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ABSTRACT

Objectives This study aims to examine the association
of time to recovery between early versus late presentation
to outpatient community-based concussion management
clinics following sport-related concussion (SRC) among
adolescent Canadian athletes.

Methods Using electronic health records (between
January 2017 and December 2019) from the Complete
Concussion Management Inc (CCMI) database, this was a
historical cohort study of Canadian athletes aged 12—18
presenting for care early (0—7 days) or late (8—28 days)
after SRC. Time-to-recovery was defined as the date of
clinician clearance to return to sport. Propensity scores
were first derived from logistic regression with early versus
late clinical presentation as the outcome. Cox proportional
hazards regression analysis was then used to model the
relationship between early versus late clinical presentation
and time to recovery, while including the propensity score
to adjust for confounding. The association was expressed
using hazard rate ratios (HRR) with 95% Cls.

Results A total of 4696 patient records (mean age

of 14.71 (x1.69SD); 57.7% male) were eligible. Early
presentation to a concussion management clinic following
SRC was associated with faster time to recovery (adjusted
HRR 1.23; 95%Cl 1.14 to 1.32, p<0.001). This association
was consistent within each quintile of the propensity score.
The median time to recovery was 18 versus 22 days in the
early and late groups, respectively.

Conclusion Adolescent athletes with SRC have
favourable recovery trajectories when presenting for care
up to 28 days. Time to recovery (clinician clearance to
return to sport) may be quicker with an earlier presentation
which can lead to a faster return to sport.

INTRODUCTION

Sportrelated concussion (SRC) is common
in young athletes.'™ The incidence of SRC in
adolescent athletes was reported as 0.23/1000
athlete exposures (one game or practice)
across 12 sports.” Another study reported that
nearly 20% of adolescents (13088 respon-
dents) in the USA had experienced one SRC

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Earlier care for sport-related concussions in adoles-
cents is believed to lead to faster recovery, but pre-
vious studies often had methodological flaws such
as immortal time bias and inadequate confounding
control. These limitations created uncertainty about
the true impact of early intervention, making further
investigation necessary.

WHAT THIS STUDY ADDS

= This study provides evidence that early care (within
0-7 days) after a concussion results in faster recov-
ery for adolescent athletes compared with late care
(8—28 days). Using propensity score adjustments, it
minimises confounding factors and highlights the
critical role of timely intervention in improving re-
covery outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings suggest that healthcare providers
should prioritise early assessment for concussions
to enhance recovery times. This could lead to up-
dated clinical protocols and policies that encourage
rapid access to specialised concussion care, along
with educational initiatives to promote early care-
seeking behaviour among athletes and their support
networks.

sharpest increase in the number of diagnosed
concussions in those aged 5-24 from 1997 to
2019*. Although awareness, education and
training on SRC are more accessible to all
stakeholders, these numbers are still believed
to be underestimated.” > Therefore, timely
recognition and management of adolescents
with SRC are important as symptoms can
impair an athlete’s emotional and physical
well-being, potentially leading to difficulties
in school, relationships and sportrelated
activities.”™

Current guidelines have reported that

Dr David Youngwoo Oh; in their lifetime.® Furthermore, data across most adolescents with SRC recover within
davidywoh@gmail.com US emergency departments reported the 4weeks.”” These guidelines outline a
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stepwise plan for the recognition, diagnosis and manage-
ment, including return to school and sport following
SRC.%7 However, recent observational studies have chal-
lenged the timeline for recovery by suggesting expedited
outcomes in individuals who present earlier for care.*'*
For instance, studies with adolescent athletes who were
exposed to earlier symptom-limited exercise following
SRC reported more favourable recovery times.® ? Simi-
larly, a recent randomised controlled trial reported that
adolescents who adhered to symptom-limited aerobic
exercise had fewer or reduced symptoms compared with
a resting group.'’ This research®'’ has also led others to
investigate the potential effect of time to clinical presen-
tation following SRC and its implications on recovery.
One systematic review on this topic from Barnhart et al
(2021)"" reported that earlier presentation to a ‘concus-
sion speciality clinic’, or clinics that manage concussion
regularly, following SRC led to earlier recovery. One
study in the review reported that every week of delayed
care seeking resulted in a 15% longer recovery from
SRC."” One additional study reported that patients
presenting early demonstrated significantly fewer days
until recovery (37+0.2 vs 45.1+0.3days). This relation-
ship was also reported in another study that showed the
late presentation group had a significantly higher OR of
a delayed recovery (>30days) (OR) 9.8, 95%CI 3.3 to
29.0"" compared with those who presented early.
Unfortunately, studies examining these relationships
are hampered by one or more common methodological
flaws. For instance, when the time to initiate treatment
is investigated, a phenomenon called Immortal Time
Bias should be considered."* '* This refers to ‘a span of
time in the observation or follow-up period of a cohort
during which the outcome under study could not have
occurred’.' As such, potential confounders including
characteristic or prognostic differences in early versus
late presenters can lead to a systematic underestimation
or overestimation of an exposure’s true influence on the
outcome of interest.'* Therefore, as a first step, we inves-
tigated the potential association between patient baseline
characteristics and the timing of patient presentation
to a specialty clinic for the assessment of SRC."” Using
logistic regression, propensity scores were derived to
predict early (<7days) versus late (8-28days) presenters
to control for systematic differences between participants
who presented early and late to make both groups more
directly comparable.' " Based on these results, our next
step and objective of this study were to investigate the
relationship between early versus late time to presenta-
tion following SRC and recovery time using the previously
developed propensity scores to control for confounding.

METHODS

Study design and setting

We conducted a historical cohort study using electronic
healthcare records from the Complete Concussion
Management Inc (CCMI) database with two phases
of analysis. The CCMI database is an electronic health

record system used by all CCMI-certified clinics to record
patientinformation related to pre-season baseline testing,
postinjury assessments and clinical notes." ' Additional
details on the CCMI database and data collected have
been previously reported.'” '® Patients provided consent
for the use of their de-identified clinical records for
research purposes during their registration with a CCMI-
certified clinic.

Participants

Participants were male and female adolescent athletes
between 12 and 18 years old who experienced an SRC
and sought care from a CCMI-affiliated clinic in Canada
from January 2017 (inception of the CCMI database)
until December 2019 (to limit any potential effect of the
coronavirus pandemic). We defined SRC according to
the Berlin Consensus Statement on Concussion in Sport.°®
Participants who experienced a concussion not associ-
ated with sport (ie, motor vehicle accidents, workplace
injuries, or blast injuries), moderate to severe traumatic
brain injuries or those who presented later than 28 days
post-SRC were excluded. We decided a priori to only
include the index concussion if the same participants
had multiple recorded SRCs as our previous study found
delayed time to presentation for athletes who reported
multiple SRCs."” Participants with pre-existing concus-
sions were included in our study.

Exposure

Our exposure was the number of days between the
athlete’s self-reported date of SRC and their initial assess-
ment. To remain consistent with our research and similar
articles,” "' 1 we defined 0-7 days as ‘early’ and 8-28 days
as ‘late’. This dichotomous exposure measure served as
the outcome in the propensity model to derive propen-
sity scores.

Propensity model independent variables

16 variables were selected a priori based on the scien-
tific literature, clinical knowledge and data availability to
build the propensity score model including demographic
and preinjury information, injury characteristics and
immediate post-concussion features."” Specific details
were reported in our previous research.'”

Data extraction procedure
De-identified data were extracted by an independent
data management personnel to a password-protected

spreadsheet and imported into a data analysis software
(SPSS Statistics, V.26).

Primary outcome

Our primary outcome was time to recovery, that is, the
number of days from the initial postinjury presentation
to a CCMI clinic to clinical recovery (defined as the
date of clinician clearance to return to sport). Surrogate
metrics for concussion recovery were also collected to
help understand a participant’s health status related to
their discharge status.'®
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Missing data analysis

Participants with incomplete data including date of
discharge, recovery status and other follow-up informa-
tion were included for analysis as censored observations
at the date of their last clinic visit."” Study authors (SH-],
DYO and CM) held a meeting during data preparation
for this study, prior to undertaking any analysis, to review
participants with incomplete data and classify them as a
loss to follow-up, ongoing injuries or discharged based on
the clinical data recorded in the CCMI database (online
supplemental appendix 1).

Analysis

Sample size requirements were determined using a statis-
tical rule of thumb for logistic regression and survival
analysis described by Harrell et al.'® Propensity scores
were first derived using the linear predictor from a
multiple logistic regression model with early versus late
CCMI clinical presentation as the outcome. Explana-
tory variables in the propensity score model included
demographic and preinjury information, injury char-
acteristics and immediate post-concussion symptoms.
Survival analyses were conducted using Cox proportional
hazards regression analysis to model the relationship
between early versus late CCMI clinical presentation and
time to recovery. The main exposure variable was clin-
ical presentation time (early vs late) with covariates to
control for confounding including the previously derived
propensity score and sport type. The association between
exposure and outcome was expressed using hazard rate
ratios (HRR) with 95% ClIs. In addition, the data were
divided into five equal sized groups based on quintiles
of the propensity scores and early versus late presenters
were compared on the primary outcome time-to-recovery
within each quintile using Kaplan-Meier curves.

Patient and public involvement
Patients or members of the public were not involved in
the design or conduct of this current study.

Equity, diversity and inclusion statement

Members of our research team included senior, mid
and early-career academics and clinicians, two of which
are female. The study population included adolescents
of different genders, demographics and sports in the
CCMI database. As authors and population were limited
to high-income countries, findings may not be generalis-
able to settings with fewer resources.

RESULTS

Participants

A total of 6125 patient records were retrieved from the
database and 1429 records were excluded from anal-
ysis (figure 1). Primary reasons for exclusion included
incomplete exposure data (ie, no recorded date of
injury), mechanism of injury not related to sport and
participants with multiple recorded SRCs within our
dataset (only the index observation was included). A total

SRC records retrieved
from database from clinics
in Canada
(n=6125)

/ Ineligible records based on \

inclusion criteria:
(m=990)
314 no dates listed
91 no injury date
258 incomplete data
296 days from assessment
to discharge =0

v K 31 non-SRC J
| )

Eligible records
(n=5135)

Excluded due to not
earliest concussion in
dataset (n=439)

4

Eligible records
(n=4696)
e 4096 discharged
e 650 lost-to-follow-up
or ongoing (censored)

Figure 1 Cohort assembly. SRC, sport-related concussion.

of 4696 patient records were eligible for inclusion in the
final analysis with 650 records recorded as censored (loss
to follow-up or as an ongoing injury). The average age
was 14.71 (x1.69SD); 57.7% male. (table 1). The majority
of athletes were evaluated in Ontario (44.0%). A total of
3404 participants (72.5%) presented early, whereas 1289
(27.5%) presented 8-28days after their injury. Those in
the early group presented on average 3.16 (+1.82SD)
days postinjury, versus 13.92 (+5.51SD) days in the late
group.

A completed pre-SRC baseline assessment was recorded
for 1256 (26.7%) of the participants. Participants reported
previously diagnosed anxiety 357 (7.60%), depression
153 (3.26%), headache 1220 (26.0%), learning disability
270 (5.75%) and attention deficit disorder or attention
deficit hyperactivity disorder 272 (5.79%). The majority
reported no previous SRCs 2920 (62.18%). Most partic-
ipants reported no loss of consciousness 4098 (87.27%)
and no posttraumatic amnesia 3934 (83.77%), but
those who did experience similar rates of anterograde
and retrograde amnesia. Participants had a mean post-
concussion symptom scale score of 27.43 (+21.29) /132
and reported an average of 10.49 (+6.0)/22 possible
symptoms. Most SRCs were sustained playing ice hockey
1995 (42.5%), followed by soccer 522 (11.1%), American
football 485 (10.3%) and rugby (7s and 15s) 289 (6.2%).

Factors associated with early versus late presentation time

Like our previous study,"” figure 2 presents side-by-side
boxplots of propensity scores stratified by early versus late
presenters and by quintile of propensity score. The plot
shows a good overlap of distribution of propensity score
between early and late presenters indicating the propen-
sity score achieves a good balance of covariates between

Oh DY, et al. BMJ Open Sp Ex Med 2025;11:¢002241. doi:10.1136/bmjsem-2024-002241

3


https://dx.doi.org/10.1136/bmjsem-2024-002241
https://dx.doi.org/10.1136/bmjsem-2024-002241

Open access

I

Table 1 Participant characteristics

Count (% of column)

Early group Late group Early vs late groups

Characteristics (n=3404/4696; 72.5%) (n=1289/4696; 27.5%) (p value)*
Age (years) (mean+SD) 14.65+1.70 14.85+1.65 <0.001
Male (%) 2084 (61.2) 673 (52.2) <0.001
Province

Atlantic provinces 390 (11.5) 123 (9.54) <0.001

Quebec 267 (7.84) 127 (9.85)

Ontario 1476 (43.4) 587 (45.5)

Manitoba 5(0.15) 5(0.39)

Saskatchewan 479 (14.1) 149 (11.6)

Alberta 238 (6.99) 67 (5.20)

British Columbia 549 (16.1) 231 (17.9)

Time to clinical presentation (days) (mean+SD)  3.16+1.82 13.92+5.51 <0.001

Completed baseline (%) 1111 (32.6) 145 (11.2) <0.001

History of diagnosed anxiety (%) 248 (7.29) 109 (8.46) 0.186

History of diagnosed depression (%) 100 (2.94) 53 (4.11) 0.049

History of diagnosed headache (%) 844 (24.8) 376 (29.2) 0.002

History of diagnosed learning disability (%) 206 (6.05) 64 (4.97) 0.155

History of diagnosed ADD/ADHD (%) 192 (5.64) 80 (6.20) 0.455
Number of previously self-reported SRCs

Mean+SD 0.57+0.95 0.74+1.21 <0.001

0 2163 (63.5) 757 (58.7)

1 813 (23.9) 315 (24.4)

2 264 (7.76) 111 (8.61)

>3 164 (4.82) 106 (8.22)
Loss of consciousness (%)

Yes 209 (6.14) 90 (6.98) 0.549

No 2978 (87.5) 1120 (86.9)

Unsure 217 (6.37) 79 (6.13)
Post-traumatic amnesia (%)

Anterograde 291 (8.55) 106 (8.22) 0.073

Retrograde 244 (7.17) 118 (9.15)

None 2869 (84.3) 1065 (82.6)

PCS score (/132) (mean+SD) 27.55+21.21 27.11+21.5 0.533

PCSS symptom number (/22) (mean+SD) 10.53+£5.910 10.4+6.221 0.519
Mechanism of injury (%):

Hockey 1502 (44.1) 493 (38.2) <0.001

Soccer 372 (10.9) 150 (11.6)

Football 364 (10.7) 121 (9.39)

Rugby 195 (5.72) 4 (7.29)

Basketball 208 (6.11) 7 (5.97)

Lacrosse 91 (2.67) 6 (2.02)

Skiing 100 (2.94) 5 (4.27)

Volleyball 122 (3.58) 9 (3.03)

Cheerleading 92 (2.70) 4 (2.64)

Continued
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Table 1 Continued

Count (% of column)

Early group Late group Early vs late groups
Characteristics (n=3404/4696; 72.5%) (n=1289/4696; 27.5%) (p value)*
Ringette 73 (2.14) 36 (2.79)
Martial arts 64 (1.88) 34 (2.64)
Watersport 41 (1.20) 15 (1.16)
Skating 32 (0.94) 14 (1.09)
Gymnastics 23 (0.68) 14 (1.09)
Baseball 24 (0.70) 22 (1.71)
Cycling 24 (0.70) 13 (1.01)
Dance 13 (0.38) 11 (0.85)
Dodgeball 8 (0.23) 6 (0.47)
Equestrian 12 (0.35) 11 (0.85)
Other 45 (1.32) 24 (1.86)
Location of impact—head (%)
Crown 71 (2.08) 23 (1.78) 0.513
Frontal bone—left 705 (20.7) 275 (21.3) 0.629
Frontal bone —right 884 (26.0) 310 (24.1) 0.176
Temporal bone—left 436 (12.8) 156 (12.1) 0.552
Temporal bone— right 440 (12.9) 150 (11.6) 0.238
Parietal bone —left 151 (4.43) 75 (5.82) 0.048
Parietal bone —right 187 (5.49) 91 (7.06) 0.042
Occipital bone—Ileft 708 (20.8) 235 (18.2) 0.052
Occipital bone—right 757 (22.2) 256 (19.9) 0.080
Location of impact—body (%)
Front 328 (9.66) 121 (9.39) 0.780
Rear 320 (9.39) 93 (7.21) 0.019
Left side 227 (6.66) 77 (5.97) 0.392
Right side 250 (7.34) 79 (6.13) 0.147

*Two-sided t-test or 2.

ADD/ADHD, attention deficit disorder/attention deficit hyperactivity disorder; PCS, post-concussion syndrome; PCSS, post-

concussion symptom scale; SRC(s), sport-related concussion(s).

the two groups. Additional details are included in online
supplemental appendices 2 and 3.

Gox proportional hazards regression

Early presentation for care following SRC was associated
with faster time to recovery (HRR 1.23; 95% CI 1.14 to
1.32, p<0.001) after adjusting for covariates including
propensity score quintile strata and the categorical sport
variable. Kaplan-Meier graphs modelling the relation-
ship between time to presentation after SRC and clinical
recovery showed a median of 18 versus 22 days between
the early and late groups, respectively (figure 3). This
relationship was also seen with Kaplan-Meier graphs
between early and late groups within propensity quintiles
1-3. Quintiles 4 and 5, however, showed no difference
in median recovery times between early and late groups
(online supplemental appendices 4 and 5).

DISCUSSION

This study examined the relationship between time to
clinical presentation following SRC and the time to clin-
ical clearance to return to sport in adolescent Canadian
athletes. Overall, our results showed that early presentation
was associated with a faster recovery (18 days) compared
with later presentation (22 days) after adjustment for all
covariates including propensity score strata. Further anal-
ysis within the quintiles of the propensity score showed
similar findings; however, quintiles 4 and 5 did not show
any differences in median recovery time between the
early and late groups. While these findings support earlier
presentations for care can expedite recovery in adolescents
with SRC, our results are more modest compared with the
related literature.® '™ ' We believe that there are several
explanatory factors for our findings.
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Figure 2 Propensity score distribution by quintile (Q1-Q5) dichotomised by early (E) or late (L) grouping. Boxes represent the
IQRs (25th percentile to 75th percentile) of each quintile for both the early (orange) and late (blue) groups. Median values are
represented by the line in the middle of the box, and whiskers represent the minimum and maximum propensity score values.

Circles plotted beyond the whiskers denote outlier data.

Some studies only include ‘complete’ records and
exclude subjects who have not yet recovered at the time
of data extraction/analysis. When the time to an event
serves as an outcome and survival methods are employed
for data analysis, these incomplete observations can be
considered as censored observations. Excluding them
would, in fact, result in an overestimation of the prob-
ability of recovery at any specific time point.'” If there

is varying exclusion of incomplete observations between
individuals presenting early and late, the association
between time to presentation and time to recovery will
be biased with the direction of the bias dependent on the
direction of differential exclusion.

Second, some studies will incorporate the exposure
(time from concussion to clinical presentation) within
the outcome (time from concussion to recovery) which

Legend
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Figure 3 Kaplan-Meier curves for time to patient discharge based on the time of initial assessment dichotomised by early
(green) and late (blue) after adjustment for all covariates including propensity score strata.
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is commonly described in pharmacological literature as
the immortal time bias.!? 1 161921 1y short, when time to
clinical presentation is embedded in time to recovery,
subjects who present for care longer following SRC will
experience a longer time from concussion to recovery.
Furthermore, subjects cannot have a time to recovery
shorter than time to clinical presentation.

Thirdly, subjects who present later for care rather than
earlier are likely at a different place in the natural history
of concussion recovery than those presenting earlier
and are prognostically different when they present after
SRC."” While some studies adjusted for these differ-
ences using regression control methods, it is unclear
whether the factors used were sufficient to fully control
for prognostic differences.’* '* 1Y To achieve a better
balance between groups, we used a propensity model.'”
Our propensity score demonstrated modest ability (area
under curve (AUC)=0.68; 95% CI 0.66 to 0.70, p=0.318)
to classify early versus late presenters. Furthermore, the
boxplot graphs in our study showed significant overlap
demonstrating good balance between subjects in each
quintile.

Clinical implications

The results of this study underscore the importance of
early clinical assessment and intervention for adolescent
athletes who suffer from SRC. Given the high incidence
of SRC among adolescents and the documented increase
in concussion diagnoses over the past decades,”* early
intervention allows for timely management, which may
reduce the severity and duration of symptoms, thereby
facilitating a quicker return to school and sports activi-
ties. This can also mitigate the negative emotional and
cognitive impacts associated with prolonged symptoms.'®
Early intervention may also help identify individuals who
are ‘poor copers’ with a potentially protracted recovery
trajectory that may benefit from earlier referral to
specific concussion specialists.” Additionally, educa-
tional initiatives targeting athletes, parents, coaches and
educators about the signs of concussion and the impor-
tance of early medical consultation could enhance early
care-seeking behaviours, which could lead to improved
recovery outcomes.®”

Strengths and limitations

To our knowledge, this study is among the first to adjust
for confounding in our analysis with a propensity model
to control for systemic differences and make participants
more comparable in an observational study design.'” %
Additionally, our study uses a large national database and
large sample size far exceeding the estimated minimum
requirement of 320 subjects while planning the study."
Our propensity model was robust consisting of 16
covariates that have been reported to be statistically
and clinically associated with prognostic outcomes in
adolescents with concussion.'” Additional methodolog-
ical strengths include investigating patients from time
from injury to clinical presentation (exposure) to time to

clinical recovery from initial presentation (outcome) to
avoid the immortal time bias and an overestimation of the
strength of association between timing of presentation
and time to clinical recovery.”’ Our study also included
subjects with incomplete data as censored observations
control for overestimation and/or underestimation of
our results as compared with other related observational
studies.'* ' 191920 A¢ Jast, our study included concussion
patients presenting to outpatient sport-medicine and/or
injury rehabilitation clinics."®

Because of the observational nature of the study, we
cannot dismiss the potential existence of residual and
unmeasured confounding factors. Previous studies
have reported high initial pain and disability levels,
high symptom burden, poor recovery expectations
and pre-existing headache or mental health issues as
potential negative prognostic factors.”> It is possible
that other factors exist that could potentially influence
athlete presentation in both the early and late groups.
Similarly, all observational studies' '* ' '?** are missing
an important subgroup of subjects—individuals who
sustained an SRC that did not present to the clinic early
and recovered without seeking care. Patients presenting
later to the clinic in these studies do so because they have
not yet fully recovered. Excluding this subgroup from
the studies will result in an overestimation of the time
to recovery for those patients who presented late to the
clinic, thus biasing the association between time to clin-
ical presentation and time to recovery. At last, our study
also used clinical data that was reliant on community
providers completing and dating records appropriately.'®
While the licenced healthcare providers were trained
in the concussion management protocols and clinical
record keeping, there may have been variability in how
rigorous they were with record keeping.'®

CONCLUSIONS

Using a propensity score methodology, in our cohort
of over 4900 Canadian adolescent athletes, both early
and late groups showed similar trajectories for recovery;
however, earlier presenters tended to recover faster. A
small minority in both the early and late groups showed
protracted recovery times, suggesting that prognostic
differences were not accounted for by our propensity
model. These findings provide additional observational
evidence that earlier presentation for care following SRC
may lead to faster recovery times.
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