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Abstract

(1) Background: ASD diagnostic and screening instruments were historically developed
on predominantly male samples, raising concerns about their differential validity across
sexes. (2) Objective: This meta-analysis quantified the magnitude of gender bias in ASD
diagnostic and screening tools and examined its consistency across instruments, age groups,
and clinical contexts. (3) Method: A systematic search was conducted in APA PsycINFO,
ERIC, Dialnet, and PsicoDoc (2015-2025) following PRISMA 2020 guidelines. Fourteen
empirical studies were included (N =55 to ~3,000,000). Effect sizes were computed as Fisher
r-to-z transformed coefficients and pooled using a random-effects model. Heterogeneity
was assessed via Cochran’s Q and I?; methodological quality was assessed via the CRF-QS.
(4) Results: The pooled effect size was 1 = 0.29 (95% CI: 0.11-0.47, z = 3.11, p = 0.001),
indicating systematic bias favoring detection of externalizing, prototypically male profiles.
Substantial heterogeneity was observed (12 = 99.93%, Q(13) = 11,417.61, p <0.001, 2 =0.11),
with a prediction interval of —0.40 to 0.97. Funnel plot asymmetry suggested possible
publication bias (p = 0.01). (5) Conclusions: ASD diagnostic instruments systematically
underperform in identifying female presentations of autism. Bias operates across screening
and formal evaluation stages, is not corrected by specialist assessment, and is associated
with diagnostic delay and increased psychopathological burden. Revision of diagnostic
tools and clinical training is urgently warranted.

Keywords: autism spectrum disorders; gender bias; diagnostic techniques; psychometric
tests; sex differences in education; mental health

—— 1. Introduction

The diagnosis of autism spectrum disorder (ASD) relies fundamentally on standard-
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tic criteria established in international classification manuals. These tools, which include
parent-report questionnaires, structured clinical interviews, and standardized observational
measures, have contributed to improved ASD detection over recent decades. However,
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in ASD diagnostic rates between males and females, with ratios ranging from 3:1 to 6:1
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across different cultural and healthcare contexts [2]. Although these differences were long
interpreted as reflecting a genuinely lower prevalence in females, accumulated evidence
suggests that a substantial portion of this gap may be explained by systematic biases
in identification and assessment processes, rather than by true differences in disorder
prevalence [3,4].

It is important to acknowledge that the interpretation of sex-related differences in
ASD diagnosis remains a matter of ongoing debate. Observed disparities in diagnostic
rates, age at diagnosis, or instrument performance do not necessarily constitute evidence
of diagnostic bias per se. Alternative explanations include genuine sex-based differences
in prevalence, symptom expression, developmental trajectories, or biological risk factors.
From this perspective, diagnostic inequities can only be interpreted as evidence of bias
when differences arise from limitations in the assessment process rather than from true
variations in autistic presentation. The present review adopts the position that repeated
findings of delayed identification, differential instrument sensitivity, and the requirement
for greater symptom burden among females may indicate systematic diagnostic disadvan-
tage. Nevertheless, the distinction between sex differences and diagnostic bias should be
considered when interpreting the findings.

A growing body of research has indicated that autistic women and girls tend to present
with less externalizing phenotypic profiles, greater apparent social competence in structured
contexts, and a higher reliance on social camouflaging strategies [5]. These characteristics
are not incidental; they interact directly with the functioning of existing diagnostic tools,
reducing their sensitivity to detect ASD when symptom presentation does not conform to
the classic male phenotype upon which the instruments were built [6,7]. As a result, women
typically require a higher symptom burden, more pronounced developmental delays, or
additional comorbidities to meet diagnostic thresholds [8].

Despite growing theoretical recognition of gender bias in ASD diagnosis, the available
empirical evidence remains fragmented and heterogeneous [9]. Existing studies vary widely
in design, sample size, instruments employed, and reported metrics, making it difficult to
draw integrated quantitative conclusions about the actual magnitude of bias associated
with diagnostic tools. Advancing beyond narrative and systematic reviews to provide meta-
analytic estimates capable of quantifying the effect of gender on the diagnostic performance
of clinical and population-level instruments is therefore an important step forward.

The present meta-analysis focuses on examining sex- and gender-related differences
in ASD screening and diagnostic instruments and evaluating the extent to which these
differences may be consistent with the presence of diagnostic bias. Unlike prior work that
addresses diagnostic bias in broad terms, this study adopts a focused approach centered
on diagnostic tools as a key mechanism of inequity, enabling estimation of an aggre-
gate effect size and evaluation of bias consistency across different contexts, age groups,
and instruments.

A late or absent diagnosis limits early access to support, increases the risk of psy-
chopathological comorbidity, and contributes to life trajectories marked by clinical invisibil-
ity, particularly in women and individuals assigned female at birth. A rigorous quantitative
assessment of gender bias in diagnostic instruments therefore constitutes an essential step
toward informing instrument revision, professional training, and the development of more
equitable diagnostic models that are sensitive to the phenotypic diversity of ASD.

2. Materials and Methods
2.1. Study Design

A quantitative meta-analysis with a random-effects model was conducted to syn-
thesize available empirical evidence on gender bias in ASD screening and diagnostic
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instruments. The study was designed and reported in accordance with the recommenda-
tions of the PRISMA 2020 Statement for systematic reviews and meta-analyses [10]; the
complete checklist is included as Supplementary Material. This systematic review and
meta-analysis was retrospectively registered in PROSPERO: CRD420261424446.

The scope of this meta-analysis was specifically limited to the differential performance
of diagnostic and screening instruments (e.g., parent-report questionnaires, clinical in-
terviews, and standardized assessments) as a function of sex, excluding studies focused
exclusively on prevalence or on clinical differences not linked to diagnostic tools. Using the
PECO framework [11], the following research question guided this systematic review: Do
current diagnostic and screening instruments adequately capture ASD in women and girls?

2.2. Literature Search Strategy

A systematic search was conducted in the APA PsycINFO, Dialnet, PsicoDoc, and
ERIC databases, covering the period from 2015 to December 2025. The selection of these
sources reflected a deliberate methodological decision: PsycINFO and ERIC provide broad
coverage of high-impact international psychological and educational literature on ASD,
while Dialnet and PsicoDoc allow for the inclusion of Spanish-language scientific output,
whose diagnostic, cultural, and healthcare context presents specificities that the Anglophone
literature does not always adequately capture. This combination responds to the goal of
offering a synthesis that transcends the Anglocentric publication bias frequently noted in
systematic reviews on ASD [12]. The search combined terms related to autism, gender,
and diagnostic assessment using Boolean operators. The full search strategy is detailed in
Table 1.

Table 1. Search Strategy (Boolean AND/OR).

Population (P) Exposure (E) Comparison (C) Outcomes (O)
diagnos* OR “age at prevalence OR epidemiology
diadg?osis(”) 1g)Rd”diagnostiC OR “age o(fi diagnosis;’)gR
elay” “diagnostic “time to diagnosis”
pathway” OR identification “waiting time” OR sensitivity
OR detection OR screening OR OR specificity OR accuracy
autism OR autistic OR assessment OR male OR female OR OR PPV OR NPV OR
“autism spectrum “camouflaging” OR masking boys OR girls OR AFAB psychometric* OR “factor
disorder” OR ASD OR OR compensation OR structure” OR invariance OR
neurodivergent assimilation OR “sex OR AMAB “measurement invariance” OR
(zliiffegencfes” ?R Osex OR Vallidité, OR reliabilit}é OR
gender OR female OR women “lived experience” OR
OR girls OR AFAB OR AMAB qualitative OR interview* OR
OR nonbinary OR transgender “thematic analysis” OR
OR “gender diverse” phenomenolog*

2.3. Eligibility Criteria

Studies were included if they met the following criteria: (1) quantitative empiri-
cal designs (observational, clinical, or population-based); (2) samples including children,
adolescents, or adults assessed for ASD; (3) explicit use of ASD screening or diagnostic
instruments (e.g., SCQ, ADOS, ADI-R, parent-report questionnaires, or structured clinical
assessments); (4) analyses of sex-based differences in diagnosis probability, instrument per-
formance, diagnostic thresholds, or diagnostic prediction; and (5) availability of sufficient
statistics for effect size estimation or transformation.

Studies were excluded if they: (1) were qualitative designs, single-case studies, or
narrative reviews; (2) focused exclusively on prevalence without analyzing the diagnostic
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process; (3) did not disaggregate data by sex; (4) did not provide sufficient data for effect
size calculation; or (5) were preprints not subjected to peer review.

Study Selection Process

The selection process was structured following a PECO framework adapted to the
analysis of diagnostic bias:

- P (Population): Individuals assessed for suspected ASD or included in population-
based studies using autism trait screening instruments.

- E (Exposure): Sex assigned at birth and/or gender, treated as a moderator of diag-
nostic performance; studies explicitly analyzing differences associated with gender
socialization or camouflaging were included.

- C(Comparison): Contrasted group comparisons (girls vs. boys; AFAB vs. AMAB).

- (Outcomes): Indicators of diagnostic functioning, including diagnosis probability,
instrument performance, diagnostic thresholds, or differential diagnostic prediction.

In the initial stage, the database search identified 142 articles. Following the removal
of 11 duplicates, titles and abstracts of 131 articles were screened; 16 were excluded for
failing to meet basic relevance criteria, yielding 115 studies for further analysis. Of these,
49 were excluded as systematic reviews or meta-analyses, leaving 66 articles for full-
text eligibility review. At this stage, 52 studies were excluded for the following reasons:
(1) 35 did not specifically investigate gender bias in diagnostic instruments; (2) 10 did not
provide relevant data on screening outcomes or instrument utility; and (3) 7 did not meet
the temporal criterion. A final sample of 14 articles was retained. The selection process is
documented in the PRISMA flow diagram (see Figure 1). Title and abstract screening and
full-text eligibility assessment were conducted by a single reviewer.

Records identified through
database search

Duplicate articles

n=142 n=11

v

Records after duplicates
removed

Records excluded

=
=
I
o
=
=
@
o

n=131 n=16

Records excluded
(systematic reviews)

Records screened
after title reading

n=115 n=49

Records included for Articles excluded, n =52

>

% (R ) (1) No ASD / no gender bias focus, n =35

= n =66 (2) Not relevant screening/

w g diagnostic study, n =10
(3) Does not meet temporal criterion, n=7
Total excluded n =52

Articles included,

n=14

Figure 1. PRISMA Flow Diagram.

2.4. Data Extraction

The following data were systematically extracted from each included study: (1) author
and year of publication; (2) country and study context; (3) study design; (4) total and
sex-disaggregated sample size; (5) mean age; (6) diagnostic or screening instruments used;
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(7) type of statistical analysis reported; and (8) relevant statistics (odds ratios, regression
coefficients, proportion differences, confidence intervals). Data extraction was performed
by a single reviewer using a standardized extraction form.

2.5. Methodological Quality Assessment

The methodological quality of included studies was assessed using the Critical Review
Form—Quantitative Studies (CRF-QS), developed by Law et al. and widely used in
systematic reviews in health sciences and psychology [13].

The CRF-QS provides a structured evaluation of key aspects of study design and
methodological execution, including: clarity of study objectives, adequacy of design rela-
tive to the stated objective, description of the sample and selection criteria, validity and
reliability of instruments used, appropriateness of statistical analysis, and interpretation of
results (see Table 2). Methodological quality (CRF-QS) and risk of bias were assessed by a
single reviewer.

Table 2. Methodological Quality of Included Studies (CRF-QS).

Study Design C;SF ) Quality Bias Risk Rationale
. . o Blinded diagnosis, longitudinal
Brian et al. [14] Prospective longitudinal 17 Very good Low follow-up, validated measures
Disclosure measured via a single
item, limiting construct depth.
Cross-sectional Methodological transparency,
Cage & Troxell- observational (online 12 Moderate- Moderate rigorous analysis, and conceptual
Whitman [15] survey) with mediation high relevance justify inclusion as a key
analysis theoretical support study for
understanding mechanisms of
diagnostic bias.
Duvekot . . Clear sex-based comparisons,
etal. [16] Multicenter observational 16 Very good Low standardized instruments
Hegemann Populatlon—ba'sed 18 Excellent Low Large N, EFA /CFA, factorial
etal. [17] psychometric invariance tests
Kniola et al. [7] Cross—secfaonal 16 Very good Low Large SRARK cohort, clear
observational predictive analyses
Levante et al. [8] Cross-sectional 14 Good Uncertain Parent self—rep.o res, no diagnostic
confirmation
McKinney Cross—secfﬂonal 15 Good Uncertain Self-reported camouflaging,
etal. [9] observational moderate sample
Morris & . National survey, analyses by SES
Campbell [18] Population-based 16 Very good Low and gender
Parish-Morris [19] Cross-sectional 15 Good Uncertain Reliance on traditional ADOS
Roman- . —_
Urrestarazu Population-based 18 Excellent Low Natlon;ziﬁiljgﬁfs’ robust
etal. [20] 8y
Rutherford Quasi-experimental 16 Vety good Low Ob]ectlv? indicators, structural
etal. [21] pre-post improvement
iit;elij;(g]d Retrospective 15 Good Uncertain Real service data, referral bias
Smith et al. [23] Observat}or}al with 16 Very good Low Well—spec1f1ed' mgdels, partial
mediation replication
Zahorodny Populatlpn—based 16 Vety good Low Multiple reg'1str1es, active
etal. [24] surveillance surveillance
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2.6. Risk of Bias Assessment

The risk of bias of included studies was examined across dimensions relevant to
observational and clinical studies, including: selection bias (sample source, clinical referral),
measurement bias (use of instruments with potential sex-based sensitivity differences),
confounding (control for variables such as age, cognitive level, and comorbidity), and
reporting bias (selectivity in reported outcomes). This evaluation was integrated narratively
into the interpretation of findings, with consideration of how specific methodological
decisions may contribute to gender bias in diagnostic processes.

2.7. Statistical Analysis

All statistical analyses were conducted using Jamovi (Version 2.5.6) to ensure trans-
parency and reproducibility. Effect sizes were calculated from correlation coefficients (r)
transformed using Fisher’s formula (r — z), with the aim of quantifying the relation-
ship between gender bias in females and ASD diagnostic and screening instruments. A
random-effects model was employed, selected to account for the expected variability across
studies and to provide a more precise estimate of the overall effect. Heterogeneity was
considered across studies given methodological, contextual, and sampling differences, and
was assessed using Cochran’s Q statistic and the I? index as an estimate of the proportion
of variance attributable to true heterogeneity. Results are presented using forest plots
displaying individual effect sizes and the pooled effect with 95% confidence intervals. The
dimensions of the analysis are summarized in Table 3.

Table 3. Meta-Analysis Dimensions.

Dimension Description
Database search APA PsycINFO, Dialnet, PsicoDoc, and ERIC
Date restrictions 2015-2025
Tau? estimate 72 = 0.11, indicating heterogeneity across studies
Cochran’s Q test Q (p < 0.0001), heterogeneity confirmed

1% = 99.94%; variance explained by

2 . .
I” statistic between-study heterogeneity

Outliers No outlying studies identified
Prediction interval Range: —0.40 to 0.97

Regression test (p = 0.01): possible publication bias; rank

F 1 plot t : L
el plot asymmetry correlation non-significant

This study complies with all items of the PRISMA 2020 Checklist. The PRISMA
flow diagram describes the process of study identification, selection, and inclusion, and
the complete checklist is attached as Supplementary Material to ensure transparency
and reproducibility.

Given the limited number of included studies (k = 14), a formal meta-regression with
multiple moderators was not undertaken, as this would risk overfitting and unstable esti-
mates (approximately ten studies per covariate are recommended). Exploratory subgroup
analysis by study context was conducted instead (Section 3.3).

2.8. Use of Artificial Intelligence

Generative Al assistance (Claude Sonnet 4.5, Anthropic, San Francisco, CA, USA) was
used during manuscript preparation solely to support writing tasks, including improving
textual clarity, expositional coherence, and linguistic consistency across sections. All
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research decisions, statistical analyses, empirical interpretations, and scientific content were
produced exclusively by the authors.

3. Results
3.1. Included Studies

Fourteen studies were included in this meta-analysis, providing point estimates of
effect size (ES) for gender bias in ASD diagnostic and screening instruments. Descriptive
details, including year of publication, age range, symptom characteristics, and sample sizes,
are summarized in Table 4.

Table 4. Descriptive Characteristics of Included Studies.

Sample Mean Diagnostic/
Author (Year)  Country/Context Design P Screening Relevant Statistics
(Total/by Sex) Age/Range
Instruments
Blinded clinical Diagnostic stability
assessment; analyses; kappa
. Canada/High- Blinded N = 67 (sex not standardized yses; kapp
Brian . . : Follow-up to - coefficient.
risk family prospective reported by measures of autistic . . e
etal. [14] . L M =~ 9.5 years Diagnostic stability
clinical cohort longitudinal subgroup) symptomatology, S A
89.6%; k = 0.76; ~9%
language, and 1 .
0 ate diagnoses
cognition
Significant mediation:
— (o)
. Cross-sectional N =180 (520/0 Camoulflaging identity — disclosure
Cage & Troxell- UK/ Autistic . women; 42% L9 .
. - . observational o Adults measures; autistic — | camouflaging;
Whitman [15] adult community . men; 5% . . . L
(online survey) . identity; disclosure competitive
gender-diverse) -
mediation
Logistic regression
Netherlands/ Multlce'nter N =231 (ASD: DDDI (short form); with sex interaction
Duvekot 1 observational 106 boys, 24 terms. RRB X sex
Specialized . L e . 2.5-10 years ADOS; CBCL; ~ ) .
etal. [16] L with logistic girls; non-ASD: OR = 0.41; emotional
clinical referral . - WISC/WPPSI/Bayley
regression 61 boys, 40 girls) problems x sex
OR =244
Exploratory and
Population-based confirmatory factor
Hegemann Norway/ psychometric EFA: 21,775; SCQ (current analysis; invariance
of %11 [17] Population cohort  study (EFA, CFA, CFA: 21,674, 8 years version); national tests. General sex
’ (MoBa) factorial Autism n = 636 registries invariance; qualitative
invariance) differences in factor
structure
Multivariate logistic
Cross-sectional Childhood- SCQ; CBCL; regression. Higher
Kniola USA /SPARK observational N = 5946 autistic adulthood ! ’ probability of positive
. - " . parental - .
etal. [7] national cohort with predictive girls and women (verbal screening with motor
developmental data AT
models language) delays; implicit
detection bias
Correlations and
sex-based
Italy /Early Cross-sectional N =361 (sex comparative analyses.
Levante . breakdown not Sex differences in
general with parent . 18-36 months Q-CHAT; ITSEA L .
etal. [8] . . . detailed by autistic traits,
population questionnaires ..
subgroup) externalizing
behavior, and
competence
Hierarchical
regression;
comparative analyses.
McKinne UK/Participatory ~ Transdiagnostic N =119 girls (70 CAT-Q-A; RCADS; Camlzt(lifilcatgsmg
otal [9]}’ school-based cross-sectional neurodivergent; M =~ 12 years ASC-ASD; SRS-2; anxietp /depression;
’ approach observational 49 neurotypical) Conners-3 y/cep !

significant 3
independent of
neurodevelopmental
profile
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Table 4. Cont.

Sample Mean Diagnostic/
Author (Year)  Country/Context Design (Total Ibp Sex) Ace/Range Screening Relevant Statistics
y 8 & Instruments
Proportion
. . N = 224,401 comparisons; logistic
g; (r)rlimli:tll USlg/lll\szgng:al Survey-based (4.3% males; 3-17 vears National Survey of regression. Sex
[121 P sI:;rve observational 1.2% females y Children’s Health differences in
Y diagnosed) diagnostic rate and
age (A =~ 0.7 years)
Group x Condition
interaction on face
gaze: 3 = —6.63,
p = 0.01. Main effect
. group: ASD <TD in
Experlmetr} tal face gaze (f = —10.09,
comparatve p = 0.03). Main effect
study with N
USA (Children’s eye-tracking N =55 condition: greater
Hosnpital of (mixed design: (ASD =28; ASD:M =27.04 DSM-5 clinical face gaze in
Parish- PhiII del- between-gr gr: TD =27). Sex: years (21-49); diagnosis + communicative
Morris [19] b /Ua. e . ¢ ASeDe gT"SPS ASD (25 boys, TD: M = 28.19 ADOS-2; WASI-II context (B = 12.81,
plua/University oL Vs AL 3 girls); TD years (20-48) (IQ); BAP-Q p <0.001).
of Pennsylvania)  within-subjects by (23 boys, 4 girls) Hand/object
condition: rich vs. ! interaction: ASD
SP 22115)(:;131 gazed more at hands
in social context
(B =11.47,p=0.01).
Global attention
greater in rich social
condition (p = 0.0001)
Roman- Chile/National Observational 23,000,000 Pre;—g)cig-coirgprzgzonz
Urrestarazu education-health with Bayesian children aged School age Health registries shiftZ d fr(g)m 5.6:1 to
etal. [20] system analysis 6-18 years 27:1 -
Quasi- Sex-based
Rutherford UK/ Clinical perimental Consecutive Childhood Clinical record comparisons across
etal. [21] services experitenta clinical samples 00 review pre- and post-reform
pre-post cohorts
Rutherford UK/Clinical Retrospective N = 150 Childhood- Clinical record Significantly later
etal. [22] records observational - adulthood review diagnosis in girls
Regression-based
Smith USA /Clinical and Observational Clinical n = 1035 Adolescence— Age at diagnosis; mediation models.
R . L. (22.9% AFAB); anxiety/depression AFAB — later
etal. [23] research setting with mediation adulthood . .
Research n =128 scales diagnosis — 1
anxiety/depression
Zahorodny USA /Population Longitudinal ~59 500 children Childhood Educational and czfr‘ivi??ocﬁs
etal. [24] surveillance epidemiological ! health registries P .

Boy-to-girl ratio ~ 5:1

The 14 studies included in the meta-analysis spanned a wide range of methodological

and population contexts, including specialized clinical cohorts, large-scale population
samples, and psychometric studies, with sample sizes ranging from intensive small-scale
longitudinal designs (e.g., Brian et al. [14]) to population-level analyses based on millions
of administrative records [20]. This diversity enabled examination of gender bias in the

ASD diagnostic process across different developmental stages and levels of the diagnostic

system, from early screening to formal clinical diagnosis.

Cross-sectional and longitudinal observational studies predominated in terms of

methodological design, many incorporating advanced statistical analyses such as logistic
regression models with sex interaction terms [7,16], mediation analyses [15,23] and psycho-
metric studies with factorial invariance testing [17]. Several studies explicitly incorporated
sex- or gender-based differential comparisons, analyzing either diagnosis probability, age
at identification, or the predictive weight of specific symptom domains [18,21,22]. The most
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frequently employed screening and diagnostic instruments were the Social Communication
Questionnaire (SCQ), the Autism Diagnostic Observation Schedule (ADOS), parent-report
behavioral and emotional regulation measures (CBCL, ITSEA, Q-CHAT), and clinical or
population registries [8,19,24]. Some studies directly assessed the psychometric properties
of these tools [17], while others examined their performance indirectly through diagnostic
outcomes and clinical trajectories [7,16].

Across studies, systematic sex-based differences in the diagnostic process were consis-
tently observed. In specialized clinical contexts, repetitive and restricted behaviors carried
lower predictive weight for diagnosis in girls, whereas emotional and behavioral problems
differentially increased diagnosis probability in this group [16]. In population-based screen-
ing studies, autistic girls and women required more prominent symptom manifestations
or more marked developmental delays to exceed instrument thresholds, suggesting the
existence of implicitly biased detection cutoffs [7,19].

Longitudinal and epidemiological studies provided convergent evidence of later diag-
noses in girls, even when no differences were observed in the duration of the assessment
process once clinical evaluation had been initiated [18,22]. These findings indicate that bias
is not confined to the initial referral stage but also emerges within the formal diagnostic
process itself. Mediation analyses further showed that diagnostic delay is indirectly as-
sociated with higher levels of anxiety and depression in individuals assigned female at
birth, underscoring the clinical relevance of temporal bias [23]. The vast majority of effect
sizes were positive and directionally consistent, indicating that ASD diagnostic instruments
and processes systematically favor the identification of externalizing, prototypically male
profiles [16,17,24].

3.2. Heterogeneity and Publication Bias

Analyses were conducted using Fisher’s r-to-z transformed correlation coefficients
as the outcome measure. A random-effects model was fitted to the data. The amount of
heterogeneity (t?) was estimated alongside Cochran’s Q test [25] and the I? statistic. Funnel
plot asymmetry was assessed through both the rank correlation test and the regression test,
using the standard error of observed outcomes as a predictor.

A total of k = 14 studies were included. Fisher r-to-z transformed correlation coeffi-
cients ranged from —0.22 to 0.99, with the majority of estimates positive (93%). The mean
estimated Fisher-transformed correlation coefficient under the random-effects model was
i = 0.29 (95% CI: 0.11 to 0.47), differing significantly from zero (z = 3.11, p = 0.001) (see
Figure 2). According to Cochran’s Q test, the true outcomes appear to be heterogeneous
(Q(13) = 11,417.61, p < 0.0001, 2 = 0.11, I? = 99.93%). The 95% prediction interval for
the true outcomes ranged from —0.40 to 0.97; although the estimated mean outcome is
positive, the true outcome may be negative in some individual studies. Examination of
standardized residuals revealed that no study exceeded +2.91 and therefore no outliers
were identified in the context of this model. According to Cook’s distances, no study was
deemed unduly influential. Both the rank correlation test and the regression test indicated
possible funnel plot asymmetry (p = 0.002 and p = 0.01, respectively). Taken together,
the findings indicate that ASD diagnostic instruments and processes exhibit a systematic
bias favoring the detection of externalizing, prototypically male profiles, penalizing more
internalized or subtle presentations that are more common in girls (i = 0.29).

Consistent with these findings, the aggregate effect sizes indicate that screening and
diagnostic instruments do not operate equivalently for girls and boys, even when both
groups have been referred for clinical evaluation or present with comparable diagnostic
suspicion. This finding reinforces the view that diagnostic inequities cannot be explained
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solely by differences in prevalence or delays in referral, but are actively produced within
the assessment process itself.

Brian et al. (2016) —— 1.00[0.75, 1.24]
Cage & Troxell-Whitman (2020) o 0.74 [0.59, 0.89]
Duvekot et al. (2017) —.— -0.22 [-0.35,-0.09]

Hegemann et al. (2024)

Kniola et al. (2024)

Levante et al. (2025)
McKininney et al. (2024)
Morris & Campbel (2025)

Parish-Morris et al.

|
n
—
-
n
Roman-Urrestarazu et al. (2024) :
Rutherford et al.,( 2016) b—.—i 0.19[0.03, 0.35]
Rutherford et al. ( 2018) —
HElH
|

Smith et al. (2024)

Zahorodny et al. (2023)

0.15 [0.14, 0.16]
0.14 [0.12, 0.17)

0.14 [0.04, 0.24]

N 0.93[0.74, 1.12]
0.04 [0.01, 0.07]

0.20 [0.17, 0.23]

= 0.47 [0.47, 0.47)
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Figure 2. Forest Plot [7-9,14-24]. Squares represent individual study effect sizes, with size
proportional to study weight in the meta-analysis; the diamond represents the pooled random-
effects estimate.

3.3. Exploratory Subgroup Analysis by Study Context

Given the substantial heterogeneity observed in the overall model, an exploratory
subgroup analysis was conducted according to study context, distinguishing between
clinical and population-based studies (see Table 5). Clinical studies yielded a positive
but non-significant pooled effect size (Fisher’s z = 0.237, SE = 0.197, 95% CI: —0.150
to 0.624, p = 0.231), with substantial residual heterogeneity (t* = 0.188, I = 94.98%,
Q =79.68). Population-based studies also showed a positive pooled effect size, which
reached statistical significance (Fisher’s z = 0.172, SE = 0.064, 95% CI: 0.046 to 0.297,
p = 0.007), although heterogeneity remained extremely high (t?> = 0.024, > = 99.95%,
Q =10,760.29).

Table 5. Pooled Effect Sizes and Heterogeneity by Study Context (Clinical vs. Population-Based).

Study Context

Fisher’s z 95% CI p T2 I (%) Q

Clinical

Population-based

k
5 0.237 —0.150 to 0.624 0.231 0.188 94.98 79.68
6 0.172 0.046 to 0.297 0.007 0.024 99.95 10,760.29

Between-group difference

— 0.057 —0.301 to 0.414 0.757 — — —

The between-subgroup comparison did not indicate a statistically significant difference
between clinical and population-based contexts (3 = 0.057, SE = 0.182, 95% CI: —0.301 to
0.414, p = 0.757). These findings suggest that study context alone does not account for
the heterogeneity observed in the overall model. Rather than supporting a uniform effect
across settings, the results indicate that sex- and gender-related diagnostic disparities
vary considerably across studies and are likely influenced by additional methodological,
developmental, and instrument-specific factors.
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4. Discussion
4.1. Clinical Interpretation

The findings suggest that the observed diagnostic disparities cannot be attributed
solely to clinical application errors or to contextual factors occurring prior to evaluation,
but rather reflect deeper issues related to the design and conceptualisation of diagnostic
instruments themselves.

The results are consistent with the construct bias hypothesis, according to which the
instruments function correctly in relation to the construct they measure, but that construct
is defined in a partial and androcentric manner [3].

Widely used instruments such as the ADOS, ADI-R, and SCQ were historically de-
veloped and validated on predominantly male samples, in a context in which autism
was conceptualized on the basis of prototypical profiles associated with male children
exhibiting clearly observable behavioral manifestations [4]. This history translates into a
disproportionate emphasis on externalizing, disruptive, or socially conspicuous behaviors,
as well as on explicit forms of restricted interests and social difficulties that are more readily
detectable in boys than in girls [26].

As a consequence, these instruments show reduced sensitivity to internalizing manifes-
tations of autism, which are more prevalent in girls and women, such as emotional distress,
social anxiety, interpersonal hypervigilance, and social overcompensation. Restricted inter-
ests expressed through socially normative content (e.g., literature, animals, interpersonal
relationships, or cultural figures) tend to be undervalued or interpreted as compatible with
typical development, thereby reducing their diagnostic weight despite meeting comparable
criteria for intensity, rigidity, or centrality to those observed in boys [27].

This pattern has been empirically documented in recent observational studies. Du-
vekot et al. demonstrated that parent-reported repetitive and restricted behaviors carry
lower predictive value for diagnosis in girls, whereas emotional and behavioral problems
increase diagnosis probability in this group, suggesting that girls must present additional or
atypical symptomatology to be clinically recognized [16]. These findings align with those
in the broader literature, in which the differential weighting of specific domains contributes
substantially to aggregate diagnostic bias [1].

Kniola et al. provide large-scale evidence that autistic girls and women require greater
symptom severity or more pronounced developmental milestone delays to exceed the
screening thresholds of instruments such as the SCQ [7]. This phenomenon points to the
existence of implicitly elevated diagnostic thresholds that do not correspond to a lower
presence of autism, but rather to an inadequate fit of the instrument for detecting less
externalizing or more compensated profiles [28].

Findings from Rutherford et al. show that even in specialized clinical services, girls are
referred and diagnosed later than boys, without any observed differences in the duration
of the assessment process once initiated [22]. This finding is particularly relevant, as it
suggests that bias does not occur solely at the point of initial access but persists within
formal assessment itself, reinforcing the interpretation that instruments are not optimized
to identify female ASD profiles. Similar patterns have been reported by Goldblum et al.,
who observed diagnostic delays in certain subgroups of girls and women, particularly
among non-Hispanic groups including White, Black, and Asian individuals [2].

The exploratory subgroup analysis suggests that sex- and gender-related diagnostic
disparities are not confined to a single study context. However, the persistence of substantial
heterogeneity within both clinical and population-based subgroups indicates that these
disparities should not be interpreted as operating uniformly across settings. The evidence
is therefore better understood as suggesting context-dependent diagnostic inequities rather
than a single overarching effect of equivalent magnitude across all diagnostic systems.
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4.2. The Role of Camouflaging

Female socialization promotes, from early developmental stages, behaviors oriented
toward interpersonal emotional regulation and adaptation to implicit social norms. In
autistic girls and women, this process can result in reduced behavioral visibility of core
ASD symptoms, particularly in structured or high social-demand contexts such as clinical
assessment. The likelihood of false negatives consequently increases, particularly when
instruments prioritize the direct observation of explicit social deficits or repetitive behav-
iors. The literature has conceptualized this phenomenon under the term camouflaging or
masking, defined as the conscious or unconscious use of strategies to conceal, compensate
for, or normalize autistic traits in social environments [5,29,30].

The findings of the present study support the need to move beyond a conception of
camouflaging as a purely individual variable and to understand it as an interactive factor
that modulates the performance of diagnostic instruments. Hull et al. demonstrated that
autistic women report significantly higher levels of camouflaging than men, even after
controlling for symptom severity, and that these strategies are associated with greater
psychological exhaustion and poorer mental health [30]. From a diagnostic perspective,
these findings imply that instruments based on direct behavioral observation may underes-
timate symptomatology when the individual employs effective compensatory strategies,
particularly in brief, structured assessment sessions.

Tien et al. have proposed theoretical models in which camouflaging acts as a moderator
between the phenotypic expression of autism and its clinical detection, particularly in
women with average or high cognitive profiles [1]. These models are broadly consistent
with the findings of the present meta-analysis, in which sex- and gender-related diagnostic
disparities were observed across both clinical and population-based contexts. However,
given the substantial heterogeneity observed, the present findings should not be interpreted
as demonstrating a uniform mechanism across all assessment settings. Friedman et al. have
similarly shown that many autistic adult women describe diagnostic trajectories marked
by years of forced social adaptation, reframing of their difficulties as anxiety or emotional
problems, and an internalization of distress that impedes clinical recognition of ASD. This
pattern is consistent with the meta-analytic findings, in which internalizing domains carry
greater diagnostic weight in girls only when they reach clinically significant levels, while
more subtle manifestations go undetected [5].

This pattern aligns with findings from population-based epidemiological studies such
as those of Zahorodny et al., which document significant discrepancies between estimated
ASD prevalence and the proportion of individuals with a confirmed diagnosis, particularly
among women and those with average or high cognitive profiles [25]. These studies suggest
that a substantial proportion of adolescents and adults retrospectively identified as autistic
had not received a diagnosis in childhood, despite having had contact with educational
or healthcare systems. The available evidence suggests that diagnostic disparities may
persist at the stage of clinical assessment, even when gold-standard instruments such as
the ADOS or ADI-R are employed. However, the number of studies directly addressing
this issue remains limited and the present findings should therefore be interpreted with
caution. Although these protocols offer a more in-depth and multimodal evaluation, they
remain anchored in observational criteria and prototypical behavioral exemplars that may
not adequately capture the autistic phenomenology of girls and women, particularly when
effective social compensatory strategies are present.

The available evidence suggests that diagnostic disparities may persist even within
specialist assessment settings. However, the number of studies directly addressing this
issue remains limited, and the present findings should therefore be interpreted cautiously.
Further research is needed to determine the extent to which specialist evaluation mitigates
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or maintains sex- and gender-related differences in ASD identification. Screening limits
who reaches the clinic, and the clinic in turn preferentially validates profiles that conform to
a historically male phenotypic model of autism. As a result, girls who do access evaluation
typically do so after a greater degree of functional impairment, emotional comorbidity, or
adaptive failure, which introduces an additional bias into clinical samples and reinforces
the false impression of lower female prevalence.

4.3. Limitations

A primary limitation of this meta-analysis is that its focus on sex-based differences
in the performance of diagnostic instruments precludes full capture of the qualitative
and dynamic processes involved in clinical encounters, such as the evaluator—patient
interaction, professional expectations, and implicit decision-making during information
integration. These factors, which are extensively documented in the qualitative literature,
likely contribute to diagnostic bias but fall outside the scope of the quantitative designs
included here.

Although a systematic assessment of methodological quality and risk of bias was
conducted (CRF-QS), the total number of studies meeting strict eligibility criteria remains
limited, particularly for specific age subgroups or individual instruments. This reflects a
structural gap in the existing research base and reinforces the need for studies explicitly
designed to evaluate gender bias from the early stages of diagnostic instrument develop-
ment. Study selection, data extraction, and quality assessment were carried out by a single
reviewer rather than independently by two or more reviewers. This may increase the risk
of selection and extraction errors and is acknowledged as a methodological limitation of
the review process.

The literature search was restricted to four databases, which may have limited retrieval
of studies indexed exclusively in MEDLINE or Web of Science. However, this decision
reflects a deliberate approach oriented toward capturing both high-impact international
output and Spanish-language scientific literature, which is frequently absent from meta-
analyses on ASD with an exclusively Anglophone scope.

An important conceptual limitation concerns the distinction between observed sex
differences and diagnostic bias. The studies included in this meta-analysis primarily
assessed differences in diagnostic outcomes, screening performance, age at identification,
and symptom thresholds across males and females. Although these patterns are consistent
with the hypothesis of diagnostic bias, they do not independently demonstrate that all
observed differences result from inequitable assessment procedures. Some variability may
reflect genuine differences in symptom expression, developmental pathways, or prevalence.
Consequently, the findings should be interpreted as evidence of systematic diagnostic
disparities that are compatible with, but do not by themselves definitively prove, the
existence of diagnostic bias.

A further limitation is that several included studies examined symptom severity,
screening scores, or diagnostic thresholds rather than categorical diagnostic outcomes.
Consequently, the pooled effect size reflects broader diagnostic disparities and instrument
performance differences rather than diagnostic status alone. The distinction between
severity-related effects and diagnostic outcomes should therefore be considered when
interpreting the magnitude of the observed associations. Furthermore, not all included
studies directly evaluated the performance of ASD screening or diagnostic instruments.
For example, Parish-Morris et al. examined behavioural processes related to the visibility
and recognition of autistic characteristics rather than the psychometric performance of a
diagnostic tool. Although such studies may provide indirect evidence relevant to diagnostic

https://doi.org/10.3390/psychiatryint7040145


https://doi.org/10.3390/psychiatryint7040145

Psychiatry Int. 2026, 7, 145

14 of 17

identification, their inclusion introduces additional conceptual heterogeneity that should
be considered when interpreting the pooled estimates [18].

Although one included study reported the participation of gender-diverse individu-
als [15], the overwhelming majority of studies analysed only binary male-female compar-
isons. As a result, the present findings cannot be generalised to autistic individuals with
diverse gender identities. Future research should explicitly examine diagnostic experiences
among transgender, non-binary, and gender-diverse autistic populations.

Finally, the extreme heterogeneity observed (I? = 99.93%) limits the extent to which
a single pooled estimate can be considered representative across all diagnostic contexts.
An exploratory subgroup analysis by study context (clinical vs. population-based) was
conducted, but substantial residual heterogeneity remained within both subgroups. A
formal meta-regression incorporating the available moderators was not undertaken, as
the number of included studies (k = 14) is well below the threshold generally recom-
mended for stable estimation (approximately ten studies per covariate), and would have
resulted in an overfitted model. Stratified subgroup analyses across the remaining mod-
erators were likewise precluded by the distribution of the evidence: only a single study
fell clearly within the adolescent age range; several studies did not employ a standardized
ASD screening or diagnostic instrument as their primary measure, preventing a reliable
screening-versus-diagnostic classification; and longitudinal designs were too few relative
to cross-sectional ones to support stable subgroup estimates. These constraints indicate that
the observed effect should be interpreted as evidence of context-dependent diagnostic dis-
parities rather than a uniform bias of equivalent magnitude across settings, and they iden-
tify age, instrument type, and study design as priority moderators for future, adequately
powered syntheses.

4.4. Methodological Implications and Future Research Directions

The findings of this meta-analysis underscore the urgency of advancing toward gender-
sensitive diagnostic assessment models, both in the development of new instruments and
in the critical revision of existing ones. Evidence of construct bias suggests that future tools
should incorporate domains less dependent on direct behavioral observation and more
attentive to internal processes, adaptive costs, and compensatory strategies.

A priority research direction involves differential item and threshold analyses by sex
and gender, not with the aim of fragmenting the diagnosis, but of improving precision
and reducing systematic errors. Studies exploring the factorial invariance of diagnostic
instruments can provide critical information about which dimensions function differentially
and at which developmental stages.

The results also point to the need for longitudinal designs capable of examining
how diagnostic bias is constructed and transforms over time. Understanding at which
developmental moments gender-based discrepancies are amplified can inform preventive
strategies and early adjustments in the assessment process.

An additional relevant direction is the systematic integration of moderating variables
such as cognitive level, emotional comorbidity, and sociocultural context. Far from being
mere confounders, these variables form part of the real-world context in which diagnosis
occurs and should be explicitly incorporated into analytical models. Meta-analytic ap-
proaches incorporating multilevel models or meta-regression could contribute to a more
refined understanding of these interactions.

5. Conclusions

This study contributes to shifting focus from a narrative centered on the invisibility of
autistic women toward a more precise understanding of the role those diagnostic systems
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themselves play in the production of inequities. Addressing gender bias in ASD diagnosis
does not require only earlier detection; it requires diagnosing differently, incorporating
assessment models that recognize the heterogeneity of the spectrum and challenge the
implicit assumptions that have historically guided its definition.
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ADI-R Autism Diagnostic Interview—Revised

ADHD Attention-Deficit/Hyperactivity Disorder

ADOS/ADOQOS-2 Autism Diagnostic Observation Schedule (2nd edition)
AFAB Assigned Female At Birth

AMAB Assigned Male At Birth

APA American Psychological Association

ASD Autism Spectrum Disorder

ASC-ASD Anxiety Scale for Children—Autism Spectrum Disorder
BAP-Q Broader Autism Phenotype Questionnaire
CAT-Q/CAT-Q-A  Camouflaging Autistic Traits Questionnaire (Adult version)
CBCL Child Behavior Checklist

CFA Confirmatory Factor Analysis

CI Confidence Interval

CRF-QS Critical Review Form—Quantitative Studies

DDDI Developmental, Dimensional and Diagnostic Interview
DSM-5 Diagnostic and Statistical Manual of Mental Disorders, 5th Edition
EFA Exploratory Factor Analysis
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ERIC Education Resources Information Center

ES Effect Size

2 I-squared statistic (index of between-study heterogeneity)
1Q Intelligence Quotient

ITSEA Infant-Toddler Social and Emotional Assessment

NPV Negative Predictive Value

OR Odds Ratio

PECO Population, Exposure, Comparison, Outcomes (framework)
PPV Positive Predictive Value

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Q-CHAT Quantitative Checklist for Autism in Toddlers

RCADS Revised Children’s Anxiety and Depression Scale

RRB Restricted and Repetitive Behaviors

SCQ Social Communication Questionnaire

SES Socioeconomic Status

SPARK Simons Foundation Powering Autism Research for Knowledge
SRS-2 Social Responsiveness Scale, 2nd Edition

TD Typically Developing

UNED Universidad Nacional de Educacién a Distancia

UNIE Universidad Internacional de la Empresa

WASI-II Wechsler Abbreviated Scale of Intelligence, 2nd Edition
WISC Wechsler Intelligence Scale for Children

WPPSI Wechsler Preschool and Primary Scale of Intelligence
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