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Background: The prevalence of unreported concussions is high, and undiagnosed concussions can lead to worse postconcus-
sion outcomes. It is not clear how those with a history of undiagnosed concussion perform on subsequent standard concussion
baseline assessments.

Purpose: To determine if previous concussion diagnosis status was associated with outcomes on the standard baseline concus-
sion assessment battery.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Concussion Assessment, Research, and Education (CARE) Consortium participants (N = 29,934) self-reported concus-
sion history with diagnosis status and completed standard baseline concussion assessments, including assessments for symp-
toms, mental status, balance, and neurocognition. Multiple linear regression models were used to estimate mean differences and
95% CIs among concussion history groups (no concussion history [n = 23,037; 77.0%], all previous concussions diagnosed [n =
5315; 17.8%], �1 previous concussions undiagnosed [n = 1582; 5.3%]) at baseline for all outcomes except symptom severity and
Brief Symptom Inventory–18 (BSI-18) score, in which negative binomial models were used to calculate incidence rate ratios
(IRRs). All models were adjusted for sex, race, ethnicity, sport contact level, and concussion count. Mean differences with
95% CIs excluding 0.00 and at least a small effect size (�0.20), and those IRRs with 95% CIs excluding 1.00 and at least a small
association (IRR, �1.10) were considered significant.

Results: The �1 previous concussions undiagnosed group reported significantly greater symptom severity scores (IRR, �1.38)
and BSI-18 (IRR, �1.31) scores relative to the no concussion history and all previous concussions diagnosed groups. The �1
previous concussions undiagnosed group performed significantly worse on 6 neurocognitive assessments while performing bet-
ter on only 2 compared with the no concussion history and all previous concussions diagnosed groups. There were no between-
group differences on mental status or balance assessments.

Conclusion: An undiagnosed concussion history was associated with worse clinical indicators at future baseline assessments.
Individuals reporting �1 previous undiagnosed concussions exhibited worse baseline clinical indicators. This may suggest that
concussion-related harm may be exacerbated when injuries are not diagnosed.
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Concussion is a common injury in athletics and the mili-
tary. Many factors influence concussion rates in athletics,
such as competition level (high school or college), sex,
and sport.48 For college athletes, sports such as women’s
soccer and men’s ice hockey, among others, have high con-
cussion rates. In women’s soccer, 5.2% of all injuries are
concussions,19 while 10.1% of all men’s ice hockey injuries

are concussions.39 In the military, between 15%29 and
23%59 of servicemembers report sustaining a traumatic
brain injury, of which the majority (.80%)18 are classified
as mild traumatic brain injuries, or concussions. Unique
from orthopaedic injuries, concussion treatment relies
heavily on symptom self-report for both initial diagnosis
and effective clinical care. Proper concussion management
commonly revolves around assessments of neurologic func-
tion, symptom report, neurocognition, and balance.6,43

Because of the reliance on self-report, among other factors,
to initiate clinical evaluation and injury management, the
true rate of concussion within athletic and military
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settings remains unclear, as each group may perceive
repercussions to reporting their concussions.23,60

Timely concussion identification and diagnosis is criti-
cal for clinicians to properly treat a concussion.2,4 When
symptoms are not reported, the injury may go undiagnosed
and the injured person continues activities without medi-
cal care or accommodations, prolonging injury recov-
ery.2,21,36 Unfortunately, the prevalence of undiagnosed
concussions is high. In a sample of US Army service mem-
bers, only 52% of soldiers who sustained a concussion
reported the injury.22 Similar unreported concussion fre-
quencies have been described in youth ice hockey play-
ers,63 high school athletes,42 professional rugby union
players,24 and military service academy cadets.53 While
numerous efforts are ongoing to increase concussion
reporting,34,37,58 understanding potential negative effects
associated with undiagnosed concussions23 is important
given the large number of athletes and servicemembers
experiencing these injuries. Further, quantifying the
adverse effect of undiagnosed concussion may highlight
the importance of interventions to facilitate early identifi-
cation of injured individuals.

Individuals who sustain an undiagnosed concussion
may be at risk for worse concussion-related outcomes.
Those with a history of undiagnosed concussions were
more likely to have recurrent symptoms after physical
activity resumption after sustaining a subsequent concus-
sion,47 had greater symptom severity scores, and were
more likely to lose consciousness after subsequent concus-
sion than those without previously undiagnosed concus-
sions.46 These data imply that concussions that are
improperly managed due to being undiagnosed may result
in subtle, subclinical impairments that are magnified by
a subsequent brain injury. However, it is unknown if the
harm caused by undiagnosed concussions could be detect-
able through concussion assessment battery performance
in the absence of subsequent concussions. In other words,
do those with a history of undiagnosed concussions per-
form the same on the standard concussion assessment

battery as those with no concussion history or a history
of only diagnosed concussions? The answer to this question
may have clinical implications for interpreting baseline
concussion assessment data and may increase our under-
standing of potential lingering or subclinical deficits from
unreported and undiagnosed concussions.

The objective of this study was to determine if previous
concussion diagnosis status (no concussion history, all pre-
vious concussions diagnosed, �1 previous concussions
undiagnosed) was associated with outcomes on a standard
baseline concussion assessment battery. We explored this
objective using a large sample of nearly 30,000 college ath-
lete and military academy cadet baseline assessments
while controlling for known factors that influence concus-
sion care seeking: sex, race, ethnicity, sport contact level,
and number of previous concussions.32,61,62 We hypothe-
sized that those with a history of at least 1 undiagnosed
concussion would have poorer baseline concussion assess-
ment battery performance than those with a history of
only diagnosed concussions or no concussion history.

METHODS

Participants

We used data from the Concussion Assessment, Research,
and Education (CARE) Consortium. Participants included
college varsity athletes and military cadets from 30 institu-
tions. CARE Consortium methods have been previously
described in depth,7 with specific details relevant to this
study provided below.

Each participant completed a baseline demographic
questionnaire, a symptom checklist, the Brief Symptom
Inventory–18 (BSI-18), a mental status examination, a bal-
ance assessment, and a computerized neurocognitive
assessment before beginning their respective sport season
(for athletes) or military training (for cadets). Although
some participants completed multiple baseline assessments,
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only the assessment taken at the time of enrollment was
used in this study. Participants were included if they had
valid baseline data for at least 1 of the outcome variables
and reported sex, race, ethnicity, and sport category. Figure
1 details the final sample for each analysis. All participants
provided informed consent. The study was approved by each
site’s local institutional review board and the United States
Army Human Research Protection Office.

Demographics and Concussion Diagnosis Status

The Demographics and Personal and Family Medical His-
tory unique case report form was used to capture demo-
graphic factors and concussion history.7 Pertinent
demographics included sex, race, and ethnicity. Participants
were categorized based on the contact level associated with
their sport (contact, limited contact, noncontact)54 or
a fourth categorization for non–National Collegiate Athletic
Association (NCAA) military service academy cadets.

Concussion history and diagnosis status were deter-
mined using the Personal and Family Medical History
case report form.7 Participants first read the definition of
concussion: ‘‘A change in brain function following a force
to the head, which may be accompanied by temporary
loss of consciousness, but is identified in awake individuals
with measures of neurologic and cognitive dysfunction.’’
This definition was accompanied by a list of common symp-
toms and was held standard across CARE Consortium
sites. Additionally, participants reviewed important dis-
tinctions that concussions can occur without loss of

consciousness and can be what may be termed, ‘‘getting
your ‘bell rung’’’ or ‘‘clearing the cobwebs.’’ Participants
then selected ‘‘yes’’ or ‘‘no’’ as to whether they ever had
a concussion. If ‘‘yes’’ was selected, participants reported
their total number of previous concussions.

The main exposure of interest in this study, concussion
diagnosis status, was based on additional self-reported
information provided regarding whether each previous con-
cussion was diagnosed or undiagnosed. Concussion diagno-
sis status was binned into 3 groups: (1) no concussion
history, (2) all previous concussions diagnosed, and (3) �1
previous concussions undiagnosed. The no concussion his-
tory group consisted of those participants responding that
they had no concussion history. The all previous concussions
diagnosed group consisted of those participants responding
that (1) they had at least 1 concussion and (2) all concus-
sions were diagnosed. The �1 previous concussions undiag-
nosed group consisted of those participants responding that
(1) they had at least 1 concussion and (2) not all concussions
were diagnosed (ie, at least 1 concussion was undiagnosed).

Outcome Measures

Symptoms

The Sport Concussion Assessment Tool 3 (SCAT3) symp-
tom checklist contains a list of 22 symptoms.44 Participants
rated each symptom on a 0 to 6 scale, with 0 indicating the
symptom was not present and 6 indicating the symptom
was as severe as possible. The severity scores were
summed across all symptoms, resulting in a symptom

Figure 1. Participants available for each outcome measure. ANAM, Automated Neuropsychological Assessment Metrics; BSI-18,
Brief Symptom Inventory–18; CCAT, Computerized Cognitive Assessment Tool; ImPACT, Immediate Post-concussion Assess-
ment and Cognitive Testing; NCAA, National Collegiate Athletic Association.
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severity composite score, with higher scores indicating
more severe symptoms. The total number of symptoms
was also recorded by summing the number of symptoms
that were endorsed above a score of 0. The BSI-18 contains
18 items and requires the participants to rate their level of
distress over the past 7 days using a 0 to 4 scale, with
0 indicating not at all and 4 indicating extremely often.45

The ratings were summed, resulting in a single BSI-18
composite score.

Mental Status

The Standardized Assessment of Concussion (SAC) is
a brief assessment that includes measures of orientation,
immediate memory, concentration, and delayed recall.40

Scores across the measures were summed such that a sin-
gle composite score was calculated, with a value of 30 rep-
resenting maximum performance (higher score indicates
better performance).

Balance

The Balance Error Scoring System (BESS) required partic-
ipants to perform six 20-second balance trials, 3 on a firm
surface and 3 on a foam surface.28 There were 3 foot condi-
tions: feet together, single-leg stance on the nondominant
leg, and tandem stance (heel to toe) with the dominant
foot in front. Participants closed their eyes and placed their
hands on their hips for each trial and were asked to main-
tain their best balance for the 20-second period. Trained
raters noted the total number of balance errors and summed
them, resulting in a single BESS composite score, with
a higher score representing worse balance performance.

Neurocognition

Four computerized neurocognitive assessments were used
across the CARE Consortium: Immediate Post-concussion
Assessment and Cognitive Testing (ImPACT; 25 sites),
CNS Vital Signs (2 sites), the Automated Neuropsycholog-
ical Assessment Metrics (ANAM; 2 sites), and the Cogstate
Computerized Cognitive Assessment Tool (CCAT; 1 site).7

Each of these tests has been described in detail elsewhere.
ImPACT generates composite scores to quantify perfor-
mance in the following domains and takes approximately
20 minutes to complete: verbal memory, visual memory,
visual motor speed, and reaction time.38 CNS Vital Signs
takes approximately 25 minutes to complete, generating
outcomes in the following domains (raw domain scores
were analyzed here): verbal memory, visual memory, psy-
chomotor speed, reaction time, complex attention, cogni-
tive flexibility, and processing speed.27 The ANAM,
which takes about 20 minutes to complete, produces
throughput scores for the following assessments: simple
reaction time (tested twice during the battery), code substi-
tution, procedural reaction time, matching to sample, and
delayed code substitution. Throughput scores are the prod-
uct of speed and accuracy and represent overall efficiency
on each assessment.57 The CCAT is a 15-minute test that
reports outcome measures in the following domains: pro-
cessing speed, attention, learning, working memory speed,
and working memory accuracy.12

Statistical Analysis

Data were analyzed using SAS software (Version 9.4; SAS
Institute Inc). Frequencies and distributions were com-
puted for concussion history and demographic data. For
outcome measures, means with standard deviations were
calculated.

Before analyses, correlations were explored between out-
comes in the same category (ie, within symptoms, neurocog-
nition, etc). When �2 outcomes were highly correlated (r .

0.85), one of the outcomes was discarded before the analyses
were conducted. Using this method, we removed SCAT total
symptom number along with the CNS Vital Signs executive
function domain. Comparisons across previous concussion
diagnosis status categories were conducted using multivari-
able models. All outcome measures featured distributions
satisfying linear regression analyses,35 except for SCAT
symptom severity score and BSI-18 composite score, which
were skewed right and exhibited overdispersion. Thus, for
all outcomes except for SCAT symptom severity score and
BSI-18, concussion history groups were compared via multi-
ple linear regression models that estimated mean differen-
ces and 95% CIs. For SCAT symptom severity score and
BSI-18, concussion history groups were compared via nega-
tive binomial models1 that estimated incidence rate ratios
(IRRs) and 95% CIs. All models were adjusted for sex
(male vs female), race (White vs African American, Asian/
Pacific Islander, other), ethnicity (Hispanic vs non-
Hispanic), sport contact level (contact sport vs limited con-
tact sport vs noncontact sport vs non-NCAA military service
cadet), concussion count (discrete variable), and clustering
by study site. These adjustments were made to account for
known variables that affect concussion care-seeking behav-
iors and/or performance on outcomes measured in this
study.32,61,62 Further, growing evidence suggests racial
and ethnic differences related to patient care after concus-
sion and traumatic brain injury in civilian and military pop-
ulations.11,16,55 We considered accounting for education
level, but given the relatively homogeneous sample (ie, all
participants were enrolled in a university), we did not
include education as a covariate.

From these models, ‘‘clinical meaningfulness’’ was also
assessed through examining effect sizes. For multiple lin-
ear regression models, adjusted effect sizes were calculated
by taking the differences of the group means and dividing
them by the overall standard deviation of the score. The
results highlight those mean differences with 95% CIs
excluding 0.00 and at least a small effect size (ie,
�0.20),56 and those IRRs with 95% CIs excluding 1.00
and at least a small association (ie, IRR, �1.10).30

RESULTS

A total of 23,037 (77.0%) participants reported no concus-
sion history, while 5315 (17.8%) reported that all their con-
cussions were diagnosed, and 1582 (5.3%) reported at least
1 concussion was undiagnosed. Table 1 contains the demo-
graphic breakdown for all 29,934 participants.
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All results reported here reflect our definition of clinical
meaningfulness described in Methods (mean differences
with 95% CIs excluding 0.00 and at least a small effect
size, and those IRRs with 95% CIs excluding 1.00 and at
least a small association). Tables 2 and 3 provide descrip-
tive information and between-group comparisons for all
outcomes and highlight all statistically significant findings
along with clinically meaningful findings.

The �1 previous concussions undiagnosed group
reported significantly greater symptom scores and BSI-18
composite scores relative to both of the other groups, while
the no concussion history and all previous concussions
diagnosed groups were not different. When comparing neu-
rocognitive outcomes between the no concussion history
and the all previous concussions diagnosed groups, only
ANAM matching to sample and simple reaction time test
2 were different at baseline, with the all previous concus-
sions diagnosed group performing worse on both outcomes
than the no concussion history group. However, the undi-
agnosed group performed significantly worse relative to
the no concussion history and all previous concussions
diagnosed groups on 6 comparisons (CNS Vital Signs:
visual memory [worse than both groups], processing speed,
reaction time; ANAM: simple reaction time test 1, proce-
dural reaction time) while only performing better on 2
(ANAM: matching to sample; CCAT: learning). There

were no between-group differences on mental status or bal-
ance assessments (Table 3).

DISCUSSION

Proper concussion management relies on clinicians being
aware of the injury and receiving accurate and timely
symptom information from the patient. We observed
greater baseline symptom severity and BSI-18 scores and
numerous worse neurocognitive outcomes in those who
reported at least 1 undiagnosed concussion as compared
with those who reported a history of only diagnosed con-
cussions or no concussion history. These findings may pro-
vide insight into subtle lingering concussion-related
deficiencies in those who sustain a concussion that goes
undiagnosed.

We observed significantly higher symptom severity
scores at baseline, with those having not reported �1 pre-
vious concussions reporting 1 point higher on average com-
pared with those who reported no concussion history and
those who reported all previous concussions. However,
when comparing those with no concussion to those who
reported all previous concussions, there were no differen-
ces in symptom severity. Thus, those who had experienced
concussions—but reported all of them—showed a more

TABLE 1
Characteristics of 29,934 Participants, by Previous Concussion Diagnosis Status: CARE Consortium, 2014-2018a

Characteristic
No Concussion History

(n = 23,037; 77.0%)
All Previous Concussions Diagnosed

(n = 5315; 17.8%)
�1 Previous Concussions

Undiagnosed (n = 1582; 5.3%)

Sex
Female 8822 (38.3) 2021 (38.0) 498 (31.5)
Male 14,215 (61.7) 3294 (62.0) 1084 (68.5)

Race
White 17,416 (75.6) 4135 (77.8) 1218 (77.0)
African American 2518 (10.9) 602 (11.3) 152 (9.6)
Asian/Pacific Islander 1306 (5.7) 149 (2.8) 50 (3.2)

Asian 1173 (5.1) 114 (2.1) 40 (2.5)
Hawaiian/Pacific Islander 133 (0.6) 35 (0.7) 10 (0.6)

Otherb 1797 (7.8) 429 (8.1) 162 (10.2)
Indian/Alaskan 117 (0.5) 23 (0.4) 14 (0.9)
Multiracial 1680 (7.3) 406 (7.6) 148 (9.4)

Ethnicity
Hispanic 2027 (8.8) 408 (7.7) 125 (7.9)
Non-Hispanic 21,010 (91.2) 4907 (92.3) 1457 (92.1)

Sport played
Contact sport 6431 (27.9) 2566 (48.3) 606 (38.3)
Limited contact sport 5167 (22.4) 1014 (19.1) 312 (19.7)
Noncontact sport 3919 (17.0) 554 (10.4) 190 (12.0)
Non-NCAA military cadet 7520 (32.6) 1181 (22.2) 474 (30.0)

Concussion count history
0 23,037 (100.0) 0 (0.0) 0 (0.0)
1 0 (0.0) 4244 (79.8) 1015 (64.2)
2 0 (0.0) 827 (15.6) 363 (23.0)
�3 0 (0.0) 244 (4.6) 204 (12.9)

aData are presented as n (%). CARE, Concussion Assessment, Research, and Education; NCAA, National Collegiate Athletic Association.
bRace categories are collapsed because of sample size restrictions.
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similar symptom severity profile to never concussed partic-
ipants than to those who had experienced unreported con-
cussions. Findings were nearly identical between
symptoms and BSI-18. Immediate postconcussion diagno-
sis is critical and leads to a more efficient and safer return
to play2,3 while also serving as one of the most reliable pre-
dictors of concussion recovery.26,31 Our results suggest
that it is possible that undiagnosed, and therefore
untreated, concussions lead to subtle lingering symptoms
that persist beyond clinical concussion recovery. Athletes,
military servicemembers, and clinicians treating these
patient populations should be made aware of the risk for
subtle lingering symptoms that may follow an undiagnosed

concussion. Our findings may be related to previously
reported higher symptom burdens in those with an undiag-
nosed concussion history.46 Previous research has detailed
increased symptom reporting in previously concussed ath-
letes10,14,15 but has not specifically explored the effect of
self-reported previous concussion diagnosis status on sub-
sequent symptom presentation. While our findings suggest
a greater baseline symptom burden for those who reported
�1 undiagnosed concussions, more research is needed to
understand how undiagnosed concussions influence symp-
tom presentation after subsequent concussion. It is possi-
ble that individuals who report a more thorough
concussion history are also more thorough in reporting

TABLE 2
Descriptive Statistics for Concussion Baseline Assessment Outcomes Among 29,934 Participants,

by Previous Concussion Diagnosis Status: CARE Consortium, 2014-2018a

Outcome
No Concussion

History
All Previous

Concussions Diagnosed
�1 Previous

Concussions Undiagnosed

Symptoms
SCAT symptom severityb (n = 29,696) 2 (0-6) 2 (0-6) 3 (0-10)
BSI-18b (n = 29,626) 0 (0-3) 0 (0-3) 1 (0-5)

Mental status (n = 28,848)
SAC total score 27.5 (1.9) 27.5 (1.9) 27.4 (1.9)

Balance (n = 28,521)
BESS total error score 13.7 (6.4) 13.3 (6.3) 13.7 (6.5)

Neurocognition (ImPACTc; n = 25,092)
Verbal memory 88.2 (10.0) 89 (10.1) 88.1 (9.9)
Visual memory 78.9 (12.9) 79.5 (12.9) 79.4 (13.2)
Visual motor speed 41.6 (6.4) 42.2 (6.4) 41.9 (6.2)
Reaction time 0.6 (0.1) 0.6 (0.1) 0.6 (0.1)

Neurocognition (CNS Vital Signsd; n = 1087)
Verbal memory 52.2 (5.0) 52.2 (4.9) 52 (4.2)
Visual memory 47.5 (5.2) 47.6 (5.3) 45.9 (5.6)
Psychomotor speed 187.7 (21.8) 188.6 (19.7) 183.9 (19.8)
Reaction time 641.6 (86.8) 631 (80.5) 655.1 (89.2)
Complex attention 10.1 (14.1) 9.2 (7.6) 9.8 (7.8)
Cognitive flexibility 45.7 (9.7) 46.5 (9.2) 45.9 (12.3)
Processing speed 63.6 (11.0) 64.4 (12.7) 61.8 (11.6)

Neurocognition (ANAMe; n = 875)
Simple reaction time test 1 219.4 (29.4) 220.5 (24.5) 214.3 (26.4)
Code substitution 57.0 (11.4) 59.8 (10.9) 56.9 (12.2)
Procedural reaction time 100.6 (15.6) 101.6 (10.6) 97.7 (17.6)
Matching to sample 37.0 (12.5) 38.2 (11.8) 37.3 (16.1)
Code substitution—delayed 52.1 (15.6) 54.8 (15.7) 51.6 (18.3)
Simple reaction time test 2 213.1 (32.7) 210.4 (38.9) 206.9 (30.5)

Neurocognition (Cogstate CCAT; n = 1407)
Processing speedc 102.6 (6.0) 102.7 (5.6) 102.8 (4.9)
Attentionc 105.8 (4.9) 105.8 (5.2) 106.5 (4.7)
Learningc 103.6 (9.5) 103.3 (10) 103.4 (14.1)
Working memory speed 102.7 (6.1) 103.4 (6.4) 103.5 (5.9)
Working memory accuracy 102.6 (8.2) 103.1 (8.9) 102.6 (7.9)

aData are presented as mean (SD) unless otherwise indicated. ANAM, Automated Neuropsychological Assessment Metrics; BESS, Bal-
ance Error Scoring System; BSI-18, Brief Symptom Inventory–18; CARE, Concussion Assessment, Research, and Education; CCAT, Com-
puterized Cognitive Assessment Tool; ImPACT, Immediate Post-concussion Assessment and Cognitive Testing; SAC, Standardized
Assessment of Concussion; SCAT, Sport Concussion Assessment Tool.

bSCAT symptom severity and BSI-18 are reported as median and interquartile range.
cOutcomes are reported as composite scores.
dOutcomes are reported as raw scores.
eOutcomes are reported as throughput scores.
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symptoms during baseline concussion assessments, and
this consideration should be noted when interpreting our
findings.

Concussions are difficult to diagnose.51 Despite advan-
ces, no single reliable biological marker is available.41 In
terms of both practical clinical use and the difficulty of
obtaining noninvasive brain measures, the most sensitive
indicator available to document ongoing brain function
remains the symptom score.50,52 The symptom score likely
represents the closest measure we have to a global brain
health indicator; however, the symptom score, while

useful, is also noisy and subject to bias.9,33,49 Concussed
individuals can choose whether or not to report symptoms
and then choose whether or not to be honest about the
severity of those symptoms. It is important that health
care providers continue to develop and implement effective
measures aimed at improving concussion care seeking to
enable timely diagnosis and treatment.

In some cases, the undiagnosed group performed worse
than the other 2 groups on a given domain of one neurocog-
nitive test, but the same or better on the corresponding
domain of another neurocognitive test. For example, those

TABLE 3
Multivariable Models Examining the Association of Previous Concussion Diagnosis Status

and Concussion Baseline Assessment Outcomes: CARE Consortium, 2014-2018a

Outcome

All Previous Concussions
Diagnosed vs No

Concussion History

�1 Previous Concussions
Undiagnosed vs No
Concussion History

�1 Previous Concussions
Undiagnosed vs All Previous

Concussions Diagnosed

Adjusted IRR (95% CI)
Symptoms

SCAT symptom severity (n = 29,696) 1.00 (0.88 to 1.14) 1.39 (1.20 to 1.61)b 1.38 (1.22 to 1.57)b

BSI-18 (n = 29,626) 0.94 (0.85 to 1.04) 1.31 (1.16 to 1.48)b 1.39 (1.28 to 1.51)b

Adjusted Mean Difference (95% CI)
Mental status (n = 28,848)

SAC total score 0.09 (–0.001 to 0.19) 0.01 (–0.12 to 0.15) –0.08 (–0.19 to 0.03)
Balance (n = 28,521)

BESS total score –0.11 (–0.51 to 0.30) 0.09 (–0.40 to 0.57) 0.20 (–0.21 to 0.60)
Neurocognition (ImPACT; n = 25,092)

Verbal memory 0.04 (20.48 to 0.55) 21.23 (22.17 to 20.30) 21.27 (21.91 to 20.63)d

Visual memory 0.19 (20.70 to 1.09) 20.53 (21.78 to 0.71) 20.72 (21.34 to 20.11)d

Visual motor speed 0.04 (20.36 to 0.43) 20.51 (20.90 to 20.12)d 20.55 (20.86 to 20.23)d

Reaction timee 20.002 (20.008 to 0.004) 0.003 (20.002 to 0.009) 0.006 (20.001 to 0.01)
Neurocognition (CNS Vital Signs; n = 1087)

Verbal memory 20.58 (22.20 to 1.04) 21.01 (22.28 to 0.26) 20.43 (23.32 to 2.46)
Visual memory 20.17 (21.66 to 1.32) 21.99 (22.19 to 21.79)c 21.82 (23.12 to 20.52)c

Psychomotor speed 20.22 (22.45 to 2.01) 25.11 (211.35 to 1.12) 24.89 (213.34 to 3.57)
Reaction timee 213.71 (235.61 to 8.20) 15.17 (7.96 to 22.38)d 28.88 (14.17 to 43.59)c

Complex attention 20.45 (21.00 to 0.09) 0.32 (0.16 to 0.47)d 0.77 (0.09 to 1.45)d

Cognitive flexibility 0.79 (0.28 to 1.31)d 20.01 (22.39 to 2.36) 20.81 (23.65 to 2.04)
Processing speed 20.99 (23.98 to 2.00) 24.11 (27.06 to 21.15)c 23.11 (29.05 to 2.83)

Neurocognition (ANAM; n = 875)
Simple reaction time test 1 5.33 (5.16 to 5.50)d 21.63 (27.24 to 3.98) 26.96 (212.73 to 21.19)c

Code substitution 1.27 (20.19 to 2.74) 21.00 (22.45 to 0.44) 22.28 (25.19 to 0.64)
Procedural reaction time 0.51 (20.17 to 1.20) 23.11 (24.66 to 21.57)d 23.63 (24.49 to 22.76)c

Matching to sample 24.38 (26.40 to 22.36)c 4.35 (24.51 to 24.18)c 0.04 (21.85 to 1.93)
Code substitution—delayed 0.18 (20.37 to 0.72) 22.56 (22.81 to 22.30)d 22.73 (23.50 to 21.96)d

Simple reaction time test 2 10.33 (5.26 to 15.40)c 5.74 (20.43 to 11.92) 24.58 (25.68 to 23.49)d

Neurocognition (Cogstate CCAT; n = 1407)
Processing speed 20.68 (20.71 to 20.65)d 20.85 (20.88 to 20.82)d 20.17 (20.18 to 20.16)d

Attention 20.37 (20.40 to 20.35)d 0.22 (0.18 to 0.26)d 0.59 (0.57 to 0.61)d

Learning 1.68 (1.54 to 1.83) 2.56 (2.31 to 2.80)c 0.87 (0.77 to 0.98)d

Working memory speed 20.27 (20.40 to 20.13)d 20.31 (20.58 to 20.04)d 20.04 (20.18 to 0.09)
Working memory accuracy 0.83 (0.76 to 0.90)d 0.35 (0.19 to 0.52)d 20.48 (20.56 to 20.39)d

aAll models controlled for sex, race, ethnicity, sport contact level, concussion count, and clustering by site. ANAM, Automated Neuropsy-
chological Assessment Metrics; BESS, Balance Error Scoring System; BSI-18, Brief Symptom Inventory–18; CARE, Concussion Assessment,
Research, and Education; CCAT, Computerized Cognitive Assessment Tool; ImPACT, Immediate Post-concussion Assessment and Cognitive
Testing; IRR, incidence rate ratio; SAC, Standardized Assessment of Concussion; SCAT, Sport Concussion Assessment Tool.

bAn IRR with 95% CI excluding 1.00 and at least a small association (ie, IRR, �1.10).
cA mean difference with 95% CI excluding 0.00 and at least a small effect size (ie, �0.20).
dStatistical significance (95% CI, excluding 1.00 or 0.00) but the effect size is marginal (ie, less than small).
eHigher value is worse.
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who reported �1 concussions undiagnosed had slower reac-
tion time than those who reported no concussion history
and those with all concussions diagnosed on CNS Vital
Signs, but faster simple reaction time and procedural reac-
tion time on ANAM. The corresponding ImPACT reaction
time domain elicited no between-group differences. Given
these findings, it is difficult to discern how diagnosis status
affects neurocognition, and overall results do not show
a clear or consistent pattern of group differences.

There are several reasons why we may have observed
significant group differences for some domains but not
others. First, each neurocognitive testing platform has
inherent differences, even if they report the same cognitive
domain. For example, CNS Vital Signs calculates reaction
time as the average reaction time during the Complex
Reaction Time assessment (the participant strikes the
spacebar when the color of the word and the name match,
eg, ‘‘green’’ written in green color font) and the Stroop reac-
tion time assessment (the participant strikes the spacebar
when the color of the word and the name do not match, eg,
‘‘green’’ written in blue color font). ImPACT calculates
reaction time as the average of the X’s and O’s assessment
(pressing a given keyboard key when a specific color shape
is presented), the Symbol Match assessment (the partici-
pant matches a keyboard number to a specific symbol),
and the Color Match assessment (same as CNS Vital Signs
Complex Reaction Time assessment). Thus, both neurocog-
nitive testing platforms assess reaction time in a validated
manner, but their definitions of reaction time are different.
Second, many factors can influence performance on neuro-
cognitive testing. Because of the longitudinal, multisite
nature of the CARE Consortium, it is impossible to control
for all factors. While we did account for some in our analy-
ses, such as sex8,13 and sport type,25 we could not control
for other potentially important factors, such as attention
problems (eg, attention-deficit/hyperactivity disorder)8 and
age.32 In addition to these differences, it is worth remember-
ing that all measures—to include neuropsychological test-
ing,17 neuroimaging,5 and symptom scores50—attempt to
indirectly assess brain function or health and include signif-
icant variability or noise functions.

We did not observe any between-group differences
regarding mental status (as measured by SAC) or balance
(as measured by BESS). Both assessments were developed
and recommended to be used in acute settings in which
a concussion is suspected.20 Given the nature of our study,
it is not surprising that we observed no between-group dif-
ferences using these measures, nor clear trends in the
data. This strongly suggests that previous concussion diag-
nosis status does not affect SAC or BESS performance. It is
possible that measures designed to assess chronic mental
status and balance impairment could reveal differences
related to concussion diagnosis status, but future studies
will have to examine this possibility.

Our findings could affect baseline testing practices by
identifying another factor that may affect performance
(previous concussion diagnosis status). However, the

bigger impact from this study is to add to the existing liter-
ature suggesting that subtle lingering concussion symp-
toms may result from injuries that go undiagnosed. This
has important implications for preventive interventions.
These findings provide compelling information about the
cost of continued activity for athletes and military service-
members. They add to a growing body of literature that
makes the case that timely and honest concussion care
seeking is ultimately helpful for athletic performance. Ath-
letes who do not immediately report concussion symptoms
and continue playing sport report more severe acute symp-
toms2 and take longer to recover after concussion than
those who immediately report concussion symtpoms.3 Fur-
ther, unreported and thus undiagnosed concussions result
in an increased likelihood for recurrent postconcussion
symptoms47 and increase the chances of losing conscious-
ness after subsequent concussion.46 These findings are
especially concerning given the fact that in military and
civilian samples, \50% of individuals report concus-
sions.22,24,42,53,63 Clearly, prompt concussion diagnosis is
critical. Our findings underscore the need for more tar-
geted and effective interventions aimed at increasing
timely concussion diagnosis. Although we examined young
adult athletes and military cadets, incidences of undiag-
nosed concussion predated the baseline clinical outcome
measures. Thus, intervention efforts must be broad and
target youth athletes, the general public who may go on
to become military servicemembers, stakeholders such as
coaches and parents, and clinicians.

While these novel findings add to the existing litera-
ture, several limitations exist. We relied on participant
self-report of concussion history and previous concussion
diagnosis status. A standardized definition was provided,
and participants were encouraged to answer truthfully.
However, it is possible that some undiagnosed concussions
were not reported or that some concussions that were
reported as undiagnosed were not actually concussions.
While we acknowledge this important limitation, the only
way to collect undiagnosed concussion history is by partic-
ipant self-report. It should be noted, however, that the
findings reported here could be influenced by the self-
reported nature of our data. To increase the overall statis-
tical power and accommodate medical histories that were
not designed for this analysis, we collapsed various diagno-
sis statuses within our group designations. Effectively
monitoring the medical records of such a large participant
cohort to extrapolate concussion history was beyond the
scope of this study, and this limitation applies to all the
broader CARE Consortium studies. Data collected across
multiple sites may lead to differences based on the specific
approach by which the data were collected, but we con-
trolled for data collection site in our analyses, minimizing
this limitation. Finally, we were limited by CARE Consor-
tium methodology as to the assessments we could analyze.
Other concussion baseline assessments have been recom-
mended, such as tandem gait, visuospatial measures, and
vestibular assessments, but were not utilized in this study.
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CONCLUSION

Our data suggest that undiagnosed concussions are associ-
ated with some subsequently worse clinical indicators cap-
tured during a preseason evaluation, specifically symptom
reporting. At baseline, military cadets and athletes who
reported a history of at least 1 undiagnosed concussion
had more severe symptoms, had worse BSI-18 composite
scores, and performed worse on 6 neurocognitive outcomes
compared with those with all previous concussions diag-
nosed and those with no concussion history. It should be
noted that the neurocognitive findings were inconsistent,
with other domains showing no difference between groups.
This suggests that the negative consequences of concussion
may be exacerbated when the injury is not diagnosed.
These findings add to a growing body of literature suggest-
ing that early concussion diagnosis, often facilitated by
honest and timely care seeking by the injured individual,
is critical to maximize recovery and increase positive
health outcomes after concussion. Interventions are
needed to increase the proportion of concussions that are
diagnosed.
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