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ABSTRACT
Objective To investigate the risk factors for and the 
consequences (ie, substance use disorders (SUD), 
depression, personality traits) of traumatic brain injury 
(TBI) in young Swiss men.
Design This is a three- wave cohort study. Risk factors 
were measured at baseline (2010–2012) and at follow- up 
1 (FU1; 2012–2014), while the consequences and TBI 
were measured at follow- up 2 (FU2; 2016–2018).
Setting Switzerland.
Participants All participants at FU2 (Mage=25.43, 
SD=1.25) of the Cohort Study on Substance Use Risk 
Factors (N=4881 young Swiss men after listwise 
deletion).
Measures The outcomes measured were TBI, SUD (ie, 
alcohol, nicotine, cannabis, other illicit drugs), depression 
and personality traits (ie, sensation seeking, anxiety- 
neuroticism, sociability, aggression- hostility) at FU2. 
The predictors were previous TBI (lifetime TBI but not in 
the past 12 months at FU2), SUD, personality traits and 
sociodemographics (highest level of achieved education, 
age, linguistic region) measured at FU1.
Results At FU2, 3919 (80.3%) participants reported to never 
have had TBI, 102 (2.1%) have had TBI in the last 12 months 
(TBI new cases), and 860 (17.6%) have had TBI during their 
lifetime but not in the 12 months preceding FU2 (previous 
TBI). Low educational attainment (OR=3.93, 95% CI 2.10 to 
7.36), depression (OR=2.87, 95% CI 1.35 to 6.11), nicotine 
dependence (OR=1.72, 95% CI 1.09 to 2.71), high sociability 
(OR=1.18, 95% CI 1.07 to 1.30), high aggression- hostility 
(OR=1.15, 95% CI 1.06 to 1.26) and high sensation seeking 
(OR=1.33, 95% CI 1.04 to 1.68) at FU1 were significantly 
associated with TBI new cases at FU2. Previous TBI was 
significantly associated with nicotine dependence (OR=1.46, 
95% CI 1.16 to 1.83), depression (OR=2.16, 95% CI 1.56 to 
2.99) and aggression- hostility (B=0.14, 95% CI >0.00 to 0.28) 
at FU2.
Conclusion Low educational attainment and depression 
are the most significant risk factors associated with 
increased odds of future TBI, while depression, nicotine 
dependence and high aggression- hostility are the main 
consequences of previous TBI. TBI should be considered 
an underlying factor in the treatment of depression, SUD or 
unfavourable personality profiles.

INTRODUCTION
Traumatic brain injury (TBI) is defined as an 
alteration in brain function, or other evidence 
of brain pathology, caused by an external 
force.1 It is one of the major causes of injury- 
related deaths in Europe2 and a source of 
lifelong disability for many of the survivors.3 
A major epidemiological study found signifi-
cant regional differences in incidence, mean 
length of hospital stay and admission rates in 
patients with TBI, while hinting that many 
patients who suffer TBI and its consequences 
might go undiagnosed.2 TBI has been associ-
ated with an increased risk of neurodegenera-
tive diseases (Alzheimer’s disease, Parkinson’s 
disease),4 cognitive impairments (attention, 
memory, arousal, concentration, executive 
functioning),5 affective disorders, anxiety and 
psychosis,6–8 substance use disorders,9 and 
personality changes.10 Putative risk factors for 
TBI include pre- existing psychiatric illnesses 
(particularly depression),11 substance use 
disorders12 and personality disorders,13 low 
socioeconomic status, male sex, young age,14 
and previous head injury.15

It is readily apparent that there is significant 
overlap and interplay between some of the 
risk factors and consequences of TBI, namely 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The study evaluates concomitant risk factors and 
consequences of traumatic brain injury (TBI) in a 
large cohort of young Swiss men.

 ⇒ There are many characteristics evaluated across 
three waves other than TBI, such as personality 
traits, depression, substance use disorders and so-
ciodemographic characteristics.

 ⇒ The study duration was long, with 8 years from 
baseline to the second follow- up visit.

 ⇒ Even though there were many characteristics includ-
ed, we could not control for all possible confounders.

 ⇒ Only young male participants were included, limiting 
generalisability to female and older participants.
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personality traits, substance use disorders and mental 
disorders.16 Mood and anxiety disorders occur in higher 
than average rates both preinjury17 and postinjury,18 with 
depression being the most prevalent in both cases.11 Anti-
social personality disorder, associated with personality 
features that predispose to at- risk behaviour, such as high 
impulsivity, aggression and sensation seeking, is a signifi-
cant risk factor for TBI.13 In turn, changes in personality 
could arise secondary to TBI.19 Substance use disorders 
are both a frequent cause and a potential complication of 
TBI,20 as injury significantly limits access to rehabilitation 
and recovery services. Some studies have reported higher 
than average rates of preinjury11 and postinjury20 alcohol 
and drug abuse, while others suggest that substance use 
patterns are not significantly influenced by TBI.21 22

Young men are disproportionately affected by TBI,23 
with the male to female ratio ranging from 1.2:1.024 to 
4.6:1.025; therefore, it is particularly important to inves-
tigate the causes and consequences of TBI in this group. 
Risk factors particular to this population include mental 
disorders,13 14 low socioeconomic status,26 low cognitive 
function,27 alcohol or substance use disorders,11 12 and 
the predilection to engage in high- risk activities and 
behaviours, such as professional contact sport, construc-
tion and military.28–30

Drawing on previous research, we selected a number 
of relevant variables, namely educational attainment, as 
a proxy for cognitive function,31 substance use disorders 
(alcohol, cannabis, nicotine), use of other drugs, depres-
sion and various personality traits (sociability, aggression- 
hostility, anxiety- neuroticism and sensation seeking) 
and examined the interplay between these factors in a 
cohort of young Swiss men. Our goals were to investi-
gate these variables (1) as risk factors for TBI and (2) as 
consequences of TBI. While most of these have been eval-
uated separately in previous studies, there is a need for 
a bidirectional approach and a longitudinal design. To 
the best of our knowledge, although the influence of TBI 
on personality is well documented, there are no available 

data on preinjury personality traits in affected individ-
uals. By analysing these parameters longitudinally in the 
same cohort, we aim to reduce the confounding effects of 
sociodemographic differences and baseline pathology as 
much as possible and thus place a solid foundation upon 
which future research may build strategies for the preven-
tion and management of TBI.

METHODS
Study design and participants
We analysed data from the Cohort Study on Substance 
Use Risk Factors, a longitudinal study from Switzerland 
designed to investigate the risk and protective factors 
related to substance use in emerging adulthood. The 
full details of the study are described elsewhere.32–34 In 
Switzerland, all men must undergo the army recruitment 
process to determine their eligibility for military or civil 
service. Between August 2010 and November 2011, all 
young men reporting to the recruitment centres of Laus-
anne (French- speaking), Windisch and Mels (German- 
speaking) were invited to participate in the study. A 
total of 7556 men gave written consent to participate 
in the study. Since there was no a priori selection, the 
sample can be considered representative of German- 
speaking and French- speaking Swiss young men. Data 
were collected at three time points, beginning in 2010: 
baseline (2010–2012), follow- up 1 (FU1; 2012–2014) 
and follow- up 2 (FU2; 2016–2018). This information is 
presented in figure 1.

TBI in the previous 12 months and before was evaluated 
only at FU2. Thus, in the present study, only participants 
who completed the FU2 questionnaires were considered 
(n=5516, 73% of consenters). Compared with partici-
pants who did not complete the FU2 questionnaire, those 
who completed the FU2 questionnaire were significantly 
more educated, less likely to report depression, nicotine 
dependence (ND) and cannabis use disorder (CUD), 

Figure 1 Number of participants according to each time point. FU2, follow- up 2.
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were younger, and reported lower levels of aggression- 
hostility at FU1 (all p<0.001).

Patient and public involvement
No patients nor any other members of the public were 
involved in the design, development of the research 
question, conduct, reporting or dissemination plans of 
our research. Study participants were regularly informed 
about the findings by means of brochures or leaflets, or 
they could find the study results on the study’s web page.

Design of the study
To reduce response burden, not all questions were 
measured in all waves. For example, personality was only 
measured at baseline and FU2. By contrast, substance 
use disorders, sociodemographics and depression were 
measured in all waves. Risk factors measured closest to FU1 
(ie, at FU1 when available or at baseline) were selected 
to predict TBI in the 12 months preceding FU2 (TBI 
new cases). By contrast, TBI occurring before 12 months 
preceding FU2 (previous TBI) was used to predict the 
consequences of TBI measured at FU2. Thus, personality 
measured at baseline and substance use disorders, socio-
demographics and depression measured at FU1 were 
used to predict new cases of TBI at FU2, whereas person-
ality, substance use disorders and depression measured 
at FU2 were used to investigate the consequences of TBI 
preceding FU2. This allows to fit the temporal criteria 
for the risk factors and consequences of TBI: risk factors 
precede TBI new cases, and previous TBI precedes conse-
quences measured at FU2. Figure 2 depicts the design of 
the study.

For participants with missing values on FU1 risk factors 
(ie, substance use disorders, sociodemographics and 
depression) and non- missing values on the same variables 
available at baseline, last observation carried forward 
(LOCF) was used to impute missing values at FU1 (n=236, 
4.3%).

Measures
TBI was measured at FU2 as in Ilie et al35 by asking the 
participants the following: ‘We are interested in any head 
injuries that resulted in you being unconscious (knocked 
out) for at least 5 minutes, or you had to stay in the 
hospital for at least 1 night because of it. Did you have 
this type of head injury in your life?’ Response choices 
were (1) yes, I’ve had a head injury like this in the last 12 
months, (2) yes, I’ve had a head injury like this in my life, 
but not in the last 12 months, or (3) No, I’ve never had a 
head injury like this in my life, reflecting (1) new cases of 
TBI (all cases occurring only in the 12 months preceding 
FU2, with no TBI prior to that time point), (2) previous 
TBI (before 12 months preceding FU2) and (3) non- TBI 
(participants who had never experienced TBI).

Alcohol use disorders (AUD) were measured at FU1 
and FU2 using the 11 criteria for AUD, based on the Fifth 
Edition of the Diagnostic and Statistical Manual of Mental 
Disorders (DSM- 5).36 Participants were asked whether they 
had experienced any criterion in the previous 12 months. 
Questions (yes–no format) were taken from Knight et al,37 
except the craving criteria which we developed. AUD was 
considered as met when at least four DSM- 5 criteria were 
endorsed, reflecting moderate or more severe AUD.36

ND was assessed at FU1 and FU2 using the six- item 
Fagerström Test for Nicotine Dependence.38 A contin-
uous score ranging from 0 to 10 was computed according 
to the scoring procedure proposed by the authors and 
ND was considered as met for scores of 3 or above, corre-
sponding to low or more severe ND.39

CUD was evaluated using the Cannabis Use Disorder 
Identification Test40 at FU1 and FU2. This is a 10- item 
assessment tool asking participants about symptoms of 
CUD during the previous 12 months, yielding a score 
ranging from 0 to 40. A score of 8 or above was used to 
define CUD status.40

Use of other illicit drugs was measured at FU1 and FU2. 
Participants were asked about their use of other substances 

Figure 2 Design of the study. FU1, follow- up 1; FU2, follow- up 2; TBI, traumatic brain injury.

 on N
ovem

ber 8, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055986 on 21 July 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Matei VP, et al. BMJ Open 2022;12:e055986. doi:10.1136/bmjopen-2021-055986

Open access 

than alcohol, tobacco and cannabis in the previous 12 
months. Questions included use of natural hallucinogens 
(magic mushrooms, psilocybin, peyote, mescaline); other 
hallucinogens (eg, LSD - lysergic acid diethylamide, PSP/
angeldust - phencyclidine, 2- CB - 2,5- dimethoxy- 4- brom
ophenethylamine, 2- CI - 2- (4- Iodo- 2,5- dimethoxyphenyl)
ethan- 1- amine); Salvia divinorum; speed; amphetamine, 
methamphetamine and amphetamine sulfate; crystal 
meth; poppers; solvent sniffing; ecstasy and MDMA 
(methylenedioxymethamphetamine); cocaine, crack 
and freebase; heroin; ketamine and dextromethorphan; 
GHB (gamma- hydroxybutyric acid)/GBL (gamma- 
butyrolactone)/1- 4 butanediol; research chemicals; and 
spices or similar substances. A dichotomous variable 
reflecting use versus no use of any of these substances was 
created.

Depression was assessed at both FU1 and FU2 with the 
Major Depression Inventory, which is based on the major 
depression symptoms of the 10th Edition of the Interna-
tional Classification of Diseases (ICD- 10).41 It consists of 
10 items (questions 8 and 10 have two subitems: ‘a’ and 
‘b’; the highest score of each subitem is used when calcu-
lating the final score) each evaluated on a 6- point scale 
from 0 ‘At no time’ to 5 ‘All the time’, gathering a total 
possible score of 50 points. The cut- off of 26 proposed by 
Bech et al41 to diagnose was used to define moderate or 
more severe depression.

Individual differences in sensation seeking at baseline 
and FU2 were assessed using the eight- item Brief Sensa-
tion Seeking Scale.42 Each item was evaluated on a 5- point 
scale ranging from 1 ‘strongly disagree’ to 5 ‘strongly 
agree’. A mean score ranging from 1 to 5 was computed 
so that high scores reflect high levels of sensation seeking.

Individual differences in anxiety- neuroticism, socia-
bility and aggression- hostility were measured using 
the cross- cultural shortened form of the Zuckerman- 
Kuhlman Personality Questionnaire43 at baseline and 
FU2. Each scale comprised 10 items in a true/false format. 
A summary score ranging from 0 to 10 was computed 
so that high scores reflect high levels of the measured 
personality trait.

Sociodemographics included highest level of achieved 
education (primary schooling: 9 years; vocational training: 
>9–12 years; postsecondary schooling: 13 years or more 
including high school, which can be only 12 years in some 
cantons), age and linguistic region.

Statistical analysis
Descriptive statistics were used to characterise the sample. 
First, we explored the putative risk factors for developing 
TBI using new cases (n=102) and non- TBI (n=3919) using 
logistic regression. As a first step, simple logistic regres-
sion was used to test the bivariate associations of each 
predictor variable with TBI new cases (model 1). Then, 
all associations were adjusted for sociodemographics 
(age, highest level of education and linguistic region) in 
model 2. Results were reported using OR and the corre-
sponding 95% CI.

Second, to explore whether TBI was a risk factor 
predicting future conditions, we tested whether previous 
TBI (n=860) versus non- TBI (n=3919) was associated with 
the criterion variables at FU2 (AUD, ND, CUD, other illicit 
drug use, depression, personality traits). Three regres-
sion models were used for each criterion variable. Model 
1 (bivariate) tested the bivariate association of previous 
TBI (vs non- TBI). Model 2 (baseline adjustment) tested 
the association of previous TBI (vs non- TBI), adjusted for 
FU1 (or baseline) values of the criterion variable. Base-
line adjustment allows the removal of the stable portion 
of the criterion variable so that the association of previous 
TBI can be interpreted as prediction of relative change in 
the criterion variables.44 Model 3 (fully adjusted) tested 
the association of previous TBI (vs non- TBI), adjusted for 
baseline values of the criterion variable, for FU1 (or base-
line) variables significant in the analyses on risk factors 
for TBI and for sociodemographics. Dichotomous crite-
rion variables were analysed using logistic regression and 
continuous criterion variables using linear regression. 
Although continuous variables were not normally distrib-
uted (Shapiro- Wilk=0.001), assumptions of linear regres-
sion (normality of residuals and homoscedasticity) and 
logistic regression showed no violations. OR (for logistic 
regression) and unstandardised coefficients (for linear 
regression) and the corresponding 95% CI were reported 
for each model. Statistically significant values were consid-
ered at p<0.05. All analyses were performed using IBM 
SPSS Statistics V.26.

RESULTS
Descriptive statistics for the samples
Participants with missing values on at least one of the 
variables of interest (n=635, 11.5%) were excluded. 
Compared with participants with missing values, 
complete cases were significantly more often German- 
speaking, more educated, less likely to report use of 
other illicit drugs, AUD, ND and CUD, were younger, 
and reported lower levels of aggression- hostility at FU1 
(all p<0.027).

The final analytical sample comprised 4881 cases. From 
this sample, a total of 3919 (80.3%) participants reported 
to never have had TBI (non- TBI) and 962 (19.7%) had 
suffered TBI at some point in their life by the age of 25. 
A total of 102 (2.1%) reported to have had TBI in the last 
12 months (TBI new cases), whereas 860 (17.6%) had TBI 
during their lifetime but not in the 12 months preceding 
FU2 (previous TBI). The mean age of the total sample 
was 21.29 years (SD=1.26) at FU1 and 25.43 (SD=1.25) 
at FU2. Descriptive statistics of non- TBI, TBI new cases 
and previous TBI, together with the n and percentage 
for substance use disorders, depression, education and 
linguistic region, and the mean and SD for age, sensation 
seeking, anxiety- neuroticism, sociability and aggression- 
hostility scores, are listed in table 1.
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Putative risk factors for TBI
The results of the logistic regression models of the risk 
factors for TBI are reported in table 2. In bivariate anal-
yses (model 1), vocational training and primary schooling 
(as opposed to postsecondary schooling), ND, depression, 
sociability, aggression- hostility and sensation seeking were 

significantly associated with increased odds of new cases 
of TBI. Adjusting for sociodemographics in model 2 did 
not alter the results.

Table 2 Putative risk factors for TBI

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Age 1.06 (0.91 to 1.23) 1.06 (0.90 to 1.25)

French- speaking linguistic region (reference: German) 0.75 (0.51 to 1.12) 0.77 (0.51 to 1.17)

Education

  Primary schooling 3.96 (2.11 to 7.41) 3.93 (2.10 to 7.36)

  Vocational training 2.36 (1.50 to 3.73) 2.25 (1.42 to 3.58)

  Postsecondary schooling Reference category Reference category

AUD 1.67 (0.94 to 2.97) 1.69 (0.95 to 3.01)

CUD 1.32 (0.68 to 2.56) 1.19 (0.61 to 2.32)

ND 2.14 (1.37 to 3.33) 1.72 (1.09 to 2.71)

Use of other illicit drugs 1.24 (0.68 to 2.23) 1.21 (0.67 to 2.19)

Depression 3.12 (1.48 to 6.59) 2.87 (1.35 to 6.11)

Sociability 1.18 (1.07 to 1.30) 1.18 (1.07 to 1.30)

Neuroticism- anxiety 1.04 (0.95 to 1.14) 1.04 (0.94 to 1.14)

Aggression- hostility 1.16 (1.07 to 1.27) 1.15 (1.06 to 1.26)

Sensation seeking 1.36 (1.07 to 1.73) 1.33 (1.04 to 1.68)

Statistically significant results are presented in bold.
Model 1: bivariate associations; model 2: adjusted for age, linguistic region and highest level of achieved education.
AUD, alcohol use disorder; CUD, cannabis use disorder; ND, nicotine dependence; TBI, traumatic brain injury.

Table 3 Consequences of TBI

Dichotomous outcomes

Model 1 Model 2 Model 3

OR 95% CI P value OR 95% CI P value OR 95% CI P value

AUD 1.39 1.09 to 1.77 0.007 1.29 1.00 to 1.67 0.051 1.12 0.86 to 1.46 0.399

ND 1.61 1.33 to 1.94 <0.001 1.56 1.24 to 1.95 <0.001 1.46 1.16 to 1.83 0.001

CUD 1.49 1.17 to 1.91 0.001 1.25 0.92 to 1.69 0.16 1.15 0.84 to 1.56 0.39

Use of other illicit drugs 1.27 1.03 to 1.56 0.023 1.10 0.87 to 1.38 0.434 1.01 0.80 to 1.27 0.951

Depression 2.40 1.77 to 3.27 <0.001 2.20 1.60 to 3.04 <0.001 2.16 1.56 to 2.99 <0.001

Continuous outcomes B 95% CI P value B 95% CI P value B 95% CI P value

Sociability 0.14 −0.02 to 0.31 0.087 0.07 −0.07 to 0.22 0.312 0.08 −0.06 to 0.22 0.269

Neuroticism- anxiety 0.16 <0.00 to 0.32 0.053 0.16 0.02 to 0.30 0.025 0.12 −0.02 to 0.26 0.087

Aggression- hostility 0.31 0.16 to 0.47 <0.001 0.18 0.04 to 0.32 0.01 0.14 >0.00 to 0.28 0.046

Sensation seeking 0.12 0.07 to 0.18 <0.001 0.03 −0.02 to 0.08 0.227 0.03 −0.02 to 0.08 0.255

Statistically significant results are presented in bold.
Model 1: bivariate associations; model 2: adjusted for FU1 (or baseline) values of the criterion variable; model 3: adjusted for 
FU1 (or baseline) values of the criterion variable and for FU1 (or baseline) variables significant in the analyses on risk factors 
for TBI and for sociodemographics (ND, depression, sociability, aggression- hostility, sensation seeking, age, highest level of 
achieved education, linguistic region).
AUD, alcohol use disorder; CUD, cannabis use disorder; FU1, follow- up 1; ND, nicotine dependence; TBI, traumatic brain 
injury.
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Consequences of TBI
The results of the analyses of the consequences of previous 
TBI (TBI before 12 months preceding FU2) are reported 
in table 3. In bivariate analyses (model 1), as opposed to 
non- TBI, previous TBI was associated with increased odds 
of reporting AUD, ND, CUD, use of other illicit drugs 
and depression and higher scores in aggression- hostility 
and sensation seeking. In model 2 (baseline adjust-
ment), only the associations of previous TBI with ND, 
depression and aggression- hostility remained significant, 
whereas the positive association with neuroticism- anxiety 
became significant. In model 3 (fully adjusted), adjusted 
for FU1 (or baseline) values of the criterion variable, for 
FU1 (or baseline) variables significant in the analyses on 
risk factors for TBI and for sociodemographics, only the 
associations of previous TBI with ND, depression and 
aggression- hostility remained significant.

DISCUSSION
The results of our study indicate that an important 
number of young men are affected by TBI. Out of 4881 
subjects analysed, 962 (19.7%) had suffered TBI at some 
point in their life by the age of 25. Of these, 102 (2.1%) 
occurred less than 1 year before questioning (1- year inci-
dence), which matches the data from similar studies.45 
The higher prevalence found by our study compared with 
that found by examining medical records is most likely 
the consequence of using self- report questionnaires, as 
patients tend to report more symptoms of TBI on ques-
tionnaires than in open interviews.46

Our paper is one of the few that simultaneously assessed 
the risk factors and the consequences of TBI in the same 
cohort in order to ascertain the interplay between the two 
and the potential implications. To the best of our knowl-
edge, this is the first time that the premorbid personality 
of TBI victims is assessed by standardised psychometric 
instruments. Of the parameters evaluated, sociability 
and sensation seeking were unidirectionally associated 
with TBI (being risk factors for but not consequences of 
TBI), while ND, depression and aggression- hostility were 
bidirectionally related (risk factors for and consequences 
of TBI). Thus, correctly identifying and mitigating these 
factors in vulnerable populations should be prioritised 
for both primary and secondary prevention.

Risk factors for TBI
We used educational attainment as a partial proxy for 
cognitive functioning31 and socioeconomic status,47 which 
are known risk factors for TBI,27 and found low educa-
tional attainment to be a major predictor of future TBI.

Depression is documented as a major predictor of 
TBI11 17 and our results are in line with previous research. 
Impaired serotoninergic function is a putative cause of 
depressive disorders and is also associated with aggres-
sion and drug abuse.48 Thus, it can be speculated that 
individuals at risk of TBI may suffer from a pre- existent 
dysfunction in serotonin neurotransmission, which may 

be involved both in mood and impulse control, which 
may be further heightened by TBI.49

We found that particular personality traits carry an 
increased risk of TBI, namely high sociability, aggression- 
hostility and sensation seeking. This is not surprising as 
high scores in these dimensions are independent predic-
tors of high- risk behaviours that can lead to TBI. In partic-
ular, all three traits are related to alcohol consumption, 
high aggression- hostility is related to reckless driving, and 
drug use is related to high sensation seeking.50

Participants with AUD and CUD or who used other 
illicit drugs had higher odds of suffering from TBI than 
patients without TBI, but the difference was not statis-
tically significant. However, it must be noted that our 
sample size of TBI victims with substance use disorders was 
relatively small. Previous studies have yielded conflicting 
results: while most studies reported substance use disor-
ders to be highly prevalent preinjury,11 51 some found no 
association.52 Only ND has been significantly associated 
with increased risk of TBI in our study population, which 
is consistent with results from previous studies.9 The statis-
tical significance of ND may be partly due to the higher 
number of subjects with ND as opposed to the relatively 
low number of subjects with AUD, CUD or other types of 
substance disorders in our cohort.

Consequences of TBI
Depression was a major consequence of TBI in our studied 
population even after controlling for pre- existing depres-
sive disorder and other potential confounders such as low 
education, personality traits and substance abuse. Depres-
sion might be a consequence of a decline in quality of life 
and functionality, but its prevalence does not seem to be 
related to injury severity53 as one would expect if this were 
the case. Another explanation is that post- TBI depression 
is the result of trauma- induced neurotransmitter imbal-
ances and alteration of neural circuit plasticity.49 Antide-
pressant drugs are efficient in treating depression,54 and 
it stands to reason that adequately conducted treatment 
should reduce the risk of TBI; however, concrete data on 
this topic are not available.

Changes in personality following TBI have been widely 
documented. Poor impulse control, affective instability 
and emotional lability are all common.55 Our study found 
that previous TBI is associated with higher scores in 
aggression- hostility, even after baseline adjustment. This 
suggests that TBI may lead to long- lasting changes in 
personality that can further diminish the patient’s quality 
of life and prospects of recovery. One possible explana-
tion is that trauma causes a long- term decrease in sero-
tonin neurotransmission, which leads to poor impulse 
control and depression.56 An additional argument for 
this theory is the fact that selective serotonin reuptake 
inhibitors have shown some efficacy in treating post- TBI 
aggression,57 but this could also be due to the alleviation 
of depressive symptoms, which are known to compound 
aggression in TBI.58
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In our study population, previous TBI has not been asso-
ciated in a statistically significant manner with subsequent 
alcohol, cannabis or other drug- related disorders, but was 
associated with higher rates of ND. Other longitudinal 
studies suggest that alcohol and substance use briefly 
decreases after an injury and tends to gradually return 
to baseline levels.21 22 ND was higher among victims of 
TBI than in non- TBI, even when accounting for baseline 
use, which is consistent with previous studies.9 A potential 
explanation is the potential of nicotine to attenuate TBI- 
induced cognitive deficit secondary to neurobiological 
alterations in the expression of the nicotinic cholinergic 
receptor.59 However, this does not explain increased ND 
preinjury.

Limitations
Our study has several limitations, mostly pertaining to the 
studied cohort. While young men are more often affected 
by TBI, the epidemiological patterns and consequences 
of TBI in this population are not necessarily shared by 
other demographic groups. Female victims differ signifi-
cantly in measures of severity and mortality.60 Similarly, 
elderly patients exhibit markedly different causes and 
outcomes of TBI than the young.61 There were signifi-
cant differences in FU1 variables between participants 
who did and did not complete the FU2 questionnaire 
and between participants included in the analyses and 
those excluded due to missing values. This may be indic-
ative of a possible selection bias. Another shortcoming 
was the small number of new TBI cases with alcohol and 
drug use disorders, which did not allow us to draw defin-
itive conclusions regarding their status as a risk factor 
for TBI, as well as the absence of data on other known 
risk factors such as socioeconomic status and race. Social 
deprivation not only increases the odds of suffering from 
TBI, but also significantly influences patterns of care and 
recovery.61 As we enquired only about TBI that involved 
loss of consciousness, our results might not be entirely 
applicable to mild cases without altered consciousness. 
The lack of information on the experience of previous 
TBI, the cause of trauma, the time passed since the 
injury and the severity and management of physical and 
neurological sequelae may generate significant hetero-
geneity in our cohort. We also cannot exclude that the 
lack of accounting for unmeasured confounding factors 
(eg, previous TBI, medications, attention deficit hyper-
activity disorder, race, socioeconomic status), as well as 
measurement errors of some measured confounders, may 
partially have biased the results. Furthermore, measures 
were self- reported and thus subject to memory and social 
desirability biases.

Using the simple imputation method of LOCF for 
some variables missing at FU1 could render biased results 
and this should be taken into consideration when inter-
preting our results. For example, depression or substance 
use disorder which are not constant over time as risk 
factors for TBI. On the other hand, we did not consider 

the application of LOCF for sociodemographic character-
istics to increase the risk of bias.

CONCLUSION
Our study offers a unique longitudinal perspective on the 
relationship between the risk factors for and the conse-
quences of TBI in a cohort of young men. In doing so, 
we hope to outline the parameters that can be targeted 
by therapeutic interventions in order to reduce the risk 
of sustaining such an injury and mitigate its long- term 
impact where it has already occurred. Screening for 
and treating depressive disorders may be among the 
most effective measures for both primary and secondary 
prevention of TBI. Conversely, screening for TBI when 
encountering patients with depression, substance abuse 
and personality changes should be strongly considered. 
However, other factors, especially those pertaining to 
educational attainment and personality traits, are more 
challenging to intervene on. Further studies are needed 
in order to formulate a more comprehensive manage-
ment strategy for TBI.

Contributors VPM designed the study. VPM, AER, ANP and RMP wrote the article. 
JS, GG and J- BD reviewed the manuscript and gave final approval for publication. 
VPM was the guarantor for the study.

Funding This work was supported by the Swiss National Science Foundation 
(grant numbers FN 33CS30_177519, FN 33CS30_148493, FN 33CS30_139467, FN 
33CSC0- 122679).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval This study involves human participants and the Cohort Study 
on Substance Use Risk Factors was approved by the Lausanne University Medical 
School’s Ethics Committee for Clinical Research (reference number 15/07). 
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Alexandru Neculai Pavel http://orcid.org/0000-0002-6721-4754
Gerhard Gmel http://orcid.org/0000-0001-9403-9405
Jean- Bernard Daeppen http://orcid.org/0000-0001-7059-1393
Joseph Studer http://orcid.org/0000-0002-1390-7707

REFERENCES
 1 Menon DK, Schwab K, Wright DW, et al. Position statement: 

definition of traumatic brain injury. Arch Phys Med Rehabil 
2010;91:1637–40.

 2 Majdan M, Plancikova D, Brazinova A, et al. Epidemiology of 
traumatic brain injuries in Europe: a cross- sectional analysis. Lancet 
Public Health 2016;1:e76–83.

 3 Majdan M, Plancikova D, Maas A, et al. Years of life lost due to 
traumatic brain injury in Europe: a cross- sectional analysis of 16 
countries. PLoS Med 2017;14:e1002331.

 on N
ovem

ber 8, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055986 on 21 July 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6721-4754
http://orcid.org/0000-0001-9403-9405
http://orcid.org/0000-0001-7059-1393
http://orcid.org/0000-0002-1390-7707
http://dx.doi.org/10.1016/j.apmr.2010.05.017
http://dx.doi.org/10.1016/S2468-2667(16)30017-2
http://dx.doi.org/10.1016/S2468-2667(16)30017-2
http://dx.doi.org/10.1371/journal.pmed.1002331
http://bmjopen.bmj.com/


9Matei VP, et al. BMJ Open 2022;12:e055986. doi:10.1136/bmjopen-2021-055986

Open access

 4 Gavett BE, Stern RA, Cantu RC, et al. Mild traumatic brain injury: a 
risk factor for neurodegeneration. Alzheimers Res Ther 2010;2:18.

 5 Rapoport MJ, McCullagh S, Shammi P, et al. Cognitive 
impairment associated with major depression following mild and 
moderate traumatic brain injury. J Neuropsychiatry Clin Neurosci 
2005;17:61–5.

 6 Perry DC, Sturm VE, Peterson MJ. Association of traumatic brain 
injury with subsequent neurological and psychiatric disease: a 
meta- analysis and psychiatric disease: a meta- analysis. J Neurosurg 
2017;124:511–26.

 7 Koponen S, Taiminen T, Portin R, et al. Axis I and II psychiatric 
disorders after traumatic brain injury: a 30- year follow- up study. Am J 
Psychiatry 2002;159:1315–21.

 8 Himanen L, Portin R, Isoniemi H, et al. Longitudinal cognitive 
changes in traumatic brain injury: a 30- year follow- up study. 
Neurology 2006;66:187–92.

 9 Ilie G, Adlaf EM, Mann RE. Associations between a history of 
traumatic brain injuries and current cigarette smoking, substance 
use, and elevated psychological distress in a population sample of 
Canadian adults. J Neurotrauma Published Online First 2015.

 10 Warriner EM, Velikonja D. Psychiatric disturbances after traumatic 
brain injury: neurobehavioral and personality changes. Curr 
Psychiatry Rep 2006;8:73–80.

 11 Hibbard MR, Uysal S, Kepler K, et al. Axis I psychopathology in 
individuals with traumatic brain injury. J Head Trauma Rehabil 
1998;13:24–39.

 12 Corrigan JD. Substance abuse as a mediating factor in outcome 
from traumatic brain injury. Arch Phys Med Rehabil 1995;76:302–9.

 13 Hibbard MR, Bogdany J, Uysal S, et al. Axis II psychopathology in 
individuals with traumatic brain injury. Brain Inj 2000;14:45–61.

 14 Bruns J, Hauser WA. The epidemiology of traumatic brain injury: a 
review. Epilepsia 2003;44:2–10.

 15 Theadom A, Parmar P, Jones K. Frequency and impact of recurrent 
traumatic brain injury in a population- based sample. J Neurotrauma 
2015;32:674–81.

 16 Dahmer ER, Shilling MA, Hamilton BB, et al. A model systems 
database for traumatic brain injury. J Head Trauma Rehabil 
1993;8:12–25.

 17 Vassallo JL, Proctor- Weber Z, Lebowitz BK, et al. Psychiatric risk 
factors for traumatic brain injury. Brain Inj 2007;21:567–73.

 18 van Reekum R, Cohen T, Wong J. Can traumatic brain injury 
cause psychiatric disorders? J Neuropsychiatry Clin Neurosci 
2000;12:316–27.

 19 Ruiz MA, Pincus AL, Schinka JA. Externalizing pathology and the 
five- factor model: a meta- analysis of personality traits associated 
with antisocial personality disorder, substance use disorder, and their 
co- occurrence. J Pers Disord 2008;22:365–88.

 20 West SL. Substance use among persons with traumatic brain injury: 
a review. NeuroRehabilitation 2011;29:1–8.

 21 Beaulieu- Bonneau S, St- Onge F, Blackburn M- C, et al. Alcohol and 
drug use before and during the first year after traumatic brain injury. J 
Head Trauma Rehabil 2018;33:E51–60.

 22 Ponsford J, Whelan- Goodinson R, Bahar- Fuchs A. Alcohol and drug 
use following traumatic brain injury: a prospective study. Brain Inj 
2007;21:1385–92.

 23 Wagner AK, Sasser HC, Hammond FM, et al. Intentional traumatic 
brain injury: epidemiology, risk factors, and associations with injury 
severity and mortality. J Trauma 2000;49:404–10.

 24 Numminen HJ. The incidence of traumatic brain injury in an adult 
population--how to classify mild cases? Eur J Neurol 2011;18:460–4.

 25 Mauritz W, Wilbacher I, Majdan M, et al. Epidemiology, treatment 
and outcome of patients after severe traumatic brain injury in 
European regions with different economic status. Eur J Public Health 
2008;18:575–80.

 26 Fann JR, Leonetti A, Jaffe K, et al. Psychiatric illness and subsequent 
traumatic brain injury: a case control study. J Neurol Neurosurg 
Psychiatry 2002;72:615–20.

 27 Nordström A, Edin BB, Lindström S, et al. Cognitive function and 
other risk factors for mild traumatic brain injury in young men: 
nationwide cohort study. BMJ 2013;346:f723.

 28 Chang VC, Ruseckaite R, Collie A, et al. Examining the epidemiology 
of work- related traumatic brain injury through a sex/gender lens: 
analysis of workers' compensation claims in Victoria, Australia. 
Occup Environ Med 2014;71:695–703.

 29 Iverson KM, Hendricks AM, Kimerling R. NIH public access. , 
2012: 21, 1–14.

 30 Raukar NP, Zonfrillo MR, Kane K, et al. Gender- and sex- specific 
sports- related injury research in emergency medicine: a consensus 
on future research direction and focused application. Acad Emerg 
Med 2014;21:1370–9.

 31 Okbay A, Beauchamp JP, Fontana MA. Genome- Wide association 
study identifies 74 loci associated with educational attainment. 
Nature 2016;533:539–42.

 32 Gmel G, Akre C, Astudillo M, et al. The Swiss cohort study 
on substance use risk factors – findings of two waves. Sucht 
2015;61:251–62.

 33 Baggio S, Studer J, Mohler- Kuo M, et al. Profiles of drug users in 
Switzerland and effects of early- onset intensive use of alcohol, 
tobacco and cannabis on other illicit drug use. Swiss Med Wkly 
2013;143:w13805.

 34 Studer J, Baggio S, Mohler- Kuo M, et al. Examining non- response 
bias in substance use research--are late respondents proxies for 
non- respondents? Drug Alcohol Depend 2013;132:316–23.

 35 Ilie G, Mann RE, Boak A, et al. Suicidality, bullying and other conduct 
and mental health correlates of traumatic brain injury in adolescents. 
PLoS One 2014;9:e94936–15.

 36 American Psychiatric Association. Diagnostic and statistical manual 
of mental disorders (DSM- 5®) American Psychiatric Pub; 2013.

 37 Knight JR, Wechsler H, Kuo M, et al. Alcohol abuse and 
dependence among U.S. college students. J Stud Alcohol 
2002;63:263–70.

 38 Heatherton TF, Kozlowski LT, Frecker RC, et al. The Fagerström test 
for nicotine dependence: a revision of the Fagerström tolerance 
questionnaire. Br J Addict 1991;86:1119–27.

 39 Fagerstrom KO, Heatherton TF, Kozlowski LT. Nicotine addiction and 
its assessment. Ear Nose Throat J 1990;69:763–5.

 40 Adamson SJ, Sellman JD. A prototype screening instrument for 
cannabis use disorder: the cannabis use disorders identification test 
(CUDIT) in an alcohol- dependent clinical sample. Drug Alcohol Rev 
2003;22:309–15.

 41 Bech P, Timmerby N, Martiny K, et al. Psychometric evaluation of 
the major depression inventory (MDI) as depression severity scale 
using the lead (longitudinal expert assessment of all data) as index of 
validity. BMC Psychiatry 2015;15:1–7.

 42 Hoyle RH, Stephenson MT, Palmgreen P, et al. Reliability and 
validity of a brief measure of sensation seeking. Pers Individ Dif 
2002;32:401–14.

 43 Aluja A, Rossier J, García LF, Kuhlman M, Zuckerman M, et al. A 
cross- cultural shortened form of the ZKPQ (ZKPQ- 50- cc) adapted 
to English, French, German, and Spanish languages. Pers Individ Dif 
2006;41:619–28.

 44 Selig JP, Preacher KJ, Little TD. Modeling time- dependent 
association in longitudinal data: a lag as Moderator approach. 
Multivariate Behav Res 2012;47:697–716.

 45 Gerritsen H, Samim M, Peters H, et al. Incidence, course and risk 
factors of head injury: a retrospective cohort study. BMJ Open 
2018;8:e020364–8.

 46 Iverson GL, Brooks BL, Ashton VL, et al. Interview versus 
questionnaire symptom reporting in people with the postconcussion 
syndrome. J Head Trauma Rehabil 2010;25:23–30.

 47 de Zeeuw EL, Kan K- J, van Beijsterveldt CEM, et al. The moderating 
role of Ses on genetic differences in educational achievement in the 
Netherlands. NPJ Sci Learn 2019;4:13.

 48 Gingrich JA, Hen R. Dissecting the role of the serotonin 
system in neuropsychiatric disorders using knockout mice. 
Psychopharmacology 2001;155:1–10.

 49 McGuire JL, Ngwenya LB, McCullumsmith RE. Neurotransmitter 
changes after traumatic brain injury: an update for new treatment 
strategies. Mol. Psychiatry 2019.

 50 Zuckerman M, Questionnaire Z- KP. Zuckerman- Kuhlman personality 
questionnaire (ZKPQ): an alternative five- factorial model. Big Five 
Assess 2002.

 51 Bombardier CH, Rimmele CT, Zintel H. The magnitude and correlates 
of alcohol and drug use before traumatic brain injury. Arch Phys Med 
Rehabil 2002;83:1765–73.

 52 Tait RJ, Anstey KJ, Butterworth P. Incidence of self- reported brain 
injury and the relationship with substance abuse: findings from a 
longitudinal community survey. BMC Public Health 2010;10:171.

 53 Washington PM, Forcelli PA, Wilkins T. The effect of injury severity on 
behavior: a phenotypic study of cognitive and emotional deficits after 
mild, moderate, and severe controlled cortical impact injury in mice. 
J Neurotrauma 2012;29:2283–96.

 54 Cipriani A, Furukawa TA, Salanti G, et al. Comparative efficacy and 
acceptability of 21 antidepressant drugs for the acute treatment 
of adults with major depressive disorder: a systematic review and 
network meta- analysis. Lancet 2018;391:1357–66.

 55 Prigatano GP. Personality disturbances associated with traumatic 
brain injury. J Consult Clin Psychol 1992;60:360–8.

 56 Abe K, Shimada R, Okada Y. Traumatic brain injury decreases 
serotonin transporter expression in the rat cerebrum. Neurol Res 
2016;38:358–63.

 on N
ovem

ber 8, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055986 on 21 July 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1186/alzrt42
http://dx.doi.org/10.1176/jnp.17.1.61
http://dx.doi.org/10.3171/2015.2.JNS14503.Traumatic
http://dx.doi.org/10.1176/appi.ajp.159.8.1315
http://dx.doi.org/10.1176/appi.ajp.159.8.1315
http://dx.doi.org/10.1212/01.wnl.0000194264.60150.d3
http://dx.doi.org/10.1089/neu.2014.3619
http://dx.doi.org/10.1007/s11920-006-0083-2
http://dx.doi.org/10.1007/s11920-006-0083-2
http://dx.doi.org/10.1097/00001199-199808000-00003
http://dx.doi.org/10.1016/S0003-9993(95)80654-7
http://dx.doi.org/10.1080/0269905001209161
http://dx.doi.org/10.1046/j.1528-1157.44.s10.3.x
http://dx.doi.org/10.1089/neu.2014.3579
http://dx.doi.org/10.1097/00001199-199308020-00004
http://dx.doi.org/10.1080/02699050701426832
http://dx.doi.org/10.1176/appi.neuropsych.12.3.316
http://dx.doi.org/10.1521/pedi.2008.22.4.365
http://dx.doi.org/10.3233/NRE-2011-0671
http://dx.doi.org/10.1097/HTR.0000000000000341
http://dx.doi.org/10.1097/HTR.0000000000000341
http://dx.doi.org/10.1080/02699050701796960
http://dx.doi.org/10.1097/00005373-200009000-00004
http://dx.doi.org/10.1111/j.1468-1331.2010.03179.x
http://dx.doi.org/10.1093/eurpub/ckn079
http://dx.doi.org/10.1136/jnnp.72.5.615
http://dx.doi.org/10.1136/jnnp.72.5.615
http://dx.doi.org/10.1136/bmj.f723
http://dx.doi.org/10.1136/oemed-2014-102097
http://dx.doi.org/10.1111/acem.12535
http://dx.doi.org/10.1111/acem.12535
http://dx.doi.org/10.1038/nature17671
http://dx.doi.org/10.1024/0939-5911.a000380
http://dx.doi.org/10.4414/smw.2013.13805
http://dx.doi.org/10.1016/j.drugalcdep.2013.02.029
http://dx.doi.org/10.1371/journal.pone.0094936
http://dx.doi.org/10.15288/jsa.2002.63.263
http://dx.doi.org/10.1111/j.1360-0443.1991.tb01879.x
http://www.ncbi.nlm.nih.gov/pubmed/2276350
http://dx.doi.org/10.1080/0959523031000154454
http://dx.doi.org/10.1186/s12888-015-0529-3
http://dx.doi.org/10.1016/S0191-8869(01)00032-0
http://dx.doi.org/10.1016/j.paid.2006.03.001
http://dx.doi.org/10.1080/00273171.2012.715557
http://dx.doi.org/10.1136/bmjopen-2017-020364
http://dx.doi.org/10.1097/HTR.0b013e3181b4b6ab
http://dx.doi.org/10.1038/s41539-019-0052-2
http://dx.doi.org/10.1007/s002130000573
http://dx.doi.org/10.1038/s41380-018-0239-6
http://dx.doi.org/10.1016/B978-008044209-9/50005-1
http://dx.doi.org/10.1016/B978-008044209-9/50005-1
http://dx.doi.org/10.1053/apmr.2002.36085
http://dx.doi.org/10.1053/apmr.2002.36085
http://dx.doi.org/10.1186/1471-2458-10-171
http://dx.doi.org/10.1089/neu.2012.2456
http://dx.doi.org/10.1016/S0140-6736(17)32802-7
http://dx.doi.org/10.1037/0022-006X.60.3.360
http://dx.doi.org/10.1080/01616412.2015.1110402
http://bmjopen.bmj.com/


10 Matei VP, et al. BMJ Open 2022;12:e055986. doi:10.1136/bmjopen-2021-055986

Open access 

 57 Plantier D, Luauté J, SOFMER group. Drugs for behavior disorders 
after traumatic brain injury: systematic review and expert consensus 
leading to French recommendations for good practice. Ann Phys 
Rehabil Med 2016;59:42–57.

 58 Tateno A, Jorge RE, Robinson RG. Clinical correlates of aggressive 
behavior after traumatic brain injury. J Neuropsychiatry Clin Neurosci 
2003;15:155–60.

 59 Verbois SL, Hopkins DM, Scheff SW, et al. Chronic intermittent 
nicotine administration attenuates traumatic brain injury- induced 
cognitive dysfunction. Neuroscience 2003;119:1199–208.

 60 Munivenkatappa A, Agrawal A, Shukla DP, et al. Traumatic brain 
injury: does gender influence outcomes? Int J Crit Illn Inj Sci 
2016;6:70–3.

 61 Thompson HJ, McCormick WC, Kagan SH. Traumatic brain injury in 
older adults: epidemiology, outcomes, and future implications. J Am 
Geriatr Soc 2006;54:1590–5.

 on N
ovem

ber 8, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055986 on 21 July 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.rehab.2015.10.003
http://dx.doi.org/10.1016/j.rehab.2015.10.003
http://dx.doi.org/10.1176/jnp.15.2.155
http://dx.doi.org/10.1016/S0306-4522(03)00206-9
http://dx.doi.org/10.4103/2229-5151.183024
http://dx.doi.org/10.1111/j.1532-5415.2006.00894.x
http://dx.doi.org/10.1111/j.1532-5415.2006.00894.x
http://bmjopen.bmj.com/

	Risk factors and consequences of traumatic brain injury in a Swiss male population cohort
	ABSTRACT
	Introduction
	Methods
	Study design and participants
	Patient and public involvement
	Design of the study
	Measures
	Statistical analysis

	Results
	Descriptive statistics for the samples
	Putative risk factors for TBI
	Consequences of TBI

	Discussion
	Risk factors for TBI
	Consequences of TBI
	Limitations

	Conclusion
	References


