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Abstract

Background ADHD manifests differently across genders, with females often underdiagnosed due to more internaliz-
ing symptoms such as inattention, emotional dysregulation, and anxiety. Males, in contrast, tend to display externaliz-
ing behaviors such as hyperactivity and impulsivity, leading to earlier and more frequent diagnoses. These diagnostic

disparities significantly influence the efficacy and adherence to ADHD treatments across genders.

Objective This narrative review investigates gender disparities in ADHD medication efficacy, focusing on the hormo-
nal, biological, neurophysiological, and sociocultural factors influencing treatment outcomes for females compared
to males.

Methods Findings from 35 validated studies were synthesized, including randomized controlled trials (RCTs), obser-
vational studies, longitudinal research, systematic reviews, neuroimaging analyses, and qualitative data. Emphasis
was placed on gender-specific trends in medication efficacy, adherence, side effects, and long-term outcomes.

Results Hormonal fluctuations in females, such as changes in estrogen levels, influence ADHD symptom severity
and medication efficacy. Evidence suggests that females may benefit more from non-stimulant treatments like ato-
moxetine, while stimulant medications yield more significant improvements in externalizing behaviors for boys.
Gender-specific differences in treatment adherence and long-term functional outcomes are highlighted, underscor-
ing the challenges faced by females with ADHD.

Conclusion The underrepresentation of females in ADHD research skews current treatment guidelines. Addressing
these gaps requires gender-inclusive studies and personalized treatment approaches that consider both biological
and sociocultural differences in ADHD manifestations and treatment responses.

Keywords ADHD, Gender disparities, Pharmacological treatment, Treatment outcomes, Hormonal influence,
Medication adherence

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a
chronic neurodevelopmental disorder affecting approxi-
mately 3% of adults worldwide, significantly impairing
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a multimodal treatment strategy that integrates pharma-
cological therapies with psychosocial interventions and
long-term follow-up care to address the complex spec-
trum of ADHD symptoms [4].

Pharmacological treatments for ADHD fall into two
primary categories: psychostimulants—including meth-
ylphenidate- and amphetamine-based medications—and
non-stimulants, such as atomoxetine and guanfacine
[5]. However, the availability, accessibility, and regula-
tory status of these medications vary significantly across
countries. For example, in Canada, long-acting ampheta-
mine mixtures, methylphenidate, and lisdexamfetamine
are prioritized as first-line treatments. In contrast, the
UK primarily recommends psychostimulants, reserving
non-stimulant medications such as atomoxetine for cases
involving contraindications or comorbid substance use
disorders [6].

While effective pharmacological options exist, gen-
der disparities in ADHD diagnosis, symptomatology,
and treatment outcomes remain underexplored. ADHD
is more frequently diagnosed in males due to their pro-
nounced externalizing symptoms, such as hyperactivity
and impulsivity, which are more disruptive and easily rec-
ognized. In contrast, females often present with subtler
internalizing symptoms, including inattention, emotional
dysregulation, and anxiety, which are less overt and fre-
quently misattributed to other conditions, such as mood
or anxiety disorders [7]. These diagnostic disparities con-
tribute to delayed treatment initiation in females, exac-
erbating long-term functional impairments in academic,
occupational, and interpersonal domains.

Biological and hormonal differences further compli-
cate ADHD symptomatology and treatment responses
between genders. Hormonal fluctuations, such as those
associated with puberty, menstruation, pregnancy, and
menopause, influence ADHD symptom severity and
medication efficacy in females [8, 9]. For instance, ele-
vated estrogen levels during puberty enhance dopamine
receptor sensitivity, potentially modulating attention
regulation. Conversely, declining estrogen levels during
menopause exacerbate ADHD symptoms, often reducing
medication effectiveness. Archer and Garcia [10] empha-
sized the importance of understanding emotional and
cognitive dysfunctions in ADHD, particularly in females,
to achieve optimal treatment outcomes.

Sociocultural factors also play a critical role in shap-
ing diagnostic and treatment disparities. Societal
norms often trivialize or normalize ADHD symptoms
in females, perceiving behaviors such as talkativeness
or emotional sensitivity as personality traits rather than
clinical symptoms [11]. This misperception delays diag-
nosis and contributes to stigma, impacting adherence to
treatment and long-term outcomes.
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Despite the growing recognition of these gender-spe-
cific challenges, there remains a significant underrep-
resentation of females in ADHD research, leading to a
male-centric understanding of the disorder and its treat-
ment [6]. Biederman et al. [3] highlighted the need to
address gender-specific differences in ADHD diagnosis,
symptomatology, and comorbidities to develop equitable
and effective interventions.

This narrative review seeks to bridge these gaps by syn-
thesizing findings from 35 peer-reviewed studies, encom-
passing a range of methodologies, including randomized
controlled trials (RCTs), longitudinal studies, neuroimag-
ing research, and systematic reviews. The review focuses
on gender disparities in ADHD diagnosis, medication
efficacy, treatment adherence, and long-term outcomes,
with particular emphasis on hormonal, biological, and
sociocultural factors. By addressing these critical dispari-
ties, this study aims to inform personalized and gender-
sensitive approaches to ADHD management, ensuring
more equitable care for males and females alike.

Methods

Study selection and search strategy

A comprehensive systematic search was conducted across
PubMed, PsycINFO, and Scopus databases to identify
relevant peer-reviewed studies published between 2000
and 2023. The search included studies providing explicit
data on gender-specific differences in ADHD treatment
efficacy or outcomes, such as those reviewing female-
specific concerns [7], highlighting research gaps in adult
ADHD populations [6], and examining emotional dysreg-
ulation in ADHD [10].

Inclusion and exclusion criteria

Inclusion criteria

Studies providing explicit data on gender-specific differ-
ences in ADHD treatment efficacy or outcomes

Research focusing on pharmacological treatments
for ADHD, including stimulants (e.g., methylphenidate,
amphetamines) and non-stimulants (e.g., atomoxetine,
guanfacine)

Inclusion criteria encompassed studies addressing gen-
der-specific differences in ADHD treatment outcomes,
such as those focusing on internalizing symptoms like
emotional dysregulation in females [7, 10].

Studies involving children, adolescents, and adults to
capture gender-based treatment responses across differ-
ent life stages.

Research employing robust methodologies, such as the
following:

o Randomized controlled trials (RCTs)
o Longitudinal cohort studies
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o Case-control analyses

o Systematic reviews and meta-analyses

o Neuroimaging studies using advanced techniques
like functional MRI (fMRI) and positron emission
tomography (PET)

Exclusion criteria

1. Studies lacking explicit gender-specific data or pre-
senting aggregated outcomes without differentiation
by sex

2. Research exclusively focused on non-pharmacologi-
cal interventions, such as cognitive-behavioral ther-
apy (CBT) or psychoeducation, without pharmaco-
logical comparisons.

3. Studies with methodological limitations, such as
small sample sizes, inadequate reporting, or insuffi-
cient statistical validation

Definition of key terms

+ Validated studies: Peer-reviewed studies meeting
rigorous quality standards, including transparent
methodologies, robust statistical analyses, and clear
reporting of outcomes

+ Reliability: Refers to the consistency of findings
across the included studies, including reproducibility
of outcomes, coherence of results, and methodologi-
cal transparency.

Study characteristics

The review synthesized findings from 35 peer-reviewed
studies, encompassing a range of study designs to ensure
a comprehensive understanding of ADHD pharmaco-
therapy across genders.

Sample sizes

Studies ranged from large-scale population research
involving over a million participants to smaller, well-con-
trolled trials with fewer than 200 participants.

Population diversity

Efforts were made to include studies that represent
diverse populations, accounting for variability in age,
socioeconomic status, and cultural contexts.

Types of ADHD medications examined

1. Stimulants: Medications such as methylphenidate
and amphetamines were evaluated for their efficacy
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in managing core ADHD symptoms, including inat-
tention, hyperactivity, and impulsivity [5]. This meta-
regression analysis provided robust evidence on the
effectiveness of methylphenidate for adults with
ADHD, highlighting its role in symptom manage-
ment across genders.

2. Non-stimulants: Non-stimulants such as atomoxe-
tine and guanfacine were frequently assessed for their
effectiveness in addressing internalizing symptoms
and emotional regulation, particularly in females
[10].

Study designs and methodological scope

1. Randomized controlled trials (RCTs): Meta-regres-
sion analyses provide robust efficacy data by aggre-
gating findings from multiple RCTs [1, 2, 5].

2. Longitudinal studies: Research tracking participants
over extended periods to identify changes in symp-
tomatology and treatment responses, providing
insights into long-term outcomes [12, 13].

3. Observational studies: These studies offered real-
world perspectives on treatment patterns and adher-
ence, as well as underrepresentation in adult popula-
tions, including females [6].

4. Neuroimaging studies: Functional MRI (fMRI) and
PET studies evaluated brain function and treatment
responses across genders, with a focus on dopamine
receptor activity and fronto-striatal pathways [10].
This research highlights neurobiological disruptions
in females with ADHD, which contribute to their
unique symptomatology and treatment challenges.

5. Systematic reviews and meta-analyses: Comprehen-
sive reviews provided aggregated insights into treat-
ment efficacy and tolerability across gender groups
[8, 9]. These reviews also explore the hormonal and
developmental differences influencing ADHD in
females.

6. Case—control studies: These studies focused on
comorbidities and clinical presentations, highlight-
ing how gender influences ADHD manifestations and
treatment responses [14].

Quality and bias assessment
To ensure the robustness and reliability of conclusions,
the following strategies were employed to minimize bias:

1. Advanced statistical analyses: Multivariate regression
models were used to control for confounding varia-
bles such as age, socioeconomic status, and comorbid
conditions [15, 16].
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2. Structured data synthesis protocols: Consistent pro-
tocols were followed to ensure methodological rigor
in data extraction and synthesis, enhancing reliability
and coherence across studies [4].

3. Addressing underrepresentation: Studies that explic-
itly addressed underrepresentation in ADHD
research, particularly in female populations, were
prioritized for inclusion to ensure gender-balanced
insights [6] (Table 1).

Results

Prevalence and symptomatology

Multiple large-scale studies have demonstrated that
ADHD is more commonly diagnosed in males, with a
male-to-female ratio of approximately 2.5:1, as observed
in the CATSS sample [22]. This gender discrepancy aligns
with existing literature indicating that boys are more fre-
quently diagnosed with ADHD during childhood. How-
ever, evidence suggests that symptomatic prevalence in
females is higher than formal diagnostic rates indicate,
as their symptoms are often overlooked. For instance,
Mowlem et al. [15] reported parent-reported ADHD

Table 1 Comprehensive table layout
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symptoms with a symptomatic prevalence of 12.9%,
substantially exceeding the rate of formal diagnoses in
females. This highlights the tendency for ADHD to be
underdiagnosed in females.

Males with ADHD tend to display overt behaviors,
such as hyperactivity and conduct problems, which often
draw attention from parents, teachers, and clinicians,
leading to more frequent diagnoses. In contrast, females
with ADHD often exhibit subtler symptoms, such as inat-
tentiveness and emotional dysregulation. These symp-
toms are less disruptive and are often misattributed,
resulting in underdiagnosis. Studies further demonstrate
that hyperactivity and conduct problems are stronger
predictors of diagnosis and medication prescriptions in
females [23]. This reinforces the notion that externalizing
behaviors are more likely to trigger clinical intervention.

Despite differences in diagnostic rates, the severity of
ADHD symptoms is generally comparable across genders
once a diagnosis is established. However, in undiagnosed
populations, females typically exhibit lower symptom
severity scores than males. These findings underscore the
importance of improved diagnostic criteria and clinician
training to recognize the subtler presentation of ADHD
in females.

Study ID/author(s) and year  Design

Sample size Gender distribution (M/F) Key findings

Castellsetal, 2011 [5] RCT, meta-regression 1200 M: 700, F: 500 Methylphenidate effective across genders,
with higher male response rates

Wilens et al,, 2002 [1, 2] RCT 350 M: 180, F: 170 Amphetamines reduced hyperactivity more
in males; females showed better improvement
in attention

Biederman et al,, [12] Longitudinal 500 M: 250, F: 250 Long-term stimulant efficacy more pronounced
in males, females benefited more from non-
stimulants

Owensetal, 2017 [13] Longitudinal 400 M: 180, F: 220 Females exhibited more internalizing symptoms
and emotional regulation challenges

Ramos-Quiroga et al., 2014 [6] Observational 1500 M: 900, F: 600 Females underrepresented in adult ADHD stud-
ies, delayed diagnosis common

Manza et al,, 2022 [17] Neuroimaging (PET) 100 M: 50, F: 50 PET studies show sex-specific dopamine recep-
tor activity differences influencing treatment
responses

Sobanski et al, 2008 [18] Case control 300 M: 160, F: 140 Comorbidities more prevalent in females, signifi-
cant impact on treatment outcomes

Littman & Wagenberg, 2023 [19] Observational 1200 M: 700, F: 500 ADHD females reported greater social impair-
ments and emotional challenges

De Jong et al,, 2024 [20] Quialitative study 100 M: 0, F: 100 Female-specific ADHD support groups improved
coping strategies

Arnett et al,, 2015 [16] Observational 1000 M: 500, F: 500 Gender differences in symptom severity, females
reported higher emotional distress

McKechnie et al,, 2023 [21] Observational 2500 M: 1400, F: 1100 ADHD diagnosis and treatment patterns influ-
enced by gender and socioeconomic factors

Archer & Garcia, 2016 [10] Observational 500 M: 300, F: 200 Emotional dysregulation more common

in females, need for tailored treatment
approaches
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Neurobiological and behavioral differences
Gender disparities in ADHD extend beyond symptom
presentation to include significant neurobiological differ-
ences. Research by Archer and Garcia [10] and others has
shown that females with ADHD experience pronounced
disruptions in specific brain regions, particularly the
fronto-striatal and parietal areas, which are critical for
executive functions such as attention regulation, impulse
control, and task management. These neurobiologi-
cal disruptions may contribute to the unique challenges
faced by females in managing ADHD-related behaviors.
Neuroimaging studies have observed differences in
dopamine release patterns between genders. For instance,
females with ADHD show greater dopamine increases in
the nucleus accumbens (NAc), a region linked to reward
processing and motivation, when treated with methyl-
phenidate [17]. However, no significant sex differences
were noted in dopamine release within the dorsal stria-
tum, which governs motor control and habit formation.
These findings highlight the influence of gender-specific
neurobiological mechanisms on ADHD symptomatology
and treatment responses.

Treatment efficacy and gender differences
The efficacy of ADHD medications varies across gen-
ders, as demonstrated by several systematic reviews and
meta-analyses. These studies assessed a wide range of
pharmacological treatments, including stimulants (e.g.,
methylphenidate and amphetamines) and non-stimu-
lants (e.g., atomoxetine and guanfacine). The primary
focus was to measure changes in ADHD symptoms, brain
activation patterns, and overall treatment outcomes.
Males are more likely to be prescribed ADHD medica-
tions at all ages, reflecting their higher clinical prevalence
and more overt symptoms. However, gender differences
in treatment outcomes become more apparent in adult-
hood. In children, boys typically exhibit more significant
improvements in attention tasks following stimulant use.
For adults, both genders show similar improvements in
symptom severity, though females often report smaller
reductions in overall symptoms compared to males [24].
Interestingly, females with ADHD often experience
greater improvements in emotional regulation and social
functioning, areas where they frequently struggle more
than males. This suggests that ADHD treatment may
offer unique benefits for women, particularly in emo-
tional and social well-being [25].

Adverse effects and comorbidities

Gender-specific differences in the adverse effects of
ADHD medications have been widely reported. For
instance, females taking atomoxetine are more likely to
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experience somnolence and gastrointestinal symptoms,
such as abdominal pain, compared to males. Addition-
ally, females tend to report heightened sensitivity to
stimulant-related side effects, such as appetite suppres-
sion and mood fluctuations. Additionally, comorbidities
associated with ADHD exhibit gender-specific patterns.
Males with ADHD are more likely to develop external-
izing disorders such as oppositional-defiant disorder
(ODD), whereas females are more prone to internalizing
disorders such as depression and anxiety [26, 27]. These
gender-specific comorbidities complicate the diagnostic
process for females, as internalizing disorders can mask
ADHD symptoms, leading to misdiagnosis or failure to
diagnose ADHD.

Socioeconomic and educational outcomes

Gender differences in outcomes are particularly pro-
nounced in academic settings. Females with ADHD are
more likely to experience speech and language impair-
ments, which contribute to poorer academic perfor-
mance compared to their male counterparts [13]. This
disparity often persists into adulthood, with females
reporting lower levels of educational attainment and
occupational achievement. Conversely, males with
ADHD are more likely to engage in risky behaviors and
substance use, further complicating their long-term
outcomes.

Long-term outcomes and gender disparities

Longitudinal studies highlight significant gender differ-
ences in the long-term trajectories of individuals with
ADHD. Females are at higher risk for developing mood
disorders, including depression, over their lifetime. Addi-
tionally, untreated ADHD in females is associated with
poorer occupational performance, increased rates of rela-
tionship difficulties, and higher overall functional impair-
ment compared to males [28].

Discussion

Gender bias in diagnosis and research

The underdiagnosis of ADHD in females is rooted in
diagnostic frameworks that overlook internalizing symp-
toms, such as inattention and emotional dysregulation
[7]. Further, Hinshaw and Blachman [8, 9] emphasize that
societal expectations often mask ADHD symptoms in
females, leading to diagnostic delays. Historically, ADHD
has been predominantly conceptualized as a male dis-
order, with diagnostic criteria heavily weighted toward
overt externalizing symptoms such as hyperactivity and
impulsivity [15]. This focus has led to a systemic failure to
recognize the subtler, internalizing symptoms commonly
presented by females, such as inattention, emotional dys-
regulation, and anxiety [4, 23].
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Societal expectations further compound these biases.
For instance, hyperactive behaviors in females are often
mislabeled as talkativeness or social exuberance, delay-
ing clinical recognition and intervention [11]. Simi-
larly, inattentiveness or emotional symptoms in females
are frequently attributed to anxiety or mood disorders,
overshadowing the possibility of ADHD [16, 29]. These
diagnostic disparities highlight the urgent need for gen-
der-sensitive diagnostic tools and revised clinical frame-
works that account for the nuanced presentation of
ADHD in females.

Tailored treatment strategies
Evidence underscores the importance of adopting gen-
der-sensitive treatment protocols to address the unique
challenges faced by females with ADHD. Multimodal
treatment approaches that integrate pharmacological
therapies with non-pharmacological interventions are
particularly effective. Emotional dysregulation, a critical
symptom in ADHD, is more pronounced in females and
significantly impacts treatment outcomes [10]. Tailored
multimodal treatment strategies, as emphasized by Ruck-
lidge [30], should address both biological and sociocul-
tural factors to optimize outcomes. For example, while
stimulant medications such as methylphenidate and
amphetamines are beneficial across genders, females may
derive greater benefit from non-stimulant medications
like atomoxetine, especially when internalizing symp-
toms such as anxiety or depression are present [31]. Fur-
thermore, emotional dysregulation, a critical symptom in
ADHD, is more pronounced in females and significantly
impacts treatment outcomes, as highlighted by Archer
and Garcia [10]. This underscores the need for tailored
therapeutic approaches that specifically address emo-
tional and cognitive dysfunctions in females with ADHD.
Non-pharmacological interventions, such as CBT and
psychoeducation, are essential components of treatment
for females with ADHD. These approaches target areas
where females often struggle more significantly, such as
emotional regulation, interpersonal difficulties, and aca-
demic challenges [32]. Combining these interventions
with pharmacotherapy enhances treatment efficacy and
improves long-term outcomes, particularly for address-
ing comorbid conditions like anxiety and depression.

Integrating non-pharmacological interventions

Although pharmacological treatments remain central to
ADHD management, non-pharmacological interventions
play a pivotal role in addressing the broader impacts of
the disorder, particularly in females. For instance, CBT
helps individuals develop practical coping mechanisms
for inattention, impulsivity, and emotional dysregulation.
Psychoeducation empowers patients and their families
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with a deeper understanding of the disorder, facilitating
better management and reducing stigma.

The integration of non-pharmacological approaches
is especially beneficial for managing the emotional and
social difficulties disproportionately experienced by
females with ADHD. These interventions not only com-
plement pharmacotherapy but also provide essential
support for addressing common comorbidities, such
as anxiety and mood disorders. Future research should
focus on expanding the evidence base for these interven-
tions and exploring their role in comprehensive ADHD
care.

Addressing sociocultural factors

Sociocultural influences significantly shape the diagno-
sis and management of ADHD, particularly in females.
Females are often socialized to suppress disruptive
behaviors, leading to a misperception of their symptoms
as traits like shyness or sensitivity [11]. This cultural con-
ditioning not only delays diagnosis but also contributes
to stigma, which can undermine treatment adherence
and outcomes.

To counter these challenges, clinicians must adopt a
holistic approach that considers sociocultural contexts
when diagnosing and treating ADHD in females. Public
awareness campaigns and educational initiatives can play
a critical role in challenging stereotypes, promoting accu-
rate understanding, and reducing stigma surrounding
ADHD in females.

Gender differences in symptom trajectories

and comorbidities

Longitudinal studies have revealed distinct developmen-
tal trajectories and comorbidity patterns for males and
females with ADHD. Females are more likely to develop
internalizing disorders, such as anxiety and depression,
which can mask core ADHD symptoms and complicate
diagnosis and treatment [13, 33]. These comorbidities
exacerbate long-term functional impairments, particu-
larly in academic and occupational domains.

In contrast, males with ADHD are more likely to
exhibit externalizing behaviors, such as aggression and
conduct problems, which often prompt earlier clini-
cal attention. Understanding these gender-specific pat-
terns is essential for designing tailored interventions that
address the unique needs of both sexes [34].

Medication efficacy and adherence

Gender differences in medication efficacy and adherence
have been well-documented. Meta-regression analyses,
such as Castells et al. [5], provide robust evidence on
the efficacy of stimulant medications, particularly meth-
ylphenidate, in managing ADHD symptoms. However,



Amiri et al. Middle East Current Psychiatry (2025) 32:22

adherence challenges remain higher in females, as high-
lighted by Wilens et al. [1, 2], necessitating personal-
ized medication plans. While stimulant medications are
effective for managing ADHD symptoms across genders,
females often report greater improvements in emotional
regulation and social functioning, areas where they face
more significant challenges compared to males [10].
However, females are also more likely to discontinue
treatment due to side effects or a perceived lack of effi-
cacy [6].

Improving adherence among females requires a gen-
der-sensitive approach that addresses these barriers.
Clinicians should consider alternative treatments, such
as non-stimulant medications, and prioritize proactive
management of side effects. Incorporating patient edu-
cation into treatment plans is another critical step, as it
empowers females with ADHD to take an active role in
their care and enhances their understanding of long-term
benefits.

Neurobiological and hormonal influences
Neurobiological research highlights significant differ-
ences in brain structure and function between males
and females with ADHD. Neurobiological disruptions in
fronto-striatal and parietal regions, as noted by Archer
and Garcia [10], contribute to the unique challenges
faced by females with ADHD. Hormonal changes during
puberty and menopause further exacerbate these symp-
toms, underscoring the importance of gender-specific
interventions [8, 9]. These disruptions can contribute
to the distinct emotional and cognitive challenges faced
by females with ADHD, emphasizing the importance of
gender-specific approaches to treatment [7]. Hormonal
fluctuations further complicate ADHD symptomatology
in females. Conversely, the drop in estrogen during men-
opause can exacerbate symptoms, emphasizing the need
for age- and gender-specific treatment strategies that
address the evolving nature of ADHD across the lifespan.
Additionally, Biederman et al. [3] explored the func-
tional impairments in adults with ADHD and highlighted
the gender-based differences in long-term outcomes,
reinforcing the importance of recognizing neurobiologi-
cal and hormonal factors in treatment planning. Moreo-
ver, Faraone et al. [35] identified how comorbidities and
familial influences affect treatment patterns and out-
comes, further underscoring the need for tailored inter-
ventions for females with ADHD.

Long-term outcomes and policy implications

The long-term impacts of ADHD are particularly severe
for females. Untreated ADHD in females is associated
with poorer academic achievement, lower occupational
attainment, and higher rates of psychiatric comorbidities,
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such as depression and anxiety [28]. These challenges
highlight the importance of early diagnosis and interven-
tion to mitigate long-term consequences.

Healthcare policies should prioritize gender-sensitive
approaches to ADHD care. This includes revising diag-
nostic criteria to better capture the unique presentations
of ADHD in females, providing enhanced training for cli-
nicians to reduce diagnostic biases, and investing in pub-
lic health campaigns to increase awareness and reduce
stigma.

Future directions

Future research should focus on conducting longitudi-
nal studies to explore gender-specific symptom trajecto-
ries and the long-term effects of treatment modalities.
Additionally, there is a critical need for studies evaluating
the efficacy of non-pharmacological interventions, such
as CBT and psychoeducation, for females with ADHD.
Expanding research into the neurobiological and hormo-
nal underpinnings of ADHD will also provide valuable
insights into gender-specific symptomatology and treat-
ment responses.

Conclusion

This narrative review synthesizes findings from 35 stud-
ies, offering critical insights into the gender disparities
in ADHD diagnosis, symptomatology, treatment, and
long-term outcomes. It underscores the urgent need for
reform in diagnostic frameworks, treatment protocols,
and research methodologies to address the distinct chal-
lenges faced by females with ADHD.

Addressing gender bias in ADHD diagnosis

The evidence highlights a persistent gender bias in
ADHD diagnosis, where externalizing symptoms, such
as hyperactivity and impulsivity, dominate diagnostic
criteria. These criteria often fail to capture the subtler
internalizing symptoms more common in females, such
as inattention, emotional dysregulation, and anxiety. This
discrepancy has led to significant underdiagnosis and
delayed treatment in females [15, 23]. Addressing these
biases demands a paradigm shift in clinical practice, with
the adoption of gender-sensitive diagnostic tools and
enhanced clinician training to recognize ADHD’s diverse
presentations.

Advancing treatment strategies

Gender-sensitive treatment approaches are crucial to
optimizing ADHD management. Tailored treatment
strategies must address the distinct needs of females with
ADHD. Archer and Garcia [10] highlight the importance
of addressing emotional dysregulation, while Ruckl-
idge [30] emphasizes integrating non-pharmacological



Amiri et al. Middle East Current Psychiatry (2025) 32:22

interventions to complement medication. While stimu-
lant medications, such as methylphenidate, are effective
across genders, females often respond more favorably to
non-stimulant options like atomoxetine, especially when
comorbid conditions such as anxiety or depression are
present [31, 36]. Furthermore, integrating non-pharma-
cological interventions, such as CBT and psychoedu-
cation, is vital for addressing the emotional, social, and
academic challenges disproportionately faced by females
[4, 32]. Tailored multimodal treatment strategies pro-
vide the most effective pathway for improving long-term
outcomes.

Medication adherence and long-term outcomes
Biederman et al. [3] demonstrated the long-term func-
tional impairments associated with untreated ADHD
in adults, particularly females. Faraone et al. [35] high-
lighted the impact of familial and comorbid factors on
treatment outcomes, underscoring the need for indi-
vidualized care. Nonadherence compounds the func-
tional impairments associated with ADHD, particularly
in academic, occupational, and interpersonal domains
[13]. Improving adherence requires targeted interven-
tions, including patient education, personalized treat-
ment plans, and proactive management of side effects.
Early diagnosis and sustained treatment are pivotal to
mitigating the long-term impacts of ADHD on females,
who are at greater risk of developing comorbid condi-
tions, including anxiety and depression, and experiencing
poorer life outcomes [28].

Incorporating sociocultural considerations

Sociocultural factors significantly contribute to the
underrecognition and mismanagement of ADHD in
females. Societal norms and stereotypes often obscure
ADHD symptoms in females, leading to delayed diag-
noses and inadequate interventions [11]. Public health
initiatives must prioritize awareness campaigns and cli-
nician education to challenge these misconceptions and
promote equitable care. By addressing these sociocultural
barriers, the accurate diagnosis and effective treatment of
ADHD can be ensured for individuals across all genders.

Neurobiological and hormonal influences

Neurobiological and hormonal differences between males
and females further contribute to disparities in ADHD
symptomatology and treatment responses. Research
indicates that hormonal fluctuations, such as those asso-
ciated with puberty or menopause, significantly influence
ADHD symptoms and medication efficacy in females.
Ramos-Quiroga et al. [6] stress the underrepresenta-
tion of females in ADHD research, calling for inclusive
studies that inform equitable healthcare policies). These
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findings underscore the need for age- and gender-specific
treatment strategies that adapt to the evolving nature of
ADHD symptoms across the lifespan.

Policy implications and research directions

The findings of this review have important implications
for healthcare policy and clinical practice. Diagnostic
criteria must be revised to capture the unique presenta-
tions of ADHD in females. Clinician training should be
enhanced to reduce diagnostic bias and improve treat-
ment delivery for diverse populations. Public health
policies should focus on reducing stigma, promoting
awareness, and ensuring equitable access to ADHD care
for females.

Future research should prioritize the following:

1. Longitudinal studies to explore gender-specific symp-
tom trajectories and treatment outcomes over time

2. Comparative studies evaluating the efficacy of phar-
macological and non-pharmacological interventions
for females with ADHD

3. Neurobiological research investigating the hormo-
nal and structural differences that influence ADHD
symptomatology and treatment responses in females

4. Sociocultural studies to identify and address barriers
to diagnosis and treatment in diverse populations

Final thoughts

While considerable progress has been made in under-
standing ADHD, substantial gaps remain in addressing
gender disparities. A holistic approach—encompassing
biological, psychological, and sociocultural factors—is
essential to ensuring that individuals with ADHD, regard-
less of gender, receive appropriate, personalized, and
effective care. Bridging these gaps will not only improve
outcomes for females with ADHD but also advance the
broader field of ADHD research and clinical practice.

Bias and methodological considerations

Publication bias remains a significant concern in sys-
tematic reviews and meta-analyses, particularly when
examining gender differences in ADHD diagnosis and
treatment. Studies reporting significant or positive find-
ings are more likely to be published, potentially skew-
ing the available literature toward emphasizing gender
disparities. This bias can obscure a more nuanced and
accurate understanding of ADHD’s presentation and
treatment efficacy across genders.

Although some studies, such Ginsberg et al. [31],
employed rigorous statistical methods, including funnel
plots and Egger’s tests, to detect and mitigate publication
bias, these practices were inconsistently reported across
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the reviewed studies. Mitsis et al. [14] shed light on diag-
nostic complexities, including the lack of agreement
between parents and teachers, which disproportionately
affects females. Ramos-Quiroga et al. [6] underscore the
necessity of addressing publication bias and ensuring
gender balance in study populations. As a result, the reli-
ability of conclusions regarding gender-specific trends in
ADHD treatment efficacy and outcomes may be compro-
mised. Additionally, smaller studies with statistically sig-
nificant results are often overrepresented, while null or
less impactful findings are underreported.

Addressing bias in future research
To improve the robustness and reliability of ADHD
research, several strategies should be prioritized:

1. Transparent reporting: Future studies should consist-
ently report methods used to assess and address pub-
lication bias, including statistical techniques and data
synthesis protocols.

2. Balanced representation: Ensuring gender-balanced
representation in study populations is essential to
accurately capture the experiences and treatment
responses of both males and females with AD

3. Longitudinal designs: Employing longitudinal study
designs will enable researchers to track ADHD symp-
toms, treatment efficacy, and adherence over time,
providing insights into gender-specific trajectories
and outcomes.

4. Accounting for confounding variables: Research-
ers should control for potential confounders, such
as socioeconomic status, comorbid conditions, and
treatment history, to ensure that observed gender dif-
ferences are not attributable to these factors.

Publication bias and methodological challenges

Publication bias remains a significant concern in sys-
tematic reviews and meta-analyses, particularly when
examining gender differences in ADHD diagnosis and
treatment. Studies with significant or positive findings are
more likely to be published, potentially skewing the lit-
erature toward emphasizing gender disparities. Although
efforts to address publication bias, such as using funnel
plots and Egger’s tests, are noted in some studies, the
application of these methods has not been uniformly
reported across the reviewed literature [5, 31, 37]. This
inconsistency increases the risk of overrepresenting stud-
ies with significant results while underreporting null or
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less impactful findings, thereby limiting the generalizabil-
ity of conclusions.

To improve the robustness and reliability of future
ADHD research, it is essential to address these biases
by adopting transparent reporting practices. Future
studies should employ the following:

o Longitudinal designs: Tracking ADHD symptom
trajectories and treatment efficacy over time, while
considering gender-specific variations, to provide a
comprehensive understanding of ADHD outcomes

o Balanced representation: Ensuring that study pop-
ulations include adequate representation of both
genders to capture nuanced treatment responses
and symptom profiles

« Controlling for confounding variables: Accounting
for socioeconomic status, comorbid conditions,
and prior treatment history to ensure that observed
differences are genuinely attributable to gender and
not other factors

o Addressing publication bias and methodological
inconsistencies will enable a more balanced and
accurate understanding of ADHD and its gender-
specific manifestations. This, in turn, will contrib-
ute to more equitable diagnostic and therapeutic
strategies that align with the needs of both males
and females.
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