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Abstract

Men and women differ in outcomes following mild traumatic brain injury (TBI). In the
CENTER-TBI study, we previously found that women had worse 6-month functional
outcome (Glasgow Outcome Score Extended (GOSE)), health-related quality of life
(HRQoL), and mental health following mild TBI. The aim of this study was to investigate
whether those differences were mediated by psychiatric history, gender- related
sociodemographic variables, or by care pathways. We analyzed sex/gender differences in
6-month GOSE, generic and TBI-specific HRQoL, post-concussion and mental health
symptoms using three sets of mediators: psychiatric history, sociodemographic variables
(living alone, living with children, education and employment status/job category), and
care-pathways (referral to study hospital and discharge destination after Emergency
Room); while controlling for a substantial number of potential confounders (pre-injury
health, and injury-related characteristics). We included 1842 men and 1022 women (16+)
with a Glasgow Coma Score 13-15, amongst whom 83% had GOSE available and about 60%
other 6-month outcomes. We used natural effects models to decompose the total effect of
sex/gender on the outcomes into indirect effects that passed through the specified
mediators, and the remaining direct effects. In our study population, women had worse
outcomes and these were only partly explained by psychiatric history, and not
considerably explained by sociodemographic variables nor by care pathways. Other factors
than differences in specified variables seem to underlie observed differences between
men and women in outcomes after mild TBI. Future studies should explore more aspects
of gender roles and identity, and biological factors underpinning sex and gender

differences in TBI outcomes.

Key words: sex differences, traumatic brain injury, mediation, outcomes,

sociodemographic factors, care pathways.
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Introduction

Traumatic brain injury (TBI) is a global health problem and a significant cause of disability.”
Men and women differ in TBI epidemiology: men have a higher likelihood of sustaining a
TBI, they experience it at younger age, and have a higher percentage of TBIs due to motor-
vehicle and work-related accidents, while women more often sustain TBI due to falls and
intimate partner and domestic violence. * Apart from TBI characteristics, differences in

outcomes following TBI have also been described. *

Biological (“sex”) and sociocultural (“gender”) aspects strongly interact in humans, and
differences in the context of health outcomes in humans are rarely the product of
exclusively sex or gender, but rather their combined effect.® To emphasize that it is
difficult to disentangle biological and sociocultural components, we will use the term

“sex/gender” and “men” and “women”.

The existence and the extent of the differences in outcomes after TBI varies between

10, 11 7,12

studies and depends on TBI severity,”” age, and type of outcomes.” *“ Studies

exploring sex/gender differences in outcomes following TBIs classified as moderate/severe

7,8,13

mainly showed absence of differences or better outcomes in women. Following mild

TBI, the majority of studies indicate worse psychological and global functioning outcomes

in women. 7910

In a European cohort of TBI patients (Collaborative European
Neurotrauma Effectiveness Research in TBI (CENTER-TBI)), we found worse functional
outcomes, generic and specific health-related quality of life (HRQoL), and more severe
post- concussion, depression, anxiety and post-traumatic stress symptoms in women 6-
months after mild TBI, particularly in the age group younger than 45 and for some

outcomes in the age group 65+. *The differences remained significant after controlling for
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pre-injury health and injury-related characteristics.

Injury characteristics do not seem probable mechanisms of the observed differences, since
men generally sustain more severe mild TBIs, more extracranial injuries and show more
pathology on CT than women. Nevertheless, there is a difference in prevalence rates of
psychiatric disorders,™ with women having higher rates of anxiety and mood

disorders,®which are the most prevalent disorders worldwide.'” Preinjury psychiatric
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history is the strongest risk factor for post-injury disorders,'® and therefore can represent
vulnerability for appearance of symptoms and lower health-related quality of life after a
TBI."? Differences in brain morphology, cerebral blood flow, and levels and role of sex

steroids may impact the processes after TBI in a sex-specific manner.'®*

Apart from biological differences, sociocultural expectations and roles can produce

gender- specific stressors, thus interfering with the recovery after TBI.2% 1% 2% 22

In many
societies women are expected to take over the role of primary homemaker and caregiver
for children, and men of primary wage earner. In Europe, women are more likely to suffer
from poverty, 2 to live alone, to take care of children, to be highly educated, and to be
unemployed.?* Sociodemographic factors are relevant, because they have been shown to

2527 These factors

be associated with health outcomes and HRQolL in different populations.
can have an age-dependent impact due to hormonal variations and changes in roles,
responsibilities and stressors over life-time. ' % Lastly, differential trauma triage and
management of TBI can also play a role in functioning following TBI. In the CENTER-TBI
study, we found that women with mild TBI had higher likelihood of direct admission to
hospital (trauma center), and lower likelihood of admission to intensive care in analyses

adjusted for preinjury and injury characteristics. ** However, the impact of differences in

care pathways on the long-term outcomes following mild TBI is unclear.

Possible explanations of differences in post-TBI outcomes between men and women have
rarely been tested. Mediation analysis is used to quantify the extent to which the
relationship between two variables, for instance association between sex/gender and
outcomes, can be explained by one or more intermediate variables, while controlling for
other relevant factors. We hypothesized that the observed sex/gender differences in
outcomes following mild TBI could be partly explained by psychiatric history, by
sociocultural and gender- role related factors, and by acute management of mild TBI. In

addition, the importance of these mechanisms may differ across age groups.

Therefore, we aimed to study whether the differences in outcomes after mild TBI, overall
and in different age groups, were mediated by 1) psychiatric history, 2) sociodemographic

variables (living alone, living with children, education, and employment status/job

6
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category), and/or 3) by differences in care-pathways (referral to study hospital and

discharge destination after Emergency Room (ER)).
Methods
Study population

The study population consisted of patients from the prospective multicenter observational
CENTER-TBI study (Core data, version 2.1). Data were collected from December 2014 to
December 2017 in 63 centers across Europe and Israel. The study was registered with
Clinical-Trials.gov (NCT02210221). Ethical approval was granted for each recruiting site and
informed consent was obtained for all patients by the patients and/or the legal

representative/next of kin.

Inclusion criteria for the core study were a clinical diagnosis of TBI, presentation within 24
h after injury, and an indication for computed tomography (CT) scanning. The core
dataset included 3 strata that are differentiated according to care path: patients seen in
the ER and then discharged; patients primarily admitted to the intensive care unit (ICU),

and patients primarily admitted to the hospital ward (ADM).*°

For this study, we selected patients aged 16 years or older, and classified as having mild
TBI based on baseline Glasgow Coma Score (GCS) 13 to 15. Sex was recorded on medical
forms at admission. Sociodemographic variables, medical history, and clinical and injury
characteristics were assessed at admission. The results of first CT scanning reviewed

centrally by CENTER-TBI researchers were selected for the analyses.
Ethical approval

The CENTER-TBI study (European Commission [EC] grant 602150) has been conducted in
accordance with all relevant laws of the European Union (EU) if directly applicable or of
direct effect and all relevant laws of the country where the recruiting sites were located,
including but not limited to, the relevant privacy and data protection laws and regulations
(the “Privacy Law’’), the relevant laws and regulations on the use of human materials, and
all relevant guidance relating to clinical studies from time to time in force including, but

not limited to, the International Conference on Harmonisation (ICH) Harmonised Tripartite
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Guideline for Good Clinical Practice (CPMP/ICH/135/95; “ICH GCP”’) and the World
Medical Association Declaration of Helsinki entitled “Ethical Principles for Medical
Research Involving Human Subjects.” Informed consent by the patients and/or the legal
representative/next of kin was obtained, accordingly to the local legislations, for all
patients recruited in the core data set of CENTER-TBI and documented in the e-CRF. Ethical
approval was obtained for each recruiting site. The list of sites, ethical committees,
approval numbers, and approval dates can be found on the study website (https://

www.centertbi.eu/project/ethical-approval).
Outcomes at 6 months

Glasgow Outcome Scale Extended (GOSE).*! The GOSE assesses global functional outcome
following TBI. It provides eight ordinal categories of outcome: dead (1); vegetative state
(2); lower severe disability (3); upper severe disability (4); lower moderate disability (5);
upper moderate disability (6); lower good recovery (7); and upper good recovery (8). GOSE
was assessed at 6 months by either a questionnaire or a (telephone) interview. When it
was assessed outside the time window (range 5-8 months), it was imputed based on all
GOSE measurements available.*” For the analyses, GOSE was dichotomized to incomplete

(GOSE<8) and complete (GOSE=8) return to pre-injury level of functioning.

Short Form Health Surveys (SF-12v2; SF—36v2).33 SF-12v2 with 12 items and SF-36v2 with
36 items are self-reported and generic measures of HRQoL. The results can be summarized
as mental (MCS) and physical (PCS) component scores ranging from 0 to 100. MCS and PCS
were based on a SF-12v2 score, and when there was no SF-12v2 score, the score was

derived using corresponding items from available SF-36v2 questionnaires.

Quality of Life after Brain Injury-Overall Scale (QOLIBRI-0S).>* The QOLIBRI-OS is a brief
TBI-specific index of health-related quality of life (HRQolL) that covers physical condition,
cognition, emotions, daily life, personal/social aspects, and current situation/future

prospects. The total score is on a scale that ranges 0—100.

Rivermead Post-Concussion Symptoms Questionnaire (RPQ).35 The RPQ measures
cognitive, somatic, and emotional symptoms that are compared with the pre-injury level.

It contains 16 items that can be answered with 0 = not experienced, 1 = no more of a
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9
problem (than before the injury), 2 = mild problem, 3 = moderate problem, or 4 = severe

problem. When calculating the total score, the category “no more of a problem (than

before)” is treated as 0, and it has a score range of 0-64.

Patient Health Questionnaire (PHQ-9).*® The PHQ-9 measures symptoms of depression. It
contains nine items using a four- point Likert scale (from 0 = not at all to 3 = nearly every

day), and it has a score range of 0-27.

Generalized Anxiety Disorder 7-item scale (GAD-7).*” GAD-7 measures symptoms of
anxiety. It comprises seven items that can be answered from 0 = not at all to 3 = nearly

every day, and it can have a score range of 0-21.

Post-Traumatic Stress Disorder (PTSD) Checklist for DSM-5 (PCL-5).*® PCL-5 measures
symptoms of PTSD according to DSM-5 criteria. It consists of 20 items that can be

answered with 0 = not at all to 4 = extremely, and it has a score range of 0—80.

For QOLIBRI-OS and SF-12v2 higher values indicate better quality of life/ more favorable
outcomes, and RPQ, PHQ-9, GAD-7, and PCL-5 higher values indicate more severe

symptoms/ less favorable outcomes.
Exposure, baseline covariates and mediator variables

Figure 1 shows the examined mediation model for 6-month outcomes. Sex/gender was
considered as the “exposure” (i.e., a variable associated with outcome) and it was coded

as binary variable (men versus women).

Psychiatric history included self-reported medical history of anxiety, depression, sleep
problems, schizophrenia, substance abuse or other disorders at admission. Care pathway
mediators were selected based on previous analyses of differences between men and
women. * Referral was categorized to primary (direct transfer to the study hospital) and
secondary (transfer from another hospital to the study hospital). Discharge destination
from the Emergency Room was defined based on discharge home, admission to intensive
care unit (ICU) or operating room, and other admission (hospital ward, other hospital)
after ER. Gender-related sociodemographic mediator variables were assessed at

admission: living alone (yes/no); living with children (yes/no); education (in years); and
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10
employment status/job category (unemployed; student; retired; professional/manager;

associate professional/technician; clerk/sales and service worker; skilled manual worker or
machine operator; other manual worker). Jobs indicated in the category “other” were
classified into existing categories using European Skills/Competences, qualifications and
Occupations (ESCO),*® and service workers were categorized with clerk/sales workers, and
machine operators with skilled manual workers. Sheltered/ special employments was
categorized under other manual worker. For age analyses, smaller categories were
merged: for age group 16-45 “retired” was merged with “unemployed”; for 45-65
“student” was merged with “unemployed”; for >65 all working categories were merged

together, and “unemployed” was merged with “retired”.

To control for confounding between exposure and outcome, exposure and mediator, and
mediator and outcome, we conditioned on: age; preinjury physical health (no systemic
disease; mild systemic disease; severe of life-threatening systemic disease); cause of injury
(fall or other unintentional injury; motor vehicle accident; violence, suicide attempt or
other); baseline GCS (range 13-15); baseline pupillary reactivity (both reactive/ one or both
unreactive); hypoxia (yes/no); hypotension(yes/no); Injury Severity Score (ISS); first
Marshall CT score (no visible pathology; cisterns present with 0-5 mm midline shift,
cisterns compressed or absent with 0-5 mm midline shift; midline shift>5mm, evacuated
lesion, non-evacuated mass lesion); subarachnoid hemorrhage on CT (yes/no); and

epidural hematoma on CT (yes/no).
Statistical analyses

Descriptive statistics for TBI characteristics, mediators, treatment, and outcome variables
were presented separately for men and women using percentages for categorical variables
and median with interquartile range for continuous outcomes. Differences were tested
using non-parametric tests (e.g., chi-square and Mann-Whitney U test) (Table 1,

Supplementary Table 1).

We performed mediation analyses by fitting natural effect models for nested
counterfactuals using the medflex “°package in R. This method decomposes the total effect

of an exposure on an outcome into 1) the natural indirect effect, i.e. the effect of the
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exposure on the outcome that is due to its effect on the mediator(s); and 2) natural direct

effect, i.e. the effect of the exposure on the outcome that is not due to its effect on the
mediator(s).*> We chose this method because the decomposition method is valid even in
the presence of an interaction effect between the exposure and the mediator(s) on the
outcome (which can be explicitly modelled), and it allows consideration of multiple

mediators simultaneously 40, 41

. The models were fitted using the “imputation-based
approach” implemented in the medflex package, which requires fitting a model for the
outcome mean.*”® Robust standard errors with sandwich estimator were used to account

for the uncertainty inherent to the imputation model.

For each outcome, three joint mediation analyses were performed: one with psychiatric
history, one with all sociodemographic variables, and one with all care pathways as
specified mediators (Figure 1). We analyzed the following 6-month outcomes: GOSE,
disease-specific HRQoL (QOLIBRI-0S), generic (SF12) mental and physical HRQolL, post-
concussion symptoms (RPQ), depression (PHQ-9), anxiety (GAD-7), and PTSD (PCL-5). For
each analysis, we reported estimates (regression coefficients) of direct and indirect effect
of sex/gender. For models with significant indirect effect, we calculated the mediated
proportion by dividing the indirect effect by the total effect, and multiplying by 100. We
also performed separate analyses in different age groups: 16-45, 45-65, 65+ years

(Supplementary Materials).

In addition, we performed sensitivity analyses where we also modelled interactions
between exposure and mediators in their effect on the outcomes. Results from these
analyses were similar and are reported in the Supplementary Materials. Because these
models included interaction effect, we reported pure direct effect, pure indirect effect,

and mediated interaction (estimate for exposure-mediator interaction).

Mediation analyses were performed in multiple imputed datasets with missing information
in covariates and mediators imputed based on an imputation model with sex/gender, and
all confounder, mediator, outcome, and auxiliary variables, using the R package mice.*?
Exposure values did not have missing values, and unobserved outcome values were not
imputed. The results of the mediation analyses were pooled over 10 imputed datasets

using the mitools* package.
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Estimates (regression coefficients) for direct and indirect effects of sex/gender for

continuous outcomes are presented in forest plots. Direct and indirect effects for
dichotomized complete return to pre-injury functioning (GOSE=8), obtained in logistic

regressions, are reported for women (men as reference category) on a scale of odds ratios.
Results

About two third of patients (64%) with mild TBI were men. Women with mild TBI were
older (median 58 years vs. 50 [Q1 32, Q3 65]), had higher Glasgow Coma Score (79 % vs.
75% with GCS 15), lower percentage of abnormalities on CT (42.5% vs. 47%), and epidural
hematoma (5% vs 10 %), and lower total body injury severity (ISS; 9 [4, 16] vs. 13 [8, 19.])
than men (Table 1; Supplementary Table 1). They sustained more TBIs due to falls (61% vs.
52%), and fewer due to motor vehicle accidents (33% vs. 36%) and violence (6% vs. 12.5%);
and had worse preinjury physical (50% vs. 58.5% with no systemic disease) and psychiatric

health (18% vs. 12% with history of psychiatric disorders; Table 1, Supplementary Table 1).

Fewer women were admitted to ICU or operating room (17% vs. 27%), and more were
discharged home (34% vs. 25%). Women had slightly lower years of education (13 [10, 16]
vs. 13 [11, 16], p=0.015), were more often retired (37% vs. 25%), less often had job
occupation of skilled manual worker (4% vs. 13%) or other manual worker (7% vs. 12%),
and slightly more often of professional/manager (15% vs. 13%). Women more frequently
lived alone (27% vs. 20.5%; Table 1). Characteristics of men and women in different age

groups are presented in Supplementary Table 2.
Mediation analyses
Mediation via psychiatric history

There was a significant indirect effect of sex/gender mediated by psychiatric history
(indirect effect, Figure 1) for all outcomes except physical HRQoL (SF-12v2 PCS -0.06 [-0.16,
0.05]): disease specific HRQoL (QOLIBRI-OS; -0.75 [-1.20, -0.30], proportion mediated
16%); generic mental HRQoL (SF-12v2 MCS -0.47[-0.75, -0.19], proportion mediated 17%),
post-concussion (RPQ; 0.36[0.12, 0.60], proportion mediated 9%), depression (PHQ-9; 0.22
[0.09, 0.36], proportion mediated 16%), anxiety (GAD-7; 0.17 [0.06, 0.27], proportion

mediated 14%), and post-traumatic stress symptoms (PCL-5; 0.39 [0.13, 0.65], proportion
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mediated 18%). Differences in outcomes were partly explained by psychiatric history, but

to a small extent compared to other factors (proportion mediated 9% -18%).

The effect of sex/gender not mediated by mental health problems (“direct effect”; Figure
2) was significant for all outcomes: disease-specific HRQoL (QOLIBRI-OS, -4.04 [-6.21,-
1.88]]), mental HRQoL (SF-12v2 MCS; -2.34[-3.45, -1.24]), physical HRQoL (SF-12v2 PCS; -
2.54[-3.50, -1.58]] ), and post-concussion (RPQ; 3.72 [2.44, 5.01]), depression (PHQ-9 1.17
[0.64, 1.70]); anxiety (GAD-7 1.03 [0.56, 1.49]); and post-traumatic stress symptoms (PCL-
5; 1.83 [0.46, 3.20]).

Logistic regression showed small indirect effect of sex/gender mediated by psychiatric
history (0.96 [0.94-0.99], proportion mediated 9%), and substantial direct effect of
sex/gender (0.65 [0.54-0.99], indicating lower likelihood of women for having better

functional outcomes due to other factors.

Analyses in different age groups showed the largest significant indirect effect of
sex/gender via psychiatric history in the age group 65 and older, indicating that worse
outcomes in older women compared to men were to a considerable degree mediated by
psychiatric history: proportion mediated 29% for post-concussion symptoms, 27% for post-
traumatic stress symptoms, 25% for anxiety, 24% for depression, 20% for disease-specific

and mental HRQolL , 19% for GOSE; Supplementary Figures 4-6, Supplementary Table 3).
Joint mediation via gender-related sociodemographic variables

The mediation analyses showed a negligible indirect effect of sex/gender jointly mediated
by gender- related sociodemographic variables (“indirect effect”; Figure 2) for disease
specific HRQoL (QOLIBRI-0S; -0.11 [-0.74, 0.51]); generic HRQoL (SF-12v2 MCS -0.06[-0.34,
0.21]; SF-12v2 PCS -0.05[-0.31, 0.21]] ), post-concussion (RPQ; 0.07 [-0.24, 0.38]),
depression (PHQ-9; 0.04[-0.11, 0.18]), anxiety (GAD-7; -0.01 [-0.14, 0.11]), and post-
traumatic stress symptoms (PCL-5; -0.01[-0.36, 0.33]). Therefore, the differences between
men and women in 6-month outcomes following mild TBI were not explained by gender-

related sociodemographic variables.

The effect of sex/gender that was not mediated by sociodemographic variables (“direct

effect”; Figure 2) was significant for all outcomes: disease-specific HRQoL (QOLIBRI-OS, -
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4.68 [-6.84, -2.52]), mental HRQoL (SF-12v2 MCS; -2.75 [-3.88, -1.61]), physical HRQoL (SF-

12v2 PCS; -2.55 [-3.51, -1.59]), and post-concussion (RPQ; 4.01 [2.72, 5.30]), depression
(PHQ-9; 1.36 [0.82, 1.90]), anxiety (GAD-7; 1.21 [0.74, 1.68], and post-traumatic stress
symptoms (PCL-5; 2.23 [0.86, 3.60]).

Logistic regressions showed no indirect effect of sex/gender on complete return to pre-
injury level of functioning (GOSE=8; n=1161/2376) mediated via sociodemographic
variables (OR 1.02[0.98, 1.06] for indirect effect). The effect of sex/gender not mediated by
these characteristics was significant (GOSE=8; OR 0.61 [0.51, 0.74] for direct effect),
indicating lower likelihood of complete return to pre-injury level of functioning for women

due to other factors than the sociodemographic variables specified.

Subgroup age analyses showed the largest (albeit not statistically significant) indirect
effect of sex/gender via sociodemographic factors in the group 65 and older, suggesting
that worse outcomes among older women were partially mediated by sociodemographic
factors. In contrast, in the age groups 16-45 and 45-65, there was a small (insignificant)
indirect effect of sex/gender via sociodemographic factors in the opposite direction

(Supplementary Figures 7-9).
Joint mediation via care pathways

The mediation analyses showed no indirect effect of sex/gender jointly mediated by care
pathways (“indirect effect”; Figure 3) for disease- specific HRQoL (QOLIBRI-0OS, 0.07 [-0.12,
0.26]), generic HRQoL (SF12 MCS; 0.06 [-0.05, 0.17]; SF12 PCS -0.02[-0.11, 0.08]), and post-
concussion (RPQ; -0.07[-0.19, 0.04]), depression (PHQ-9; -0.01[-0.06, 0.03), anxiety (GAD-
7;-0.02 [-0.06,0.03]), and post-traumatic stress symptoms (PCL-5; -0.06 [-0.18,0.06]). Thus,
the differences between men and women in 6- month outcomes following mild TBI could

not be explained by different care pathways.

The effect of sex/gender not mediated by care pathways (“direct effect”; Figure 2) was
significant for all outcomes: disease-specific HRQoL (-4.86 [-7.05, -2.68), mental HRQoL (SF-
12 MCS; -2.87 [-4.00, -1.74]), physical HRQoL (SF-12 PCS; -2.58 [-3.55, -1.62]), and post-
concussion (RPQ; 4.15 [2.87, 5.44), depression (PHQ-9; 1.41 [0.87, 1.95), anxiety (GAD-7;
1.21 [0.74, 1.68], and post-traumatic stress symptoms (PCL-5; 2.28 [0.91, 3.65]).
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Logistic regressions showed that a small proportion of the effect of sex/gender was

mediated by care pathways, very slightly increasing likelihood of complete return to pre-
injury level of functioning (GOSE=8, 1161/2376) for women (1.03 [1.00- 1.06]). The direct
effect of sex/gender was significant, indicating lower likelihood of complete return to pre-
injury level of functioning for women (0.60 [0.50-0.73]) due to other factors than care

pathways.

In all age groups, the indirect effect of sex/gender via care pathways was negligible

(Supplementary Figures 10-12).
Discussion

Women show worse functional, health-related quality of life and mental health outcomes
following mild TBI.* we explored whether these differences were mediated by gender-
related sociodemographic variables, psychiatric history and care pathways. Our results
showed that differences in 6-month outcomes were not mediated by gender-related
sociodemographic variables (i.e. living alone, living with children, education and
employment status/job category), nor by specified care pathways (i.e. hospital referral and
discharge destination after ER). Differences in all outcomes except for physical HRQoL
were partly mediated by psychiatric history, but the proportion mediated was small.
Therefore, other factors than differences in the sociodemographic and care pathway
variables explored in this study seem to underlie differences between men and women in

outcomes after mild TBI.

History of mental health problems is a risk factor for poor outcome after mild TBI.** *> 46

Generally, women and men have comparable prevalence of psychiatric disorders,
however, prevalence of the most frequent mood and anxiety disorders is higher in women.
Recent studies suggest that rates of common mental health disorders have increased in
women and remained stable in men in the last decades, with younger women at particular
risk. 4" **We found that psychiatric history partly explained worse outcomes in women in
all domains except physical health-related quality of life; nevertheless, the sex/gender
differences still largely remained unexplained by this factor. In the age group 65 years and

older, psychiatric history explained a higher proportion of the women’s worse outcomes
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compared to other age groups. These results, together with the recent finding of sex

differences in symptoms after mild TBI but not after orthopedic injury,*? suggest that

symptoms after TBI are not (completely) the result of differences in mental health history.

We selected sociodemographic variables that differed between men and women, and that
can be associated with gender roles, and with health outcomes. In Europe, women are less
likely to be employed, and more likely to take care of children, to live alone, and to finish
tertiary education.?* Overall, these mediators did not substantially explain differences in
outcomes between men and women. Only worse outcomes of older women, compared to
men of the same age, were to some extent explained by these sociodemographic
variables. In contrast to other groups, in the age group 65+, women had lower education

and more frequently lived alone.

We had information on employment status and broad job category. In our data, slightly
more women were professionals/managers, while more men were manual workers.
Because all manager and professional occupations were in the same category,
differentiation between higher-status jobs was not possible. That is relevant because
women have less access to the highest decision-making positions and higher tertiary
education, and are underrepresented on corporate boards in management positions.“g'52
In addition, women are more likely to be paid less for the same job, and to perform

domestic and care giver duties.” >

However, we did not have information on salary, hours
worked in household, role of a primary wage-earner, and role of a primary caregiver for
children/ elderly family members, which can be particularly relevant for younger and
middle-age women. >* Therefore, we could capture gender roles and gender-specific
stressors only to a limited extent >3 which could explain why worse outcomes in women
were less explained by specified mediators in age groups 16-65 compared to the 65 years

and older. Fulfilling family, household and work-related duties, and being paid less can

represent a burden in recovery from a TBI, particularly in young and middle adulthood. 22

55

The role of primary wage earner, and masculine norms such as stoicism, self-reliance and

restrictive emotionality can influence return to work and participation in rehabilitation

53, 58

after a TBI.>®* > As a consequence, gender identity can impact recovery. A qualitative
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study with men who experienced a TBlI demonstrated that gender identity, and in

particular masculine norms, motivated men to return to work more quickly and speed up
discharge and recovery, which was beneficial for some and detrimental for others.”® In
addition, masculine traits can reduce the likelihood of recognizing and self-reporting

%0 ®lharticularly in the domain of psychological functioning.>® In the

health complaints,
general European population, men perceive (or report) better health than women.?* More
detailed measurement of gender identity would contribute to better understanding the

underlying mechanisms that cause gender differences in health-related outcomes.

Studies on sex and gender differences in care pathways and their impact on long-term
functioning after TBI are scarce. Large retrospective studies of cardiovascular, trauma and

62-64
In

critical care patients found that women were less likely to receive ICU treatment.
our data, more women had direct referral to study hospital, and were less triaged to ICU.
In studies of treatment and care pathway, it is difficult to completely avoid residual
confounding related to medical needs, ® which could explain observed difference in care
pathways. Triage of mild TBI patients to different care pathways is not clearly associated

with outcome.®>

Because there is no evidence of worse functional outcomes of patients
triaged to other destinations,®” admissions to ICU following mild TBI could often be
unnecessary.66 Additionally, some studies associate ICU admission with increased risk for
PTSD one year after injury. ®8 For some mild TBI patients, however, monitoring in hospital
and intensive care can be beneficial to promptly identify any deterioration and to initiate
surgery or critical care intervention if necessary.66 For the functional, HRQoL and mental

health outcomes we analyzed, care pathways did not explain differences between men

and women.

Biological differences and particularly sex steroids represent another pathway that can
mediate sex differences in outcomes.®® For instance, animal models suggest that the
hypothalamic—pituitary—adrenal axis (HPA) axis, which modulates the stress response,70
and microglia,”* which influence cerebral inflammation, have sex-specific responses. After
TBI, female rodents have shown stronger inflammatory response e greater anxiety and

72

reduction of sociability, and differential stress response’® than males. Hormonal

differences can be of particular importance in explanation of symptoms in pre-menopausal
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women.'® Moreover, genetic factors can interact with sex and/or gender on their impact

of outcome after TBI. For example, being carrier of an APOE4 allele had negative impact on
the GOSE measured 1-5 years after TBI, and the effect was stronger in women compared

to men.”

To our knowledge, this is the first study that explores underlying mechanisms of
differences in outcomes after TBI between men and women using a mediation framework.
We explored three possible explanatory pathways: one via psychiatric history, one via
gender-related sociodemographic variables, and one via care pathways. The method
allowed studying joint mediation for both pathways, and including interaction between
sex/gender and mediators in their impact on outcomes. We used a large multicenter
European cohort of TBI patients and included different domains of functioning after six

months.

Implications of this study involve informing clinicians and patients about different risks of
poorer outcomes following mild TBI in context of sex, gender and mental health. If

1112 ould be

supported by future evidence, the results of our and other recent studies
utilized for organizing follow up care, for instance scheduling earlier or more frequent
appointments for women and persons with (history of) psychiatric difficulties. Further,
other potential sociocultural and biological mechanisms of sex/gender differences should

be measured and explored in upcoming TBI research.

This study also has some limitations. Mediation analyses assume complete control for
confounding between exposure and mediators, mediators and outcome, and exposure and
outcome. We controlled for a substantial number of pre-injury, clinical and injury
characteristics. In addition, for each set of mediators, we performed joint mediation with
mediators included simultaneously, thus providing additional control for confounding.
However, unmeasured confounding remains possible, which might have biased the
observed associations. Moreover, some relationships may be non-linear, which can
complicate adjustment.** We only had information on self-reported medical history of
psychiatric disorders, but not a measure of mental health symptoms before/ at the time of
injury. We did not adjust for or analyze the impact of interventions and therapies after

hospital admission and discharge. Furthermore, as frequently occurs in longitudinal TBI
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studies, 6-month outcomes were not available in a considerable number of patients, which

can compromise validity. " The subgroup age analyses had lower power. Additionally, age
groups (16-45, 45-65, 65+) were rather broad and possibly included persons in different
life stages, characterized by different roles, stressors and biological processes. For
instance, some previous studies found increased risk of PTSD following mild TBI for women
aged 30-39 versus 18-29," and of post-concussion symptoms for women aged 35-49
versus 17-34.” 2 |n our study, the group aged 45-65 likely included both females in
premenopause and menopause, and groups 45-65 and 65+ included both retired and
(un)employed persons. The results are obtained in an European study with a substantial
proportion of large trauma centers in urban areas in North-Western Europe.*® 7
Therefore, the generalizability of findings to other areas is limited. Important indicators of
gender roles and identity were not measured in this study. Sex was based on medical
forms and will not always correspond to gender (identifying as a woman or a man). We
recognize that there is a notable minority of intersex, transgender and non-binary persons,
who are not captured by this dichotomy. We recommend inclusion of self-reports and

more measures of gender where practical in future TBI studies.

In conclusion, men and women differ in outcomes following mild TBI, and those
differences are only partly explained by psychiatric history, and not explained by gender-
related sociodemographic and care pathway differences. Future studies should explore
further aspects of gender roles and identity, and biological factors as underpinnings of sex

and gender differences in TBI outcomes.
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Indirect pathway

Mediator set 1
Psychiatric history

Mediator set 2
Sociodemographic variables
-living alone, living with children,
education, employment status/ job

X

category
Outcome
Exposure 6- month GOSE; HRQol;
Sex/gender N > post-concussion, depression,
Direct pathway Confounders‘ anxiety, and PTSD symptoms

Mediator set 3 /

Care pathways
- referral, discharge after ER

Figure 1. The proposed mediation model with direct and indirect (via psychiatric history,

sociodemographic variables and care pathways)

Legend: GOSE= Glasgow Outcome Scale Extended; HRQolL= Health-related quality of life;
PTSD= Posttraumatic stress disorder; ' age, preinjury physical health, cause of injury,
baseline Glasgow Coma Score (GCS; 13-15), baseline pupillary reactivity; hypoxia;
hypotension, Injury Severity Score (ISS), Marshall CT score, subarachnoid hemorrhage,

epidural hematoma.
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Figure 2. Mediation analyses: Estimates (regression coefficients with 95% Confidence
Intervals) of direct effect of sex/gender and indirect effect via psychiatric history on
outcomes following mild TBI: specific (QOLIBRI-OS; n=1633) and generic (SF12V2; n=1614)
health-related quality of life, and post-concussion(RPQ; n=1606), depression (PHQ-9;
n=1568), anxiety (GAD-7, n=1562), and post-traumatic stress (PCL-5, n= 1570) symptoms.
QOLIBRI-0S, SF-12v2: higher values better HRQoL; RPQ, PHQ-9, GAD-7, PCL-5: higher

values more severe symptoms.
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Figure 3. Mediation analyses: Estimates (regression coefficients with 95% Confidence

Intervals) of direct effect of sex/gender and indirect effect via sociodemographic variables

on outcomes following mild TBI: specific (QOLIBRI-OS; n=1633) and generic (SF12V2;

n=1614) health-related quality of life, and post-concussion(RPQ; n=1606), depression

(PHQ-9; n=1568), anxiety (GAD-7, n=1562), and post-traumatic stress (PCL-5, n= 1570)

symptoms. QOLIBRI-0S, SF-12v2: higher values better HRQoL; RPQ, PHQ-9, GAD-7, PCL-5:

higher values more severe symptoms.
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Figure 4. Estimates (regression coefficients with 95% Confidence Intervals) of direct effect

of sex/gender and indirect effect via care pathways on outcomes following mild TBI:

specific (QOLIBRI-0S; n=1633) and generic (SF12; n=1614) health-related quality of life,

and post-concussion(RPQ; n=1606), depression (PHQ-9; n=1568), anxiety (GAD-7, n=1562),

and post-traumatic stress (PCL-5, n= 1570) symptoms. QOLIBRI-OS, SF-12v2: higher values

indicate better HRQoL; RPQ, PHQ-9, GAD-7, PCL-5: higher values indicate more severe

symptoms.
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Men Women Missing
%
n 1842 1022
Age (median [IQR]) 50.00 58.00 0
[32.00, [37.00,
65.00] 73.00]
Pre-injury physical health - ASA PS Classification 1
(%)
Healthy patients | 1063 (58.5) | 506 (49.8)
Mild systemic disease | 567 (31.2) 388 (38.2)
Severe systemic disease/threat to | 188 (10.3) 122 (12.0)
life
Cause of injury (%) 1.7
Motor vehicle accident | 647 (35.8) 331 (32.7)
Incidental fall | 932 (51.6) 617 (61.0)
Violence/ other | 226 (12.5) 63 (6.2)
Glasgow Coma Score Baseline (%) 0
13 | 128 (6.9) 63 (6.2)
14 | 340 (18.5) 154 (15.1)
15 | 1374 (74.6) | 805 (78.8)
Hypotension (%) 47 (2.6) 24 (2.4) 3

39
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Hypoxia (%) 42 (2.4) 15 (1.5) 4
Pupils one or both nonreactive 55 (3.1) 20 (2.0) 4.4
(%)
Marshall CT Score (%) 7.2
No visible pathology | 904 (52.9) 546 (57.5)
Cisterns present/ Cisterns | 640 (37.4) 328 (34.6)
compressed with midline shift O-
5mm
Midline shift >5mm | 165 (9.7) 75 (7.9)
Subarachnoid hemorrhage (%) 543 (31.8) 288 (30.4) 7.3
Epidural hematoma (%) 166 (9.7) 49 (5.2) 7.2
Total ISS (median [IQR]) 13.00 [8.00, | 9.00[4.00, |O0.8
19.00] 16.00]
Psychiatric history (%) 210 (11.6) 183 (18.0) 1.1
Sociodemographic variables
Living alone (%) 377 (20.5) 279 (27.3) 0
Living with children (%) 383 (20.8) 236 (23.1) 0
Education, years (median [IQR]) 13.00 13.00 19.9
[11.00, [10.00,
16.00] 16.00]
Employment status/ job category (%) 7.7
Professional/ manager | 224 (13.3) 146 (15.3)
Associate professional/ technician | 163 (9.6) 69 (7.2)
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Clerk/sales/service worker | 114 (6.7) 82 (8.6)
Skilled manual worker/ machine | 223 (13.2) 41 (4.3)
operator
Manual worker | 203 (12.0) 70 (7.3)
Not employed | 167 (9.9) 105 (11.0)
Retired | 435 (25.7) 355 (37.2)
Student | 161 (9.5) 86 (9.0)
Care pathway variables
Secondary referral (%) 287 (15.6) 120 (11.8) 0
Destination after ER (%) 0.3
Discharged Home | 459 (24.9) 344 (33.9)
ICU or operating room | 502 (27.3) 180 (17.8)
Hospital admission | 879 (47.8) 490 (48.3)
Outcomes at 6 months
Complete return to pre-injury 783 (51.5) 378 (44.1) 17
functioning (GOSE=8) (%)
QoLIBRI- OS Total Score (median 75.00 71.00 43
[1QR]) [62.00, [50.00,
88.00] 83.00]
SF12 MCS (median [IQR]) 51.47 48.18 42.7
[42.58, [38.39,
57.23] 56.52]
SF12 PCS (median [IQR]) 50.21 45.67 42.7
[41.41, [36.58,

41
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55.54] 54.30]

RPQ Total Score (median [IQR]) 4.00 [0.00, 9.00 [1.50, 43.9
15.00] 20.00]

PHQ 9 Total Score (median [IQR]) | 3.00 [0.00, 4,00 [1.00, 45.3
7.00] 8.00]

GAD7 Total Score (median [IQR]) | 1.00 [0.00, 3.00 [0.00, 45.5
5.00] 6.00]

PCL5 (median [IQR]) 6.00 [2.00, |8.00[3.00, |45.2
15.00] 18.00]

ASA PS, American Society of Anesthesiologists Physical Status; CT, computed tomography;

GAD-7, Generalized Anxiety Disorder 7-item scale; GCS, Glasgow Coma Scale; GOSE,

Glasgow Outcome Scale Extended; ISS, Injury Severity Score; MCS= Mental Composite

Score; PCL-5, Post-Traumatic Stress Disorder Checklist for DSM-5; PCS= Physical Composite

score; PHQ-9, Patient Health Questionnaire 9-item; QOLIBRI-0S, Quality of Life after Brain

Injury-Overall Scale; RPQ, Rivermead Post-Concussion Symptoms Questionnaire; SF12v2,

Short Form Health Survey 12 item; TBI, traumatic brain injury.
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Table 2. Men and women with mild TBI (GCS 13-15): baseline characteristics,

43

sociodemographic and care pathway variables, and 6- month outcomes for age groups 16-

45, 45-65 and 65+

Age 16-45 Age 45-65 Age 65+
Me | Wo |p Mis | Me | Wo |p Mis | Me | Wo | p Mis
n men sing | n men sing | n men sing
n 757 | 322 611 | 312 474 | 388
Age (median 28. |128.0(03 |0 54. |55.0(01 |0 73. |77.0|<0. |0
[1QR]) 00 |0 26 00 |0 13 00 |0 001
[22. | [22. [50. | [50. [68. | [70.
00, |00, 00, | 00, 00, | 00,
37. | 35.0 60. | 60.0 79. | 81.2
00] | 0] 00] | 0] 00] | 5]
Pre-injury 05 | 1.2 0312 0.0 | 0.7
physical 59 95 66
health - ASA
PS
Classification
(%)
Healthy | 624 | 261 324 | 175 115 | 70
patients | (83. | (81. (53. | (56. (24. | (18.
8) |3) 8) |5) 4) 12
Mild systemic | 104 | 53 224 | 115 239 | 220
disease | (14. | (16. (37. | (37. (50. | (57.
0) |5) 2) | 1) 7) 1)
Severe |17 |7 54 |20 117 | 95
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a4
systemic | (2.3 | (2.2 (9.0 | (6.5 (24. | (24.
disease/threat | ) ) ) ) 8) |7)
to life
Cause of <0. | 1.2 0421 0.0 |19
injury (%) 001 34 42
Motor vehicle | 314 | 134 233 | 132 100 | 65
accident | (42. | (42. (39. | (42. (21. | (16.
0) 0) 1) 9) 6) 9)
Incidental fall | 275 | 150 314 | 156 343 | 311
(36. | (47. (52. | (50. (74. | (81.
8) 0) 7) 6) 2) 0)
Violence/ | 158 | 35 49 20 19 8
other | (21. | (11. (8.2 | (6.5 (4.1 | (2.1
2) |0) ) ) ) )
Glasgow Coma Score 00 |O 040 05 |0
Baseline (%) 19 12 51
13| 52 13 40 24 36 26
(6.9 | (4.0 (6.5 (7.7 (7.6 | (6.7
) ) ) ) ) )
14 | 138 | 43 114 | 48 88 63
(18. | (13. (18. | (15. (18. | (16.
2) 4) 7) 4) 6) 2)
15 | 567 | 266 457 | 240 350 | 299
(74. | (82. (74. | (76. (73. | (77.
9) 6) 8) 9) 8) 1)
Hypotension 15 |3 03 |33 |15 |7 1 25 |17 |14 1 3.1
(%) (20| (1.0 | 36 (2.5 | (2.3 (3.7 | (3.7
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45
) ) ) ) ) )
Hypoxia (%) 14 2 0.2 (44 |11 5 1 3.6 |17 8 0.2 [3.9
(1.9](0.6 |1 (1.9 | (1.6 (3.7 (2.1 |54
) ) ) ) ) )
Pupilsoneor |22 |7 06 (44 |17 |6 05|36 |16 |7 0.2 |53
both (3.1](2.2 |03 (29| (2.0 | 24 (3.5](1.9 |36
nonreactive | ) ) ) ) ) )
(%)
Marshall CT 0.0 |79 05|72 0.0 | 6.4
Score (%) 01 44 52
No visible | 424 | 209 301 | 158 179 | 179
pathology | (60. | (71. (53. | (54. (40. | (49.
4) | 6) 3) |1) 5) |0)
Cisterns | 228 | 74 213 | 114 199 | 140
present/ | (32. | (25. (37. | (39. (45. | (38.
Cisterns | 5) 3) 7) 0) 0) 4)
compressed
with midline
shift 0-5mm
Midline shift | 50 |9 51 |20 64 | 46
>5mm | (7.1 | (3.1 (9.0 | (6.8 (14. | (12.
) ) ) ) 5) |6)
Subarachnoid | 161 | 51 0.0 |8 192 | 101 |09 | 7.2 |190 | 136 | 0.1 | 6.6
hemorrhage (23. | (17. | 65 (34. | (34. | 19 (43. ] (37. | 16
(%) 0) |[5) 0) |6) 1) [4)
Epidural 103 | 21 0.0 |8 45 | 12 00(7.2 |18 |16 09 (6.4
hematoma (14. | (7.2 | 02 (8.0 | (4.1 | 45 (41 ](4.4 | 66
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(%) 7)) ) ) ) )
Total ISS 10. [ 9.00 |<0. | 0.6 |13. |9.00|0.0(1.3 |13. |9.00 |<0. |0.6
(median 00 |[4.0 | 001 00 |[5.0 |02 00 |[5.0 |001
[IQR]) [5.0 | O, [8.0 | O, [9.0 | O,
0, 13.0 0, 18.0 0, 17.0
18. | 0] 20. | 0] 18. | 0]
00] 00] 00]
Psychiatric 72 50 00 (1.2 |91 64 0.0 |13 |47 69 0.0 | 0.7
history (%) (9.7 | (15. | 07 (15. | (20. | 45 (10. | (17. |01
) 6) 1) |6) 0) |9)
Sociodemographic variables
Living alone 152 | 54 0.2 |0 120 | 50 020 105 | 175 | <0. |0
(%) (20. | (16. | 38 (19. | (16. | 11 (22. | (45. | 001
1) |8) 6) |0) 2) |1)
Living with 141 | 85 00 |0 209 | 112 |06 |0 33 |39 01 |0
children (%) | (18. | (26. | 05 (34. | (35. | 62 (7.0 | (10. | 32
6) |4) 2) |9) ) 1)
Education, 13. {140 (0.0 |15. |13. |140|0.2|17. |12. |11.0 | <0. | 28.
years (median |00 | O 24 |3 00 |0 69 | 7 00 |0 001 |2
[1QR]) [12. | [12. [11. | [12. [9.0 | [8.0
00, | 00, 75, | 00, o, o,
16. | 16.0 16. | 17.0 16. | 14.0
00] | 0] 00] | 0] 00] | 0]
Employment status/ <0. |7 0.0 | 10. <0. |6
job category (%) 001 01 |1 001
Professional/ | 88 | 65 118 | 78 18 |3
manager | (12. | (21. (21. | (27. (4.1 (0.8
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a7

5) | 6) 7) |3) ) )
Associate | 73 | 29 85 |38 5 2

professional/ | (10. | (9.6 (15. | (13. (1.1 | (0.5
technician | 4) ) 6) 3) ) )
65 |41 41 |33 8 8

Clerk/sales/ser | (9.2 | (13. (7.5 | (11. (1.8 | (2.2
vice worker | ) 6) ) 5) ) )

Skilled | 110 | 18 100 | 22 13 1
manual | (15. | (6.0 (18. | (7.7 (2.9 | (0.3
worker/ | 6) ) 4) ) ) )
machine
operator
Manual | 127 | 31 68 34 8 5
worker | (18. | (10. (12. | (11. (1.8 (1.4

1) [3) 5) |9) ) )
Student | 159 | 85 2 0 0 1
(22. | (28. (0.4 | (0.0 (0.0 | (0.3
6) |2) ) ) ) )
Not employed | 80 | 30 85 |50 2 25
(11. | (10. (15. | (17. (0.5 | (6.8
4) |0) 6) |5) ) )
Retired | 1 2 45 31 389 | 322
(0.1 ] (0.7 (8.3 | (10. (87. | (87.
) ) ) 8) 8 |7)
Care pathways
Destination <0. |03 0.0 0.2 0.0 | 0.6
after ER (%) 001 01 09
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Discharged | 230 | 145 141 | 101 88 |98
Home | (30. | (45. (23. | (32. (18. | (25.
4) |3) 1) |6) 6) |5)
ICUor | 200 | 45 174 | 59 128 | 76
operating | (26. | (14. (28. | (19. (27. | (19.
room | 5) 1) 5) 0) 1) 8)
Hospital | 326 | 130 296 | 150 257 | 210
admission | (43. | (40. (48. | (48. (54. | (54.
1) |6) 4) | 4) 3) |7)
Secondary 109 | 25 00 |O 99 |41 020 79 |54 03 |01
referral (%) | (14. | (7.8 |03 (16. | (13. | 59 (16. | (14. | 17
4) 1) 2) |1) 7) |0
Outcomes at 6 months
Complete 363 1132 (0.0 |19. | 240|114 | 0.2 |14. |180 | 132 | 0.3 | 16.
return to pre- | (60. | (50. |06 |7 (46. | (41. |13 |4 (44. | (41. |85 |5
injury 3) 0) 5) 6) 9) 4)
functioning
(GOSE=8) (%)
QolLIBRI- OS 75. |75.0 00 |46. |71. |[71.0|0.6 |35. |75. |67.0 0.0 |46.
Total Score 00 |0 17 |5 00 |0 35 | 4 00 |0 02 |6
(median [62. | [54. [56. | [54. [62. | [50.
[1QR]) 00, | 00, 00, | 00, 00, | 00,
92. | 88.0 83. | 83.0 83. 1 79.0
00] | 0] 00] | 0] 00] | 0]
SF12 MCS 51. |473 |00 |[46. |50. |48.4|0.0 |35 |53. |48.1|0.0 |46.
(median 77 |6 02 |2 34 |4 91 34 1 01 |5
[1QR]) [43. | [36. [40. | [38. [43. | [39.
34, | 36, 59, | 88, 70, | 05,
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57. | 56.5 57. | 55.4 59. | 571

06] | 2] 33] | 9] 30] | 4]
SF12 PCS 53. |52.2|0.0 |46. [49. | 47.7 0.3 |35 46. | 39.5 | <0. | 46.
(median 99 |2 09 |2 08 |3 49 12 |5 001 |5
[1QR]) [47. | [44. [39. | [37. [37. | [31.

89, |29, 37, |58, 02, | 24,

56. | 56.1 54. | 545 52. | 483

73] | 6] 79] | 3] 11] | 3]
RPQ Total 3.0 |9.00|<0. |47. |6.0 |10.0|0.0(|36. [4.0 |6.00 0.0 |47.
Score (median | 0 [0.0 |001 |1 0 0 03 |5 0 [0.O0 |41 |9
[1QR]) [0.0 | O, [0.0 | [2.0 [0.0 | O,

0, |235 0, |0, 0, 16.0

13. | 0] 17. | 23.0 12. | 0]

00] 00] | O] 00]
PHQ 9 Total 3.0 |{5.00 | <0. {48. | 3.0 [4.00|0.1|37. |2.0 |4.00 |<0. |49.
Score (median | 0 [2.0 |001 |7 0 [1.0 |48 |6 0 [1.0 |001 |1
[1QR]) [0.0 | O, [1.0 | O, [0.0 | O,

0, 9.00 0, 8.00 0, 8.00

6.0 |] 8.0 |1 50 |]

0] 0] 0]
GAD7 Total 20 |3.00|00 |48. |2.0 |200|0.0(37. 1.0 |2.00 | <0. |49.
Score (median | 0 [05 |01 |8 0 [0.LO |21 |8 0 [0.0 | 001 | 4
[1QR]) [0.0 | O, [0.0 | O, [0.0 | O,

0, 7.00 0, 6.00 0, 6.00

50 |] 6.0 |] 3.0 |]

0] 0] 0]
PCL5 (median | 7.0 | 9.00 | 0.0 |48. | 8.0 [9.00|0.1|37. |50 |6.00|0.0 |49.
[1QR]) 0 [3.0 |15 |4 0 [3.0 |03 |8 0 [20 |77 |1
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[2.0 | O, [2.0 | O, [1.0 | O,

0, |21.0 0, |21.0 0, |14.0

15. | 0] 16. | 0] 11. | 0]

00] 75] 00]

ASA PS, American Society of Anesthesiologists Physical Status; CT, computed tomography;
GAD-7, Generalized Anxiety Disorder 7-item scale; GCS, Glasgow Coma Scale; GOSE,
Glasgow Outcome Scale Extended; ISS, Injury Severity Score; MCS= Mental Composite
Score; PCL-5, Post-Traumatic Stress Disorder Checklist for DSM-5; PCS= Physical Composite
score; PHQ-9, Patient Health Questionnaire 9-item; QOLIBRI-0S, Quality of Life after Brain
Injury-Overall Scale; RPQ, Rivermead Post-Concussion Symptoms Questionnaire; SF12v2,

Short Form Health Survey 12 item; TBI, traumatic brain injury.
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Table 3. Odds ratios (ORs) for direct and indirect effect of sex/gender mediated via

psychiatric history, sociodemographic variables and care pathways for Glasgow Outcome

Scale Extended (GOSE)=8

Mediators

Age 16-45

Age 45-65

Age 65+

Psychiatric history

Direct

0.43[0.31-0.60]

0.76[0.55-1.05]

0.77[0.55-1.08]

Indirect

0.97[0.94-1.01]

0.97[0.93-1.01]

0.94[0.89-0.99]

Sociodemographic variables

Direct

0.40[0.29-0.56]

0.72[0.52-0.99]

0.77[0.55-1.09]

Indirect

1.05 0.96-1.14]

1.02[0.95-1.1]

0.94[0.84-1.05]

Care pathways

Direct

0.40[0.29-0.55]

0.70[0.51-0.97]

0.72[0.52-1.00]

Indirect

1.05[0.99-1.11]

1.05[0.99-1.1]

1.01[0.97-1.04]



https://www.researchgate.net/publication/355129662

