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Abstract
Purpose of Review The goals of the report are to integrate recent and key foundational gender- and sex-related, post-traumatic
brain injury (TBI) literature across several research domains, to highlight need for increased cross-field communication using an
integrative biopsychosocial research model, and to provide recommendations for further research approaches and foci.
Recent Findings Recent findings of TBI studies addressing gender and/or biological sex provide evidence of women’s unique risks
for injury, significant differences in severity, type, and number of post-TBI symptoms reported by women vs. men, and complex,
interactive molecular, genetic, psychosocial, and physiological factors that contribute differently to TBI outcomes for the sexes.
Summary Brain injury researchers, following years of failed clinical trials and mixed findings, are adopting new methods for
more precisely characterizing differing effects of sex on both responses to TBI and recovery trajectories as well as underlying
causes of these differences. New approaches include analysis of large data sets, use of sophisticated statistical models, more
consistent exploration of sex-specific effects of TBI in more TBI study domains, and use of more precise measures. Increased
cross-field communication and collaboration, stratification by sex, and increased adoption of these approaches are recommended
to help advance understanding of TBI and move us closer to treatment development.
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Introduction

Traumatic brain injury (TBI) researcher Donald Stein recently
reported disappointing statistics at the American Congress of
Rehabilitation Medicine (ACRM) in Atlanta, Georgia [1•].
After hundreds of TBI intervention trials, stated Stein, there
is no evidence of efficacy for any treatment [1•, 2•]. The pre-
clinical and human studies of sex hormones as neuroprotec-
tive for TBI and as potential keys to targeted treatments may
be one of the best-known bodies of research related to gender
and TBI [3–15]. However, despite a decade of research of
phase II trials suggesting that the sex hormones progesterone
and estradiol were neuroprotective and might be key

candidates for treatment development, two large phase III
clinical trials of progesterone were stopped for futility [2•,
16•, 17•]. Similarly, the work of brain injury researchers
looking at gender as a covariate in post-TBI psychosocial
outcomes continues to yield mixed evidence of differences
in survival, symptom profiles, and recovery trajectories
[18–20, 21•, 22–24, 25•, 26–30]. Furthermore, findings of a
post-TBI female recovery advantage are moderated by a range
of sociocultural variables, sex-specific challenges, premorbid
and comorbid issues, or sex-based developmental factors
[31–35]. In the wake of clinical trial failures and inconsistent
psychosocial study findings, Stein and other brain injury in-
vestigators are recommending reevaluation of models and
methodology for improved approaches to studying biological
sex and TBI [1•, 2•, 16•, 17•]. In the meantime, the multiple
deficits common to TBI continue to significantly and nega-
tively affect all domains of functioning and derail life promise
and quality for thousands each year [36•].

Very few disabling injuries and illnesses are as challenging
as TBI is to researchers, survivors, family members and care-
givers, clinicians, and healthcare systems [36•, 37•, 38]. The
heterogeneity of TBI, with individual variability in level of
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severity, profile of deficits, and pace and degree of recovery, is
a major reason for the challenges and is also a barrier to brain
injury researchers’ progress toward treatment discovery [37•].
However, scientists studying and publishing about TBI within
their own domains may not always cross talk or read about the
work of TBI or concussion researchers in other domains. For
example, investigators of injury due to sports concussion, mil-
itary blasts, and civilian car crashes may need a more integra-
tive view of the state of the science of gender/biological sex
and TBI. The World Health Organization’s (WHO)
International Classification of Functioning, Disability, and
Health (WHO-ICF) domains of impairments in body function,
activity limitations, and participation restrictions provide a
comprehensive and integrative biopsychosocial rehabilitation
model that could be a frame for integrating these domains of
study [39•]. The WHO model supports multidimensional
study of all factors potentially influencing the cause, physical
and psychological response to, and outcome of sustaining dis-
abling illness or injury. A few TBI researchers have incorpo-
rated the WHO or other integrative models in their work [40,
41, 42•]. Those that use this model, as Wagner outlines in a
recent paper [40], can link biologic or molecular variables,
such as sex hormones, with functional, behavioral, or biomet-
ric performance measures toward a more comprehensive un-
derstanding of impact of TBI on women and men. Use of such
models can augment discovery, development, and application
of findings in TBI rehabilitation.

There are two goals of this report. The first goal is to review
and integrate a range of foundational and recent gender- and
sex-related related post-TBI literature across several clinical
domains biological sex and gender. The second goal is to
highlight need for increased cross-field communication and
provide recommendations for further research approaches
and foci to advance understanding of gender, biological sex,
and TBI.

Gender, Biological Sex, and TBI: Domains of Study It is worth
clarifying the terms “sex” and “gender,” at the outset of this
report. Conflation of these terms is common in the brain injury
and rehabilitation literature and reflects a lack of precision of
language that may lead to confusion and distraction from re-
search goals of increasing understanding of TBI [43]. The
Institutes of Medicine (IOM) and the National Institutes of
Health (NIH) position on the term “sex” is that it describes
biological and physical characteristics of the male and female
bodies and includes anatomical, genetic, physiological, and
hormonal characteristics in this construct [44]. In contrast,
the term “gender” is a socio-culturally based construct that is
fluid. Gender refers to what is socially termed “feminine” or
“masculine” and how these qualities are manifested in life
roles, self-identifications, and social relationships [43–45].
Gender also encompasses society expectations, behavioral
norms, and labels applied to men and women [45]. In 2015,

NIH announced that investigators were required to include
consideration of sex as a biological variable in all aspects of
proposed human and preclinical research projects [46••].
Perhaps in part due to this requirement, focus on gender and
biological sex as covariates has increased in many TBI re-
search domains over the past several years. A review of recent
findings in several of these domains follows.

Exemplars of Military Publications with Focus on Sex and TBI
The US involvement in Middle Eastern conflicts and war the-
aters has led to increased research on effects of blast-, service-
related, and other off-duty causes of TBI. Amoroso [47•], and
Iverson et al. [48•] commented on the past disproportionate
focus on men in TBI research enrolling post-deployment vet-
erans. While they note that earlier study cohorts reflected the
smaller numbers of women serving in combat theaters of US
Middle Eastern war efforts, they report subsequent data show-
ing large numbers of women veterans presenting with more
severe and persistent TBI symptoms after deployment than
male veterans. Iverson et al. [48•] examined administrative
records for a large sample of veterans (12,605) who served
in United States Operation Enduring Freedom (OEF) and
Operation Iraqi Freedom (OIF) combat theaters. Similar to
civilian concussion reports, reviewed in the next section, their
findings included significant sex differences with female vet-
erans reporting more symptoms and more unique types of
psychiatric disorders as well as symptoms of greater severity
than their male counterparts. These findings were moderated
by blast exposure and TBI. Compared to men in the Iverson
et al. study, women veterans were less likely to be diagnosed
with posttraumatic stress disorder (PTSD), 2 times more likely
to have a diagnosis of depression, 1.3 times more likely to
have a non-PTSD anxiety disorder, and, when diagnosed with
PTSD, women were 1.5 times more likely to have comorbid
depression. In addition, women in the Iverson study [48•]
reported significantly more severe symptoms across many
neurobehavioral domains. Two additional recent studies ex-
amining mTBI and symptom reporting in military service
members or veterans [49•, 50] also found that, compared to
active duty and veteran men, women service members and
veterans with mTBI reported significantly higher numbers of
post-injury symptoms including more severe physiological,
somatosensory, vestibular, cognitive, psychological, and neu-
robehavioral symptoms. Amoroso et al. and Iverson et al. also
discussed both pre-military and service-related exposure of
women to intimate partner violence (IPV) and training or
off-duty risks of head injury that are unique to women service
members/veterans [47•, 48•]. Amoroso and Iverson [47•, 48•]
both concluded that considering the increase in women ser-
vice members and veterans inMiddle Eastern or US locations,
and their comparatively higher risk of TBI, providers of men-
tal health and rehabilitation services need to continue to meet
needs for assessment and intervention for these women.
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Exemplars of Sports Medicine Publications with Focus on Sex
and TBI Sports medicine publications focus overarchingly on
concussion due to a range of practice- and play-related injuries
but have increasingly assessed sex differences in concussion-
risk of sport, physiological risk factors for injury, symptoms,
and recovery [51•]. For example, compared to men playing
sports, Canadian female athletes are concussed more frequent-
ly in sport practice and play, especially in rugby and women’s
hockey [51•]. In the United States (U.S.) women’s sports-
related concussion rates are reported to be highest for ice
hockey in the National Collegiate Athletic Association
(NCAA), followed by soccer and basketball. Male athletes
are most often concussed during wrestling, ice hockey, and
football [52••]. Sports medicine researchers are also reporting
significant sex differences in cognitive domains of impairment
after concussion, and in the common complexity of post-TBI
neurobehavioral symptoms. For example, Sandel et al. [53•]
found that female, as opposed to male, lacrosse and soccer
players aged 13–17 reported more symptoms, scored more
poorly on all cognitive tests, and took longer to recover after
concussions than males. Sufrinko and colleagues [54•] found
that women athletes had higher post-concussion syndrome
(PCS) scores and poorer vestibular-ocular reflex scores than
men. Zuckerman et al. [55•] noted that compared to concussed
male athletes, women in sports have greater severity of sleep
loss, a greater aggregate of symptoms, and take longer than
men to return to baseline after concussion. Van der Horn et al.
found that women more frequently developed depression after
concussion [56]. Yilmaz and colleagues reported that women
with concussion complain of post-traumatic headache, and
continuation of this concussion symptom, more often than
men [57••]. Also, youth sports concussion researchers report
that girls are more likely to have more post-concussion symp-
toms [58•, 59•], sleep disturbances [58•], and more prolonged
symptom duration [59•]. A recent review [60•] and additional
study [61•] of sex differences in post-concussion effects found
that the sexes do not differ in type of cognitive deficits report-
ed after sport-related concussion. However, Oyegbile et al.
[62•] noted that sleep disturbance mediated cognitive dysfunc-
tion in both men and women, and, as has been reported in
other studies [58•], women are significantly more likely than
men to experience post-concussion sleep disturbance. In sum,
in comparison to men, the evidence supports that female ath-
letes have unique risk for concussion, and for different and
more intensive responses of longer duration men. These find-
ings echo those of the recent military research by Amoroso
and Iverson [47•, 48•] on mild TBI showing that, compared to
men, active duty or veteran women are at greater risk for
persistent, different, and more intense symptoms following
mTBI, and for intimate partner violence resulting in concus-
sions [47•, 48•]. Also, in an earlier paper, Barnes et al. [63]
reported that women are more at risk than men for concussion
in sports such as soccer due to their smaller size, greater ball-

to-head size ratio than for men, and their comparatively weak-
er neck muscles. Further cross-field research into underlying
complexities, associated biopsychosocial variables, and need-
ed changes in treatment and preventive interventions for these
unique differences is needed, perhaps involving the two study
domains, military and sports concussion, reviewed above.

Exemplars of Studies of Sex Differences in Civilian
and Non-sport-Related TBI

Mortality, Complications, and Survival Several studies, span-
ning this last decade, are exemplars of the mixed findings on
sex and mortality in acute and post-acute TBI populations. For
example, Ponsford et al. [64] compared men and women ad-
mitted emergently for severe TBI on rates of survival. After
controlling for GCS, age, and cause of injury, women partic-
ipants survived at a significantly lower rate than men and also
had poorer outcomes at 6 months post-injury. In a 2013 study
using a very large sample of pubescent and prepubescent pe-
diatric patients with TBI, Ley et al. [65] reported that pubes-
cent girls were more likely to survive TBI than both prepu-
bescent girls and pubescent boys and concluded that endoge-
nous sex hormones might have neuroprotective effects after
head injury for girls. In an additional example, Herrera-
Molero and colleagues [66•] noted that, during early intensive
care, women had higher rates of death than men after TBI, but
mortality was mediated by their higher Apache Scores, greater
rates of hypotension, and transfusions than males. Herrera-
Molero et al. did not find any sex differences in functional
status at 6-month follow-up. However, in an outpatient popu-
lation, Brooks et al. [67, 68•] noted that reduced life expec-
tancy is more likely for older men after severe TBI than for
older women with TBI, especially when men have severe
deficits, and were middle-aged to elderly at onset. Research
findings are also mixed related to acute and post-acute com-
plications. As reported by Herrera-Molero [66•], women have
higher APACHE II scores than men with TBI as well as a
higher incidence of pre-hospital hypotension, anemia, and
transfusion than men after TBI. Overall, findings on post-
TBI mortality and survival show that moderating variables
of age, sex, timing and duration of measurement, complica-
tions, comorbid conditions, and degree of disability may par-
tially explain the mixed results. Women with TBI may be
more at risk early on in recovery due to complications in the
ICU and other factors that are not yet fully explored. Post-TBI,
older men seem to be more at risk for reduced life expectancy,
especially if they have extensive disabilities.

Trajectories of Recovery—Access to and Progress in TBI
Rehabilitation While Graham et al. [24] found that women
with TBI have shorter lengths of acute hospital and rehabili-
tation stay and more likelihood of receiving home health care
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after discharge than men with TBI, no sex-specific disparities
in access to rehabilitation are currently being reported in the
literature. The advent of sophisticated statistical models, such
as latent class mixed models, have aided researchers in iden-
tifying predictors of outcomes related to biological sex/gender
and TBI. For example, Howrey et al. [25•] applied latent class
analysis to a large data set and found that younger men with
TBI were more likely than injured women of matched age to
have cognitive impairment and longer lengths of stay.
Comorbidities and age are also more recently noted to affect
recovery by Chan et al. [69•]. However, similar to studies on
mortality and sex reviewed above, while sex by itself did not
predict rehabilitation outcomes in Chan et al. study, sex-
specific multivariable linear regression analyses identified fac-
tors differently associated with rehabilitation outcomes for
both men and women [69•]. Women in Chan et al. study
who were injured in car crashes had improved recovery due
to increased insurance coverage whereas comorbidities were
specifically and differently predictive of outcome for men.

Return to Work Return to work is a post-acute benchmark for
TBI recovery and is often a proxy for outcomes. Women have
been and are still reported to be less likely to return to work
than men after TBI [21•, 41, 70], and, if they return, there are
variables that significantly moderate their work hours and how
long it takes them to go back. These variables include marital
status [70], whether the work environments as well as their
home environments are perceived to be supportive [71, 72],
and whether they are proactive in seeking work after injury
[70, 71]. A recent qualitative study found that women were
not only significantly more likely than men with TBI to be
proactive in returning to work, but also more likely to stay in a
work setting that they perceived as supportive [71].

Gender and Symptom Profiles After TBI: Cognition and
Neurobehavioral StatusAs noted in the section above on con-
cussion and sex, symptom reporting is different for men and
women after TBI. The brain injury literature reflects a long-
standing interest in the cognitive and neurobehavioral changes
and symptom profiles after TBI. Symptoms reported include
common post-injury complaints of impaired recall, poor atten-
tion, and confusion [72–74]. Work in the post-TBI
neurocognitive study domain has shown sex differences, but
not in consistent or predicted directions [3, 73]. For example,
Niemeier et al.’s [3] study hypothesis was that, based on
Soules Reproductive Life Phases [3] and age groupings, pre-
sumed higher levels of endogenous sex hormones in younger
men and women participants in a TBI Model Systems study
would result in comparatively better performances on neuro-
psychological tests than men and women in older age groups.
However, Niemeier et al. eldest female study participants with
moderate to severe TBI had significantly better neuropsycho-
logical test scores in areas of memory and processing than the

youngest women. Oldest women in the study also had signif-
icantly better mental flexibility and memory than the oldest
men [3]. Ratcliff et al. [75] noted that female participants with
moderate to severe TBI performed significantly better than
men on tests of attention/working memory and language but
that injured male participants outperformed women in visual
analytic skills. Similarly, women with concussion in Suffrinko
et al. [64] study of athletes were significantly more likely than
men to exhibit ocular and vestibular problems. However,
women with TBI have outperformed men in executive func-
tions in both earlier and more recent studies of post-TBI neu-
ropsychological status [28, 29, 42•]. Developmental cognitive
literature findings also show long-standing sex differences in
many of these same abilities for healthy men and women
suggesting that TBI may accentuate these normative differ-
ences in ability [32, 33].

A recent movement toward development of an
investigator/provider “common currency” of measurement
of cognition resulted in use of item analysis and Rasch models
for revising legacy cognitive tests toward more precisely mea-
suring symptoms [76]. The resulting, much shorter, but report-
edly more accurate National Institutes of Health (NIH)
Toolbox set of tests now are available to characterize a range
of TBI mental health and cognitive symptoms [76].
Publications describing the large-scale work being done on
these new, more precise measures of cognition have somewhat
supplanted papers reporting results of more lengthy neuropsy-
chological test characterizations of post-TBI deficits.
However, the norming process involved in the Toolbox devel-
opment will likely aid additional study of sex differences in
post-TBI cognitive and neurobehavioral deficits.

Variables associated with performance on tests of cognition
include some sex-specific post-TBI problems that could affect
performance on ability tests. For example, sex differences
exist in post-TBI sleep disturbance, with women more likely
to have problems with sleep onset and sleep maintenance [58•,
59•, 62•]. Poor sleep has a significant effect on cognition
which may put women more at risk for cognitive deficits
post-TBI. Women and men also experience and report pain
differently after TBI after concussion [77•] and pain might
cause disruptions of attention and memory.

Diagnostics and Prognostics; Molecular Level Studies
of Sex and TBI

Following cessation of the progesterone phase III trials for
futility [1•, 2•] and the U.S. Obama administration initiated
“Brain’ Initiative [78], which was reflected in funding an-
nouncements for more basic science research to explore the
neurologic and molecular complexities underlying both TBI
response and recovery. In addition to endocrine factors affect-
ed by and in response to a TBI, subsequent research foci have
included a range of studies of serum and cerebral spinal fluid,
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genomics, and inflammatory markers for evidence of bio-
markers. Both animal and human studies are focusing on sub-
ject characteristics and injury responses to increase under-
standing of this injury and gain keys to treatment. Human
studies are exploring apparent injury-related suppression of
sex and stress hormones, relative risk of higher serum levels
of sex hormones for post-TBI mortality, related variables such
as menstrual phase and use of oral contraceptives at time of
injury, subsequent impact on reproductive and other body
processes, and how these affect long-term outcomes after
TBI [79, 80••, 81•, 82•, 83•, 84•, 85•]. Animal model investi-
gators are observing significant sex-dependent alterations in
the HPA axis after blast mTBI [86], more widespread effects
of mTBI for female rats [87•], more sex-specific changes in
the social brain network causing social dysfunction (females
over males) [88], and increased depressive-like behavior in
female rats with repeated mTBI [89•]. Much more research
is needed to parse out the intricate interaction TBI effects,
injured individuals’ physiological and psychological re-
sponses to injury and treatment, and their possible impact on
recovery trajectories for both men and women.

Discussion and Conclusions

Our reported findings suggest that the study of sex and TBI is
evolving. We know much more about sex-specific effects of
TBI, largely as a result of the increase in sports and military
concussion and mild TBI studies that have stratified for sex.
More sophisticated statistical models and big data studies have
helped investigators study both individual variability and co-
variates such as biological sex or gender after TBI. Molecular
level studies are also delving more deeply into neurologic,
inflammatory, and hormonal responses to TBI. While much
more research is needed, potential candidate markers of sever-
ity and progress in recovery and their psychosocial and cog-
nitive correlates have increased from these investigations.
Sports concussion and military studies of mTBI are increas-
ingly documenting sex differences in symptom profiles, pos-
sible hormonal effects on injury response recovery trajecto-
ries, throughout the TBI severity continuum.

In the wake of mixed findings and failed trials of treat-
ments, investigators are also reconsidering issues with meth-
odology and scientific rigor in trials that may have contributed
to efforts toward trials of treatments that failed that and ulti-
mately produced inconsistent or no evidence for treatments
[1•, 2•]. Current integrative and collaborative interest through
data sharing is occurring between military and civilian reha-
bilitation clinical and professional and research organizations
such as FITBIR, TBI Interagency Conferences, and TBI
Model Systems Polytrauma Centers [90•, 91, 92]. In addition,
investigators are more carefully planning enrollment cohorts
through deciding on study inclusion and exclusion criteria to

improve study validity and rigor. Researchers are also more
carefully considering potential confounds or moderating var-
iables [1•, 2•]. Age, level of severity of disability, education,
and amount of rehabilitation received join other variables hav-
ing more to do with socially and environmentally determined
gender differences in access to services after TBI, or differen-
tial recovery expectations for men and women [31, 34, 35].

The past 5 years of TBI literature shows increased attention
to sex and gender. The results including exciting new infor-
mation about sex differences in risk for, symptom profiles,
recovery duration after especially mild TBI/concussion in ci-
vilian and military service member or veteran adults, as well
as in adolescents, and children. At the same time, investigators
are still not consistently considering sex and gender in their
research design, methodology, analyses, or reporting of out-
comes. There is an ongoing need to consistently integrate sex
and gender in to concussion, military TBI, and civilian TBI
research. In addition, complex designs with a range of statis-
tical techniques may uncover interesting sex-specific predic-
tors of outcomes after TBIs, even if the broad analyses have
not found sex itself to be a determinant of outcomes after TBI.
These efforts will help guide more rigorous future investiga-
tions that can inform more sex- and gender-related clinical
guidelines and possibly treatment development for this devas-
tating injury.
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