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Abstract

Traumatic brain injury (TBI) affects millions of individuals each year and is a leading cause of death and disability

worldwide. TBI is heterogeneous and outcome is influenced by a combination of factors that include injury location,

severity, genetics, and environmental factors. More recently, sex as a biological variable has been incorporated into TBI

research, although there is conflicting literature regarding clinical outcomes in males versus females after TBI. We review

the current clinical literature investigating sex differences after TBI. We focus our discussion on differences within

contemporary gender categories to suggest that binary categories of male and female are not sufficient to guide clinical

decisions for neurotrauma. Some studies have considered physiological variables that influence sex such as hormone

cycles and stages in males and females pre- and post-TBI. These data suggest that there are phasic differences within male

populations and within female populations that influence an individual’s outcome after TBI. Finally, we discuss the impact

of gender identity and expression on outcome after TBI and highlight the lack of neurotrauma research that includes non-

binary individuals. Social constructs regarding gender impact an individual’s vulnerability to violence and consequent

TBI, including the successful reintegration to society after TBI. We call for incorporation of gender beyond the binary in

TBI education, research, and clinical care. Precision medicine necessarily must progress beyond the binary to treat

individuals after TBI.
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Introduction

Everyone is susceptible to traumatic brain injury (TBI) and at

least 2.8 million cases of TBI are reported in the United States

each year,1 which is likely an underestimate as many TBIs go

unreported and undiagnosed. TBI is defined as an external force

imposed on the head or skull that interrupts normal brain function.2

Forces of injury to the skull/brain can be penetrating, linear, rota-

tional, or blast wave, which cause direct damage and/or accelera-

tion/deceleration of the brain within the skull. With respect to the

application of injury forces, the resultant TBI is categorized as focal

or diffuse depending on the extent to which pathology extends

across brain regions. Each type of injury is further categorized by

severity based on the magnitude of injury force, clinical imaging, and

symptomatology. Common mechanisms of TBI include falls, motor

vehicle collisions, violence, assault, contact sports, and combat, for

which all individuals can be at risk.3 Diffuse TBI accounts for ap-

proximately 80–90% of all TBI incidences.4

Injury severity, genetics, and environmental factors all influence

clinical outcome from TBI, which spans from acute deficits to

chronic morbidities. Our understanding of TBI must be interpreted

with caution, as the majority of TBI data come from male case

subjects. Further, the designation of male is stratified only by bi-

ological sex. In 2001, the National Institutes of Health (NIH) issued

a mandate to include women and minority individuals as subjects in

NIH-funded clinical research.5 In 2015, the NIH again amended its

guidelines to include sex as a biological variable in NIH-funded

pre-clinical research.6,7 Biological sex, defined by chromosomes,

reproductive organs, and hormone profiles, is binary in such stud-

ies that categorize patients as male or female. Further, the term

‘‘gender’’ is often used interchangeably with sex in research re-

ports. Gender, however, is a social construct and incorporates be-

havior, culture, identity, and expression.8 Gender can be influenced

by biological sex, but should not be used interchangeably with

biological sex. In 2009, Stanford University created the Gendered
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Environment tool to provide investigators with methodology, steps,

literature search terms, and checklists to successfully incorporate

sex and gender into studies.9 The purpose of our review is to discuss

the current use of sex and gender in the field of neurotrauma.

The majority of literature reports present outcomes from TBI

stratified in the binary between male and female. In a recent

comprehensive review of sex differences after TBI, Gupte and

colleagues outlined 156 clinical studies comparing outcomes be-

tween male and female after TBI.10 As a point of necessity, we

review some of that literature, before considering additional vari-

ables that further expand the two classical sexes and therefore

broaden our concept of an individual with TBI. Finally, we go

beyond physiological variables to discuss the impact of gender on

outcome after TBI and call for better understanding of sex and

gender in TBI research and clinical care. The current approach is

not considered a meta-analysis, because of scarce existing litera-

ture. Publications were identified through public database and In-

ternet searches that included combinations of the following search

terms: ‘‘traumatic brain injury,’’ ‘‘concussion,’’ ‘‘sex,’’ ‘‘gender,’’

‘‘male,’’ ‘‘female,’’ ‘‘menstrual cycle,’’ ‘‘estrogen,’’ ‘‘progester-

one,’’ ‘‘testosterone,’’ ‘‘gender identity,’’ ‘‘gender expression,’’

‘‘transgender,’’ and ‘‘non-binary.’’ Search engine suggestions of

similar articles were included. Almost uniformly, the search results

were small, and individual articles were selected for presentation

and discussion based on relevance to the topic. The paucity of

relevant literature further justifies the need to go beyond binary

gender in neurotrauma research.

Sex differences in TBI

The incidence of TBI is higher in males than females in the

general population across all age groups (0–65+),11,12 but some re-

search suggests that females report more symptoms post-TBI, re-

gardless of age, and are more likely to seek medical attention.13

Symptoms commonly reported by females include headache, anxi-

ety, and depression, with symptoms that persist longer than those

reported by males,14–18 whereas, chronic symptoms commonly re-

ported by males include sleep disturbances, aggression, and sub-

stance abuse.14–16 When comparing functional outcomes after TBI

between males and females, however, literature reports are con-

flicting. Of the included clinical studies in Gupte and colleagues’

comprehensive review, 73 studies demonstrated females having

worse outcomes compared with males, 41 studies demonstrated fe-

males having better outcomes compared with males, 28 studies

found no sex differences when comparing outcomes, and 14 studies

found mixed results in outcomes after TBI in males and females.10

In aggregate, these data reveal discrepancies regarding outcome

of males and females after TBI. For example, despite persistent

symptoms in females, sex did not predict cognitive or motor func-

tional outcome after in-patient rehabilitation at 1 year post-injury.19

Mechanism of injury, however, predicted outcome only in females

and comorbidities predicted outcome only in males.19 Some studies

found that females had worse cognitive outcomes compared with

males after TBI,20,21 whereas others found better cognitive recovery

in females compared with males.22,23 Still, other studies found no sex

differences in cognitive outcome between males and females after

TBI.24,25 On one hand, males and females often report different

categories of symptoms that may interact with outcome measures.

On the other, the non-descript designation of sex/gender may arti-

ficially divide a heterogeneous sample population.

Sex differences have also been reported for the TBI incidence

among high-risk populations, including athletes, soldiers, and

victims of domestic violence (abuse by any household member

including child and elder abuse) and intimate partner violence

(IPV, abuse by a current or previous partner in a committed re-

lationship). Non-professional (high school and collegiate) female

athletes reported higher rates of TBI and had longer recovery

times than male athletes,26,27 with women’s soccer having the

highest TBI incidence overall.28 Similar to findings in the gen-

eral population, findings in female athletes included more post-

concussive symptoms (difficulty in concentration, dizziness, and

fatigue) compared with male athletes.29

Males make up the majority of active military and veteran

populations and not surprisingly, experience higher rates of TBI in

military-related activity.30 Females, however, reported more post-

concussive symptoms following TBI in military-related activity.31

Of all individuals, victims of IPV have perhaps the highest risk of

and are most vulnerable to TBI, and yet are the most under-

represented population in published TBI research, education, or

advocacy. Due to limited research and unreported cases, the exact

incidence of TBI in victims of IPV is unknown, but it is estimated

that TBI occurs in 50–90% of reported IPV cases.32,33 Both males

and females are victims of IPV, but females make up the majority of

the population and particularly those subjected to assault. Females

are at exorbitant risk for TBI as a result of IPV.32 In addition, IPV

during pregnancy, which includes physical violence toward the

head, face, and abdomen, can have adverse effects on offspring.34

Among vulnerable populations, differences between male and fe-

male populations exist in the risk, incidence, and reporting of TBI.

When data are stratified by biological sex, the expected outcome

is a main effect of sex in response to TBI; however, the literature

contains conflicting reports on TBI outcome between males and

females. When considering only biological sex, physiological

variables that are associated with sex may obscure the true effect on

outcome after TBI. The push toward personalized medicine has

moved investigators to consider additional physiological variables,

such as hormone cycles, for individuals in TBI research.

Female hormone cycle affects TBI outcome

The female reproductive life begins with the first menarche

during adolescence and on average lasts through the mid- to late-

40s, terminating with menopause.35 The fluctuation of endoge-

nous sex hormones defines the luteal and follicular phases that

make up the human female menstrual cycle.36 During the fol-

licular phase, the levels of estradiol, luteinizing hormone (LH),

and follicular stimulating hormone (FSH) increase and reach

their peak before ovulation (day 14 of the cycle).37 During the

luteal phase, the levels of progesterone increase and the levels of

LH and FSH decrease.38 Hormonal fluctuation during the men-

strual cycle phase can influence outcome after TBI.39 Females in

the luteal phase of the menstrual cycle (elevated progesterone)

at the time of injury had worse post-concussive symptoms at

1-month post-injury when compared with females injured during

the follicular phase according to the Rivermead Post-Concussion

Questionnaire, EuroQoL Index Score, and EuroQoL General

Health Ratings.40 Another study reported no difference in post-

concussion symptom severity and postural stability in college

students according to menstrual cycle phase.41 Thus, pre-injury

differences within female subjects could influence outcome after

TBI but require additional studies. As we strive toward person-

alized medicine, the last menstrual period data collected during

patient history could increase confidence in predicting outcome

or informing treatment strategies in females after TBI.
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Hormonal contraceptives are the most common contraceptive

method in females ages 15–44 years in the United States.42 Females

that self-reported synthetic progestin use had better outcomes

1 month after mild TBI compared with females injured during the

luteal phase of the menstrual cycle with no self-reported synthetic

progestin use.40 In studies reporting symptom severity, college-age

students on hormonal or oral contraceptives reported less severe

symptoms after TBI compared with students not on oral contra-

ceptives or on non-hormonal contraceptives; male students re-

ported greater symptom severity than both female groups.41,43

Together, these data suggest that hormonal contraceptives at the

time of TBI may be beneficial with regard to clinical outcome.

Limited data exist on the effects of hormone levels after menopause

on outcome after TBI or hormone levels during pregnancy on outcome

after TBI. One study compared neuropsychological and cognitive

function in pre-menopausal (age 25–44 years) versus post-

menopausal (age 55–64 years) females after TBI measured by written

and oral tests.44 Post-menopausal females performed worse than pre-

menopausal females but performed better than age-matched males

(age 55–64 years) after TBI.44 When comparing outcome after

moderate to severe TBI in pregnant versus non-pregnant women, no

statistical differences were found in mortality rates.45 Although es-

trogen and progesterone are elevated in pregnant women, this study

and other epidemiological studies often do not collect hormonal levels

at the time of injury, which leaves doubt regarding menstrual phase or

stage of pregnancy when drawing conclusions from the data.46

Menstrual cycle phase can affect outcome after TBI, but in-

versely, TBI can affect the menstrual cycle. Females aged 18–45

years and menstruating at the time of injury were surveyed about

health-related quality of life after completing in-patient rehabilita-

tion. Menstrual disturbances such as amenorrhea and painful men-

ses were increased post-injury compared with pre-injury.47 TBI

severity predicted the duration of amenorrhea and not surprisingly,

shorter duration of amenorrhea predicted better outcomes in pa-

tients.47 In another retrospective study, 68% of females with mod-

erate to severe TBI reported cycle irregularities and 46% reported

amenorrhea duration up to 60 months post-injury.48 Ranganathan

and associates investigated the association between stress and sex

hormones in pre- and post-menopausal females after TBI and

reported that serum cortisol levels were elevated and gonadotro-

phins were suppressed during post-injury amenorrhea; hence,

TBI-induced amenorrhea could be due to disruption in hypothalamic-

pituitary-gonadal axis function.39 Changes in endogenous female

hormone levels have been reported 2 years post-TBI.49 Therefore,

when patients are dichotomized into male and female, physiological

variables (female cycle phase, hormonal contraceptive use, pre-

puberty, pregnancy, and post-menopause) could confound the results

and interpretation.

The effects of cycling hormones in males
on outcome after TBI

Testosterone is the primary endogenous sex hormone in males.

Testosterone levels fluctuate daily in a circadian cycle, with in-

creased testosterone levels between 2:00 AM and 10:00 AM.50 In

healthy young men (mean age 25 years, range 18–40 years), the

minimum testosterone concentration is approximately 511 ng/dL at

8:00 PM and the maximum concentration approximately 634 ng/dL

at 6:00 AM.51–53 Testosterone levels have been shown to affect

outcome after TBI in males. Normal to high levels of testosterone

reduced the risk of unconscious state in males after TBI.54,55 TBI

can also affect hormonal levels in males.56 In a cross-sectional

study of former professional American-style male football players,

players with higher concussion symptom severity and loss of

consciousness during their football playing career experienced

lower testosterone levels and higher rates of erectile dysfunction,

even after adjustments for potential confounding medication use.55

Additionally, after moderate to severe TBI, males who were not

professional athletes had lower levels of testosterone compared

with healthy controls, which was associated with hypogonadism

and predicted poor outcome and longer recovery time.57,58 These

data indicate the need to separate gender categories and we rec-

ommend the collection of the time of day of the injury and tes-

tosterone levels in males pre-and post-TBI to reduce variance

within male subjects.

Beyond physiological variables and TBI outcome

Up to this point, we have discussed physiological variables as-

sociated with traditional binary categories of sex and their effects

on outcome after TBI. In some cases, the discussion has extended to

the impact of TBI on physiology. In these contexts, sex has been

discussed as biological, whereas gender is a sociocultural concept.

Gender encompasses both identity and expression. Gender identity

refers to an individual’s internal feelings about their gender; gender

expression refers to how an individual outwardly expresses their

gender.59 Gender is non-binary, fluid, and can both affect outcome

after TBI and be affected by TBI (Fig. 1).

The long-term consequences of TBI can impact an individual’s

notion of self, social relationships such as familial/spouse rela-

tionships, and integration back into society.60 In one study con-

ducted by Gutman and Napier-Klemic, four individuals aged 18–30

years were interviewed about their perceived masculinity and

femininity and adherence to stereotypic gender roles at least 1 year

post-injury.61 Female participants (n = 2) reported feeling secure in

their femininity, whereas male participants (n = 2) cited feelings of

inadequacy and insecurity in their gender identity.61 Social con-

structs of the traditional values of masculinity and femininity may

influence an individual’s decision to seek necessary treatment and

complicate reintegration into society after injury.

Security in gender identity, influenced by TBI, also affects an

individual’s social relationships and reintegration into society after

injury. Moore and colleagues explored the use of coping methods

in the families of male soldiers who had suffered TBI.60 Younger

families with greater financial burdens reported using fewer coping

methods, such as seeking social and spiritual support, which re-

sulted in strained marital relationships compared with older, more

financially stable families.60 Patients found difficulty in disclosing

information about their security in gender identity, placing stress

on their ability to navigate and manage relationships. Moore and

colleagues emphasized the importance of coping strategies sug-

gested by social and spiritual support networks to regain a sense of

identity and maintain relationships post-injury. Gender identity is

individualized and requires personalized resources to support both

real and perceived conflict.62 Health care professionals should

consider and incorporate counseling for partners, significant others,

and loved ones into the health care plan for individuals with TBI.

Mollayeva and associates discussed the intersection of sex and

gender in TBI research, noting the lack of investigations on the

effects of both sex and gender.63 And yet, the stratification of

groups by social convention excludes specific populations with

disproportionate risk for TBI.63 Transgender and gender non-

conforming individuals are affected by violence at higher rates

compared with cisgender individuals due to anti-transgender
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stigma and discrimination in society.64 The 2015 U.S. Transgender

Survey reported that of 28,000 survey participants, 9% experienced

physical violence in the last year due to their gender, 33% expe-

rienced at least one negative interaction with a health care provider

due to their gender, and 54% were victims of IPV at some point in

their life.65 Of IPV victims in this population, 24% experienced

severe physical violence, which likely involved assaults to the

head, neck, and face.65

Despite higher rates of violence, this vulnerable population re-

mains vastly understudied and underserved in the TBI field, which

creates health care disparities and limits the ability to deliver appro-

priate health care to transgender individuals with TBI.66 We identified

two self-reporting TBI studies with 2700–2800 subjects that included

transgender as a gender identification, in addition to cisgender male

and female subjects.67,68 As reported by Juengst and coworkers, the

transgender groups were too small to be included in analyses or to

draw conclusions about incidence and outcome in transgender indi-

viduals after TBI.68 The inclusion of transgender participants in TBI

research is a vital first step. It is critical, however, when going beyond

binary gender to not stop at trinary gender categories (cis male, cis

female, transgender/other) in our studies and analyses.

Despite the incidence of TBI in gender non-conforming popula-

tions, health care delivery and treatment have not been personalized

for these patients. One case study of a 17-year-old Mexican-

American transgender male patient with TBI, consequent post-

traumatic stress disorder (PTSD), and chronic back pain raised

awareness about the dearth of research to guide evidence-based

clinical decisions for transgender patients.69 The author discussed the

importance of considering the patient’s female-to-male transition,

ethnicity, and mental health when assembling a treatment plan. In

fact, in reconsidering the treatment plan, the author proposed hor-

mone therapy to treat chronic pain, but inconclusive and few studies

about sex steroids and nociception in transgender individuals pre-

vented an informed decision.69 Considerations of every individual’s

gender-specific needs are critical for effective treatment for symp-

toms of TBI especially in gender and ethnic minorities. Currently,

diagnosis, prognosis, and treatment are confounded by disregarded

hormonal responses and the lack of precision research, which prevent

health care professionals from providing evidence-based care.

Conclusions

The health care field relies on evidence-based research. A lack of

research on individuals who do not fit the mold of the traditional

Caucasian, heterosexual, cisgender male TBI patient found in the

literature limits the health care provided to all TBI patients. None-

theless, significant strides are being made toward incorporating sex

and gender into scientific literature. Stanford’s Gendered Innova-

tions in Science, Health & Medicine, Engineering, and Environment

tool provides scientists and clinicians alike with a user-friendly

website designed to spread awareness about (1) defining ‘‘sex’’ and

‘‘gender’’ in research, (2) incorporating sex and gender into scien-

tific questions at both a basic and applied science level, and (3)

stressing the innovations mastered because of incorporating the

terms ‘‘sex’’ and ‘‘gender’’ into scientific literature.9

As the field moves forward, it is important that larger institutions

be involved in gender inclusion. Change is only solidified with

appropriate inclusive policy. The World Health Organization

drafted an action plan to ‘‘mainstream’’ gender into their future

programs. The NIH continues to mandate sex be reported and ex-

plicitly stated in scientific studies. The European Commission de-

signed the term ‘‘gender dimension’’ to refer to the integration of

sex and gender analysis into research, calling for sex and gender to

be involved in planning stages of research and not just added as an

afterthought.9 Canada Institutes of Health (CIH) gathered leading

sex and gender TBI experts to (1) understand the perspective of all

individuals across the gender spectrum who have suffered from

mild TBI regarding their experience with their clinicians, (2) create

an educational program for clinicians/scientists, and (3) train cli-

nicians and scientists to follow feasible protocols in the conduct and

report of findings related to the gender dimension.70

The onus lies with biomedical research and health care delivery

to understand the patient and where they come from in order to treat

them. This includes consideration of non-binary sex and non-binary

gender. We call for scientists to be trained so they can understand

FIG. 1. In contemporary usage for traumatic brain injury
(TBI) research and health care, gender is recorded as a binary
variable, with values of male and female. Some electronic medical
records permit expanded definitions of gender that often do not
advance into data analysis and research reports. The constraints on
gender fail to consider variables within individuals (e.g., sex hor-
mones) and precise populations (e.g., hormonal contraceptive) that
may influence recovery and outcome after TBI, in addition to social
and cultural influences. Even further, consideration of fluid, non-
binary gender (gender identity, gender expression, sexual orienta-
tion) requires inclusion of all individuals as we strive toward per-
sonalized medicine to diagnose and treat symptoms of TBI.
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sex and gender influences on their experiments, for health care

professionals to be actively mindful about the role TBI can play in

relation to sex and gender and vice versa, and finally for improved

rehabilitation methods that take sex and gender into account.71,72

Sex and gender are just two variables that contribute to an indi-

vidual’s identity. As we continue the push toward personalized

medicine, we must consider multiple marginalized identities (e.g.,

sexuality, education, class, ability, culture, age, and race) in treating

individual patients with TBI so quality of life can be maximized.
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