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Popular fiction spreads a myth that concussions leave no lasting damage. Consider, for example, the young, exuberant cartoon character Tintin who is knocked unconscious by dozens of
events yet recovers fast and fully for the next adventures [1]. Blockbuster movies extend the
myth, depicting heroic characters such as James Bond and Indiana Jones who bounce back
easily from multiple concussions. In contrast, anecdotes of professional athletes and military
veterans suggest that traumatic brain injury may lead to later depression, dementia, and lives
that slowly unravel. No story, however, provides scientific evidence to inform the debate on
whether concussions acquired in everyday circumstances contribute to adverse psychosocial
outcomes [2].
In this issue of PLOS Medicine, Fazel and colleagues report a study of over a million children
and adolescents diagnosed with a traumatic brain injury compared to their unaffected siblings
[3]. The findings show a significant association of injury in childhood with poor psychosocial
functioning in adulthood, as exemplified by a doubling in subsequent psychiatric hospitalizations years later. The study shows further worrisome associations with low educational
achievement, welfare enrollment, and long-term disability pensions. These differences were
particularly large for youths with severe brain injuries that occurred after 10 years of age and
were followed by repeated events. The majority of cases studied, however, were in youths with
a single mild head injury (hereafter called a concussion).
The study by Fazel and colleagues has limitations that justify cautious interpretation. Relative risks are not absolute risks since the baseline is modest and most individuals seem to
recover fully; for example, the absolute increased incidence of psychiatric hospitalizations was
about 4.7 per 100 patient-years in analyses comparing those with a concussion to those without
a concussion (10.4 versus 5.7, p < 0.001). This increase equals a number-needed-to-harm of
approximately 21 and is even more modest for other outcomes. This means that most individuals do not experience adverse outcomes. Of course, the median follow-up was only 8 years, the
curves depicting adverse psychosocial events widened with time, and the absolute risks might
worsen at more advanced ages.
A second limitation is that correlation does not prove causality since a concussion in childhood might merely mean a predisposition to psychological conditions destined to cause trouble
later. In this study, however, the observed comparison to siblings adjusts for multiple unmeasured factors, including parental involvement and socioeconomic status. Moreover, the median
age at injury was 13 years and at follow-up was 34 years, thereby indicating a two-decade separation between exposure and outcome. That’s a long time for a latent confounder to stay hidden from multivariable analysis. These data, therefore, comprise the strongest available long-
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term analysis of concussions in youths, since a randomized trial is unethical and animal experiments cannot examine psychosocial outcomes [4].
As common for a study of this size, the available data do not provide clinical details such as
the direction of linear forces, rotational acceleration, impact location, and other biomechanics
for any individual. The severity of injury is assessed crudely, with no information on the duration of unconsciousness, extent of amnesia, degree of disorientation, limitations in concentration, and other neurologic signs. Each person’s management is unique, and the study does not
account for pediatric care, psychiatric intervention, rehabilitation therapy, or other interventions over time. The specific indicators of adulthood psychosocial functioning are reasonable
but do not include career productivity, quality of life, or community engagement.
The study by Fazel and colleagues is mostly silent about the mechanisms of how concussions could cause adverse long-term psychosocial consequences. One theory is that blunt forces
can damage hundreds of neurons and millions of synapses, thereby contributing to subsequent
depression, irritability, impulsivity, or suicidal ideation [5]. A different mechanism might be
that concussions result in only temporary impairments that interrupt school or social interactions and that therefore change a person’s life trajectory due to the missed opportunities [6]. A
further consideration is that individuals misunderstand why they don’t recover rapidly, lose
self-esteem, blame themselves as lazy, or become directly discouraged [7]. Untangling these
theories awaits future research.
Another possible mechanism is that a concussion acts in concert by complicating the care of
an underlying chronic disease, a nuance unexplored by Fazel and colleagues. Some youth, for
example, might also have diabetes, asthma, epilepsy, sickle cell anemia, cystic fibrosis, or cerebral palsy. In each case, chronic disease care may be compromised by a concussion that interferes with self-management, so that subsequent disability progresses at an intensified pace [8].
The result, for example, may be that adult kidney failure is attributed to poor diabetes control
without realizing the contribution from a remote concussion. This misattribution of causality
may be particularly beguiling if nephrologists or other specialists do not elicit a past trauma
history [9].
The main implication of Fazel and colleagues is to emphasize the importance of preventing
concussions in youth. Some basic strategies include seatbelts in vehicles, helmets while riding,
monitored school street crossings, high visibility clothing, protective gear in sports, and avoiding reckless behavior [10]. The large numbers documented by Fazel and colleagues (amounting
to over 9% of the total cohort experiencing at least one concussion before adulthood) indicate
that basic strategies need more attention. The solution is not to trivialize concussions in a misleading stereotype of bravado; neither is it to pursue a risk-free lifestyle because excess sedentary activity can also contribute to poor functioning during adulthood. The solution is
prevention [11].
A great lingering uncertainty is on the treatment of patients when prevention fails and a
concussion occurs. Most guidelines recommend rest for recovery and to avoid a second injury
[12]. The right time to return to work or play is unknown, cannot be gauged by available biomarkers or imaging, and must be individualized. Symptomatic care for headaches, dizziness,
depression, anxiety, photophobia, and insomnia is reasonable, despite a lack of randomized
trial data. Generous sympathy and patience is also justified since patients can have difficulty
adjusting to an invisible disease. No physician can cure a concussion, yet diligent care can stop
an injury from becoming worse and may ultimately help maintain mental health and prevent
adverse psychosocial outcomes.
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