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Abstract 

Background  Mild traumatic brain injury (mTBI) is an increasing public health problem, because of its persistent 
symptoms and several functional consequences. Understanding the prognosis of a condition is an important com‑
ponent of clinical decision-making and can help to guide the prevention of persistent symptoms following mTBI. The 
prognosis of mTBI has stimulated several empirical primary research papers and many systematic reviews leading 
to the identification of a wide range of factors. We aim to synthesize these factors to get a better understanding 
of their breadth and scope.

Methods  We conducted an overview of systematic reviews. We searched in databases systematic reviews synthesiz‑
ing evidence about the prognosis of persistent symptoms after mTBI in the adult population. Two reviewers inde‑
pendently screened all references and selected eligible reviews based on eligibility criteria. They extracted relevant 
information using an extraction grid. They also rated independently the risk of bias using the ROBIS tool. We synthe‑
sized evidence into a comprehensive conceptual map to facilitate the understanding of prognostic factors that have 
an impact on persistent post-concussion symptoms.

Results  From the 3857 references retrieved in a database search, we included 25 systematic reviews integrat‑
ing the results of 312 primary articles published between 1957 and 2019. We examined 35 prognostic factors 
from the systematics reviews. No single prognostic factor demonstrated convincing and conclusive results. However, 
age, sex, and multiple concussions showed an affirmatory association with persistent post-concussion outcomes 
in systematic reviews.

Conclusion  We highlighted the need for a comprehensive picture of prognostic factors related to persistent post-
concussion symptoms. We believe that these prognostic factors would guide clinical decisions and research related 
to prevention and intervention regarding persistent post-concussion symptoms.
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Background
Incidence of mild traumatic brain injury (mTBI) has 
increased in the last decades [1–3], and persistent 
symptoms associated with this condition have received 
increasing attention [4]. In fact, even if most of the 
symptoms of an mTBI resolve in a few days or weeks 
after the trauma [5], 5 to 20% of individuals encoun-
ter persistent physical, cognitive, and behavioral per-
sistent symptoms [6]. Such symptoms, like headaches, 
difficulty concentrating, fatigue, and dizziness [7] that 
persist after mTBI, can have important impacts on day-
to-day activities and lead to functional consequences 
(such as workplace fatigue and inability to maintain 
workload/standards) [8, 9]. To prevent these conse-
quences, it is important to acutely recognize the factors 
that can influence the persistence of symptoms [6]. The 
definition of persistent symptoms after mTBI caused 
controversy over the years [5, 10]. However, a recent 
expert consensus was reached in 2021 by Lagacé-Leg-
endre et  al. [11] regarding the definition of mTBI per-
sistent symptoms as a whole, which includes the actual 
symptoms, their frequency, and duration: “presence of 
any symptom that cannot be attributed to a preexist-
ing condition (e.g., preexisting mental health problems) 
and that appeared within hours of an mTBI, that is still 
present every day 3 months after the trauma, and that 
has an impact on at least one sphere of a person’s life.” 
Persistent symptoms after mTBI are both complex and 
non-specific, because many can overlap with other con-
ditions (e.g., low back pain and whiplash-associated 
disorders), which highlights the need to identify the 
subgroups of the mTBI population that might benefit 
from specific and timely interventions [12]. Acutely 
identifying these factors would help healthcare provid-
ers to better appraise the prognosis of individuals with 
mTBI and identify the patients that have many factors 
associated with a poor prognostic to intervene before 
the symptoms become chronic [13, 14].

Indeed, understanding a condition’s prognostic fac-
tors, defined as “a variable associated with a subsequent 
outcome such as disability among people with a disease 
or health condition” [14], is recognized as an important 
component of clinical decision-making [13, 15]. Patients 
with many factors associated with a poor prognosis 
should arguably be considered for more in-depth evalu-
ation and targeted intervention in acute and subacute 
stages of the condition to prevent symptom persistence. 
Persistent symptoms could thus be reduced by identify-
ing and addressing earlier prognostic factors, such as 
comorbidities (e.g., depression, anxiety) [12, 16]. As such 
exhaustive listing of prognostic factors has not been pro-
duced yet, it is difficult for clinicians and researchers to 
take in consideration the range of potential factors in 

clinical decision-making for assessing the prognosis of 
the patient and prioritizing them.

Multiple systematic reviews synthesized information 
about this population and prognostic factors associated 
with various outcomes. The World Health Organization 
(WHO) Collaborating Centre Task Force has produced 
twelve systematic reviews related to the prognosis for 
mTBI between 2004 and 2016 [2, 4, 5, 12, 17–23]. These 
reviews mainly synthesized studies employing longitu-
dinal design to identify time to recovery and prognostic 
factors affecting recovery or symptom persistence [19]. 
The WHO reviews identified various predictors of pro-
longed symptoms or associated with slower recovery, 
such as financial compensation, being married, being off 
work due to the injury, post-injury symptoms of nausea 
or memory problems, and many more [19]. In addition, 
some authors have systematically reviewed the evidence 
about particular prognostic factors including sex [18], 
age [24, 25], and biomarkers [26, 27], and others were 
interested in specific outcomes related to mTBI, such 
as cognitive and psychiatric outcomes [5, 22], adding to 
the complex portrait of potential predictors of persis-
tent symptoms. Despite extensive evidence, the breadth 
and scope of prognostic factors associated with persis-
tent post-concussion symptoms have not yet been deter-
mined nor integrated into a comprehensive model such 
as the post-concussional syndrome model proposed by 
Hou et  al. [28] which organized the predictors in larger 
categories of prognostic factors. Our objective is to syn-
thesize evidence from systematic reviews on the nature 
of factors that affect the risk of persistent symptoms in 
adults with mTBI.

Methods
We conducted an overview of systematic reviews (OvSR) 
following the principles of the Cochrane Handbook’ [29] 
and other recent methodological papers [30–32]. An 
OvSR is a rigorous approach to mapping evidence of a 
large body of literature in a given area [33, 34]. The aim of 
OvSR is not to report individual systematic review sum-
maries, but it should aim to synthesize across included 
systematic review evidence to bring new insights to exist-
ing evidence [33]. It is also used to provide an accessible 
summary of evidence to support decision-making by clini-
cians, policymakers, and developers of clinical guidelines 
[35]. Despite their increasing popularity in healthcare 
research over the past years, there are currently no sys-
tematically developed reporting guidelines for OvSR [35, 
36]. However, we conducted this OvSR in consultation 
with the PRISMA 2020 statement [37]  (Supplemental 
file 1). This review has been registered in the PROSPERO 
database (CRD42020176676). Details about the specific 
methods used have been published previously [38].
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Criteria for selecting reviews for inclusion
We included reviews that employed a systematic review 
or meta-analysis design explicitly describing a system-
atic search, i.e., a search strategy and article selection 
process precisely presented (e.g., with a PRISMA flow 
diagram), with enough detail to be reproducible. We 
included reviews that targeted multiple populations (e.g., 
children and adults). However, we only analyzed the pri-
mary studies that were conducted with adults since the 
overview only targets this population. We did not restrict 
our inclusion process based on a specific setting, con-
text, or specific eligible time period. We included reviews 
that highlight at least one prognostic factor related to the 
course of persistent post-concussion symptoms, defined 
for this OvRS as Légacé-Legendre et  al. [11] stated. We 
also included reviews that did not specifically target post-
concussion symptoms, but only the results related to out-
comes after 3 months were integrated into this synthesis. 
We excluded narrative, non-systematic reviews, editori-
als/commentaries, conference abstracts, grey literature, 
and thesis. We also excluded reviews about moderate, 
severe, or non-traumatic brain injuries.

Search methods for identification of reviews
Our search strategy included the two main concepts: 
“adults with mTBI/concussion” and “systematic reviews.” 
An example of a search strategy in MEDLINE (Ovid) 
is displayed in Supplemental file 2. We searched in 
Cochrane Library (Wiley), MEDLINE (Ovid), CINAHL 
(EBSCO), Embase (Elsevier), PsycINFO (Ovid), and 
Epistemonikos for systematic reviews published in peer-
reviewed journals without date restrictions. We validated 
our strategy by consulting search filters such as those 
reported by the InterTASC Information Specialists’ Sub-
Group [39].

Selecting systematic reviews for inclusion
Once duplicates were removed, two reviewers indepen-
dently screened all the titles and abstracts of all refer-
ences imported from the databases in the Covidence 
online software [40]. They read the full text to include 
papers that were potentially relevant based on the eligi-
bility criteria. The reviewers discussed disagreements 
until consensus, and a third member of the team was 
consulted if necessary.

Managing overlapping systematic reviews
We took into consideration that systematic reviews may 
include the same primary studies. Thus, we created a 
citation matrix to visually demonstrate the number of 
overlapping reviews and we calculated the “corrected 
covered area” (CCA) [41]. We calculated the CCA as a 

measure of overlap by dividing the frequency of repeated 
occurrences of the primary studies in other reviews by 
the product of primary studies and reviews, and this 
product is reduced by the number of primary studies. 
A CCA value lower than 5 can be considered as a slight 
overlap, whereas values greater than or equal to 15 can be 
considered as a very high overlap [41].

Data collection
We first extracted basic information from all selected 
reviews in a predefined grid, such as the title, authors, 
year of publication, designs of the primary studies, pop-
ulation studied, number of primary studies included, 
and purpose of the reviews. We then extracted from 
the reviews information related to prognostic factors, 
such as participant inclusion/exclusion criteria, sample 
size, and prognostic factors associated with outcomes 
related to persistent symptoms [13]. Our extraction 
focused on the outcomes related to persistent post-con-
cussion symptoms, according to the definition proposed 
by Lagacé-Legendre et  al. [11]. We limited our extrac-
tion to information presented in the included system-
atic reviews, so we did not examine the primary research 
studies [29]. Two independent reviewers (JD, BO) 
extracted data, and information was compared to reach 
a consensus.

Summarizing data
We organized the information from the reviews into a 
comprehensive model about prognostic factors. We used 
the model proposed by Hou et al. [28] which organized 
the predictors in predisposing, precipitating, and per-
petuating factors. Narrative descriptions and tabular 
forms complement the data and provide a comprehen-
sive understanding of the prognostic factors. Systematic 
reviews of prognostic factors present their results in a 
form which does not permit re-analysis of primary data, 
so we did not quantify the prognostic effects in a risk pre-
diction model [13, 42]. Given the goal of our study, we 
chose to gather all outcomes related to persistent post-
concussion symptoms and not to run a secondary analy-
sis on the specific outcomes.

Quality of included reviews
Two assessors rated the risk of bias in the included 
reviews using the Risk of Bias in Systematic Reviews 
(ROBIS) tool [43]. ROBIS is useful and reliable for sys-
tematic reviewers to identify areas where bias may be 
introduced into systematic review methods: study eligi-
bility criteria, identification and selection of studies, data 
collection and study appraisal, and synthesis and find-
ings [43]. Both assessors (JD and BO) scored the risk of 
bias of the reviews as low, high, or unclear concerns, and 
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these scores are displayed in a table and a figure as sug-
gested by Whiting et al. [43]. We did not exclude reviews 
based on their risk of bias evaluations, but we took in 
consideration the scores attributed for each review in the 
synthesis.

Results
We retrieved 3857 records from the database search. 
Once duplicates were removed, we screened 2678 refer-
ences, and we assessed 64 full-text articles for eligibility. 
We finally included 25 systematic reviews in our OvSR 
[2, 5, 17–19, 22, 24–27, 44–58]. The details of the selec-
tion process are presented in the PRISMA flow diagram 
(Fig.  1). We counted a total of 312 primary studies rel-
evant to our objective, which were published between 
1957 and 2018. This number excludes studies on pedi-
atric populations included in some reviews [18, 19, 22, 

50, 54, 56]. We present the characteristics of the reviews 
included in Table 1.

Overlapping systematic reviews
The CCA was calculated as follows: (365 − 312)/((312 × 
25) − 312) = 0.007. Of the 312 primary publications, only 
1 was included in 4 reviews, 7 were included in 3 reviews, 
and 36 were included in 2 reviews. The citation matrix 
is available in Supplemental file 3. Considering the very 
slight overlap found, we did not conduct further analysis 
to avoid double-counting of primary results.

Risk of bias
We evaluated the risk of bias with the ROBIS tool of the 
25 systematic reviews included. We displayed the sum-
marized results of this assessment in Fig.  2. Of the 25 
reviews, 12 were considered as low risk of bias, and 13 

Fig. 1  PRISMA flow diagram [37]
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were assessed as high risk of bias. Details of ROBIS results 
in a tabular form are available in Supplemental file 4.

Prognostic factors
Overall, 35 individual prognostic factors were extracted 
from the systematic reviews. These factors are presented 
in Table 2 and definitions retrieved from the systematic 
reviews or from another relevant source of information 
when available in Table  3. We summarized the results 
by documenting their association with the outcomes of 
interest predicted (persistent symptoms and their related 
consequences). We divided the factors into three types of 
association with outcomes:

•	  (+) Reviews that described a positive association 
between the factor and at least one outcome of mTBI

•	  (+/−) Reviews that described limited or mixed evi-
dence of an association between the factor and at 
least one outcome of mTBI

•	  (−) Reviews that concluded no association between 
the factor and at least one outcome of mTBI

We mapped the prognostic factors into the model 
developed by Hou et al. [28] also used by Rickards et al. 
[64] (Fig. 3). We highlighted in bold type the 23 factors 
that were described being associated with persistent 
post-concussion outcomes in at least one systematic 
review. We added factors that could not be included in 
only one category, so we integrated them overlapping the 
model.

The predisposing factors are characterized by premor-
bid attributes that may predispose people with mTBI to 
experiencing persistent PCS. Our overview highlighted 

that many personal factors, such as age, sex, level of edu-
cation, and marital status, were found to be prognostic 
factors for persistent PCS. Personality traits of resilience 
have shown to be a “protective” factor including in “pre-
disposing” factor because resilience tends to be related 
to fewer long-term PCS in adults. Premorbid mental and 
physical problems have been reported to be relevant fac-
tors resulting in poor outcomes, whereas having prior 
neurological problems found limited evidence as a prog-
nostic factor. Sustaining multiple concussions has been 
shown in systematic reviews to be one of the most fre-
quently mentioned factors associated with the presence 
of PCS after 3 months and more.

The precipitating factors are considered as characteris-
tics of the injury or related to the event. The most stud-
ied factors have been related to the presence of specific 
biomarkers, such as brain structural changes, protein 
serum level, or the presence of a specific gene allele. With 
9 reviews presenting mixed results, we found no clear 
consensus in systematic reviews about their association 
with poorer outcomes 3 months after mTBI in the adult 
population. Having suffered an extracranial injury, having 
memory of the event, or experiencing nausea or vomit-
ing seem to be prognostic factors based on some reviews 
included. Other precipitating factors related to the mTBI, 
such as the mechanism of the injury, the presence of 
LOC or PTA after the trauma, and being intoxicated tend 
to show more limited results in the literature.

The perpetuating factors represent all the other char-
acteristics that contribute to the maintenance of the 
PCS. Being involved in litigation or receiving financial 
compensation has been reported to be associated to the 
persistence of PCS, and it could delay return to work 
after mTBI. The presence of pain (e.g., back or neck 

Fig. 2  Graphical presentation of ROBIS results from all studies



Page 9 of 16Déry et al. Systematic Reviews          (2023) 12:127 	

pain), headaches, or other somatic complaints experi-
enced by adults with mTBI have been demonstrated to 
predict worse outcomes. One systematic review high-
lighted that individuals having job independence and 
decision-making latitude at work can be a “protective” 
factor that helps RTW.

Psychiatric disorders (i.e., ASD, PTSD, anxiety, and 
depression) and negative perceptions of the injury or 

symptoms can influence the onset or contribute to the 
maintenance of the persistent PCS.

Outcomes predicted
We focused our overview on the outcomes measured 3 
months or more after the mTBI. Outcomes considered 
had to be related to at least one post-concussion symp-
tom or its functional consequences [11]. One review 

Table 2  Association between prognostic factors and outcomes described in the reviews

ED Emergency department, LOC Loss of consciousness, mTBI Mild traumatic brain injury, PTA Post-traumatic amnesia, PTSD Post-traumatic stress disorder

Prognostic factors (+) (+/−) (−) Total 
number of 
reviews

Biomarkers 3 (50, 54, 58) 9 (2, 5, 26, 27, 44, 47, 52, 55, 
56)

12

Sex 3 (24, 25, 53) 4 (5, 18, 19, 56) 1 (48) 8
Age 3 (2, 24, 25) 3 (19, 48, 56) 6
Multiple concussions 2 (46, 49) 3 (19, 52, 56) 1 (22) 6
Negative perceptions/expectations 3 (2, 5, 22) 1 (56) 4
Somatic complaints 2 (2, 48) 2 (19, 56) 4
Litigation/financial compensation 2 (2, 19) 1 (45) 3
Mental health (pre-injury) 2 (2, 56) 1 (19) 3
Extracranial injuries 2 (17, 48) 1 (56) 3
Level of education 2 (2, 48) 1 (56) 3
Anxiety/depression 2 (2, 56) 1 (5) 3
PTSD 2 (17, 19) 1 (5) 3
LOC 1 (5) 2 (2, 56) 3
Nausea/vomiting 1 (48) 1 (19) 2
Marital status 1 (2) 1 (19) 2
Memory of the injury event 1 (2) 1 (5) 2
Physical health (pre-injury) 1 (56) 1 (19) 2
PTA 2 (2, 56) 2
Mechanism of injury 1 (19) 1 (56) 2
Acute stress disorder (ASD) 1 (19) 1
Baseline mental/physical health 1 (2) 1
Degree of trait of resilience 1 (57) 1
Baseline noise sensitivity 1 (2) 1
Job independence/decision-making latitude 
at work

1 (48) 1

Gross national product of the country 1 (2) 1
Pre-injury fatigue 1 (2) 1
Being a student 1 (19) 1
Being sober/intoxicated in ED 1 (56) 1
Quality of sleep 1 (51) 1
Prior neurological problems 1 (19) 1
Life stressors 1 (19) 1
Complicated mTBI 1 (19) 1
Sensory motor test 1 (56) 1
Cognitive/neuropsychological tests 1 (56) 1
Glasgow Coma Scale score 1 (56) 1
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Table 3  Definitions of the prognostic factors

DTI Diffusion tensor imaging, MRS Magnetic resonance spectroscopy, PET Positron emission tomography, fMR(I) Functional magnetic resonance (imaging), CT 
Computed tomography, BAI/BDI Beck Anxiety/Depression Inventory, HADS Hospital Anxiety and Depression Scale, PTSD Post-traumatic stress disorder, LOC Loss of 
consciousness, PTA post-traumatic amnesia, ASD Acute stress disorder, DSM Diagnostic and Statistical Manual of Mental Disorders, GCS Glasgow Coma Scale

Prognostic factors Definitions

Biomarkers Almost any measurement reflecting an interaction between a biological system and a potential 
hazard, which may be chemical, physical, or biological [59]: Serum protein level (S100b, S100A1b, 
NSE), genetic determinants (apolipoprotein E e4 allele), and brain structural changes (DTI, MRS, 
PET, task-based FMR, resting-state fMRI, CT, MRI).

Sex Refers to a set of biological attributes in humans and animals, usually categorized as female 
or male [60].

Multiple concussions Number of concussions, frequency of concussions, or history of concussion [22, 49, 52].

Negative perceptions/expectations Expectations of the potential negative impact of head injuries or negative head injury percep‑
tions [2, 5].

Somatic complaints Physical symptoms experience early post-injury, such as head pain, hearing problems, arm 
numbness, headache, low back pain, and mid-back pain [2, 48].

Litigation/financial compensation Individuals seeking financial compensation, involved in litigation process, or lawyer involvement 
[2, 45].

Mental health (pre-injury) History of psychological, mental, or psychiatric health problems before the trauma event [2].

Extracranial injuries Concurrent injury during the trauma (measured by Abbreviated Injury Severity Scale) [17, 48].

Anxiety/depression Baseline or early post-injury anxiety/depression measured with BAI/BDI or HADS [2, 5].

PTSD Diagnosis of PTSD (measured by Clinician-Administered PTSD Scale and the Post-traumatic Stress 
Symptom Scale) [5].

LOC Presence of LOC following the trauma (maximum duration included differs from < 15 or < 30 
min) [2].

Nausea/vomiting Nausea and vomiting on hospital admission [48].

Marital status Single, engaged, separated, divorced, widowed, etc. [2].

Physical health (pre-injury) Pre-existing physical limitations [19].

PTA Presence of PTA or its duration (maximum < 24 h) [2].

Mechanism of injury Referring to the cause of injury and the resulting physiological or structural damage: direct 
impact, sudden or rapid acceleration and deceleration (e.g., motor vehicle injury), penetrating 
injury, and blast injury [61].

ASD DSM-V diagnosis criteria: exposure to actual or threatened death, serious injury, sexual violation, 
and presence of nine or more symptoms in any of the five categories of intrusion, negative 
mood, dissociation, avoidance, and arousal [62].

Baseline mental/physical health Measured with SF-36, a short-form health survey yields an eight-scale profile of scores as well 
as physical and mental health summary measures [63].

Degree of trait of resilience The term “trait of resilience” is defined by the two core concepts of personal adaptation 
and adversity and is an adaptive process, which may fluctuate and thus be modifiable [57].

Baseline noise sensitivity Potential physical post-concussion symptoms [2].

Job independence/decision-making latitude at work Student, homemaker, professional/semiprofessional, and management categories were defined 
as occupations offering more independence and opportunity for decision-making, when com‑
pared with the clerical, sales and service, manual labor, and skilled crafts and trades occupations 
[48].

Gross national product (GNP) of the country Countries were classified using the World Bank Atlas as either high-income (GNP > $10,066) 
or middle-/low-income countries (GNP < $10,065) [2].

Pre-injury fatigue Not described in the reviews.

Being sober/intoxicated in ED Being sober (versus intoxicated with alcohol) in the emergency department (ED) following mTBI 
[56].

Quality of sleep Sleep disturbance assessed using subjective or objective measures < 2 weeks following concus‑
sion (baseline) (e.g., Insomnia Severity Index, Pittsburgh Sleep Quality Index) [51].

Prior neurological problems Not described in the reviews

Life stressors Not described in the reviews

Complicated mTBI Mild complicated TBI defined as GCS 13–15 with focal brain lesion, depressed skull fracture, 
or both [19].

Sensory-motor test Not described in the reviews

Cognitive/neuropsychological tests Not described in the reviews
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highlighted only outcomes related to return to work 
(RTW) [48], but all the other reviews showed results of 
mixed post-concussion symptoms and outcomes (includ-
ing cognitive or neuropsychological functioning out-
comes). Some other outcomes were also considered as 
they are related to “impact on patient’s quality of life and 
functioning” [11], such as measures of quality of life [2, 
27, 56, 57], social integration [51], and substance abuse 
[49]. Given the goal of our study and the small number of 
reviews focusing on those outcomes, we chose not to run 
a secondary analysis on those specific effects.

Discussion
There are increasing interests in the population and in the 
research about mTBI prevention, diagnosis, and progno-
sis to improve treatment and clinical decision-making 
[5, 19, 20, 65]. Multiple systematic reviews synthesized 
information about this population and prognostic factors 
associated with various outcomes. We aimed to present 
a synthesis of systematic reviews concerning any variable 
associated with persistent post-concussion symptoms 
after 3 months. We provided a comprehensive over-
view of the state of the evidence available concerning 
the 35 prognostic factors that have been systematically 
reviewed. Premorbid characteristics, such as age, sex, 
prior concussions, and mental/physical problems, need 
to have special attention having stronger evidence that 
demonstrated a relation with poor outcome 3 months 

post-injury. Having somatic complaints (e.g., headaches, 
neck or back pain) after the injury and negative percep-
tions or expectations related to the recovery were also 
associated with persistent symptoms following mTBI. 
However, we could not conclude a clear prognostic rela-
tion regarding physiological characteristics after mTBI 
such as the presence of specific biomarkers.

Other authors had interests in reviewing, understand-
ing, and identifying prognostic or risk factors associated 
with persistent problems related to a specific condi-
tion, such as whiplash injury [66–68], neck pain [69, 70], 
orthopedic trauma [71], and all TBI [72].

Walton et  al. [66] found 9 significant predictors for 
persistent problems following whiplash injury, such as 
no postsecondary education, female gender, history of 
previous neck pain, baseline neck pain intensity greater 
than 55/100, presence of neck pain at baseline, presence 
of headache at baseline, catastrophizing, whiplash-asso-
ciated disorder grade 2 or 3, and no seat belt in use at the 
time of collision. Scholten-Peeters et al. [67] showed that 
of over 100 different prognostic factors examined, only 
one (high initial pain intensity) demonstrated a strong 
evidence association with persisting symptoms after 
whiplash-associated disorders. Finally, a meta-review of 
Sarrami et al. [68] presented five associated factors with 
the prognosis for people with whiplash injury, which 
were post-injury pain, disability and anxiety, catastro-
phizing, compensation and legal factors, and early use of 

Fig. 3  Model of prognostic factors associated with persistent post-concussion symptoms
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healthcare. Walton et al. [69] suggested that the progno-
sis of neck pain of various causes is generally poor, and 
there are relatively few factors that allow high or mod-
erate confidence in their use as predictors of outcome. 
Clay et al. [71] reported strong evidence supporting the 
association of female sex, older age, high pain intensity, 
preinjury anxiety or depression, and fewer years of edu-
cation with persistent pain outcomes following acute 
orthopedic trauma. Willemse-van et al. [72] reported in 
their review that older age, pre-injury unemployment, 
pre-injury substance abuse, and more severe disability at 
rehabilitation discharge were strong predictors for long-
term disability after TBI. Hence, these conditions seem to 
have similar prognosis factors for persistent symptoms. 
Older age, female gender, and presence of somatic com-
plaints after the event, such as the intensity of pain, can 
be considered as general prognostic factors to examine 
from the outset.

Most prognostic factors highlighted in these reviews 
and in our overview are premorbid characteristics or 
early-on symptoms, which are variables related to the 
injury that cannot be modified. It is however possible that 
prioritizing individuals with a higher number of progno-
sis factors would lead to better outcomes in care. We also 
discuss that interventions could target some perpetuating 
factors, by reducing life stressors, improving the quality 
of sleep and focusing on realist expectations, and helping 
to manage symptomatic complaints. Although there is no 
clear evidence on the effectiveness of interventions for 
reducing persistent post-concussion symptoms [73–76], 
educational and behavioral interventions seem promising 
like a multidimensional psychoeducative and counseling 
intervention (SAAM) based on a biopsychosocial model, 
addresses misconception and perception of mTBI recov-
ery and postconcussion symptoms through up-to-date 
psychoeducation, and provides reassurance and coun-
seling about recovery and motivation for change [77]. 
Thus, post-acute recommended interventions tend to 
match with these objectives, such as education regarding 
normalizing symptoms, expected outcomes and positive 
recovery, technique to manage stress, and gradual return 
to activities and life roles [78]. While commonly used 
treatment remains educational and reassurance early 
after the injury, these interventions showed mixed results 
concerning effectiveness [76, 79]. The current evidence 
tend to suggest psychological and rehabilitative strate-
gies [76], such as cognitive behavioral therapy, cogni-
tive rehabilitation [65], psychotherapeutic interventions, 
social work interventions, self-management strategies 
[80], and specialized interdisciplinary rehabilitation [81] 
for reducing chronic post-concussive symptoms. In addi-
tion, future studies should explore whether a patient’s 
outcome after mTBI can be improved by removing or 

reducing a prognostic factor. For example, while we know 
that patients experiencing intense headaches or pain 
after mTBI are more likely to have poor long-term out-
comes, more research is needed to examine the effects of 
intervention reducing this prognostic factor on persistent 
post-concussion symptoms outcomes.

It is possible that clinical decision-making and organi-
zational interventions can be developed by taking into 
consideration these prognostic factors. For example, 
adopting more rigorous criteria to identify patients who 
would benefit from further treatment, such as identify-
ing those who are at high risk of developing persistent 
symptoms by having ≥ 3 symptoms according to the 
RPQ during the early phase post-injury [74]. Rytter et al. 
[81] suggested a focus on the effective identification of 
patients who are at risk of maintaining persistent post-
concussive symptoms in order to initiate a treatment 
plan in a timely fashion. Early and effective identification 
of risk factors of persistent symptoms may indicate ear-
lier intervention and prevention of such chronicity after 
mTBI [64].

Evidence have highlighted the importance of early 
identification of this at-risk population and how to pre-
vent persistent symptoms before onset. However, we 
need to acknowledge that some individuals may fall 
through the cracks of the system and they can experience 
a prolonged recovery (more than 3 months) [6, 7]. Once 
these patients show signs of chronic symptomatology, 
prognostic factors are therefore more than important to 
consider, as time is running out. The authors are unani-
mous that patients experiencing persistent consequences 
following mTBI must receive healthcare services in a 
timely manner [12, 81]. Referral to a specialized multidis-
ciplinary mTBI clinic can be appropriate for patients with 
persistent symptoms that do not respond to treatment 
in a primary care setting [82]. Access to such special-
ized rehabilitation services can be complex and patients 
often face long waiting times [83–85]. The results of this 
OvR could help multiple stakeholders, such as clinicians 
and healthcare managers, to understand the prognosis 
of their patients and to focus their time and resources 
on patients needing them the most. It could also inform 
decision-makers and policymakers about the challenge of 
early identification of prognostic factors in order to pre-
vent the onset of persistent symptoms.

It is known that overviews of reviews often lack meth-
odological rigor because there are no pre-established 
reporting guidelines [86]. However, we have based our 
methods on Cochrane Handbook [29] and several pre-
vious works [30–35, 87] that can appropriately guide us 
through a rigorous process. We must acknowledge that 
our review has some limitations. The first is that, by the 
nature of an overview, we limited our data analysis to 
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what was presented in the systematic reviews included. 
Thus, results presented in our OvSR had already been 
synthesized by previous authors, so prognostic factors 
may have been omitted as we did not analyze the pri-
mary articles. Our intent was to have a broad picture of 
all prognostic factors reviewed in the literature, and we 
are aware that our results should be interpreted with 
caution. Even if we showed a very small CCA value, we 
did not conduct further analysis regarding the primary 
studies in each review, so two reviews may have analyzed 
data from the same studies. While most of the included 
systematic reviews targeted only the adult population 
with mTBI, some have examined a broader population, 
which made it more difficult to extract the relevant data 
in some systematic reviews. We chose to include all adult 
populations with mTBI (veterans, military personnel, and 
adults with sport-related injury) to be in adequation with 
our objective, but it may have led to complicate the data 
synthesis of prognostic factors into a single comprehen-
sive model. We also need to mention that few systematic 
reviews presented results of prognostic factors that did 
not demonstrate an association with outcomes, which 
shows several publication biases.

Conclusion
Having multiple articles reviewing information about 
populations with mTBI and prognostic factors associ-
ated with persistent outcomes, we aimed to produce a 
synthesis of this extensive evidence. We found a broad 
portrait of prognostic factors related to persistent post-
concussion symptoms, and this overview highlighted the 
need for a comprehensive picture of this condition. Pre-
morbid characteristics as well as negative perceptions of 
the recovery need to have special attention regarding the 
risk of persistent symptoms. We believe that these prog-
nostic factors would guide clinical decisions and research 
related to prevention and intervention regarding persis-
tent post-concussion symptoms.
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