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ABSTRACT
We identify the effect of concussions on future salaried income among Danes aged 30-49 years.
Using administrative data and hospital and emergency room records for the full population of
Denmark we identify all individuals without a history of concussion the previous ten-year period
who experienced a concussion between 2003-2016 and (n=22,405 individuals). Using a quasiexperimental, difference-in-difference event time study design, we find that concussion caused a
decrease in annual salaried income of up to € 1,141 (95% CI, -1,556; -726), corresponding to a
salary decrease of 3.5 percent on average, with younger and less educated workers suffering larger
salary decreases than others did. Affected individuals leaving the labor force drove the main part of
the decrease. Further, absolute effect sizes were countercyclical to the unemployment rate. The
annual loss of salary for our sample alone was more than €10,000,000.
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SIGNIFICANCE STATEMENT
Concussion is the most frequently occurring form of traumatic brain injury. Yet, the economic
impact of concussion remains unclear. This study uses a large patient cohort and applies a robust,
quasi-experimental, difference-in-difference event time design to study the effect of concussion on
salary among peak working age adults in a highly developed economy. Our data shows that
concussion has a large impact on salary and employment on a nationwide scale, leading to a 3.5
percent decrease in salary among those who suffer it. A conservative estimate places the loss of
salary for our sample alone at more than €10,000,000 a year.
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INTRODUCTION
Mild traumatic brain injuries (TBI) such as concussions have considerable impact on patients’ lives,
both short- and long-term. Concussion symptoms include, but are not limited to, confusion,
headaches, mental fatigue, nausea, tiredness, memory problems, and dizziness (1-5). Immediate
symptoms may last for days or even weeks, and concussions are associated with several debilitating
comorbidities such as depression (6). Concussion symptoms and comorbidities may affect people’s
productivity and ability to work (7,8), and can lead to at least short-term unemployment or absence
from work (9,10) and is associated with an increased long-term risk of serious neurological and
psychiatric conditions (1,2,4). Further, clinical practice has long been to encourage patients to
restrict social, mental, and physical activity in the weeks following a concussion (see 11 for
review), although recent studies now suggest that inactivity may prolong symptoms (12-14). Thus,
both symptoms of concussion, comorbidities, and the suggested treatment are associated with shortor long-term absence from work, and after returning to work people may exhibit lower productivity.
Yet, research on the economic burden to individuals and society of concussions and mild to
moderate traumatic brain injuries remains limited (15).
Although it is evident that concussions likely affect productivity and labor market outcomes,
few studies have sought to estimate a causal effect of concussions on labor market activity. Instead,
likely due to data limitations and the nature of concussion as an incident, researchers have relied on
case-control or cohort-study approach (10,12,16,17). Whereas such studies provide valuable
evidence on employment and labor market outcomes among those who have suffered concussions,
they are less informative on the effect of a concussion on labor market outcomes. Recent studies
relying on event time approaches have documented that other health-related incidences can have
long term consequences for labor market outcomes (18,19). Yet at present, we know little about
how concussions affect individuals’ activities in the labor market.
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We examine how concussions causally affects salary and labor supply of prime age
individuals without any recent history of TBI in Denmark, a representative north-European
industrial nation. We use administrative longitudinal data linked with hospital and emergency room
diagnostic data on all Danes who received a primary diagnosis for concussion while they were
between 30-49 years of age at the start of the year. To address the problem of confounding bias in
those who are likely to suffer a concussion, we use a quasi-experimental, difference-in-differences
event-study approach where we compare individuals from the same cohorts who experience their
concussions at different time points. Under mild assumptions of parallel trends in wage progression
before the incidence of concussion and random timing of the concussion event within a five-year
time frame, the approach recovers a causal estimate of the impact of concussion on annual salary
among those likely to suffer concussions. We find that concussions lower subsequent salary with
3.5 percent, and that the effect is mainly driven by people exiting not only employment but also the
labor force.
BACKGROUND
Concussion (ICD-10 code S06.0) is by far the most frequently occurring brain injury and can have
substantial short and long-term effects on peoples’ professional and social lives (1-4). In recent
decades, the diagnosis has received increased attention through highly publicized discussions about
the adverse effect of concussions on participants in semi- and fulltime professional contact sports
(20-22) and among soldiers returning from wartime service (23). Outside sports arenas and military
engagements, concussions also have high prevalence (24-29), with young children, adolescents, and
the elderly being most at risk (30). Young children are still developing basic motor skills and are at
higher risk of maltreatment (41), adolescents engage frequently in both athletics activities and risk
behavior (30,42), and the elderly have higher incidences of falls (30;33). However, incidence rates
among prime-working age adults (30-49 years of age) is also substantial (30).
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The Epidemiology of Mild TBI and Concussions
The terms mild TBI and concussion are often used interchangeably, although the diagnosis of mild
TBI is based primarily on the patient’s Glasgow Coma Scale and may include abnormalities in
standard structural imaging such as cerebral hemorrhage and contusion (34). Notwithstanding the
above, concussions should be considered a relevant subset of mild TBI. A series of studies have
captured the prevalence of TBIs, mild TBIs, and concussion using different forms of reporting [see
(28;30) for recent reviews]. with reported incident rates for TBIs ranging between 101 [Finland,
only including hospitalizations and fatalities (24)], 213.6 [Netherlands, only including ER visits,
hospitalizations, and fatalities (25)], 316 [Johannesburg, SA using surveys among inpatients in
catchment hospital (35;36)] 558 [Olmsted County, MN, US, using medical records linkage (26)],
and 790 per 100,000 persons [New Zealand, including a broad canvas of data sources (27)]. Mild
TBI accounts for about 70-94% of all TBI incidences (27;37). In Denmark, on average during the
period 1994 to 2016, 309 in 100,000 of all Danes were diagnosed annually with an intracranial
injury (ICD-10 code S06, ICD-8 code N85) at an emergency room or hospital, with concussions
(ICD-10 code S06.0, ICD-8 code N850) accounting for more than 85 percent of those incidences
(see Table 1). Thus, Danish prevalence rates appear in line with other studies using similar
sampling.
[Table 1 about here.]

Concussions and the Labor Market
The impact of concussion on employment and salary remains understudied and unclear. In a
systematic review of four studies on the association between mild TBI and return to work,
Cancelliere and colleagues (7) found that across most workers return to work within 3-6 months of
suffering a mild TBI, but that the long-term impact (more than one year after concussion) was not
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studied. In addition, included studies had small to medium sample sizes (n=99 to n=816), varied
measures of return to work, and contained both case-control and cohort design. None of the
reviewed studies used an experimental or quasi-experimental design to obtain a unconfounded
control group.
Using an inception cohort study design, Theadom and colleagues (16) collected follow up
data four years after mild TBI incidents on 245 New Zealanders who were employed prior to their
mild TBIs. They find a 3.6 percent productivity decline among those who suffered a concussion,
compared to a 2.3 population average decline. The group suffering mild TBI also reported more
difficulties carrying out work-related tasks. In a related study (5), Theadom and colleagues further
find that the mild TBI group had persisting cognitive symptoms four years after suffering their
concussion compared to an age-sex matched control group. Also using a case-control design and
data from Taiwan, Chu and colleagues examine the association between mild TBI and return to
work finding that one month after incident, 26 percent of patients had still not managed to return to
work, and a large share of those who did return scored below full-time employment on a work
quality index.
Previous work has demonstrated a clear association between concussions/mild TBIs and
negative labor market outcomes. Yet, questions concerning confounding remains to some extent
unaddressed, which makes a causal interpretation of the relationship difficult to assert. One major
hurdle is that studies lack suitable control observations. Pre-injury differences between those who
suffer concussions and those who do not likely confound the reported association between
concussion and lower cognitive and emotional capabilities, as well as between concussions and
lower salary. For instance, individuals with lower or delayed maturation of cognitive, emotional,
behavioral, and physical capabilities could be more prone to suffer injuries, including concussions
(38). Unless able to control for such confounding factors, both case-control and matching
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approaches will suffer from confounding bias. Second, several of the reviewed studies condition on
being employed prior to concussion or mild TBI incident. People who are more likely to suffer mild
TBIs may also, on average, have more precarious or unstable employment trajectories pre-incident.
If they experience more labor market instability in general, then conditioning on employment preincident could cause the negative association between mild TBI and return to work through
regression to mean. We need more robust research designs than those presently used if we are to
gage the causal impact of concussions on labor market outcomes.
Whereas studies of concussion mainly have used case-control approaches to try to address
confounding, studies of the effect of other health shocks on labor market outcomes have used more
robust designs aimed to limit unobserved confounding bias and convincingly identify causal effects.
Using data from the Health and Retirement Survey and an event study design, Dobkin et al. (19)
find that among 50-59-year-old Americans hospitalizations lead to a 15 percent decline in the
probability of being employed, and a 20 percent decline in annual labor market earnings. Using a
similar design and Danish data, Fadlon and Nielsen (20) show that suffering a non-fatal heart attack
or stroke leads to 19 % earnings decline. As these studies show, across the life course both positive
and negative health events affect labor market outcomes, even when accounting for selection bias in
who experiences health shocks. Using a similar event time design, we provide evidence on the
effect of concussions on labor market outcomes, focusing specifically on the effect on annual
salary.

Salary, Productivity, and Concussion
Our main outcome of interest is annual salary, which we interpret as a proxy for productivity—that
is, how much does the labor market value an individual’s work effort. For our study, salary likely
represents a conservative measure for productivity decline caused by concussion. In Denmark,
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hourly wages (which we measure as accumulated annual salaries) are set through negotiations
between employer organizations and unions, and these wages often extend to non-union members
working in the same professions as union members. Although individual wage negotiations based
on personal performance also occurs, job tenure and collective bargaining of wages still secures
some salary progression even for people suffering concussions if they remain employed. In
addition, work absence due to sickness or injury are not grounds for dismissal until the absence at
least has had a duration of 120 days, or if the sickness absence is so prolonged that the employee is
unable to handle their assigned responsibilities. Salary is likely a conservative proxy measure of
productivity.
Concussion may lead to lower salary progression through three channels. (i) People spent
time away from work immediately after suffering a concussion while healing, which may cause a
short-term salary-decrease among people paid by the hour. (ii) Decreased cognitive functioning
causing lower productivity long term. (iii) Concussion causes people to exit the labor force or
become unemployed, effectively setting their salaries to zero for a period. Through our
methodological strategy, we disentangle these three channels, and show in the results section that
exit from the labor force drives the negative effect of concussion on salary among prime work age
adults without recent histories of TBIs in Denmark.
MATERIALS AND METHODS
People likely to suffer a concussion could differ from the general population—both in terms of preconcussion characteristics, but also in term of how a concussion affects them. To estimate the
causal effect of concussion on annual wage earnings, we use a quasi-experimental, difference-indifferences approach previously described in a health setting by (18,19). The approach compares
two groups of individuals from the same cohort, where both groups experience concussions, but at
two different time points (tc,tc+Δ). For the simple situation where we have three periods (t=0,1,2),
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where the treatment group (T) experiences their concussion at the start of period 1 (tc=1), and the
control group (C) at the start of period 2 (tc+Δ=2), the effect of concussion on salary (Y) is:
δ = �Y1T − Y1C � − (Y0T − Y0C )

The effect of concussion on wages in t=1 is estimated by comparing the average difference in
salary between treatment and control groups for the post-concussion period t=1 �Y1T − Y1C � to the

average difference in salary for the pre-concussion, or baseline, interval t=0 (Y0T − Y0C ). Assuming
the exact timing of a concussion is random for small enough sizes of Δ, and under the additional

assumption that the treatment group would have had parallel trends in salary as the control group
absent suffering concussion at tc, δ captures the causal effect of concussion among those who suffer
concussions – also known as the average treatment effect on the treated (ATT). The ATT captures
how concussions affect those who suffer them. The ATT does not capture how concussions would
affect a random person [unless concussions occur at random in the population, which the literature
suggests is highly unlikely (38)].
For our study, the parallel trends assumption states that treatment and control groups have
similar (or parallel) developments in salary leading up to the treatment group’s concussion. In
addition, had the concussion not occurred, the two groups would have continued parallel salary
trajectories. First, the feasibility of the parallel trend assumption can be visually validated by
comparing the wage trends for treatment and control groups for the periods prior to tc. In the next
section, we provide graphical evidence on this. Second, we additionally estimate a dynamic version
of the difference-in-differences specification, which explicitly allows us to test whether the parallel
trend assumption for our sample is probable for the periods before the concussion incident. We
present this model in detail below.
To validate the assumption that the timing of concussion is random, we present estimates for
δ across different values of space between treatment and control incident (Δ). The type of injury
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and sample we consider in our study further bolsters the assumption of random timing. Most
concussions recorded outside contact sports and military engagements stem from unforeseen events,
such as falls or striking/being struck by an object (30,39). Given the age restriction of our sample
and the country context we study the timing of when a person experiences their concussion is likely
as good as random within the short span of years we consider. Nevertheless, we restrict our sample
to individuals without prior diagnoses for intracranial injuries during the ten years leading up to
period tc where the treatment group suffers their concussion, to exclude people who regular engage
in activities that result in high risk of multiple concussions—if we do not exclude this group, our
treatment sample could end up consisting of individuals with a higher tendency for risk behavior
than our control groups will (due to data limitations we cannot restrict further back than ten years).
If estimates remain as good as stable across values of Δ, it indicates that any bias derived from
increasing distance between control and treatment incident is negligible and that our identifying
assumption of parallel trends is valid across period distance between treatment and control.

Data Sources and Sample Construction
Our concussion data originates from the Danish National Patient Registry (DNPR) (see (40) for
description). DNPR is published annually and holds information for all hospitalizations at public
hospitals in Denmark since 1977, and for emergency room visits and outpatient treatment at public
hospitals since 1994. We defined our treatment group of patients as being 30-49 years of age at start
of year where the group, who had not been registered with an intra- or extracranial injury within the
past ten years, and who had concussion (ICD-10 code S06.0, ICD-8 code N850) as their primary
diagnosis (i.e. without other intracranial or extracranial injuries), and who suffered their concussion
during the years 2003-2010. Altogether, we followed a cohort of 22 405 individuals as our sample,
with 14 329 individuals in the treatment group.

12

11

As a measure of productivity, we use an annual salaried income that we price-index deflate to
make it comparative across years. Information on salaried income came from the Income Statistics
database maintained by Statistics Denmark and published annually. The database includes all
declared income and is supplied to Statistics Denmark by the Tax authorities. Overall accuracy is
considered very good and the database covers the entire population (41). Through social security
numbers, we link information on salaried income directly to records on diagnosed concussions.
Further, we obtained information on whether individuals in the treatment group had a high school or
equivalent level degree at time of concussion using the Danish Education Database. From the
Danish Population Database, we obtained demographic information on age and gender. People may
leave the sample due to out-migration or mortality, but all are present in year 0.
To obtain feasible quasi-experimental control groups, we sampled individuals who belonged
to the same cohorts as our treatment group, but who experienced their concussion Δ={1, 2, 3, 4, and
5} years later than the treatment group, and who had not been registered with any extracranial or
intracranial injuries in the past 10+Δ years before experiencing their concussions. We obtained the
same salary, educational, and demographic information as we obtained for the treatment group. At
t=-1, the control groups were slightly smaller than the treatment group, and as evident from Table
S1 significantly more likely to be female, have at least a high school degree, and be older. Thus, we
have significant imbalance in our sample between treatment and control groups. However, although
the differences are significant, they are also numerically small. In year t-1, the average age
difference between the control group Δ=5 and the treatment group was 0.37 years, Δ=5 had a .04
higher female share, and a .03 higher share of high school graduates. For control groups Δ=1,…,4,
the differences were smaller than what we observe for Δ=5. To test that our results are not driven by
composition differences between treatment and control, we provide separate results for individuals
with and without high school degree, for males and females, and for different age groups across
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values of Δ. If composition is the main driver, we should see systematically changing estimates
across control groups. Further, our design inherently leads to the possibility of timing issues—our
treatment group always suffers their concussion earlier (in terms of calendar time and age) than the
control groups do. If the labor market is constantly improving or worsening during the period we
consider, this could substantially influence our results. Therefore, we also estimate separate models
across treatment incident year and control group. Estimating separate models also allows us the
added benefit of being able to examine whether the business cycle influences the effect of
concussions on salary.
Finally, since the data used in the study came from de-identified administrative registers that
Statistics Denmark makes available for research purposes for approved institutions, no approval
from an ethics committee was needed to carry out the study.

Empirical model
To estimate the impact of concussion on labor market outcomes, we focus predominantly on annual
salary as an outcome, but further include as additional outcomes income from health-related
benefits, income from welfare benefits, and an annual employment indicator. As the empirical
model, we use and the extend the fixed effects framework in a set of ways described below. Our
data is nested within a three-level structure: Treatment or control group g, which includes
individuals i, at times to treatment-groups concussion incident t. First, we estimate a standard
difference in differences model for each separate control group Δ using ordinary least squares:
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑔𝑔𝑔𝑔𝑔𝑔 = 𝛽𝛽0 + 𝛾𝛾𝛾𝛾𝑆𝑆𝛾𝛾𝑆𝑆𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔 + 𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 + 𝛿𝛿𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾 × 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑿𝑿𝒊𝒊 𝜷𝜷

(1)

48+Δ

2010+Δ

𝐴𝐴𝑔𝑔𝑔𝑔=26

𝑦𝑦𝑎𝑎𝑎𝑎𝑦𝑦=1999

+ � 𝐼𝐼(𝐴𝐴𝐴𝐴𝛾𝛾)𝜂𝜂𝑎𝑎𝑔𝑔𝑎𝑎 +
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𝐼𝐼(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) 𝜂𝜂𝑦𝑦𝑎𝑎𝑎𝑎𝑦𝑦 + 𝜖𝜖𝑔𝑔𝑔𝑔𝑔𝑔
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where Salarygit measures annual salaried income deflated to 2015-level, treatmentg indicates
whether the observation belongs to the treatment or control group, postt captures the period after the
treatment group’s concussion occurred, and postt×treatmentgit captures the effect concussion,
measured as share of year t≥0 affected by concussion. In this way, someone who suffers a
concussion July 1 has postt×treatmentgit = 0.5 for t = 0 and postt×treatmentgit = 1 for t > 0. Xi is a
set of covariates that includes a high school indicator and a gender dummy, 𝜖𝜖𝑔𝑔𝑔𝑔𝑔𝑔 is the error-term,

and the two last sets of indicator variables 𝐼𝐼(𝐴𝐴𝐴𝐴𝛾𝛾) and 𝐼𝐼(𝑌𝑌𝛾𝛾𝛾𝛾𝛾𝛾) capture age and year levels. Under
the parallel trends assumption, 𝛿𝛿 then captures the annual effect of concussion on salary. In eq. 1,
treatmentg normalizes any pre-treatment differences between the treatment and control group,
thereby creating a joint baseline pre-treatment.
We estimate robust individual-level clustered standard errors to account for the possibility
that individuals enter the data twice both as control (0) and treatment (1) individuals (g={0,1}), and
that they are observed for multiple periods (t={-4,…, Δ-1}). To calculate the decline in salary in

percentages compared to expected salary absent the concussion, we exploit the parallel trends

assumption to generate the expected counterfactual salary level, and calculate the decline expressed
� 𝑔𝑔𝑔𝑔𝑔𝑔 |𝐴𝐴 = 1, 𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 = 1, 𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 × 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔𝑔𝑔𝑔𝑔 = 0). In
in percentage as: % change = 𝛿𝛿 / 𝐸𝐸(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
this way, we provide both absolute estimates measured in 1K Euro, as well as percentage change.
We expect δ from eq. (1) to likely be negative. Yet, a decrease in annual salary can arrive
through two different channels. Concussions may affect salary through either decreasing income
among those employed (effect on the intensive margin) or by affecting who are employed and
earning any salary at all (effect on the extensive margin). To parse out which of the two channels
are dominating, we examine how concussion affects the salary distribution among the treatment
group. We estimate a series of regressions across the whole salary distribution, where we for a finite
set of point predict how concussion affects the likelihood of having earnings on the left side of each
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finite points, as follows:
max(𝑆𝑆𝑎𝑎𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎)

�
𝑗𝑗=0

𝑝𝑝𝑗𝑗 = 𝛽𝛽0𝑗𝑗 + 𝛿𝛿𝑗𝑗 𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 × 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔𝑔𝑔𝑔𝑔 + 𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 + 𝛾𝛾𝑗𝑗 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔 + 𝑿𝑿𝒊𝒊 𝜷𝜷
48+Δ

2010+Δ

𝐴𝐴𝑔𝑔𝑔𝑔=26

𝑦𝑦𝑎𝑎𝑎𝑎𝑦𝑦=1999

+ � 𝐼𝐼(𝐴𝐴𝐴𝐴𝛾𝛾)𝜂𝜂𝑎𝑎𝑔𝑔𝑎𝑎,𝑗𝑗 +
(2)

�

𝐼𝐼(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) 𝜂𝜂𝑦𝑦𝑎𝑎𝑎𝑎𝑦𝑦,𝑗𝑗 + 𝜖𝜖𝑔𝑔𝑔𝑔𝑔𝑔,𝑗𝑗

where 𝑝𝑝𝑗𝑗 = Pr(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑔𝑔𝑔𝑔𝑔𝑔 ≤ 𝑗𝑗) and j is the interval from 0 to 𝛾𝛾𝛾𝛾𝑚𝑚(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆). Across the salary

distribution, we can now predict the probability of earning less than j for those with and without
concussions. From equation 2, we predict 𝑝𝑝𝑗𝑗1 = 𝐸𝐸(𝑝𝑝𝑗𝑗 |𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 × 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔𝑔𝑔𝑔𝑔 = 1, 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔 =

1, 𝛾𝛾 ≥ 0) and the counterfactual 𝑝𝑝𝑗𝑗0 = 𝐸𝐸�𝑝𝑝𝑗𝑗 �𝑝𝑝𝑝𝑝𝑝𝑝𝛾𝛾𝑔𝑔 × 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔𝑔𝑔𝑔𝑔 = 0, 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔 = 1, 𝛾𝛾 ≥ 0�.

Plotting 𝑝𝑝𝑗𝑗1 and 𝑝𝑝𝑗𝑗0 over each value of salary j, and assuming rank stability, gives the cumulative

density function of salary for the treated (𝑝𝑝𝑗𝑗1 ) and the counterfactual observation of the treated had
they not suffered concussions (𝑝𝑝𝑗𝑗0 ). The difference between 𝑝𝑝𝑗𝑗1 and 𝑝𝑝𝑗𝑗0 is simply 𝛿𝛿𝑗𝑗 . If the value of

𝛿𝛿𝑗𝑗 monotonically moves towards zero as j increases until 𝑝𝑝𝑗𝑗1 ≈ 𝑝𝑝𝑗𝑗0 ≈ 1 it indicates that the effect of

concussion on salary is purely driven by the extensive margin, i.e. that an increase in the risk of exit
from employment drives the effect of concussion on salary. If instead the value of 𝛿𝛿𝑗𝑗 is constant or

increasing across parts of the distribution, it instead indicates that a decrease in salary among those
still receiving salary drives at least part of the effect.
For eq. 1 and eq. 2 to identify a causal effect of concussion on salary, the parallel trends
assumption needs to hold. The assumption states that treatment and control group follow parallel
salary trajectories until treatment group experiences concussion, and that the parallel trends would
have continued absent the concussion. Whereas we cannot verify the counterfactual situation of
parallel trends after treatment, we can use a dynamic model to test whether there exist systematic
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differences in salary trends between treatment and control group in the years leading up to the
treatment concussion. To do so, we estimate the following dynamic model:
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑔𝑔𝑔𝑔𝑔𝑔 = 𝛽𝛽0 +

Δ−1

�

𝑔𝑔≠−1,𝑔𝑔=−4

48+Δ

2010+Δ

𝐴𝐴𝑔𝑔𝑔𝑔=26

𝑦𝑦𝑎𝑎𝑎𝑎𝑦𝑦=1999

+ � 𝐼𝐼(𝐴𝐴𝐴𝐴𝛾𝛾)𝜂𝜂𝑎𝑎𝑔𝑔𝑎𝑎 +
(3)

Δ−1

𝛿𝛿𝑔𝑔 × 𝐼𝐼�𝛾𝛾𝑔𝑔 � × 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔 + � 𝐼𝐼�𝛾𝛾𝑔𝑔 �𝜂𝜂𝑔𝑔 + 𝛾𝛾𝛾𝛾𝑆𝑆𝛾𝛾𝑆𝑆𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑔𝑔 + 𝑿𝑿𝒊𝒊 𝜷𝜷
�

𝑔𝑔=−4

𝐼𝐼(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) 𝜂𝜂𝑦𝑦𝑎𝑎𝑎𝑎𝑦𝑦 + 𝜖𝜖𝑔𝑔𝑔𝑔𝑔𝑔

Where we interact treatment group status (Treatmentg) with indicators I(tg) capturing time from
concussion. If the parallel trends assumption holds, then it must be the case {δ-4, δ-3, δ-2}=0, whereas
the size and sign of {δ0…δΔ-1} captures the dynamic effect of a concussion from the year of
incidence and Δ-1 years onward. By allowing the effect of concussion on salary to differ across the
treatment period, we are also able to capture how the impact of concussion on salary evolves year to
year after the concussion has occurred. We further estimate eq. 3 for a series of related labor market
outcomes (annual total income, annual amount of sickness benefits received, annual amount of
welfare benefits received, annual probability of being employed), to generate a more thorough
understanding on how concussions affect labor market outcomes—i.e., if people experience a
decrease in salary due to a concussion, are they then compensated through different types of welfare
state services.
RESULTS
Figure 1A shows wage progression (black line) for the group that suffers a concussion in year 0
(termed treatment group), as well as normalized wage progression for the control groups who suffer
a concussion 1, 2, 3, 4, and 5 years after the treatment group. The normalization reflects the basic
setup of the difference in difference model from eq. 1. Figure S2 shows the unnormalized rates.
Figure 1A strongly indicates that the parallel trends assumption is met, after normalization the
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treatment and control groups have similar trends and levels pre-treatment. Salary progression for the
treatment group declines compared to the normalized control after the treatment group experiences
a concussion. As each of the different control groups experiences concussions, their wage declines
identically when compared to the treatment group, indicating that concussions affect the control
groups in a similar way as concussions affect the treatment group.
[Figure 1 about here]
Table 2 shows the estimated effects of concussion on wages measured in 1,000€. Compared
to the first control group, i.e. the group that suffers a concussion one year after the treatment group,
we see that the treatment group suffers -537€ [95% CI: -12,83; 209] lower salary, although the
estimate is not significantly different from zero at a 95% significance level. Given that the longterm impact of concussion takes the form of a decrease in positive wage progression, rather than a
decrease in absolute wage level (see Figure 1A), we should expect that it might take some time for
the impact to occur fully: First, the concussion occurs at some point during the year, thereby not
affecting already earned salary that year. Second, in Denmark, most employment contracts of more
than zero hours a week are entitled to receive their salary during sickness absence for an open
ended, but not indefinite period. The estimated effect of concussions for the treatment group at later
time points and when comparing to the respective control groups suffering their concussions 2, 3, 4,
and 5 years later is in line with an ‘implementation period’ in which the impact of concussion on
wages fully develops. When studying the treatment group’s earnings 2-5 years after the concussion
incident and comparing it to respective control groups, who suffered their concussion 2 or more
years later than the treatment group, we see significant effect sizes ranging from -990€ [95% CI: 1,394; -587] to 1,141€ [95% CI: DKK -1,556; -726] of lower annual salaries.
[Table 2 about here]
To provide generalizable results, we calculate the relative effect of concussion on salary,
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using the control groups’ normalized salary level after the treatment group suffered concussions.
Figure 1B reports the marginal effects of concussion on salaries across control groups. When
compared to the control groups suffering their concussions two years or later, we see that the
change in salary progression ranges between -3.09% [95% CI: -4.35; -1.83] and -3.53% [95% CI: 4.82; -2.25] corresponding to an average of 3.5% in relative wage drop. The marginal effect is close
to constant across control groups larger than Δ=1, and as we will later show, the absence of a
significant effect for Δ=1 is completely driven by delayed response among the highly educated. The
absence of change in effect size provides an indication that growing timing and compositional
differences between treatment and control groups as Δ increases, do not confound the estimated
effect size.
A combination of lower productivity among all affected (channel ii) and complete
employment or labor market exit among some affected (channel iii) likely drive the long-term effect
of concussion on salary of 3.5%. Figure 2 tests whether the labor force exit drives the full effect
(channel iii), or if we can also see decreased productivity among the continuously employed
(channel ii) measured against the Δ = 5 years control group. On the left y-axis, the figure shows the
effects of concussions on the likelihood of receiving an annual salary under a threshold that we
allow to change across the salary distribution from € 0 to € 120,000. On the right y-axis, we show
the cumulative distribution of salary for the concussion sample and for the counterfactual group.
The blue line describes the cumulative density function for salary for the counterfactual scenario,
where our treatment group did not suffer a concussion. The red line describes the actual cumulative
density function for our treatment group.
[Figure 2 about here].
Compared to the control group that suffers a concussion five years later, a concussion caused
a 3.0 percentage points [95% CI: 2.4; 3.7] increase in the risk of receiving € 0 in annual salary,
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effectively exiting employment. We can interpret the 3 percentage points increase as the effect of
concussion on the extensive margin of employment. As salary increases, the effect of concussion on
earning less decreases. At an annual salary of approximately € 40,000 the effect of concussion on
earnings becomes insignificant at a 95 % significance level. Under the assumption that no one in the
treatment group starts to earn more due to suffering a concussion, the results show that exit from
employment among the bottom half of the salary distribution drives the effect of concussion on
salary.
The results from Figure 2 indicate that concussions predominantly affect salary through
people leaving employment. Yet, the absence may reflect a large part of the affected people
experiencing short term absence or a smaller group experiencing long-term absence. To examine
the underlying dynamics of the effect of concussions on labor market outcomes, we estimate a
dynamic model using the Δ=5 years control group. In this model, we interact the treatment indicator
with a set of time-from-concussion indicators. The absence of significant differences preconcussion indicates that we cannot reject that the control and treatment groups do have parallel
trends prior to when the treatment group suffers their concussions.
We present the results from the dynamic models in Table 3 across five different labor market
and income outcomes: annual salary, annual total income, annual sick leave benefits, annual welfare
benefits, and an indicator of employment status. The first four outcomes capture changes in
earnings related to the labor market and income in general, whereas the latter captures whether
individuals remain in the labor market at all. As can be seen from the first column of results,
suffering a concussion leads to a decrease in salary of just above €500 in the first year after the
incidence, with the effect increasing to more than twice that size one year after, and then
maintaining a constant level until year five, where the size of the effect of concussion on salary
tapers slightly off towards zero. Thus, the full impact of concussions on salary only comes through
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one year after the incident and remains somewhat constant for the following four years.
Immediately following a concussion, we also see an increase in sick leave benefits payments for the
first years following the incident, but this tapers off after 3 years. Concussed individuals are to some
extent compensated for their salaried income loss through sick leave benefits in the first few years
following a concussion, which is also evident from the estimates on total income being numerically
smaller than the estimates on salary. Yet, the compensation ends while the salary drop persists. We
do not see an increase in income from benefits targeting the unemployed (unemployment insurance
benefits and social assistance) following a concussion. Yet, when we examine how concussions
affected the probability of employment in column 4, we see a consistent decline between 2.0
percentage points and 2.9 percentage points, beginning the year following the incident year and
lasting the full considered period. Taken together with the effects on the different channels of
income, the results suggest that a substantial part of the salary decreasing effect of concussions
comes from affected individuals leaving the labor force completely, likely instead opting for early
retirement, disability pensions, self-sufficiency, or other income sources. In Figure S3 in appendix,
we re-estimate eq. 2 but substitute salary with total income as the dependent variable. Here we see
that it is not the likelihood of going to zero total income that drives the estimates. Instead,
concussions lead to a decrease in total income among the lower part of the total income
distribution—i.e., where the effect on salary occurs along the extensive margin, the effect of total
income occurs along the intensive margin, likely due to benefit schemes being less generous than
salary earned on the labor market.
[Table 3 about here].
As shown in Table S1 and discussed in the Methods and Material section, the treatment and
control samples are not balanced across gender, educational level, or age, although differences are
numerically small. Yet, to ensure that differences in gender, educational, or age composition do not
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explain our results, we further estimate the impact of concussion on salary by gender, by high
school completion, and by age-intervals at time of treatment incident across all values of Δ (Figures
S4-S6). The youngest age group and those without a high school degree experienced the largest
percentage decline in salary but are also the groups with lowest levels of pre-concussion salary in
the sample. Yet, even when examining the effect of concussion on absolute salary (Figures S7 and
S8) they remain the two groups who suffer the largest salary decline post-concussion. Thus, both in
absolute and relative terms, the younger and less-educated parts of the labor force pay a higher price
for suffering a concussion.
Finally, we address the role of timing of concussion across years. Given that the control
groups per design always experience their concussion at a later period than the treatment group
does, changing labor market conditions could moderate effects. Part of our sample did suffer their
concussion during or just prior to the great recession 2009-10, which arguably presented the largest
shock to both the global and local economy since the great depression. In addition, in Denmark the
great recession was preceded by a series of years of economic growth, low unemployment, and
increasing salaries (see Figure S1 for salary development for the period). To examine what, if any,
role the broader economic conditions play in moderating the effect of concussions on salary, we
estimate eq. 1 separately for each incident year in our sample and plot the estimate against the
percent of full time unemployment in the Danish labor force. The results are presented in Figure 3.
As evidenced, the figure indicates that suffering a concussion during an economic boom has
substantially higher impact of salary than doing so during a recession. One should keep the extreme
nature of both the pre-2009 economic boom and the impact of the recession in mind when
interpreting the results in a broader context. Nevertheless, it appears evident that missing out on an
economic boom due to a concussion has substantial implications for salary development for at least
the next five years, likely because concussed individuals do not experience the same salary increase
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or receive the same bonuses as their colleagues.
[Figure 3 about here.]
CONCLUSION
In the present study, we have aimed to overcome some of the obstacles faced by previous work on
the impact of mild TBIs/concussions by including a vast cohort of patients and exploiting a pseudoexperimental design. In addition, salary and employment data reported here were compiled
routinely through third-party reporting and were mandatory for all subjects, thus giving a complete
and comprehensive picture of the economic impact of concussion on a nationwide scale.
Furthermore, our study covers a stretch of 8 years including periods of economic growth and
recession, allowing us to estimate the additional effect of the economic cycle on post-injury
productivity. This aspect is of importance, given that most studies on the impact of TBI and
productivity/employment report longitudinal data and do not include suitable controls, i.e. postinjury data is only compared to pre-injury data.
Altogether, we show that Danes between 30-49 year of age who suffered a concussion during
the period 2003-2010 experienced average salary losses of 3.5%. If we assume that people return to
their expected salary levels after a five-year recovery period (a very conservative assumption), the
mere net annual salary loss in our sample is approximately €10,000,000 measured in 2015-value.
That does not include hospital charges, medical costs for the treatment of concussion, the foregone
taxable income, and the increased need for welfare spending, and neither does it account for the
large group of individuals who receive their diagnosis from their GP rather than in a hospital or
emergency room, and thus escape general statistics. Thus, total public costs are likely to
substantially higher, also driven by individuals who suffer mild TBIs, such as concussions but never
seek treatment (21). Comparing out hospital incidence prevalence rates to more complete canvases
of incidences (8,11), it seems likely that the actual cost in the population is more than twice as large
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as what we estimate. Furthermore, 10-15% of patients diagnosed with concussion suffer from longterm symptoms such as headache, fatigue, and intolerance to stress (even in the absence of
abnormalities in standard structural imaging) causing them to face challenges in their professional
and social environments (6). Thus, while our study likely underestimates the total socio-economic
impact of concussion, our data suggest that concussion alone, without additional intra- and
extracranial injuries, has a large economic impact on a nationwide scale and on productivity and
income level at the patient level.
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Table 1. Unique Individuals Annually Diagnosed with of Intracranial Injuries (ICD-10 S06) and
Concussions (ICD-10 S060) at All Danish Hospital and Emergency Rooms in the Period 1994-2016

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Incident,
Concussion
(ICD-10 S060/
ICD-8 N850)
12,904
16,178
16,297
16,306
15,746
16,217
16,231
15,640
16,239
15,610
15,893

2005

15,053

Year

Incident,
Population
Intracranial Injury
size,
(ICD-10
S06/
July 1st
ICD-8 N85)
14,814
5,204,994
18,379
5,227,861
18,328
5,261,503
18,329
5,284,220
17,860
5,301,304
18,301
5,319,111
18,662
5,337,344
18,031
5,355,082
18,781
5,374,255
18,173
5,387,174
18,509
5,401,177
17,467
5,415,978

Concussion
Incident
per 100,000
248
309
310
309
297
305
304
292
302
290
294

Intracranial
Injury
Incident
100,000
285
352
348
347
337
344
350
337
349
337
343

per

278
323
13,803
16,363
2006
5,434,567
254
301
13,505
15,974
2007
5,457,415
247
293
12,904
15,556
2008
5,489,022
235
283
13,210
15,950
2009
5,519,441
239
289
13,719
16,436
2010
5,543,819
247
296
13,871
16,793
2011
5,566,856
249
302
11,795
14,490
2012
5,587,085
211
259
10,986
13,760
2013
5,608,784
196
245
12,021
14,960
2014
5,639,719
213
265
12,577
15,786
2015
5,678,348
221
278
12,272
15,520
2016
5,724,456
214
271
387,222
Total 328,977
125,119,515
Average 13,836
14,303
5,439,979
263
309
Source: The Danish National Patient Registry and The Danish Population Statistics
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Table
2.
The
effect
of
concussion
on
absolute
salary
measured
at 2015-level in € 1,000 for different control groups. NTreated:14,360
NControl
Estimate
95 % CI
Δ = 1 yr -0.537
(-1.283; 0.209) 13610
Δ = 2 yr -0.990
(-1.394; -0.587) 12642
Δ = 3 yr -1.089
(-1.491; -0.689) 11970
Δ = 4 yr -1.108
(-1.513; -0.703) 11514
Δ = 5 yr -1.141
(-1.556; -0.726) 11321
Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Table 3. The dynamic effects of concussion on labor market outcomes for Δ=5
on Annual Salaried Income, Total Annual Income, Annual Sick Leave Benefits Received, Annual
Social Assistance and Unemployment Insurance Benefits Received (all measured at
2015-level in € 1,000), and on Probability of Being Employed
Salary
Total Income
Sick leave
Welfare/UI
Pr(Work=1)
Incident-4
0.312
0.408
0.008
0.040
0.009
(0.251)
(0.279)
(0.062)
(0.079)
(0.005)
Incident-3
0.105
0.362
-0.015
0.026
0.004
(0.222)
(0.250)
(0.060)
(0.073)
(0.005)
Incident-2
-0.095
0.222
-0.023
0.028
0.002
(0.205)
(0.258)
(0.049)
(0.058)
(0.004)
Incident-1
Ref.
Ref.
Ref
Ref
Ref
-0.512**
-0.400
0.206***
0.001
-0.006
(0.181)
(0.240)
(0.051)
(0.058)
(0.004)
Incident+1
-1.112***
-0.650*
0.330***
0.011
-0.028***
(0.230)
(0.273)
(0.066)
(0.072)
(0.005)
Incident+2
-1.304***
-0.864**
0.142*
-0.004
-0.027***
(0.271)
(0.305)
(0.066)
0.078)
(0.005)
Incident+3
-1.343***
-0.711*
0.010
-0.084
-0.029***
(0.287)
(0.310)
(0.067)
(0.085)
(0.005)
Incident+4
-0.877**
-0.575
-0.139*
-0.173
-0.020***
(0.314)
(0.371)
(0.071)
(0.090)
(0.006)
N*T
227862
227872
227913
227874
227913
Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
Note: N are not identical across estimated models due to small differences in how and when
individuals are registered in the data.
Incident

31

30

Fig. 1. Wage Development for Treatment and Control Groups and the Percentage Effect of
Concussions on Relative Salary

(A) Average annual salaries in DKK (2014prices) for treatment and normalized
control groups across time since the
treatment group’s concussion

(B) Marginal effects of concussion on
annual salaries in percentage across
control
group

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Fig. 2. The Cumulative Density Function for Salary Post-Treatment among the Treatment
Group and Their Counterfactual, and the Difference between the Two CDFs Expressed as the
Effect of Concussion on the Probability of Earning Below that Salary-Level

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Figure 3. Effect of Concussion on Salary Across Incident Years and Control Groups together
with the Percentage Fulltime Unemployed of the Labor Force.

Source: Statistics Denmark and own calculations on data from The Danish National Patient
Registry, The Danish Population Registry, and The Danish Income Registry.
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Table S1. Testing pre-incident composition between treatment group and control groups
Treatment
Control, Δ=1
Control, Δ=2
Control, Δ=3
Control, Δ=4
Control, Δ=5
Mean SD
Mean SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Age
38.27 5.74 38.31 5.72 38.39
5.70 38.44* 5.70 38.53*** 5.71 38.62*** 5.68
Female=1
0.43
0.49 0.44* 0.50 0.45*** 0.50 0.45*** 0.50 0.46*** 0.50 0.47*** 0.50
High School =1 0.65
0.48 0.65
0.48 0.66*
0.47 0.66*
0.47 0.66**
0.47 0.68*** 0.47
N at t-1
14235
13505
12545
11898
11424
11247
*
P<.05; ** p<.01; ***p<.001.
Note: The means for each variable for control group are tested against the mean for the treatment group.
Source: Own calculations on data from The Danish National Patient Registry and The Danish Population Statistics.

Figure S1. Average Salary for Full Population and Population with an Annual Salary Larger
than Zero

(A) Full population

(B) Population with any Annual Salary

Source: Own calculations on data from The Danish Population Registry and The Danish Income
Registry.
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Figure S2. Unnormalized Average Salary for Treatment and Control Groups

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Figure S3. The Cumulative Density Function for Total Income Post-Treatment among the
Treatment Group and Their Counterfactual, and the Difference between the Two CDFs
Expressed as the Effect of Concussion on the Probability of Income Below that Total IncomeLevel

Source: Own calculations on data from The Danish National Patient Registry, The Danish Population
Registry, and The Danish Income Registry.
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Figure S4. Percentage Effect of Concussion on Relative Salary Across Age Groups.

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Figure S5. Percentage Effect of Concussion on Relative Salary Across High School Completion.

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Figure S6. Percentage Effect of Concussion on Relative Salary Across Gender.

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
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Figure S7. Effect of Concussion on Absolute Salary in 1K Euro Across Education.

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
Note: Estimates deflated to 2014-level of salary.
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Figure S8. Effect of Concussion on Absolute Salary in 1K Euro Across Age groups.

Source: Own calculations on data from The Danish National Patient Registry, The Danish
Population Registry, and The Danish Income Registry.
Note: Estimates deflated to 2014-level of salary.
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