanding of ADHD in females, 
research that seeks to understand the mechanisms underly-
ing how sex hormones may influence ADHD symptoms is 
essential. This should include a multi-disciplinary approach 
that combines assessments of hormone levels (and/or 
assessments at times of hormonal change) with neurocogni-
tive, brain imaging, genetic, or neurophysiological investi-
gations. To progress this field, future research that involves 
females with ADHD should provide detailed descriptions of 
the assessment and diagnostic processes that were used to 
establish ADHD diagnosis. This should include information 
on whether an interview was conducted or a screening tool 
was completed; who conducted the interview; whether 
there was an informant or other corroborative information 
to help confirm ADHD (eg. school reports or evidence to 
suggest symptoms were present prior to the age of 12 years), 
in line with DSM-5 as well as recommendations outlined in 

clinical practice guidelines. Future research should consider 
the role of ADHD medications, and hormonal contracep-
tives/hormonal therapies. This should include reporting 
medications and dose in combination with information 
about the use of any hormonal contraceptives or hormonal 
therapies. Collectively, such a rigorous and comprehensive 
approach will aid in the understanding of the underlying 
mechanisms of ADHD in females, facilitating development 
of a holistic understanding of ADHD in the unique hor-
monal contexts in females.

Clinical Implications

Recognizing potential influences of sex hormones on 
ADHD symptoms in females may have key implications to 
clinical management and treatment of ADHD. Increased 
awareness of hormonal phases considered to be linked to 
changes in ADHD symptomology in females may better 
prepare health professionals to identify ADHD symptoms 
and improve diagnosis. Additionally, this area of research 
may provide direction for future therapies for females who 
experience exacerbation of ADHD symptoms during peri-
ods of hormonal fluctuations, particularly for those who 
experience decreased efficacy of their ADHD medication at 
different points in the menstrual cycle or during the meno-
pause transition years. Therefore, clinicians should be 
encouraged to consider a patient’s hormonal life phase and 
ask patients whether they are aware of any associations 
between their ADHD symptoms or any co-existing mood 
symptoms that may fluctuate in association with changes in 
hormone levels (e.g., across the menstrual cycle, in peri-
menopause, in pregnancy, or following the introduction or 
cessation of hormonal therapies). This may help guide treat-
ment options, which could include premenstrual adjustment 
of psychostimulant dose (as per de Jong et al., 2023) or the 
potential use of hormonal therapies to stabilize endogenous 
hormone levels, currently explored in premenstrual dys-
phoric disorder (Appleton, 2018), or enhance fluctuating or 
depleting hormones, currently explored in menopausal 
depression (Herson & Kulkarni, 2022). Hence recognizing 
any links between hormonal changes and ADHD experi-
ences may help improve management of ADHD during 
periods such as menopause and the late luteal phase.

Conclusion

This systematic review generally supports a relationship 
between sex hormones and ADHD symptoms in females, 
however, the current evidence base is extremely limited. 
We emphasize the need for further investigation into the 
relationship between sex hormones and ADHD symptoms 
in females. Despite this, the studies reviewed indicate that 
there is an ADHD experience that is unique to females, 
and highlight the need for female-specific research in 
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ADHD. Knowledge of ADHD over the life course of 
females is integral to improving its management and treat-
ment. Recognizing potential influences of sex hormones 
on ADHD symptoms in females may direct future thera-
pies, specifically targeting the hormonal elements of 
ADHD exacerbations during phases such as menopause 
and the luteal phase of the menstrual cycle.
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Notes

1.	 Sex refers to physiological and biological characteristics of 
males, females and intersex people, whereas gender is based on 
social constructs, including “men” and “women”; sex and gen-
der identity are not necessarily the same within each person.

2.	 Given the focus on endogenous hormones in females here, 
the term “females” is used to describe people assigned female 
at birth.

	 *was used to truncate words to search for multiple word 
endings.

References

American Psychiatric Association. (2013). Diagnostic and statis-
tical manual of mental disorders: DSM-5 (Vol. 5).

Andersen, S. L., & Teicher, M. H. (2000). Sex differences in dopa-
mine receptors and their relevance to ADHD. Neuroscience 
and Biobehavioral Reviews, 24(1), 137–141. https://doi.org/ 
10.1016/s0149-7634(99)00044-5

Andersson, A., Garcia-Argibay, M., Viktorin, A., Ghirardi, L., 
Butwicka, A., Skoglund, C., Bang Madsen, K., D’onofrio, 
B. M., Lichtenstein, P., Tuvblad, C., & Larsson, H. (2023). 

Depression and anxiety disorders during the postpartum 
period in women diagnosed with attention deficit hyperactiv-
ity disorder. Journal of Affective Disorders, 325, 817–823. 
https://doi.org/10.1016/j.jad.2023.01.069

Antoniou, E., Rigas, N., Orovou, E., Papatrechas, A., & Sarella, A. 
(2021). ADHD symptoms in females of childhood, adolescent, 
reproductive and menopause period. Materia Socio-Medica, 
33(2), 114–118. https://doi.org/10.5455/msm.2021.33.114-118

Appleton, S. M. (2018). Premenstrual syndrome: Evidence-based 
evaluation and treatment. Clinical Obstetrics and Gynecology, 
61(1), 52–61. https://doi.org/10.1097/GRF.0000000000000339

Bagot, K. S., & Kaminer, Y. (2014). Efficacy of stimulants for 
cognitive enhancement in non-attention deficit hyperactiv-
ity disorder youth: A systematic review. Addiction, 109(4), 
547–557. https://doi.org/10.1111/add.12460

Baker, A. S., Wales, R., Noe, O., Gaccione, P., Freeman, M. P., & 
Cohen, L. S. (2022). The course of ADHD during pregnancy. 
Journal of Attention Disorders, 26(2), 143–148. https://doi.
org/10.1177/1087054720975864

Bendis, P. C., Zimmerman, S., Onisiforou, A., Zanos, P., & 
Georgiou, P. (2024). The impact of estradiol on serotonin, glu-
tamate, and dopamine systems. Frontiers in Neuroscience, 18, 
Article 1348551. https://doi.org/10.3389/fnins.2024.1348551

Brzezinski, A., Brzezinski-Sinai, N. A., & Seeman, M. V. (2017). 
Treating schizophrenia during menopause. Menopause, 24(5), 
582–588. https://doi.org/10.1097/GME.0000000000000772

Bürger, I., Erlandsson, K., & Borneskog, C. (2024). Perceived 
associations between the menstrual cycle and Attention Deficit 
Hyperactivity Disorder (ADHD): A qualitative interview 
study exploring lived experiences. Sexual & Reproductive 
Healthcare, 40, Article 100975. https://doi.org/10.1016/j.srhc. 
2024.100975

Chang, H., Kamara, D., Bresee, C., Lester, J., & Cass, I. (2021). 
Short-term impact of surgically induced menopause on cogni-
tive function and wellbeing in women at high risk for ovarian 
cancer following risk-reducing bilateral salpingo-oophorec-
tomy. Menopause, 28(4), 354–359. https://doi.org/10.1097/
GME.0000000000001716

Choi, W.-S., Woo, Y. S., Wang, S.-M., Lim, H. K., & Bahk, 
W.-M. (2022). The prevalence of psychiatric comorbidities 
in adult ADHD compared with non-ADHD populations: A 
systematic literature review. PLoS ONE, 17(11), e0277175. 
https://doi.org/10.1371/journal.pone.0277175

Conde, D. M., Verdade, R. C., Valadares, A. L. R., Mella, L. F. 
B., Pedro, A. O., & Costa-Paiva, L. (2021). Menopause and 
cognitive impairment: A narrative review of current knowl-
edge. World Journal of Psychiatry, 11(8), 412–428. https://
doi.org/10.5498/wjp.v11.i8.412

Dazzi, L., Serra, M., Vacca, G., Ladu, S., Latrofa, A., Trapani, 
G., & Biggio, G. (2002). Depletion of cortical allopregnano-
lone potentiates stress-induced increase in cortical dopamine 
output. Brain Research, 932(1–2), 135–139. https://doi.org/ 
10.1016/S0006-8993(02)02290-4

de Jong, M., Wynchank, D. S. M. R., van Andel, E., Beekman, A. 
T. F., & Kooij, J. J. S. (2023). Female-specific pharmacother-
apy in ADHD: Premenstrual adjustment of psychostimulant 
dosage. Frontiers in Psychiatry, 14, Article 1306194. https://
doi.org/10.3389/fpsyt.2023.1306194

https://orcid.org/0000-0002-5663-3419
https://doi.org/10.1016/s0149-7634(99)00044-5
https://doi.org/10.1016/s0149-7634(99)00044-5
https://doi.org/10.1016/j.jad.2023.01.069
https://doi.org/10.5455/msm.2021.33.114-118
https://doi.org/10.1097/GRF.0000000000000339
https://doi.org/10.1111/add.12460
https://doi.org/10.1177/1087054720975864
https://doi.org/10.1177/1087054720975864
https://doi.org/10.3389/fnins.2024.1348551
https://doi.org/10.1097/GME.0000000000000772
https://doi.org/10.1016/j.srhc.2024.100975
https://doi.org/10.1016/j.srhc.2024.100975
https://doi.org/10.1097/GME.0000000000001716
https://doi.org/10.1097/GME.0000000000001716
https://doi.org/10.1371/journal.pone.0277175
https://doi.org/10.5498/wjp.v11.i8.412
https://doi.org/10.5498/wjp.v11.i8.412
https://doi.org/10.1016/S0006-8993(02)02290-4
https://doi.org/10.1016/S0006-8993(02)02290-4
https://doi.org/10.3389/fpsyt.2023.1306194
https://doi.org/10.3389/fpsyt.2023.1306194


Osianlis et al.	 721

Del Río, J. P., Alliende, M. I., Molina, N., Serrano, F. G., 
Molina, S., & Vigil, P. (2018). Steroid hormones and their 
action in women’s brains: The importance of hormonal bal-
ance. Frontiers in Public Health, 6, Article 141. https://doi.
org/10.3389/fpubh.2018.00141

Dinkelbach, L., Peters, T., Grasemann, C., Hebebrand, J., Hinney, 
A., & Hirtz, R. (2024). No evidence for a causal contribution 
of bioavailable testosterone to ADHD in sex-combined and 
sex-specific two-sample Mendelian randomization studies. 
European Child & Adolescent Psychiatry, 33(10), 3613–3623. 
https://doi.org/10.1007/s00787-024-02421-x

Dorani, F., Bijlenga, D., Beekman, A. T. F., van Someren, E. J. 
W., & Kooij, J. J. S. (2021). Prevalence of hormone-related 
mood disorder symptoms in women with ADHD. Journal of 
Psychiatric Research, 133, 10–15. https://doi.org/10.1016/j.
jpsychires.2020.12.005

Eng, A. G., Nirjar, U., Elkins, A. R., Sizemore, Y. J., Monticello, 
K. N., Petersen, M. K., Miller, S. A., Barone, J., Eisenlohr-
Moul, T. A., & Martel, M. M. (2024). Attention-deficit/
hyperactivity disorder and the menstrual cycle: Theory and 
evidence. Hormones and Behavior, 158, Article 105466. 
https://doi.org/10.1016/j.yhbeh.2023.105466

Eng, A. G., Phan, J. M., Shirtcliff, E. A., Eisenlohr-Moul, T. 
A., Goh, P. K., & Martel, M. M. (2023). Aging and puber-
tal development differentially predict symptoms of ADHD, 
depression, and impairment in children and adolescents: 
An eight-year longitudinal study. Research on Child and 
Adolescent Psychopathology, 51(6), 819–832. https://doi.
org/10.1007/s10802-023-01030-7

Epperson, C. N., Shanmugan, S., Kim, D. R., Mathews, S., 
Czarkowski, K. A., Bradley, J., Appleby, D. H., Iannelli, C., 
Sammel, M. D., & Brown, T. E. (2015). New onset executive 
function difficulties at menopause: A possible role for lis-
dexamfetamine. Psychopharmacology, 232(16), 3091–3100. 
https://doi.org/10.1007/s00213-015-3953-7

Fairbrother, N., Janssen, P., Antony, M. M., Tucker, E., & Young, 
A. H. (2016). Perinatal anxiety disorder prevalence and inci-
dence. Journal of Affective Disorders, 200, 148–155. https://
doi.org/10.1016/j.jad.2015.12.082

Faraone, S. V., Bellgrove, M. A., Brikell, I., Cortese, S., Hartman, C. 
A., Hollis, C., Newcorn, J. H., Philipsen, A., Polanczyk, G. V., 
Rubia, K., Sibley, M. H., & Buitelaar, J. K. (2024). Attention-
deficit/hyperactivity disorder. Nature Reviews Disease Primers, 
10(1), 11. https://doi.org/10.1038/s41572-024-00495-0

Finney, C. A., Shvetcov, A., Westbrook, R. F., Jones, N. M., 
& Morris, M. J. (2020). The role of hippocampal estradiol 
in synaptic plasticity and memory: A systematic review. 
Frontiers in Neuroendocrinology, 56, Article 100818. https://
doi.org/10.1016/j.yfrne.2019.100818

Georgakis, M. K., Beskou-Kontou, T., Theodoridis, I., Skalkidou, 
A., & Petridou, E. Th. (2019). Surgical menopause in associa-
tion with cognitive function and risk of dementia: A system-
atic review and meta-analysis. Psychoneuroendocrinology, 
106, 9–19. https://doi.org/10.1016/j.psyneuen.2019.03.013

Groenman, A. P., Torenvliet, C., Radhoe, T. A., Agelink van 
Rentergem, J. A., & Geurts, H. M. (2022). Menstruation  
and menopause in autistic adults: Periods of importance?  
Autism, 26(6), 1563–1572. https://doi.org/10.1177/136236 
13211059721

Gurvich, C., Hoy, K., Thomas, N., & Kulkarni, J. (2018). Sex 
differences and the influence of sex hormones on cognition 
through adulthood and the aging process. Brain Sciences, 
8(9), 163. https://doi.org/10.3390/brainsci8090163

Haimov-Kochman, R., & Berger, I. (2014). Cognitive func-
tions of regularly cycling women may differ throughout the 
month, depending on sex hormone status; A possible expla-
nation to conflicting results of studies of ADHD in females. 
Frontiers in Human Neuroscience, 8, Article 191. https://doi.
org/10.3389/fnhum.2014.00191

Hantsoo, L., & Epperson, C. N. (2015). Premenstrual dysphoric dis-
order: Epidemiology and treatment. Current Psychiatry Reports, 
17(11), 87. https://doi.org/10.1007/s11920-015-0628-3

Hergüner, S., Harmancı, H., & Toy, H. (2015). Attention 
deficit-hyperactivity disorder symptoms in women with 
polycystic ovary syndrome. The International Journal of  
Psychiatry in Medicine, 50(3), 317–325. https://doi.org/10. 
1177/0091217415610311

Herson, M., & Kulkarni, J. (2022). Hormonal agents for the treat-
ment of depression associated with the menopause. Drugs & 
Aging, 39(8), 607–618. https://doi.org/10.1007/s40266-022-
00962-x

Huang, G., Wharton, W., Travison, T. G., Ho, M. H., Gleason, C., 
Asthana, S., Bhasin, S., & Basaria, S. (2015). Effects of tes-
tosterone administration on cognitive function in hysterecto-
mized women with low testosterone levels: A dose–response 
randomized trial. Journal of Endocrinological Investigation, 
38(4), 455–461. https://doi.org/10.1007/s40618-014-0213-3

Igarashi, M., Ayabe, T., Yamamoto-Hanada, K., Matsubara, K., 
Sasaki, H., Saito-Abe, M., Sato, M., Mise, N., Ikegami, A., 
Shimono, M., Suga, R., Ohga, S., Sanefuji, M., Oda, M., 
Mitsubuchi, H., Michikawa, T., Yamazaki, S., Nakayama, S., 
Ohya, Y., & Fukami, M. (2021). Female-dominant estrogen 
production in healthy children before adrenarche. Endocrine 
Connections, 10(10), 1221–1226. https://doi.org/10.1530/EC- 
21-0134

Jacobs, E., & D’Esposito, M. (2011). Estrogen shapes dopamine-
dependent cognitive processes: Implications for women’s 
health. The Journal of Neuroscience, 31(14), 5286–5293. 
https://doi.org/10.1523/JNEUROSCI.6394-10.2011

Khadilkar, S. V., & Patil, V. A. (2019). Sex hormones and cognition: 
Where do we stand? Journal of Obstetrics and Gynaecology 
of India, 69(4), 303–312. https://doi.org/10.1007/s13224-019-
01223-5

Kulkarni, J., Gurvich, C., Mu, E., Molloy, G., Lovell, S., 
Mansberg, G., Horton, S., Morton, E., Uppal, T., Cashell, 
C., De Castella, A., Reisel, D., Dear, L., Weatherburn-
Reeves, N., Harris, K., Pietrobon, K., Teagle, K., Kim, B. 
Y., Newson, L., & Szoeke, C. (2024). Menopause depres-
sion: Under recognised and poorly treated. Australian & New 
Zealand Journal of Psychiatry, 58(8), 636–640. https://doi.
org/10.1177/00048674241253944

Le, J., Thomas, N., & Gurvich, C. (2020). Cognition, the menstrual 
cycle, and premenstrual disorders: A review. Brain Sciences, 
10(4), 198. https://doi.org/10.3390/brainsci10040198

Lin, Y., Li, H., Zhang, J., Yang, Z., Zhou, Y., Liu, L., & Qian, 
Q. (2023). Polymorphism of estrogen receptor genes and 
its interactions with neurodevelopmental genes in attention 
deficit hyperactivity disorder among Chinese Han descent. 

https://doi.org/10.3389/fpubh.2018.00141
https://doi.org/10.3389/fpubh.2018.00141
https://doi.org/10.1007/s00787-024-02421-x
https://doi.org/10.1016/j.jpsychires.2020.12.005
https://doi.org/10.1016/j.jpsychires.2020.12.005
https://doi.org/10.1016/j.yhbeh.2023.105466
https://doi.org/10.1007/s10802-023-01030-7
https://doi.org/10.1007/s10802-023-01030-7
https://doi.org/10.1007/s00213-015-3953-7
https://doi.org/10.1016/j.jad.2015.12.082
https://doi.org/10.1016/j.jad.2015.12.082
https://doi.org/10.1038/s41572-024-00495-0
https://doi.org/10.1016/j.yfrne.2019.100818
https://doi.org/10.1016/j.yfrne.2019.100818
https://doi.org/10.1016/j.psyneuen.2019.03.013
https://doi.org/10.1177/13623613211059721
https://doi.org/10.1177/13623613211059721
https://doi.org/10.3390/brainsci8090163
https://doi.org/10.3389/fnhum.2014.00191
https://doi.org/10.3389/fnhum.2014.00191
https://doi.org/10.1007/s11920-015-0628-3
https://doi.org/10.1177/0091217415610311
https://doi.org/10.1177/0091217415610311
https://doi.org/10.1007/s40266-022-00962-x
https://doi.org/10.1007/s40266-022-00962-x
https://doi.org/10.1007/s40618-014-0213-3
https://doi.org/10.1530/EC-21-0134
https://doi.org/10.1530/EC-21-0134
https://doi.org/10.1523/JNEUROSCI.6394-10.2011
https://doi.org/10.1007/s13224-019-01223-5
https://doi.org/10.1007/s13224-019-01223-5
https://doi.org/10.1177/00048674241253944
https://doi.org/10.1177/00048674241253944
https://doi.org/10.3390/brainsci10040198


722	 Journal of Attention Disorders 29(9)

Psychiatry Investigation, 20(8), 775–785. https://doi.org/10. 
30773/pi.2023.0113

Luine, V. N. (2014). Estradiol and cognitive function: Past, pres-
ent and future. Hormones and Behavior, 66(4), 602–618. 
https://doi.org/10.1016/j.yhbeh.2014.08.011

Martel, M. M., Klump, K., Nigg, J. T., Breedlove, S. M., & Sisk, 
C. L. (2009). Potential hormonal mechanisms of attention-
deficit/hyperactivity disorder and major depressive disorder: 
A new perspective. Hormones and Behavior, 55(4), 465–479. 
https://doi.org/10.1016/j.yhbeh.2009.02.004

Matuszewich, L., Lorrain, D. S., & Hull, E. M. (2000). Dopamine 
release in the medial preoptic area of female rats in response 
to hormonal manipulation and sexual activity. Behavioral 
Neuroscience, 114(4), 772–782. https://doi.org/10.1037/0735-
7044.114.4.772

Modzelewski, S., Oracz, A., Iłendo, K., Sokół, A., & Waszkiewicz, 
N. (2023). Biomarkers of postpartum depression: A narrative 
review. Journal of Clinical Medicine, 12(20), 6519. https://
doi.org/10.3390/jcm12206519

Mowlem, F., Agnew-Blais, J., Taylor, E., & Asherson, P. (2019). 
Do different factors influence whether girls versus boys meet 
ADHD diagnostic criteria? Sex differences among children 
with high ADHD symptoms. Psychiatry Research, 272, 765–
773. https://doi.org/10.1016/j.psychres.2018.12.128

Nussbaum, N. L. (2012). ADHD and female specific con-
cerns: A review of the literature and clinical implications. 
Journal of Attention Disorders, 16(2), 87–100. https://doi.
org/10.1177/1087054711416909

Ostojic, D., & Miller, C. J. (2016). Association between pubertal 
onset and symptoms of ADHD in female university students. 
Journal of Attention Disorders, 20(9), 782–791. https://doi.
org/10.1177/1087054714535249

Ottosen, C., Larsen, J. T., Faraone, S. V., Chen, Q., Hartman, C., 
Larsson, H., Petersen, L., & Dalsgaard, S. (2019). Sex dif-
ferences in comorbidity patterns of attention-deficit/hyper-
activity disorder. Journal of the American Academy of Child 
& Adolescent Psychiatry, 58(4), 412–422.e3. https://doi.
org/10.1016/j.jaac.2018.07.910

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, 
T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. 
A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., 
Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-
Wilson, E., McDonald, S., . . . Moher, D. (2021). The PRISMA 
2020 statement: An updated guideline for reporting systematic 
reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71

Pines, A. (2016). Midlife ADHD in women: Any relevance to 
menopause? Climacteric: The Journal of the International 
Menopause Society, 19(5), 423–425. https://doi.org/10.3109
/13697137.2016.1152536

Polanczyk, De Lima, M. S., Horta, B. L., Biederman, J., & Rohde, 
L. A. (2007). The worldwide prevalence of ADHD: A system-
atic review and metaregression analysis. American Journal 
of Psychiatry, 164(6), 942–948. https://doi.org/10.1176/ajp. 
2007.164.6.942

Quinn, P. O. (2005). Treating adolescent girls and women with 
ADHD: Gender-specific issues. Journal of Clinical Psychology, 
61(5), 579–587. https://doi.org/10.1002/jclp.20121

Quinn, P., & Wigal, S. (2004). Perceptions of girls and ADHD: 
Results from a national survey. MedGenMed: Medscape 
General Medicine, 6(2), 2.

Ray, P., Mandal, N., & Sinha, V. K. (2020). Change of symptoms 
of schizophrenia across phases of menstrual cycle. Archives 
of Women’s Mental Health, 23(1), 113–122. https://doi.org/ 
10.1007/s00737-019-0952-4

Roberts, B., Eisenlohr-Moul, T., & Martel, M. M. (2018). 
Reproductive steroids and ADHD symptoms across the 
menstrual cycle. Psychoneuroendocrinology, 88, 105–114. 
https://doi.org/10.1016/j.psyneuen.2017.11.015

Rocca, W. A., Lohse, C. M., Smith, C. Y., Fields, J. A., 
Machulda, M. M., & Mielke, M. M. (2021). Association 
of premenopausal bilateral oophorectomy with cognitive 
performance and risk of mild cognitive impairment. JAMA 
Network Open, 4(11), e2131448. https://doi.org/10.1001/
jamanetworkopen.2021.31448

Rogne, A., & Hassel, B. (2022). Improvement of attention deficit/
hyperactivity disorder (ADHD) in three adult men during testos-
terone treatment: A case series. Journal of Medical Case Reports, 
16(1), 425. https://doi.org/10.1186/s13256-022-03651-w

Sahin, N., Altun, H., Kurutaş, E. B., & Fındıklı, E. (2018). 
Evaluation of estrogen and G protein-coupled estrogen recep-
tor 1 (GPER) levels in drug-naïve patients with attention defi-
cit hyperactivity disorder (ADHD). Bosnian Journal of Basic 
Medical Sciences, 18(2), 126–131. https://doi.org/10.17305/
bjbms.2018.2942

Sayal, K., Prasad, V., Daley, D., Ford, T., & Coghill, D. (2018). 
ADHD in children and young people: Prevalence, care path-
ways, and service provision. The Lancet Psychiatry, 5(2), 
175–186. https://doi.org/10.1016/S2215-0366(17)30167-0

Shanmugan, S., Loughead, J., Nanga, R. P. R., Elliott, M., 
Hariharan, H., Appleby, D., Kim, D., Ruparel, K., Reddy, R., 
Brown, T. E., & Epperson, C. N. (2017). Lisdexamfetamine 
effects on executive activation and neurochemistry in 
menopausal women with executive function difficulties. 
Neuropsychopharmacology, 42(2), 437–445. https://doi.org/ 
10.1038/npp.2016.162

Szpunar, M. J., Malaktaris, A., Baca, S. A., Hauger, R. L., & 
Lang, A. J. (2021). Are alterations in estradiol, cortisol, and 
inflammatory cytokines associated with depression during 
pregnancy and postpartum? An exploratory study. Brain, 
Behavior, & Immunity - Health, 16, Article 100309. https://
doi.org/10.1016/j.bbih.2021.100309

Tsai, C.-S., Chou, W.-J., Lee, S.-Y., Lee, M.-J., Chou, M.-C., & 
Wang, L.-J. (2020). Phthalates, para-hydroxybenzoic acids, 
bisphenol-A, and gonadal hormones’ effects on susceptibil-
ity to attention-deficit/hyperactivity disorder. Toxics, 8(3), 57. 
https://doi.org/10.3390/toxics8030057

Vos, M., & Hartman, C. A. (2022). The decreasing prevalence 
of ADHD across the adult lifespan confirmed. Journal of 
Global Health, 12, Article 03024. https://doi.org/10.7189/
jogh.12.03024

Wasserstein, J., Stefanatos, G. A., & Solanto, M. V. (2023). 2  
perimenopause, menopause and ADHD. Journal of the Inter
national Neuropsychological Society, 29(s1), 881. https://doi.
org/10.1017/S1355617723010846

https://doi.org/10.30773/pi.2023.0113
https://doi.org/10.30773/pi.2023.0113
https://doi.org/10.1016/j.yhbeh.2014.08.011
https://doi.org/10.1016/j.yhbeh.2009.02.004
https://doi.org/10.1037/0735-7044.114.4.772
https://doi.org/10.1037/0735-7044.114.4.772
https://doi.org/10.3390/jcm12206519
https://doi.org/10.3390/jcm12206519
https://doi.org/10.1016/j.psychres.2018.12.128
https://doi.org/10.1177/1087054711416909
https://doi.org/10.1177/1087054711416909
https://doi.org/10.1177/1087054714535249
https://doi.org/10.1177/1087054714535249
https://doi.org/10.1016/j.jaac.2018.07.910
https://doi.org/10.1016/j.jaac.2018.07.910
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3109/13697137.2016.1152536
https://doi.org/10.3109/13697137.2016.1152536
https://doi.org/10.1176/ajp.2007.164.6.942
https://doi.org/10.1176/ajp.2007.164.6.942
https://doi.org/10.1002/jclp.20121
https://doi.org/10.1007/s00737-019-0952-4
https://doi.org/10.1007/s00737-019-0952-4
https://doi.org/10.1016/j.psyneuen.2017.11.015
https://doi.org/10.1001/jamanetworkopen.2021.31448
https://doi.org/10.1001/jamanetworkopen.2021.31448
https://doi.org/10.1186/s13256-022-03651-w
https://doi.org/10.17305/bjbms.2018.2942
https://doi.org/10.17305/bjbms.2018.2942
https://doi.org/10.1016/S2215-0366(17)30167-0
https://doi.org/10.1038/npp.2016.162
https://doi.org/10.1038/npp.2016.162
https://doi.org/10.1016/j.bbih.2021.100309
https://doi.org/10.1016/j.bbih.2021.100309
https://doi.org/10.3390/toxics8030057
https://doi.org/10.7189/jogh.12.03024
https://doi.org/10.7189/jogh.12.03024
https://doi.org/10.1017/S1355617723010846
https://doi.org/10.1017/S1355617723010846


Osianlis et al.	 723

Young, S., Adamo, N., Ásgeirsdóttir, B. B., Branney, P., 
Beckett, M., Colley, W., Cubbin, S., Deeley, Q., Farrag, E., 
Gudjonsson, G., Hill, P., Hollingdale, J., Kilic, O., Lloyd, 
T., Mason, P., Paliokosta, E., Perecherla, S., Sedgwick, 
J., Skirrow, C., .  .  . Woodhouse, E. (2020). Females with 
ADHD: An expert consensus statement taking a lifespan 
approach providing guidance for the identification and 
treatment of attention-deficit/ hyperactivity disorder in 
girls and women. BMC Psychiatry, 20(1), 404. https://doi.
org/10.1186/s12888-020-02707-9

Yuan, D., Li, Q., Zhan, N., Zhang, L., Wang, J., Liu, M., & Geng, 
F. (2024). Longitudinal associations of menstrual charac-
teristics with mental health problems among Chinese girls. 
European Child & Adolescent Psychiatry, 33(8), 2547–2556. 
https://doi.org/10.1007/s00787-023-02345-y

Author Biographies

Elyssa Osianlis, is a PhD student at HER Centre Australia, 
Department of Psychiatry at Monash University in Australia.

Elizabeth H. X. Thomas, is a post-doctoral research fellow at 
HER Centre Australia, Department of Psychiatry at Monash 
University in Australia.

Lisanne Michelle Jenkins, is a senior research fellow at HER 
Centre Australia, Department of Psychiatry at Monash University 
in Australia.

Caroline Gurvich, is a neuropsychologist and associate professor 
at HER Centre Australia, Department of Psychiatry at Monash 
University in Australia.

https://doi.org/10.1186/s12888-020-02707-9
https://doi.org/10.1186/s12888-020-02707-9
https://doi.org/10.1007/s00787-023-02345-y

