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Abstract. Neurologists and neuropsychologists are aware that aging men are more at risk than women for brain damage, principally
because of the well known male-predominant risk for cardiovascular disease and related cerebrovascular accidents. However, a
disproportion in prevalence of brain damage between the sexes in childhood may be less suspected. Furthermore, sex-specific
risk for other aetiologies of brain damage may be little known, whether in the pediatric or adult populations. Proposals of a sex
difference in cognitive recovery from brain damage have also been controversial. Six hundred and thirty five “consecutive” cases
with cortical focal lesions including cases of all ages and both sexes were reviewed. Aetiology of the lesion was determined for
each case as was postlesion IQ. Risk was highly male prevalent in all age groups, with a predominance of cardiovascular aetiology
explaining much of the adult male prevalence. However, several other aetiological categories were significantly male prevalent in
juveniles (mitotic, traumatic, dysplasic) and adults (mitotic, traumatic). There was no sex difference in outcome (i.e., postlesion
IQ) of these cortical brain lesions for the cohort as a whole, after statistical removal of the influence of lesion extent, aetiology
and presence of epilepsy. Mechanisms potentially responsible for sex differences in prevalence, aetiology of brain damage, and
recovery, are reviewed and discussed.
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1. Introduction

The purpose of this investigation was to analyze sex
differences in a large non-epidemiological cohort so

∗Corresponding author: Claude M.J. Braun, PhD, Professeur titu-
laire, Centre de Neurosciences Cognitives, UQAM, C.P 8888, Succ.
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as to determine whether there exists a sex difference
in intellectual recovery from focal cortical brain le-
sions. Because numerous variables, other than the sim-
ple presence of the lesion itself, are potential sources
of sex differences in intellectual outcome (age of onset,
aetiology, lesion extent, etc.), it was felt that a very
large and well characterized sample would allow us to
statistically control extraneous variables. However, be-
cause there are several known sex differences in neu-
ropathology such as risk factors for certain aetiologies,
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we deal with these issues in the first part of the literature
review. The second part of the literature review deals
with what is currently known about sex differences in
recovery from brain damage.

1.1. Cardiovascular aetiology

Men are at greater risk than women for brain dam-
age secondary to cardiovascular disease [12]. Smok-
ing [43], alcohol consumption [43], hypertension [78],
and type-A personality [14,38] are known male pre-
dominant risk factors. Androgens also exert pressure
on the vascular system [53] while estrogen may have a
mildly protective action [55]. We have not been able
to determine whether these steroid actions are operant
in the foetal or infant brain however. In the specific
case of juvenile brain vascular anomalies, the evidence
is to the effect of a higher male risk for brain vascular
developmental anomalies [62] and intracranial hemor-
rhage [16], but not hemangioma [1] or Sturge-Weber
syndrome [7].

1.2. Infectious aetiology

Infection of the brain can result, of course, in an
identifiable and permanent brain lesion (cf., a tissue
destroying abcess). Though the immune infrastructure
of the human male is known to be less potent in several
respects than the female’s [69], it is not clear whether
he suffers more frequent infections at equal exposure
than the female in all circumstances, but there is some
evidence to that effect [57]. Any immune disadvan-
tage involving the blood-brain barrier or the immune
infrastructure of the brain (cf., microglia: see [58] for
evidence of a sex difference) would place that individ-
ual more at risk for brain damage of infectious aetiol-
ogy. During gestation, risk for brain damage of vas-
cular, mitotic and infectious aetiology could be me-
diated by immunity. This could explain some of the
sex prevalence differences observed in cases assumed
congenital but diagnosed at any age (it is not unusual
for a porencephalic lesion, for example, to be identified
serendipitously via a brain scan carried out for other
reasons).

1.3. Mitotic aetiology

Most mitotic conditions of known genetic origin are
autosomal. This would lead us to expect only minor sex
differences in prevalence. However, a modulating role
of steroid hormones (via immunity for example) cannot

be excluded a priori. In fact it is known that some
mitotic conditions of the brain are male prevalent and
that others are female prevalent while others present an
equal risk (cf., craniopharyngioma [13]). Brain cancer,
all categories included, is known to be more prevalent
in adult men than women [60] and in male than female
children [64].

1.4. Traumatic aetiology

Young men are far more at risk for head trauma than
any other age or sex category [22]. The sex differ-
ence is primarily due to automobile accidents and as-
saults. Young men drive more recklessly [67], are reck-
less pedestrians [63] and also physically assault and are
physically assaulted [22] far more often than women. It
is less well known that male prevalence of head trauma
begins as soon as the phenomenon can be measured,
that is, right after birth [6]. This discrepancy could
consist of greater turbulence, explorativeness and fear-
lessness of the male infant and child [17] leading to
falls and other types of accidents.

1.5. Unknown aetiology

For every 100 human females conceived, there are
between 107 and 124 male conceptions. But the male
embryo is more likely to spontaneously abort. As a
result, for every 100 female births there are 106 male
births. Factors leading to embryonic death could con-
ceivably also lead to brain damage in those who sur-
vive. In light of this, it would not appear surprising
that whether there is a genetic factor involved or not,
prevalence of congenital porencephaly [79] is higher in
the male sex.

1.6. Epilepsy

The physiopathology underlying epilepsy is often
identified vaguely or not at all. It has been reported
on several occasions that males are more at risk for
epilepsy whether the onset be in childhood [52,66] or
adulthood [20,70]. It would seem quite likely that brain
lesions associated with epilepsy ought therefore to be
more prevalent in the male sex, but this remains to be
determined. Epilepsy commonly complicates recov-
ery from focal brain lesions regardless of the aetiol-
ogy of the brain lesion. For example, certain forms of
epilepsy are associated with lower IQ. More specifi-
cally, “occurrence of regular seizures during a critical
period in early childhood neural maturation poses the
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greatest risk to cognitive development in the epilepsy
population” [23]. Thus, any investigation of sex or age
differences in recovery from brain lesions should take
epilepsy into account.

The preceding considerations underscore the com-
plexity of judging, from clinical samples, whether there
are sex differences in intellectual outcome from cortical
lesions.

1.7. Sex differences in cognitive outcome of brain
lesions

It is well known that the human female has a bet-
ter neurodevelopmental,cognitive, and school outcome
following extreme premature birth [32,49–51] or ex-
tremely low birthweight [41]. The female sex also
presents a clearly higher survival rate (48% versus 28%)
after extremely low birth weight according to Hoffman
and Bennett [31]. The direction of sex differences is
similar in lesion experiments with infant primates with
regard to frontal lesions [24]. Several studies have re-
ported higher survival rates of female rats after palli-
dal or hypothalamic lesions (see [42]). The work of
Goldman and colleagues is particularly relevant to the
human literature in that they also found that cognitive
recovery was significantly superior in female survivors.
Groswasser and colleagues [27] found that a large co-
hort of female traumatic brain injury patients had much
better cognitive recovery than males.

Rapin [61] reviewed effects and outcomes (including
IQ) of unilateral lesions in a set of studies of children,
and found that the female sex had a better prognosis.
Other studies of post-lesion IQ in children had smaller
groups and did not investigate sex differences [3,5,
72]. It is still not clear whether the sex difference in
lesion outcome varies as a function of age of onset
(i.e., whether there is anything developmentally spe-
cific about the effect), or whether the effect would be
manifest despite controlling for lesion extent or lesion
aetiology. In fact, sex differences with respect to these
variables are known to exist and have been evoked as
major sources of contamination of investigations pur-
porting to compare the sexes with respect to recovery
from brain lesions (see [9,10]).

McGlone [46] found that a smaller proportion of
women (13%) than men (48%), presented with aphasia
following a left hemisphere brain lesion. The men
also had more verbal memory deficits than the women.
Kimura [39] conducted an “ex post facto” investigation
of aphasia and apraxia in 216 right handed patients
with left hemisphere lesions. A higher proportion of

men presented with aphasia than women. However
no sex difference was observed in aphasia following
stroke in a study by Hier and colleagues [30]. It is
debated as to whether this female advantage is due to
a different brain organization or to greater robustness
of the female brain’s ability to heal itself, or to an
artefact imputable to methodological difficulties. A
meta-analysis of previously published results has found
that women have a better recovery from brain lesions
than men on both the Performance IQ (PIQ) and on the
Verbal IQ (VIQ) scales [35].

The studies reviewed in the two previous sections
have methodological limitations. For example, in some
studies, aetiologies of the lesions affecting each sex
were obviously not comparable. The ages of onset and
the intervals from lesion onset to IQ testing were not
always sex-matched, lesion extent was most often com-
pletely ignored, and sex-biased complications known
to affect IQ (e.g., epilepsy, see [74]) were not taken
into account. Lesion location was not radiologically
confirmed in all the studies. The studies might not have
paid enough attention to possible modulation of cogni-
tive recovery by lesion side. These issues are not triv-
ial for several reasons: 1) the female sex is known to
manifest certain superiorities in the verbal domain [36]
while the male sex is known to present an advantage
in the spatial domain [15], 2) there are known asym-
metries of hemispheric physiology and of hemispheric
anatomy which are sex-specific (see [11] for a review).
Most investigations did not comprise enough subjects
to control for any of these variables. Considering that
in the Hier et al study, where the problem of gender
bias in aetiology was circumvented by including only
cerebrovascular cases, no sex difference in intellectuel
recovery accrued, it seems that the issue of sex differ-
ences in recovery from brain damage deserves further
scientific attention.

Mechanisms that protect a human female from dele-
terious consequences, or that favor a good prognosis,
after a brain lesion, could be sociocultural or physio-
logical. Sociocultural factors could include greater ef-
fort expended by the patient herself or her family in the
search for compensatory resources (educational, reme-
dial, emotional, etc.). We are unaware of any evidence
in support of this possibility. The most likely can-
didates for sex-specific physiological protection fac-
tors would include either steroid-brain or immune-brain
processes or interactions between these. Rodent ex-
periments have shown that circulating steroid status
of mammals definitely influences behavioral recovery.
More specifically, estrogen appears to be a potent fac-
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tor in recovery from cytotoxic brain lesions [21] or
brain lesions induced by ischemia [18]. Evidence is
accruing to the effect that one mediator of this estrogen
neuroprotective factor involves the immune system [2].
Progesterone also seems to have a wide ranging neu-
roprotective function [4,25]. It protects against post-
ischemic damage, and manifests numerous neuropro-
tective properties in vitro. Unfortunately, we were not
able to find any evidence to the effect that estrogen or
progesteronespecifically protects a human female from
the cognitive sequellae of brain lesions.

The purpose of this investigation was to better un-
derstand the modulating influence of gender in brain
lesions and recovery therefrom, and thus to help refine
the work of practicing neurologists and neuropsychol-
ogists.

2. Method

2.1. Subjects

Two hundred and ninety nine cases were drawn from
the published literature (see Montour-Proulx, 2000 for
details) and 336 from eastern Canadian hospital records
(see Montour-Proulx, 2000 for details) answering to a
set of inclusion and exclusion criteria. No effort was
expended to recruit one sex more than the other.

Inclusion criteria were: 1) presence of a radiolog-
ically or surgically confirmed and explicitly localized
unilateral cortical lesion involving at least one brain
lobe (only the frontal, temporal, parietal and occip-
ital lobes were considered), and subcortical damage
was not an exclusion criterion provided cortical dam-
age was clearly established. Considering that human
cortex is only about 5 mm thick, pure cortical lesions
must be very rare, 2) availability of FSIQ, PIQ and
VIQ obtained from one of the Wechsler scales (WPPSI,
WISC or WAIS), age at lesion onset, sex, aetiology
of the lesion, lesion location, age at time of IQ test-
ing. Age of onset was set at zero in cases judged
“congenital” by the treating physician or the authors
of the article. We reviewed all the cases ourselves, to
determine possible congenital aetiology, using the re-
views of congenital aetiologies of brain damage of Klei-
hus and Cavenee [40] and Spaycar and Randolph [68]:
cavernous hemangioma, hypoplasia, dysplasia, macr-
ogyria, pachygyria, polymicrogyria, microdysgenesia,
porencephaly, arachnoid cyst, arteriovenous malforma-
tion, Sturge-Weber syndrome, dysembryoplastic neu-
roepithelial tumor, etc.

Table 1
Description of the lesions in terms of extent and location for the
juvenile and adult groups

Juveniles Adults

Lesion extent
1 lobe involved only 62% 55%
2 lobes involved only 18% 35%
3 lobes involved only 6% 7%
4 lobes involved 14% 3%

Lesion location
Frontal lobe involvement 45% 40%
Temporal lobe involvement 68% 49%
Parietal lobe involvement 38% 46%
Occipital lobe involvement 22% 22%

Exclusion criteria were: 1) systemic disease (ex:
leukemia, liver disease, cardiac disease, etc.), 2) CNS
neuropathologyother than the focal lesion (ex: trisomy,
monosomy, etc.), 3) radiotherapy or chemotherapy. We
rejected all cases that had any missing data whatsoever.
We arbitrarily divided the cohort into “pediatric” (le-
sion onset< 18 years of age,N = 417) and “adult”
(lesion onset 18 years of age or more,N = 218) sub-
groups. The juvenile group had a mean age at symptom
onset of5.2 years (SD = 5.5) and a mean age at the
time of testing of17.2 years (SD = 10). The adult
group had a mean age at symptom onset of46.6 years
(SD = 18) and a mean age at the time of testing of48.9
years (SD = 16.7). See Tables 1 to 6 for further clini-
cal description of these two groups. Note that the sam-
ple studied cannot be considered “epidemiological” in
any way.

2.2. Procedure

For the purpose of investigating sex-specific preva-
lences of aetiologies, we created a six category classi-
fication of the aetiologies (see Table 2 for a breakdown
by age-groupand sex). For the sake of convenience, we
present incidence of epilepsy in Table 2 as well. Each
case was given at least one and at most three aetiologi-
cal categories (or epilepsy) in this system. Thus, a min-
imum of 635 aetiological tags and a maximum of 1905
could have been derived: in fact, there were 1065 tags
altogether. Tallies of these aetiologies (and epilepsy)
per sex and age-group were submitted to Chi square
analysis. Age at the time of lesion onset was fixed on
the basis of the aetiology occuring at the youngest age.

For the purpose of comparing the sexes with regard to
recovery (postlesion IQ), we first determined whether
the sexes differed with regard to lesion extent (defined
as number of lobes lesioned from 1 to 4), age-of-onset,
age-at-testing, lesion site, lesion-onset-to-IQ testing in-
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Table 2
Frequencies of aetiologies of the brain lesions, and of epilepsy, as a function of age-group and sex

Aetiology/ Infectious Vascular Mitotic Dysplasic Traumatic Other Epilepsy
Age group

Juvenile onset(< 18 years)
Male 12 29 58 37 65 22 136
Female 17 24 27 23 34 14 109
Chi2/P 0.9/NS 0.5/NS 11.3/0.001 3.3/NS∗ 9.7/0.002 1.8/NS 3.0/NS∗

Adult onset(> 18 years)
Male 5 86 23 2 40 158 24
Female 2 32 10 0 7 60 9
Chi2/P –/– 24.7/0.001 5.2/0.02 –/– 23.2/0.001 44.0/0.000 6.8/0.009

Note. Epilepsy is not an aetiology for a brain lesion, but rather a complication. The aetiological category
“other” is primarily composed of cases with vague diagnoses such as “atrophy”, “local sclerosis”, “anoxia”,
“prematurity”, “forceps injury”, “encephalopathy”, “gliosis”, “cyanosis”, “obstetric complications”, etc., in
decreasing order of frequency.
∗Effect significant only at one tail. NS= Non-significant, one tailed test.

terval, clinical severity (static aetiology, static aetiol-
ogy+ epilepsy, progressive aetiology, progressive ae-
tiology+ epilepsy). See Tables 2 and 3. Having estab-
lished that some of these variables differed as a function
of sex and were indeed correlated with our measures of
recovery (Full Scale IQ, Verbal IQ, Performance IQ),
we proceeded to include these in a MANCOVA and
ANCOVA models comparing the two age groups and
the two sexes on the IQ measures. Of course, we sup-
posed that the sexes and age groups were of comparable
IQ at outset -an assumption justified by excellent age
norms for these IQ tests and absence of sex differences
on FSIQ, VIQ and PIQ scores [75–77].

3. Results

3.1. Frequency breakdowns by sex, age-group and
aetiology

The male sex (N = 404) was far more at risk for
a brain lesion than was the female sex (N = 231)
(Chi2 = 47.1, p = 0.001).

The distribution of frequencies of aetiologies is pre-
sented in Table 2 as a function of sex and age-group.
Epilepsy, which in these cases has to be considered a
“complication”, is also tallied by sex in Table 2. Chi2

tests served to compare the sexes separately for each
age group and for each aetiological category.

3.2. Sex differences in cognitive outcome of brain
lesions

We were surprised to discover that for the cohort as
a whole the sexes were not comparable on several other
variables potentially capable of modulating IQ scores

(lesion extent: Chi2 = 17.2, p = 0.001, lesion onset
to IQ testing interval:F (1, 633) = 16.5, p = 0.0001,
clinical severity: Chi2 = 13.2, p = 0.004). These sex
differences are presented in Table 3.

We then ascertained the extent to which a relation ex-
isted between these potentially confounding variables
(i.e., lesion extent, lesion onset to IQ interval, clinical
severity) and the IQ measures (FSIQ, VIQ, PIQ). Be-
cause the aetiology variable (static, static with epilepsy,
mitotic, mitotic with epilepsy) held a very curvilinear
relationship with IQ, we broke it down into four di-
chotomous variables. To our surprise, epilepsy neg-
atively affected IQ more than a progressive (mitotic)
condition. Most of these potential confounds were sig-
nificantly correlated with one or several IQ measures.
See Table 4.

To ascertain whether the sexes differed with regard
to lesion site, we first carried out Chi Square tests on
four lesion site variables as a function of sex. Lesion
site was operationalized as follows: if the frontal lobe
was involved in the lesion this generated a tally for that
lobe, and so on for the other lobes. Thus the lesion site
variable was a four level variable with total frequencies
amounting to far more than 635. We completed a Chi
Square analysis of this lesion site variable as a function
of sex. This analysis revealed no significant interaction
between sex and the frequency profile of lobes involved
in the lesion. However, as the individual lesion sites
(frontal, temporal, parietal and occipital) were signifi-
cantly correlated with the three IQ measures, we opted
to include the lesion site variable in the analyses.

Analyses of variance were carried out using SAS v6,
GLM procedure. So as to minimize type-2 error, we
first subjected the data base to the fullest possible sta-
tistical model, a 2× 4 × 2 × 2 × 2 MANCOVA (sex,
lesion site, hemisphere-lesioned, age-group, IQ-type),
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Table 3
Age at lesion onset, age at the time of intelligence testing, lesion extent, severity of the
aetiology, as a function of age-group, hemisphere-lesioned and sex (means and SDs)

Age of lesion Age at time of Lesion extent∗ Severity of
onset (years) IQ testing (years) the aetiology∗

Juvenile
Left hemisphere
Female (N =
95)

4 (5.3) 18 (10.7) 1.9 (1.2) 1.9 (0.9)

Juvenile Left
hemisphere Male
(N = 135)

5 (5.7) 17 (10.3) 1.7 (1.0) 2.0 (1.1)

Juvenile
Right hemisphere
Female (76)

6 (5.3) 19 (10.0) 1.8 (1.2) 2.0 (0.9)

Juvenile
Right hemisphere
Male (N = 111)

6 (5.6) 16 (8.6) 1.5 (0.9) 2.1 (1.0)

Adult Left hemi-
sphere Female
(N = 27)

49 (17.5) 50 (16.6) 1.4 (0.7) 1.4 (0.9)

Adult Left hemi-
sphere Male
(N = 71)

43 (16.8) 46 (16.3) 1.6 (0.7) 1.5 (0.9)

Adult
Right hemisphere
Female (N =
33)

44 (18.6) 48 (16.7) 1.6 (0.8) 1.5 (0.8)

Adult
Right hemisphere
Male (N = 87)

50 (17.9) 51 (16.7) 1.6 (.8) 1.4 (0.8)

∗See the Method section for the operationalization of these variables.

with as dependent measures Verbal IQ (VIQ) and Per-
formance IQ (PIQ). In the MANCOVA and ANOVAs
which follow, a lesion site effect was always tested
with the frontal*parietal*temporal*occipital term. The
IQ-type factor was the only repeated factor. The co-
variables, the variance of which we partialed out, were
lesion extent, progressive aetiology, and epilepsy. This
is accomplished in GLM using the appropriate sum of
squares term. Variables with no effect on IQ measures
(onset to test interval, static aetiology, progressive aeti-
ology+ epilepsy) were excluded from the model. The
category static aetiology+ epilepsy was excluded be-
cause of partial redundency with the epilepsy covari-
ate. The effects of interest for this report concern only
the sex variable. This represents a very complex de-
sign: though there were no missing data, replicates
were lost in the GLM production of matrices, such
that the MANCOVA and ANCOVAs reported next are
based on 544 subjects. In the MANCOVA there was
no main effect of sex. Significant interactions involv-
ing sex were IQ typex age groupx sex((F2, 544) =
16.3, p < 0.0001), IQ type x hemisphere lesioned
x sex ((F (2, 544) = 13.3, p < 0.0001), IQ type x
lesion sitex sex ((F (22, 544) = 2.2, p < 0.003),

IQ type x lesion sitex hemisphere lesionedx sex
((F (22, 544) = 2.4, p < 0.0003), IQ type x age
group x hemisphere lesionedx lesion site x sex
((F (30, 544) = 2.0, p < 0.0003). See Tables 5 and 6
for the means. An identically formated ANCOVA on
Full Scale IQ revealed no effect of sex at all. The same
analyses without correction yielded all the same inter-
actions, with the addition of a lesion sitex sex effect
on Full Scale IQ((F (23, 544) = 4.5, p < 0.0001).
ANCOVA with the same correction for covariates as
previously on Verbal IQ yielded two significant effects
involving sex, a hemisphere lesionedx sex interaction
((F (2, 544) = 4.0, p < 0.02) and a lesion sitex sex in-
teraction((F (2, 544) = 2.0, p < 0.01). See Tables 5
and 6 for details. The same analysis of Performance IQ
also yielded two significant effects involving sex,an age
groupx sex interaction((F (2, 544) = 6.4, p < 0.002)
and a hemisphere lesionedx lesion sitex sex interac-
tion ((F (22, 544) = 2.1, p < 0.003). See Tables 5
and 6 for details.

We ascertained that by removing lesion site from the
MANCOVA and ANCOVA models, we lost none of
the 635 subjects. We completed all the same analyses
as above without the lesion site independent variable.
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Table 4
Correlations between various “clinical” variables and Verbal IQ, Performance IQ and
Full Scale IQ (N = 635)

Full Scale IQ Verbal IQ Performance IQ

Age of onset 0.08∗ 0.19∗∗∗ −0.09∗
Age at time of testing 0.08 0.21∗∗∗ 0.11∗∗
Onset to test interval −0.03 −0.04 −0.01
Static aetiology 0.02 0.06 −0.06
Static aetiology+ epilepsy −0.06 −0.09∗∗ 0.02
Progressive aetiology 0.12∗∗ 0.09∗ 0.12∗∗
Progressive aetiology+ epilepsy −0.05 −0.05 −0.05
Epilepsy −0.02 −0.05∗ −0.04
Lesion extent −0.32∗∗∗ −0.25∗∗∗ −0.33∗∗∗

Note. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. Relations with dichotomous vari-
ables are calculated using the point biserial coefficient and with continuous variables
using the Pearson product-moment coefficient.

Table 5
Mean intelligence quotients (FSIQ, VIQ, PIQ) as a function of age-group (± 18), hemisphere lesioned and sexN = 544)

Juveniles Adults
Left hemisphere lesions Right hemisphere lesions Left hemisphere lesions Right hemisphere lesions

Full Scale IQ
Females 91 87 94 95
Males 92 94 92 92

Verbal IQ
Females 91 89 95 101
Males 91 94 94 99

Performance IQFemales 92 87 94 89
Males 94 95 92 83

There was no sex main effect nor any two way or three
way interactions involving sex. Because the brain is
commonly believed to manifest loss of plasticity by age
five [45], we carried out the same MANCOVAs and
ANOVAs as above with age groups defined as younger
and older than five years. There was again no sex main
effect nor any two or three way interactions involving
sex.

4. Discussion

4.1. Sex, age at the time of lesion onset and
aetiologies of focal cortical lesions

There was a spectacular male prevalence of cases
of brain lesion in both the juvenile and adult onset
subgroups. This sex difference was due to a greater
male prevalence of mitotic and traumatic aetiologies in
both age groups as well as a greater male prevalence
of vascular aetiologies in the adult group. Of course,
this conclusion must be considered in light of the fact
that mortality from such lesions could also vary as a
function of sex and thus influence the above mentioned
prevalences -especially in the most elderly range. We

had no access to the mortality in the present study. An
interesting study by Gordon and Rosenthal [26] found
that the male sex was indeed at greater risk for mortality
after a stroke (× 1.6) in a hospital setting. This would
predict then that our distributions are biased by an over-
representation of women -considering that collecting
IQ after a lesion requires the subject to have survived.
In short, the male prevalences in all of the diagnostic
categories of the present study could be underestimates,
and the male prevalence in the vascular category is most
probably an underestimate.

As expected, the male sex was more at risk for
epilepsy as a complication (one tailed only in the juve-
nile onset subgroup, and two-tailed in the adult onset
subgroup). Infectious and dysplasic aetiologies were
too rare to support inference testing in the adult onset
subgroup. An epidemiological investigation of sex dis-
tributions of brain lesions of infectious origin would be
of great help.

It is notable (and perhaps as of yet unheard of)
that brain anomalies (lesion-like) of dysplasic aetiology
were indeed male prevalent (though only one tailed) in
the juvenile group. This may relate, for example, to the
debate over whether dyslexia is truly male prevalent (or
simply over-diagnosed in the male sex) and whether
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the male prevalence is due to the now frequently post-
mortem confirmed dysplasic elements (brain warts or
ectopias, vascular dysplasia, heterotopias, all indicative
of neural migrational aberrations). Postmortem anal-
ysis of the brains of three female dyslexics revealed
presence of exactly the same dysplasias as reported in
all previous male cases [34]. We suggest that con-
genital dyslexia may simply be a special case of more
widespread male-prevalent risk for neural dysplasia.
Epidemiological research on brain lesions of dysplasic
aetiology would be helpful in clarifying this specific
issue in a wider context.

The absence of a sex difference in prevalence of
vascular cases in the juvenile onset subgroup and the
highly significant male prevalence in the adult onset
subgroupwould be compatible with neuroprotective fe-
male steroid factors involving progesterone and/or es-
trogen or a male steroid (testosterone) vascular stress
factor and/or a lifestyle factor (higher incidence of
smoking, drinking, stress or type-A personality in men)
-the first two of these factors being less operant, in
principle, prior to puberty and the last obviously being
less so in fact. Important research needing to be done
on neuroprotection by steroids could include, we think,
an animal study of brain lesion effects (survival, and
also cognition) as a function of multiple hormone lev-
els during pregnancy in females. Estrogen climbs to a
very high level just before parturition.

The ensemble of the present findings is consistent
with the mechanisms of gender-specific risk outlined
in the introduction.

4.2. Sex differences in intellectual outcome of brain
lesions

It cannot be claimed from these results that there
exists a generalized sex difference in cognitive recov-
ery from brain lesions. On the contrary, for the cohort
as a whole, none of the IQ scores differed in a global
manner as a function of sex after correction for rele-
vant “confounding” variables (lesion extent, progres-
sive aetiology, lesion site and epilepsy). Considering
that the subjects’ age, hemisphere lesioned, lesion site
and the IQ subscale all interacted with the sex variable,
it can easily be conceived how previous researchers
could have come upon a biased effect of sex due to
inadequate control of any of the above variables.

The significant interactions obtained here, involving
sex, do suggest however that male and female brains
may organized differently with regard to certain cogni-
tive functions. Recall that all the MANCOVA interac-

tions inolved IQ type. In other words, male and female
brains do not seem to have the same cognitive profile
after a lesion. The more interpretable effects are the
two way interactions observed in ANCOVA on one or
the other subscale of the Wechsler intelligence tests.
With regard to Verbal IQ the hemisphere lesioned x sex
interaction indicates that females recover better from
left hemisphere lesions than right hemsphere lesions
while males do the reverse (see Table 5). Again with
regard to Verbal IQ, the lesion site x sex interaction is
harder to interpret because the lesion site variable is
unpure and because it generates small cells (Table 6).
We prefer to abstain from interpretation of this effect.
With regard to Performance IQ the age groupx sex
interaction reflects the fact that the women do better
than the girls whereas the boys do better than the men
(see Table 5). Again with regard to Performance IQ,
the hemisphere lesionedx lesion sitex sex effect (see
Tables 5 and 6) will do without our interpretation for
the same reasons as above.

In short, we suggest that this investigationchallenges
the perhaps dominant (but certainly controversial) be-
lief that the human female can expect a better cognitive
outcome after incurring a brain lesion. The credibility
of this challenge, we think, is based on the large num-
ber of cases reviewed here and on the opportunity we
had of controlling for several potentially “confound-
ing” variables. Supposing then that there is no sex
difference in intellectual recovery from brain lesions,
what is to be made of other sex differences in recovery
from disease? Why does the human female present
better cognitive outcome of extreme prematurity and
better survival from stroke in old age? Why do female
monkeys present better cognitive recovery from focal
lesions and not human females? These are mysteries
that call for further research.

The results of the present investigation are compati-
ble, in a sense, with most of the relevant scientific liter-
ature. The female with adult lesion onset seems to have
the better cognitive outcome [35,39,46]. However, this
effect is negated when childhood onset cases are in-
cluded in the sample (see Table 5). A dominant theme
in the literature from the 70s on sex differences in cog-
nitive recovery from brain lesions was that women have
a better recovery of language (see the introduction).
We have since ceased to believe in this sex difference
in recovery of language functioning in the 80s based on
more reliable empirical evidence [37,65,73].

It should perhaps not be surprising that if one sex is
going to benefit from better healing of the brain after a
lesion, the effect should be most manifest on PIQ and
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Table 6
Mean intelligence quotients (FSIQ, VIQ, PIQ) and number of cases as a function of lesion
site and sex

Frontal lobe Parietal lobe Temporal lobe Occipital lobe
lesions lesions lesions lesions

(N = 103, 171) (N = 95, 162) (N = 159, 234) (N = 59, 82)

Full Scale IQ
Females 85 95 90 85
Males 90 95 91 87

Verbal IQ
Females 88 88 92 90
Males 93 91 93 92

Performance IQ
Females 84 82 90 85
Males 89 87 91 87

Note. The lesion is not necessarily “limited” to a single lobe. Full Scale IQ is not an average
of the two subscales, it is derived from its own norms.

less so on VIQ. Indeed, PIQ is simply more sensitive
to brain damage in general [8,44,59] and should thus
be more sensitive to other variables that impede or fa-
cilitate brain healing as well (lesion extent, aetiology,
epilepsy, etc.). In the present investigation, VIQ was
highly significantly superior to PIQ for the cohort as a
whole (F (1, 632) = 19, p = 0.0001), though all the
variance came from the adult cohort. The reasons are
well known: Performance IQ measures more “fluid”
intelligence (i.e., novel manipulation of unusual mate-
rial) under time pressure, whereas Verbal IQ measures
more “crystallized” intelligence (i.e., routine manip-
ulation of overlearned material) without the pressure
of time. Whereas the difference in content (i.e., ver-
bal versus visuospatial) between the Verbal and Perfor-
mance IQ scales is presumed equally brain-dependent,
these other differences are not [30]. In children, verbal
intelligence is probably not yet cristallized enough to
show better recovery after brain lesions than non verbal
intelligence. In the present investigation, prior to sta-
tistical correction for the covariates, it was PIQ which
best discriminated the sexes, giving a small and very
localized advantage to females.

Investigation of sex differences in cognitive recov-
ery from juvenile onset lesions has so far been very
limited. The present results challenge the findings of
Rapin [61] who found a better outcome in girls than
in boys. The present results argue that general intel-
lectual ability (and recovery) seem to be identical for
the two sexes regardless of their age. Incidentally, it
has been argued that plasticity of intellectual recovery
is limited to the first few years [45]. This point of view
has since been challenged: for example, age at the time
of hemispherectomy does not have much bearing on
intellectual recovery [72]. The results of the present

study indicate that whether this developmental effect
exists or not, it is apparently not related to gender.

In short, the sexes differ radically in risk for various
serious conditions of brain development and ageing,
leading to brain lesions: males are more at risk. In
the present sample the sexes differed significantly from
each other with regard to aetiology and extent of the
lesion, and with regard to risk for epilepsy. On the
other hand, among survivors of such lesions, neither
sex appeared to benefit remarkablyor consistently from
better intellectual recovery after a brain lesion (other
aspects being equal). The implication of these find-
ings for clinical practice is that both sexes are equally
meritorious for cognitive-perceptual rehabilitation af-
ter focal brain lesions, despite the fact that the male sex
may require some more medical attention because of
the greater number of patients. Selection of more sen-
sitive neuropsychological measures, of a wider range
of recovery periods (for example measured in days af-
ter the lesion) and more refined estimation of lesion
sites, as would be possible only in a large prospective
multicenter study, could provide important vistas that
are missing from the current report.
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chologique de l’enfant,7ìemeédition, De Boeck & Belin.,
Bruxelles, 1997.

[18] D.B. Dubal, P.J. Shughrue, M.E. Wilson, I. Merchenthaler and
P.M. Wise, Estradiol modulates bcl-2 in cerebral ischemia: a
potential role for estrogen receptors,Journal of Neuroscience
19 (1999), 6385–6393.

[19] Y. Ersahin, S. Mutluer, H. Mirzai and I. Palali, Pediatric de-
pressed skull fractures: analysis of 530 cases,Child’s Nervous
System12 (1996), 323–331.

[20] L. Forsgren, Prevalence of epilepsy in adults in northern Swe-
den,Epilepsia33 (1992), 450–458.

[21] L.M. Garcia-Segura, A. Wozniak, I. Azcoitia, J.R. Rodriguez,
R.E. Hutchison and J.B. Hutchison, Aromatase expression by
astrocytes after brain injury: implications for local estrogen
formation in brain repair,Neuroscience89 (1999), 567–578.

[22] M.S. Gilthorpe, R.C. Wilson, D.R. Moles and R. Bedi, Vari-
ations in admissions to hospital for head injury and assault to
the head. Part 1: Age and gender,British Journal of Oral and
Maxillofacial Surgery37 (1999), 294–300.

[23] G. Glosser, L.C. Cole, J.A. French, A.J. Saykin and M.R.
Sperling, Predictors of intellectual performance in adults with
intractable temporal lobe epilepsy,Journal of the International
Neuropsychological Society3 (1997), 252–259.

[24] P.S. Goldman, H.T. Crawford, L.P. Stokes, T.W. Galkin and
H.E. Rosvold, Sex-dependent behavioral effects of cerebral
cortical lesions in the developing rhesus monkey,Science186
(1974), 540–542.

[25] M.D. Gonzalez-Vidal, M. Cervera-Gaviria, R. Ruelas, A. Es-
cobar, G. Morali and M. Cervantes, Progesterone: protective
effects on the cat hippocampal neuronal damage due to acute
global cerebral ischemia,Archives of Medical Research29
(1998), 117–124.

[26] H.S. Gordon and G.E. Rosenthal, The relationship of gender
and in-hospital death: increased risk of death in men,Medical
Care37 (1999), 318–324.

[27] Z. Groswasser, M. Cohen and O. Keren, Female TBI patients
recover better than males,Brain Injury 12 (1998), 805–808.

[28] C.T. Gualtieri, R.E. Hicks and J.P. Mayo, ABO incompatibility
and parity effects on perinatal mortality,Society of Biology32
(1985), 129–131.

[29] W.C. Halstead, Biological intelligence,Journal of Personality
20 (1951), 118–130.

[30] D.B. Hier, W.B. Yoon, J.P. Mohr, T.R. Price and P.A. Wolf,
Gender and aphasia in the Stroke Data Bank,Brain and Lan-
guage47 (1994), 155–156.

[31] E.L. Hoffman and F.C. Bennett, Birth weight less than 800
grams: changing outcomes and influences of gender and ges-
tation number,Pediatrics86 (1990), 27–34.

[32] P.C. Holtrop, L.M. Ertzbischoff, C.L. Roberts, D.G. Batton
and R.P. Lorenz, Survival and short-term outcome in newborns
of 23 to 25 weeks’ gestation,American Journal of Obstetrics
and Gynecology170 (1994), 1266–1270.

[33] C.A. Huether, R.L. Martin, S.M. Stoppelman, S. D’Souza, J.K.
Bishop, C.P. Torfs, F. Lorey, K.M. May, J.S. Hanna, P.A. Baird
and J.C. Kelly, Sex ratios in fetuses and liveborn infants with
autosomal aneuploidy,American Journal of Medical Genetics
63 (1996), 492–500.

[34] P. Humphreys, W.E. Kaufmann and A.M. Galaburda, Devel-
opmental dyslexia in women: neuropathological findings in
three patients,Annals of Neurology28 (1990), 727–738.

[35] J. Inglis and J.S. Lawson, A meta-analysis of sex differences
in the effects of unilateral brain damage on intelligence test
results,Canadian Journal of Psychology36 (1982), 670–683.



C.M.J. Braun et al. / Prevalence, and intellectual outcome of unilateral focal cortical brain damage 115

[36] A.S. Kaufman, J.L. Kaufman, J.E. McLean, and C.R.
Reynolds, Is the pattern of intellectual growth and decline
across the adult life span different for men and women?Jour-
nal of Clinical Psychology47 (1991), 801–812.

[37] A. Kertesz, What do we learn from recovery from aphasia?
Advances in Neurology47 (1988), 277–292.

[38] J.S. Kim, S.S. Yoon, S.I. Lee, H.J. Yoo, C.Y. Kim, S. Choi-
Kwon and B.C. Lee, Type A behavior and stroke: high tense-
ness dimension may be a risk factor for cerebral infarction,
European Neurology39 (1998), 168–173.

[39] D. Kimura, Sex differences in cerebral organization for speech
and praxic functions,Canadian Journal of Psychology37
(1983), 19–35.

[40] P. Kleihues and W.K. Cavenee,Pathology and genetics. Tu-
mors of the nervous system,International Agency for Research
on Cancer, Lyon, 1997.

[41] T.R. La-Pine, J.C. Jackson and F.C. Bennett, Outcome of in-
fants weighing less than 800 grams at birth: 15 years’ experi-
ence,Pediatrics96 (1995), 479–483.

[42] L. Lenard, J. Sarkisian and I. Szabo, Sex-dependent survival
of rats after bilateral pallidal lesions,Physiology and Behavior
15 (1975), 389–397.

[43] W. Liang, M.C. Shediac-Rizkallah, D.D. Celentano and C. Ro-
hde, A population-based study of age and gender differences
in patterns of health-related behaviors,American Journal of
Preventive Medicine17 (1999), 8–17.

[44] C.G. Matthews, E.D. Folk and P.G. Zerfas, Lateralized fin-
ger localization deficits and differential Wechsler-Bellevue re-
sults in retardates,American Journal of Mental Deficiency70
(1966), 695–702.

[45] J. McFie, The effects of hemispherectomy on intellectual func-
tioning in cases of infantile hemiplegia,Journal of Neurology,
Neurosurgery and Psychiatry24 (1961), 240–249.

[46] J. McGlone, Sex differences in the cerebral organization of
verbal functions in patients with unilateral brain lesions,Brain
100 (1977), 775–793.

[47] J. McGlone, Sex differences in functional brain asymetry,Cor-
tex14 (1978), 122–128.

[48] I. Montour-Proulx,Effets du d́eveloppement dans le recouvre-
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