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REPLY TO GLEZERMAN:

Why differences between brains of females and
brains of males do not “add up” to create two types
of brains
Daphna Joela,b,1, Jürgen Hänggic, and Jared Poold

As Marek Glezerman (1) rightly points out, there are
differences between females and males in brain and
behavior. Glezerman overlooks, however, the fact that
such differences may be different and even opposite
under different environmental conditions. That is,
what is typical under some conditions in a brain com-
posed of cells with an XX chromosomal complement
residing in a body with low levels of testosterone, may
be typical under other conditions in a brain composed
of cells with an XY chromosomal complement residing
in a body with high levels of testosterone. Such “re-
versals” of sex effects have also been reported when
the manipulation of environmental conditions was
done in utero (by manipulating the dam) and the off-
spring were tested in adulthood (reviewed in refs. 2
and 3). These observations led to the hypothesis that
brains are composed of a “mosaic” of “male” and
“female” features rather than of only “male” features
or only “female” features, as expected of a “male brain”
and a “female brain,” respectively (2, 3). Our study (4)
is the first to empirically test whether brains are “male”
or “female” by assessing internal consistency in the de-
gree of “maleness-femaleness” of different elements
within a single brain. We found that brains with both
“female-end” and “male-end” characteristics were
more prevalent than brains with only “female-end” or
only “male-end” characteristics. This was true for both
the volume of brain regions and the strength of con-
nections between regions (assessed in a similar way to

ref. 5), in contrast to Glezerman’s assumption that
“Other imaging methods might have yielded different
results.” To corroborate our analysis of different aspects
of brain structure assessed using MRI, we also analyzed
brain function, as revealed in people’s behaviors, per-
sonality characteristics, preferences, and attitudes. Also
here there were many more people with both “femi-
nine” (i.e., more common in females compared with
males) and “masculine” (i.e., more common in males
comparedwith females) characteristics than peoplewith
only feminine or only masculine characteristics (4).

There is no doubt that sex affects the structure
and function of brain cells. However, the fact that sex
can affect brain cells does not necessarily entail that
the form and function of brain cells are either “male” or
“female” nor that the brains comprised of these cells
can be divided into two distinct categories. For such
claims to be true it is necessary that the effects of sex
are dimorphic, resulting in the formation of distinct
“male” and “female” types, as well as internally con-
sistent (2, 3, 6). Hopefully, future studies looking at
the relations between sex and other systems in which
sex differences have been documented (e.g., the im-
mune system, the cardiovascular system) will assess
both internal consistency and degree of overlap, to
reveal whether the relations between sex and other
systems are more similar to the relations between
sex and the brain (mosaicism) or to the relations be-
tween sex and the genitalia (dimorphism).
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