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Biology of Sex Differences

Remembering the null hypothesis 
when searching for brain sex differences
Lise Eliot1*   

Abstract 

Human brain sex differences have fascinated scholars for centuries and become a key focus of neuroscientists 
since the dawn of MRI. We recently published a major review in Neuroscience and Biobehavioral Reviews show-
ing that most male–female brain differences in humans are small and few have been reliably replicated. Although 
widely cited, this work was the target of a critical Commentary by DeCasien et al. (Biol Sex Differ 13:43, 2022). In this 
response, I update our findings and confirm the small effect sizes and pronounced scatter across recent large neuro-
imaging studies of human sex/gender difference. Based on the sum of data, neuroscientists would be well-advised 
to take the null hypothesis seriously: that men and women’s brains are fundamentally similar, or “monomorphic”. This 
perspective has important implications for how we study the genesis of behavioral and neuropsychiatric gender 
disparities.

Highlights 

• Current institutional policies have elevated the study of binary sex/gender difference over other dimensions 
of individual difference.

• Once brain size is accounted for in MRI analyses, sex/gender differences are small and not reliably found 
across recent large studies of regional human brain volumes.

• Given this variability and the multifactorial origins of human brain sex/gender differences, researchers should 
exert greater caution when interpreting their relevance to gender behavioral and health disparities.

Plain language summary 

The idea that men and women have fundamentally different brains has prevailed among scientists and non-scien-
tists alike. MRI studies have been grappling with this for more than three decades but yet to find distinct features 
that define the “male brain” versus “female brain” across the human species. In seeking the causes of gender disparities 
in behavior and mental health, scientists need to look well beyond brain structure.

Men and women are different: physically, psychologically, 
socially, economically, and politically. Across academic 
fields, researchers find gender gaps in every domain of 
human existence. The question for biologists, and neuro-
scientists in particular, is: why? Do these differences ema-
nate from two categorically distinct (“dimorphic”) types 
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of brains? Or are they reflections of similar brains react-
ing to different physical, psychological, social, economic, 
and political circumstances?

Most human neuroimaging to-date has been focused 
on the former question: identifying a set of fixed, cat-
egorical differences that will reliably distinguish men’s 
and women’s brains across the species. In 2021, my col-
leagues and I published a large synthesis in Neuroscience 
and Biobehavioral Reviews (NBBR) covering three dec-
ades of brain imaging studies to evaluate the evidence 
for such reliable, categorical sex/gender1 differences [1]. 
We spent several years repeatedly searching this massive 
literature across MRI studies of brain structure, function, 
and connectivity, and also included post-mortem struc-
tural and histological studies. Our analysis was based 
on 616 mostly primary research articles, including 33 
meta-analyses. We tabulated all of the large and highly 
cited studies that our search uncovered, but focused on 
the largest studies and meta-analyses in formulating our 
conclusions.

Here’s what we found: men and women’s brains clearly 
differ on one measure—men’s brains are some 11% larger 
in total volume, a value replicated across several large 
UK studies. While a statistically large effect (d = 1.31 in 
the largest study to-date; [2]), brain volume nonetheless 
overlaps by 51% between female and male distributions, 
so not a “categorical” difference or “dimorphism”—that 
is, like the difference between ovaries and testes, or the 
tail of a peacock versus peahen.

In their critique, DeCasien et al. agreed about the inap-
propriateness of the term “dimorphism”, however, they 
challenged a major portion of our analysis, suggesting 
that the single large study by Williams et  al. [2], which 
included over 40,000 participants, essentially supplants 
all the prior findings and represents the ground truth or 
“biological reality” of human male–female brain differ-
ences (to quote the title of their paper). Specifically, they 
challenged our conclusion about the poor reproducibil-
ity of sex/gender differences in regional brain volumes—
that is, specific cortical areas and subcortical structures 
claimed to be larger in men or women, even after total 
brain volume is accounted for.

The latter control is important, because men average 
some 18% heavier and 9% taller than women [3], so larger 
brain volume would be predicted based on the difference 
in limb size, muscle mass, and other innervated tissues. 

In fact, we observed that the 11% average difference 
between women and men’s brain volume is considerably 
smaller than the sex/gender size difference in other inter-
nal organs such as the heart (17%), lungs (23%), and kid-
neys (19%), [4]. Interestingly, it was a lot harder to find 
sex/gender difference data for these other organs in the 
scientific literature, compared to many hundreds of stud-
ies comparing men and women’s brain size, a topic of 
ancient fascination that speaks to the issue of sexism in 
this area of research.

Not surprisingly, larger brains are associated with 
larger volumes of every CNS compartment: ventricles, 
white matter, cortical gyri, basal ganglia, diencepha-
lon, cerebellum, and brainstem. So the real question is 
whether specific structures are proportionally larger in 
males or females, which animal research tell us is per-
tinent to behavioral sex differences. This was first dra-
matically demonstrated in songbirds, in which several 
forebrain nuclei are at least 800% percent larger in males 
and associated with male-predominant courtship sing-
ing [5]. But based on the 33 studies of subcortical and 
25 studies cortical structures we reviewed, no structures 
come close to this difference in humans, once individual 
brain or head size is controlled for: the largest differences 
amount to about 2% larger amygdala and putamen in 
men, and 1.3% larger nucleus accumbens and 2.1% larger 
middle frontal gyrus in women. And even these modest 
findings are not fully reliable, with the magnitude and 
even direction of many sex/gender differences turning 
out to be highly sensitive to the complex imaging analysis 
pipeline, including various bias corrections, spatial nor-
malization, atlas registration and structural segmenta-
tion, and controls for individual brain size.

DeCasien et al. [6] argue that we can ignore nearly all 
of these many dozen studies, based on their small size 
and varying controls for brain size. We do not necessarily 
disagree about this, since our conclusions about regional 
cortical volumes were based on the dozen largest, most 
recent studies (Table 3 in [1]). Nonetheless, it was impor-
tant to tabulate all the extant findings, since many very 
small studies with strong, unreplicated claims about sex/
gender difference continue to be widely cited (e.g., [7]).

The importance of large samples for analyzing sex/gen-
der differences [8] and especially, behavioral correlates of 
brain MRI measures [9] has now been well-established. 
Thus, Table  1 of the present paper lists the six largest 
studies [10–14, 20] of male/female regional cortical vol-
ume differences, including Williams et  al. [2, 15] that 
was published after our NBBR review. Although there is 
clearly some replication in the direction of sex/gender 
difference in certain cortical areas (e.g., medial occipital, 
inferior temporal, superior parietal), the overall picture is 
diverse, and not what would be found in studies of, say, 

1 For the remainder of this commentary, and following other recent usage 
(reviewed in [1]), the term “sex/gender” is used for the independent vari-
able of interest, to connote the entangled influences of genetic and environ-
mental factors on male–female brain and behavioral differences in humans. 
When referring specifically to animal or the combination of animal and 
human studies, the term “sex” will be used.
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height, facial hair, or genital morphology. Rather, across 
these several large brain studies, sex/gender differences 
are inconsistent in many cortical areas, their effect sizes 
are generally small (Cohen’s d < 0.20), and they range 
substantially across studies. Although small effects are 
not necessarily unimportant, they do contribute to vari-
ability [16], since smaller differences are more likely to 
fluctuate across the noise of different methods and popu-
lations. Indeed, we dedicated considerable discussion in 
the NBBR paper to key methodological factors that could 
contribute to this variance, especially volume- versus 
surface-based segmentation methods and proportional 
versus covariance methods of controlling for brain size. 
Thus, it is difficult to accept that neuroimaging research-
ers have finally, as of 2021, settled on the optimal meth-
ods (or “best practices”, as DeCasien et al. phrase it) for 
processing brain images, controlling for individual size, 
and automatically segmenting them into component 
structures [17]—thereby uncovered the ground truth of 
brain sex/gender difference. On the contrary, such meth-
ods are likely to continue improving, to more closely 
approximate the “gold standard” of manual segmentation 

by human neuroanatomists (e.g., [18]), and to add other 
sex/gender-related covariates, such as head shape [19], 
whose influence on individual differences in regional 
brain volumes have thus far been overlooked.

For now, I note that that the volumetric sex/gender 
differences asserted by DeCasien et al. [6] have not held 
up well in large recent datasets, as their own Fig.  1D 
shows. Their figure depicts whole brains with colorized 
areas for sex/gender differences found in “one, two, or all 
three” cohorts they analyzed (from the US, the UK and 
Germany), ranging in size from about 1000 to 2800 par-
ticipants (German data from [12], US and UK data from 
[13]). However, only a small minority of regions differed 
significantly in the same way across all three cohorts. 
Moreover, these regions do not match the much larger 
study (N > 40,000) they praise by Williams et  al. [2]. 
Indeed, the direction of sex/gender effects they depict in 
these three cohorts is opposite that reported by Williams 
et al. [2] for many major cortical gyri including: superior 
frontal, inferior frontal, orbitofrontal, pre-central, right 
inferior parietal and precuneus, superior temporal, para-
hippocampal, anterior cingulate, and insula (see Table 1). 

Table 1 Sex/gender differences in human regional cerebral cortical volumes reported across recent large studies

SFG 0.06 L 0.10 R 0.04 L 0.04 R 0.29 L 0.29 R
MFG, rostral 0.07 L 0.08 R 0.05 L 0.05 R n.s. 0.27 R
MFG, caudal 0.11 L 0.13 R 0.17 L 0.19 R 0.30 L (BA6) 0.26 R (BA6) 0.02 L 0.02 L

IFG
0.15 L orb 
0.09 L trian

0.12 R orb   
0.11 R trian

0.13 L 
opercularis n.s. 0.34 L  

triangularis
0.30 R 

triangularis
0.03 L        

opercularis
0.03 orb & 
triangularis n.s. 0.20 R 

operc, trian 0.32 L            0.33 R

Orbitofrontal, medial 0.08 L 0.08 R 0.11 L 0.20 R F>M .50 - .59
Orbitofrontal, lateral  0.13 L lat.    0.14 R  lat. n.s. 0.11 R .40  - 49
Precentral 0.05 L 0.04 R 0.35 L 0.31 R .30 - .39
Postcentral 0.05 L 0.07 R 0.18 L 0.20 R 0.35 L 0.35 R .20 - .29
Paracentral 0.07 L n.s. 0.13 L 0.10 R  0.02  L n.s. 0.30 L 0.27 R .10 - .19
Superior lobule 0.13 L 0.10 R 0.20 L 0.21 R 0.28 L        0.25 R 0.28 L 0.28 R    0 - .09
Inferior lobule 0.07 L 0.10 R 0.15 L n.s. 0.26 L               0.23 R 0.04 L 0.05 R 0.33 L 0.38 R M>F    0 - .09
Precuneus 0.03 L 0.03 R 0.25 L               0.19 R 0.03 L 0.04 R 0.21 sup 0.21 R inf 0.23 L 0.30 R .10 - .19
STG 0.16 L n.s. 0.10 L. TTG 0.10 R 0.27 L                    0.26 R 0.06 L 0.04 R n.s. 0.27 R PT 0.31 L 0.30 R .20 - .29
MTG 0.16 L 0.14 R 0.05 L 0.04 R 0.28 L         0.31 R .30  - .39
ITG 0.15 L 0.14 R 0.06 L 0.05 R 0.36 L                 0.40 R .40  - 49
Parahippocampal 0.12 L 0.09 R 0.53 L 0.52 R 0.27 ant. 0.30 L post 0.32 L                0.35 R .50 - .59
Fusiform 0.10 L 0.21 R 0.09 L 0.21 R 0.37 L 0.35 R 0.33 L            0.36 R
Cuneus 0.15 L 0.18 R 0.30 L                   0.34 R
Lingual 0.05 L n.s. 0.39 L             0.45 R
Lateral 0.23 L 0.28 R n.s. 0.15 R 0.33 L 0.24 R 0.26 L sup n.s. 0.44 L inf  0.54 R inf
Ant. cingulate, rostral 0.07 L 0.10 R n.s. 0.05 R                
Ant. cingulate, caudal 0.05 L 0.05 R 0.13 L 0.05 R 0.01 L n.s.
Posterior cingulate 0.05 L n.s. 0.27 L 0.23 R
Cingulate isthmus 0.19 L 0.10 R 0.22 L n.s.
Insula 0.23 L 0.27 R n.s. 0.17 R 0.24 L post 0.31 R post 0.06 L 0.07 R 0.34 L 0.34 R

0.05 FWE

LIMBIC

FRONTAL

SENSORY-
MOTOR

PARIETAL

TEMPORAL

OCCIPITAL

n.s.
0.27 R operculum

n.s.
n.s.

n.s.

n.s.

n.s. 0.03 n.s.
n.s. n.s.

0.25 L

n.s.

0.03

0.04

n.s.

n.s.
n.s. n.s.

0.02 L

n.s.
n.s.
n.s.

n.s.
n.s.

n.s.

0.49

n.s.

Method

0.06

0.06
0.23 R

0.35 L 0.30 R 0.26 L 0.25 R

0.24 L        
(BA17)

0.22 R                 
(BA17)

0.05 L          0.06 R n.s.
n.s. n.s.
0.03 n.s.

0.04
n.s.

n.s.

0.05 FDR

First author (year) Williams (2021) Ritchie (2018) Lotze (2019) Potvin (2017, 2018) Ruigrok (2014) Liu (2020)
N 40,028 5216 2838 2713 2186 976

47.6 9.5-46.7

Freesurfer VBM Freesurfer VBM

n.s. n.s.

n.s.

BioBank SHIP 23 datasets Meta-analysis

0.05 FDR 0.05 FWE 0.001 0.01 FDR
Freesurfer

Avg. age 64.1 61.7

n.s. 0.05

p-value

Cohen's d

0.27 (BA46)                 
0.27 L 0.28 L

0.35 L 0.31 R 0.22  L 0.21 R
0.06 0.41

n.s.

52.4

DARTEL
BioBank HCP

28.2
Sample

Tabulation of findings from the six largest studies derived and expanded from Eliot et al. [1] Table 3, with all measures controlled for individuals’ total brain or 
intracranial volume. Studies are ordered by sample size from largest to smallest. Bolded study names are those highlighted by DeCasien et al. [6]. Each cell lists effect 
size (as Cohen’s d-values) for the male-female difference in volume of that cortical region, where “L” indicates left hemisphere, “R” indicates right hemisphere, and the 
absence of either letter indicates a bilateral measure. Although all of these studies were well-powered, the small magnitude of the differences (≤ 2% of structural 
volume), divergent methods (image pre-processing, global size correction, and cortical segmentation), and true population differences presumably account for the 
lack of consistency between them

Cell shading: pink = significantly larger in females; blue = significantly larger in males; white (n.s.) = not significant

Abbreviations: ant (anterior); BA (Brodmann’s area); DARTEL (diffeomorphic anatomical registration through exponentiated lie algebra); FDR (false discovery rate); 
FWE (familywise error rate); HCP (Human Connectome Project, United States); IFG (inferior frontal gyrus); inf (inferior); ITG (inferior temporal gyrus); lat (lateral); MFG 
(middle frontal gyrus); MTG (middle temporal gyrus); operc (pars opercularis); orb (pars orbitalis); post (posterior); PT (planum temporale); SFG (superior frontal gyrus); 
SHIP (Study of Health in Pomerania, Germany); STG (superior temporal gyrus); sup (superior); trian (pars triangularis); TTG (transverse temporal gyrus); VBM (voxel-
based morphometry)
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With regard to cerebellar gray matter, DeCasien et  al.’s 
Fig. 1D also differs diametrically from Williams et al. [2], 
who reported greater volumes in women for 82 percent 
of cerebellar regions, whereas DeCasien et al. show most 
cerebellar regions larger in men. Moreover, even Wil-
liams et al. failed to replicate 38% of the volumetric sex/
gender findings from an earlier study of over 5000 par-
ticipants [20] using the same UK Biobank database (see 
[15], Suppl. Figure S3). Although many will consider a 
62% replication rate good and argue that the discrepan-
cies could be due to slight methodological differences 
between the two studies, the 38% non-replicated findings 
could also reflect a true change in sex/gender findings for 
this sample population when it was expanded eightfold.

Despite asserting that large-scale imaging has now 
identified “highly reproducible” brain sex/gender dif-
ferences, DeCasien et  al. [6] state other contradictory 
findings as well. Thus, in a section praising the author-
ity of large individual studies, they note that Williams 
et al. [2] found the hippocampus to be some 1.5% larger 
in women. But just two paragraphs later, they write that 
a consensus of other large studies “demonstrates that 
humans show a highly reproducible spatial pattern of sex 
differences in regional GMV, including male-biased vol-
umes of the putamen, amygdala, hippocampus, and tem-
poral pole” [my emphasis]. For the record, Williams et al. 
[15] published a Supplemental Figure S2 that showed 
substantial  discrepancies between their volumetric sex/
gender differences in the hippocampus, pallidum, thala-
mus and caudate nucleus compared to those reported 
by Lotze et  al. [12] and Liu et  al. [13]—the same three 
cohorts DeCasien et al. [6] synthesize in their Fig. 1D.

Williams et  al. [2] were also more cautious in their 
interpretation, recognizing the “high variability of sex dif-
ferences” across studies due to numerous methodological 
and demographic factors. Thus, the “biological reality” 
that Williams et al. [2] were striving for was not an abso-
lute, species-wide declaration about sex/gender differ-
ences in the human brain, but a normative description 
of the UK population, recognizing the limitations of eth-
nic distribution and educational attainment in their very 
large, but not representative Biobank dataset.

Now let us consider the actual size of the sex/gender 
differences in question. The advantage of large studies 
is that they have great power to find very small differ-
ences, and that is what we are talking about for human 
brain sex/gender findings. In stark contrast to the 800 
percent larger RA (robust nucleus of the arcopallium) 
and HVC (acronym used as the proper name) nuclei, and 
the infinitely larger Area X (which does not exist at all in 
females) in the male zebra finch forebrain [5], the larg-
est of the regional differences between women and men 
reported by any of the aforementioned human studies is 

a mere 2%. Similarly, in meta-analyses by own team, we 
found only 0.6% larger hippocampus (d = 0.08, n.s.; [21] 
and 1.3% smaller amygdala (d = 0.20, n.s.; [22] in women, 
relative to men. Neither effect is out of the noise, which 
helps explain the considerable jitter in findings across 
large studies. Given the many processing and normali-
zation steps in the MRI pipeline, it is little wonder that 
every new segmentation, bias correction, or statistical 
method can differentially affect brains of different size 
and shape, creating the cacophony of findings we noted 
in Eliot et al. [1].

DeCasien et  al. focused their critique on our analysis 
of regional brain volumes, but I will add that Eliot et al. 
[1] also dove deeply into many other brain features oft-
described as “sexually dimorphic”. Most of these, such 
as the 6% greater gray matter-to-white matter ratio [20, 
23] and the higher interhemispheric-to-intrahemispheric 
connectivity ratio [24] in women are fully attributable to 
brain size. (Bigger brains have proportionally less gray 
matter and less efficient interhemispheric connectivity, 
regardless of sex [25–27].) Moreover, despite these differ-
ences in interhemispheric connectivity, meta-analysis of 
fMRI studies found no significant sex/gender difference 
in the lateralization of language [28]. Nor, importantly, 
can the tiny sex/gender difference (d = 0.06) in functional 
asymmetry account for any other cognitive sex/gender 
differences, according to systematic review and meta-
analysis by Hirnstein et al. [29].

In addition to lateralization, we analyzed many dozen 
fMRI studies that have sought sex/gender differences in 
localized brain activation, using tasks with well-known 
gender performance gaps. Across 33 studies using lan-
guage tasks, 34 using spatial tasks, and seven meta-anal-
yses including dozens of studies using empathy tasks, 
we found that no task has yielded a reliable sex/gender 
difference in brain activation (see also [30]). Although 
many of these studies report some areas of activation 
that were stronger in either men or women, the lack of 
reproducibility is likely attributable to false positives, as 
a meta-analysis of 179 fMRI studies of sex/gender differ-
ence has demonstrated [31]. Finally, we showed that 31 
recent studies of the structural and functional “connec-
tome” have not found consistent sex/gender differences 
in global connectivity; although there are hints that the 
default mode network may be more active in women, 
such studies have only rarely controlled for brain size, 
which could influence connectivity differences.

We are not the only ones to observe a profound “litera-
ture of contradiction” within the sex/gender difference 
field [32]. As more and more scientists heed policies to 
analyze their data by sex, underpowered and statisti-
cally mis-analyzed findings are turning out to be com-
mon [33]. Although false positives are less of a problem 
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with large datasets such as the UK Biobank, these present 
their own unique challenges, as such mega samples make 
it easy to “detect statistically significant interactions, 
including sex differences, of clinically trivial and mean-
ingless magnitude” [32]. Such findings are perhaps more 
likely to be reported than other group differences, given 
mandates by the NIH and other agencies to study sex and 
the existence of journals, such as this, dedicated to sex 
difference findings.

Which brings us back to the various sex/gender dif-
ferences found with structural MRI. It is important to 
note that most of this research—and all the studies dis-
cussed by DeCasien et  al.—are based on populations of 
largely European origin. In particular, the UK Biobank 
comprised 95% White participants, as compared to a 
global White population of 12% [34], making the study 
by Williams et al. [2] unlikely to represent the species as 
a whole. On the rare occasions when neuroimagers have 
explicitly attempted to replicate brain sex/gender differ-
ences across ethnically dissimilar populations, the repro-
ducibility has been poor (e.g., [35, 36]).

And yet, much of the commentary by DeCasien et  al. 
focuses on evolutionary arguments that presuppose such 
species-wide brain sex/gender differences. Here they 
present an uncritical recitation of evolutionary psycho-
logical theory, without noting its paternalistic legacy 
or substantial revision over recent years [37, 38]. Thus, 
DeCasien et  al. anoint a “powerful explanatory frame-
work” to assumptions about male-only competition and 
a gendered division of labor in deep history, despite 
more recent evidence challenging dogmas about chaste, 
uncompetitive females [37, 39] and “man the hunter”[40, 
41]. DeCasien et al. also cite select hormone and genetic 
studies to make the case for innate brain sex/gender 
organization, despite the weakness of this evidence [42, 
43]. Indeed, after decades of research on gonadal hor-
mones, there remains scant consensus on how they influ-
ence the human brain at either the prenatal [44], pubertal 
[45], or menopausal [46, 47] transitions. And with regard 
to direct genetic influences, the fact that XY individuals 
with complete androgen insensitivity syndrome appear 
both psychologically and phenotypically female indicates 
that genes alone do not “masculinize” the human brain in 
any behaviorally relevant way [48].

What is missing from this version of “biological reality” 
is any mention of neuroplasticity: the malleability built 
into every corner of our nervous system that allows indi-
viduals to learn and rapidly adapt to the ambient social 
and physical environments. From epigenetic modification 
to synaptic plasticity and activity-dependent myelination, 
mammalian brains develop and maintain their circuitry 

through ceaseless interaction with whatever environment 
they are immersed in [49, 50]. And for human beings, 
this environment is dominated by a complex social order 
in which gender is the foremost divisor [51]. No other 
fact about a new child flips more environmental switches 
than the so-called “gender reveal”. From names, clothes, 
toys, nursery décor, and pronouns [52] to the divergent 
communication styles, interactions, and expectations of 
parents [53], peers, and teachers [54], gender assignment 
bifurcates the experience of boys and girls from birth in 
every human culture, past and present [55]. This is espe-
cially pertinent given the older age of the UK Biobank 
and other large samples that have been widely used to 
elucidate normative sex/gender brain differences, since 
gender-differentiated experiences accumulate over the 
lifespan.

In fact, there is a competing theory addressing the bio-
logical origins of gender identity and expression. It is an 
extension of Esther Thelen’s [56] dynamic systems theory, 
and advances a more plastic, or soft-assembled mode of 
sex/gender development than brain organization theory. 
So rather than an explicit selection for different male and 
female brain structures, it posits that the primary selec-
tion in evolution was for large and highly plastic brains 
that permit the rapid and dynamic assembly of cir-
cuits most valued by the environment in which they are 
reared—which in most cultures includes strict adherence 
to gender roles [57]. Of course, one could argue that gen-
der roles themselves served an adaptive role in human 
evolution, but from a neuroscience—and perhaps clini-
cal—perspective, it matters whether brain sex/gender 
differentiation is the cause or consequence of these roles.

To their credit, DeCasien and colleagues do allude to 
the sociocultural origins of human sex/gender difference. 
First, by acknowledging the contribution of clinician gen-
der bias toward disproportionate diagnoses of autism 
and major depression, and second, in acknowledging that 
“enduring socio-environmental factors could conceivably 
influence brain organization.”

This is important, especially given the end of their com-
mentary in which they expound a firm commitment to 
anti-sexism. In this, I hope we can agree that a truly anti-
sexist and intersectional neuroscience will recognize, first 
and foremost, that humans are remarkably diverse, and 
that our diverse and fluid identities and accompanying 
life experiences impact brain structure and connectiv-
ity. In other words, that any small sex/gender differences 
found using a specific set of methods in a certain Euro-
centric database is unlikely to reflect a single, fixed “real-
ity” that is true across humanity, with its rainbow of 
cultures, sexualities, and gender identities.
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Perspectives and significance
Recent policies in the U.S., Canada, and European Union 
have elevated sex/gender as a pre-eminent variable to 
be studied across biomedical research [58]. But when 
one attribute takes precedence over others as a mat-
ter of national policy, and entire journals are dedicated 
to publishing positive findings about it, the equipoise of 
scientific inquiry may be compromised. Sex/gender dif-
ferences are unlike most biological findings in that they 
are widely consumed by the public [59, 60] and even 
applied to sociopolitical debates about who is male and 
who is female [61]. Recent large brain MRI studies have 
enormous statistical power to identify small male/female 
differences of questionable clinical or behavioral rel-
evance. Scientists should exert greater caution in inter-
preting such modest and jittery findings in the context of 
humans’ non-binary and multifactorial gender behavioral 
differences and health disparities.
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