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Abstract
Background Collegiate football players who started playing tackle football before age 12 years did not show worse neu-
ropsychological test performance than those who started playing tackle football after age 12 years. It is unknown if begin-
ning other contact sports, such as lacrosse, at a younger age is associated with worse neurocognitive performance, greater 
psychological distress, or worse postural stability in collegiate student athletes.
Objective The purpose of this study was to examine the association between estimated age of first exposure (eAFE) to 
repetitive head impacts (RHI) and these outcome measures in collegiate student athletes.
Methods 1891 female and 4448 male collision/contact (i.e., football, ice hockey, lacrosse, wrestling, soccer) and non-
contact (i.e., golf, rifle, rowing/crew, swimming, tennis) sport athletes completed baseline testing, including the Immediate 
Post-Concussion Assessment and Cognitive Testing (ImPACT), Brief Symptom Inventory 18 (BSI-18), and Balance Error 
Scoring System (BESS).
Results For women, the eAFE-by-sport interaction was associated with ImPACT Verbal Memory and Visual Memory, 
whereby earlier eAFE to contact sports was associated with higher composite scores (B = − 0.397, B = − 0.485, respectively). 
For men, the eAFE-by-sport interaction was associated with BSI-18 Depression and Global Severity Index and symptom 
severity scores, whereby earlier eAFE to football was associated with lower psychological distress and symptom severity 
[Depression, Exp(B) = 1.057; Global Severity Index, Exp(B) = 1.047; Symptom Severity, Exp(B) = 1.046]. Parameter esti-
mates were small suggesting these results may have minimal practical relevance.
Conclusion Findings suggest that RHI during early adolescence is unrelated to brain health as measured by these specific 
outcome measures in collegiate student athletes.
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1 Introduction

Early adolescence (e.g., age 10–12 years) is a critical stage 
of brain development [1–5]. One research group has con-
ducted several studies with former National Football League 

players [6–8] and former amateur players [9, 10] illustrat-
ing that earlier self-reported age of first exposure (AFE) to 
football is associated with differences in later-life cognitive 
functioning, altered corpus callosum white matter micro-
structure, decreased thalamic volume, greater behavioral 
and mood symptoms, and earlier age of neurobehavioral 
symptom onset [6–10]. However, other researchers did not 
find these associations in retired NFL players [11–14] or in 
current high school and collegiate football players [15–19] 
suggesting that the literature with former football players 
is mixed and inconclusive as to whether exposure to tackle 
football prior to age of 12 is associated with worse later-in-
life brain health. These studies have been limited to football 
players; thus, the results may not be generalizable to other 
groups. Considering the widespread nature of repetitive head 
impacts (RHI) across sex and sport, it is important to study 
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Key points 

We observed no association between earlier estimated 
age of first exposure to repetitive head injury and worse 
neurocognitive function, greater psychological distress, 
or worse postural stability in male or female collision 
and contact sport collegiate student athletes.

This study suggests that exposure to contact sports, such 
as ice hockey, lacrosse, wrestling, and soccer, during 
early adolescence is unrelated to baseline neurocognitive 
function, psychological distress, and postural stability in 
healthy NCAA collegiate student athletes.

2  Methods

2.1  Participants

Participants were recruited through the CARE Consortium 
[20]. Inclusion criteria included civilian both men and 
women currently participating in collision/contact (i.e., foot-
ball, ice hockey, lacrosse, wrestling, soccer) or non-contact 
(i.e., golf, rifle, rowing/crew, swimming, or tennis) sports. 
Exclusion criteria included serving as a service academy 
cadet and non-contact sport athletes with any history of col-
lision or contact sport participation (i.e., if the participant 
reported years of participation for any collision or contact 
sport). Service academy cadets were excluded because 
they may experience RHI during their military training and 
because they are being studied separately. The University 
of Michigan institutional review board (IRB) and the local 
IRB at each of the performance sites reviewed and approved 
all study procedures. Participants provided written informed 
consent prior to participation.

2.2  Instrumentation

Baseline assessments from the Clinical Study Core were 
used in analyses [26–28], including the Brief Symptom 
Inventory 18 (BSI-18), the Immediate Post-Concussion 
Assessment and Cognitive Testing (ImPACT), and the Bal-
ance Error Scoring System (BESS). Each assessment has 
been described in detail elsewhere but will be described 
briefly below.

2.3  Brief Symptom Inventory 18 (BSI‑18)

The BSI-18 is a brief symptom inventory that requires 
respondents to rate their level of distress over the past 7 days 
using a 5-point (ordinal) Likert-type scale, in which 0 is not 
at all and 4 is extremely often [29]. The BSI-18 provides 
scores on three dimensions: somatization, depression, and 
anxiety. Each of these clinical subscales comprises six items, 
so that the range of possible scores for each is 0 to 24, in 
which lower is better. In addition, a composite score is cal-
culated based on all 18 items, so that the range of possible 
scores is 0–72. The BSI-18 has been shown to be reliable 
(ICC: 0.91) and valid in a brain injury cohort [29].

2.4  Immediate Post‑Concussion Assessment 
and Cognitive Testing (ImPACT)

The ImPACT is the most widely used computerized neu-
ropsychological test for sport-related concussion assessment 
[30, 31]. From six test modules, four composite scores are 
generated, including: (1) Verbal Memory (higher is bet-
ter), (2) Visual Memory (higher is better), (3) Visual Motor 

a diverse cohort to understand the association between AFE 
to RHI and neurocognitive function more broadly.

Although the study of former football players allows for 
investigation of a group with the highest exposure to RHI, 
the nature and number of head impacts incurred in other 
youth sports, including ice hockey and soccer, likely differs 
from those incurred in youth football [20–25]. Moreover, 
the timing of brain development stages and milestones dif-
fers between males and females [1–5]; therefore, previous 
findings may not apply to women exposed to RHI during 
early adolescence. Considering the growth of women’s sports 
since the passing of Title IX, it is critical to study the effects 
of exposure to RHI during early adolescence in both men 
and women. The National Collegiate Athletic Association 
(NCAA) and the US Department of Defense (DoD) estab-
lished the Concussion Assessment, Research and Education 
(CARE) Consortium to study the natural history of con-
cussion in current student athletes and military personnel 
[26]. This database will allow us to examine the association 
between AFE to RHI and neurocognitive function, psycho-
logical distress, and postural stability in a diverse cohort 
of collegiate men and women across a variety of collision, 
contact, and non-contact sports. While not addressing poten-
tial later-life impairments, this dataset currently allows for a 
more thorough understanding of possible short-to-medium-
term effects of RHI in sport. Neurodevelopment continues 
throughout college, so observable neurocognitive deficits in 
this cohort may suggest future impairments in cognitive tasks 
that develop during later stages of neurodevelopment [1–5].

We aimed to examine the association between estimated 
AFE (eAFE) to RHI through contact and collision sports 
and neurocognitive performance, psychological distress, 
and postural stability in healthy collegiate student athletes, 
while controlling for factors known to be associated with 
neurocognitive function. We hypothesized that earlier eAFE 
to contact sport participation would not be associated with 
worse neurocognitive performance, greater psychological 
distress, or worse postural stability.
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Speed (higher is better), and (4) Reaction Time (lower is 
better). Combined test sensitivity is 0.81 and specificity is 
0.89 [32]. Reliability varies (ICC: 0.34–0.72) depending on 
composite score measure [33]. Baseline testing group sizes 
were variable, often with multiple research assistants present 
for proctoring. Given the large number of participating sites 
and student athletes, sites were often not able to administer 
the ImPACT test one-on-one [26].

2.5  Balance Error Scoring System (BESS)

The BESS is commonly used for the sideline evaluation 
of postural control following concussion [34]. The BESS 
involves three different stances (double-limb stance, single-
limb stance, and tandem stance) on two surfaces (firm and 
foam). Each position is held for 20 s with the participants’ 
eyes closed and hands on their hips. Errors are recorded by 
the administering clinician, including: (1) the hands coming 
off of the iliac crest; (2) opening the eyes; (3) step, stumble, 
or fall; (4) moving the hip into greater than 30° of abduc-
tion; (5) lifting the forefoot or heel; and (6) remaining out 
of the test position longer than 5 s. Each stance has a maxi-
mum error score of ten and thus, the total range for scoring 
was 0–60, where a lower score is better. Sensitivity for the 
BESS is low (0.34), but specificity is high (0.91–0.97) with 
moderate test–retest reliability (ICC: 0.41) [33]. Inter-rater 
reliability for the BESS is typically low (ICC: 0.57) [35], 
although it was not directly assessed in this study.

2.6  Demographic and Medical History

The Demographics and Personal and Family Medical His-
tory unique case report form captures demographic data 
(e.g., race and ethnicity), information on current and previ-
ous sport history, concussion history, and pre-existing per-
sonal and family medical history [e.g.. neurodevelopmental 
history—history of a learning disorder or Attention-Deficit/
Hyperactivity Disorder (ADHD)]. These data were used to 
compute eAFE (see below). In addition, participants self-
reported maternal and paternal education and occupation, 
which were used to classify socioeconomic status (SES). 
SES was determined by the Hollingshead Four-Factor Index 
[36]. Predefined SES groups were applied based on pub-
lished cutoffs: low (0–19), middle–low (20–29), middle 
(30–39), middle–high (40–54), and high (55–66) [36].

2.7  Estimated Age of First Exposure (eAFE)

The eAFE was defined as the participant’s age at the time 
of assessment minus the number of years the participant 
reported playing his/her primary sport. The minimum eAFE 
for this study was 4 years old because this is the youngest 
age for many organized sport leagues and any participant 

indicating eAFE prior to age 4 was excluded (n = 350, 5%). 
If an athlete reported playing another collision/contact (i.e., 
football, ice hockey, lacrosse, wrestling, soccer) prior to 
playing his/her primary contact sport (e.g., current soccer 
player who played ice hockey younger), the age at which the 
participant reported playing the other contact sport (e.g., ice 
hockey) was used as eAFE.

2.8  Statistical Analyses

Generalized linear modeling was used to examine the asso-
ciation between eAFE and outcome measures (i.e., BSI-18 
Somatization, Depression, Anxiety, Global Severity Index 
sub-scores, ImPACT Verbal Memory, Visual Memory, 
Visual Motor Speed, Reaction Time composite scores, 
Post-Concussion Symptom Scale (PCSS) Symptom Sever-
ity, and BESS total scores). Outcome measures for men 
and women were modeled independently. Predictors in the 
models included eAFE (continuous), sport (women: contact 
and non-contact; men: football, contact, and non-contact), 
the eAFE-by-sport interaction, concussion history (Y/N), 
neurodevelopmental history (Y/N), migraine history (Y/N), 
SES (high, middle–high, middle, middle–low, low), race 
(White, African American, Other), and ethnicity (Hispanic 
or Latino, Not Hispanic or Latino, Not Reported). We ini-
tially fit generalized linear models for each outcome meas-
ure based on a normal (Gaussian) distribution and identity 
link function but then considered models with alternative 
distributions and link functions and selected the model with 
the lowest Akaike information criterion value (i.e., best 
fit) [37]. For the BSI-18 Somatization, Depression, Anxi-
ety, Global Severity Index sub-scores, and PCSS Symptom 
Severity score, which have a high zero count and extreme 
positive skewing, a negative binomial distribution with a log 
link achieved the lowest Akaike information criterion value. 
Reaction time scores were positively skewed; an inverse 
Gaussian distribution with power link function best fits these 
data. All analyses were conducted using SPSS (IBM Inc., 
Armonk, NY, USA), and significance was defined a priori 
as p < 0.05.

A generalized linear model based on a normal (Gauss-
ian) distribution with identity link function is a linear 
regression model; so, parameter estimates (Tables 3 and 
6) are the estimates of the model coefficients. Positive esti-
mates suggest a higher response for that parameter; nega-
tive estimates suggest a lower response for that param-
eter. For example, in Table 3, ImPACT Verbal Memory 
B = 5.405 (95% confidence interval 2.693–8.117) for 
women involved in contact sports. Therefore, the param-
eter estimate suggests that women involved in contact 
sports score 5.405 points higher than the reference cat-
egory (women involved in non-contact sports) when 
controlling for all other predictors in the model. For a 
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continuous measure (i.e., eAFE), if ImPACT Visual 
Motor Speed B = −0.116 (95% confidence interval −0.245 
to 0.013), then for every increase in eAFE by 1 year, 
ImPACT Visual Motor Speed would decrease by 0.116. 
For models described by negative binomial distribution 
with a log link function, Exp(B), or the exponential param-
eters, are included in Tables 3 and 6. The exponential 
parameters have an interpretation of by what percentage 
the psychological distress or symptom scores increase (or 
decrease) with each parameter. For example, in Table 3, 
BSI-18 somatization sub-score Exp(B) = 1.256 (95% con-
fidence interval 1.069–1.474) for women with a positive 
concussion history. Therefore, the exponential parameter 
estimate suggests that BSI-18 somatization sub-scores are 
25.6% higher in women with a positive concussion history.

3  Results

3.1  Women

There were 1891 women (Fig. 1) included in the analyses 
(current age 18.9 ± 1.2 years, eAFE 7.7 ± 3.2 years). Descrip-
tive statistics are provided in Table 1. Visual inspection 
of the top row of Table 1 reveals that women involved in 
contact sports, compared to women involved in noncontact 
sports, (i) report comparable or fewer physical and emo-
tional symptoms; (ii) perform better on the four neurocog-
nitive composite scores from ImPACT; and (iii) perform 
comparably on the BESS.

3.1.1  Sport‑by‑eAFE Interaction

The sport-by-eAFE interaction was associated with ImPACT 
Verbal Memory and Visual Memory composite scores 
(Table 2), whereby later AFE to contact sports was associ-
ated with lower (worse) Verbal Memory (B = − 0.397, 95% 
confidence interval − 0.712 to − 0.083, Fig. 2a) and Visual 
Memory (B = − 0.485, 95% confidence interval − 0.897 to 
− 0.074, Fig. 2b) composite scores (Table 3).

3.1.2  Sport

Sport was associated with BSI-18 Somatization sub-scores, 
ImPACT Verbal Memory and Visual Memory compos-
ite scores, and BESS totals (Table 2), whereby contact 
sport athletes had lower (better) Somatization sub-scores 
[Exp(B) = 0.548, 0.366–0.821], higher (better) Verbal Mem-
ory (B = 5.405, 2.693–8.117) and Visual Memory (B = 8.433, 
4.879–11.987) composite scores, and lower (better) BESS 
total scores (B = − 2.512, − 4.108 to − 0.916) (Table 3).

3.1.3  eAFE

Later eAFE was associated with lower (worse) ImPACT 
Visual Motor Speed (B = − 0.116, − 0.245 to 0.013) com-
posite scores (Tables 2, 3).

3.1.4  Concussion History

Positive concussion history was associated with 
higher (worse) BSI-18 Somatization [Exp(B) = 1.256, 
1.069–1.474] sub-scores and higher (worse) PCSS Symp-
tom Severity [Exp(B) = 1.130, 1.001–1.274] (Tables 2, 3).

3.1.5  Neurodevelopmental History

Positive neurodevelopmental history was associated with 
(i) higher (worse) BSI-18 Somatization [Exp(B) = 1.318, 
1.043–1.664], Depression [Exp(B) = 1.573, 1.251–1.978], 
Anxiety [Exp(B) = 1.702, 1.374–2.109], and Global Sever-
ity Index [Exp(B) = 1.516, 1.255–1.831] sub-scores; (ii) 
lower (worse) ImPACT Verbal Memory (B = − 2.682, 
− 4.339 to − 1.024), Visual Memory (B = − 4.252, − 6.424 
to − 2.080), and Visual Motor Speed (− 2.690, − 3.714 
to − 1.666), and higher (worse) Reaction Time (0.022, 
0.006–0.038) composite scores; (iii) higher (worse) PCSS 
Symptom Severity [Exp(B) = 1.564, 1.303–1.878]; and (iv) 
higher (worse) BESS total scores (B = 1.287, 0.330–2.243) 
(Tables 2, 3).

3.1.6  Migraine History

Positive migraine history was associated with higher (worse) 
BSI-18 Somatization [Exp(B) = 1.866, 1.511–2.305], 

Fig. 1  Consort diagram detailing participation/exclusion
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Depression [Exp(B) = 1.896, 1.534–2.347], Anxiety 
[Exp(B) = 1.537, 1.247–1.893], Global Severity Index 
[Exp(B) = 1.761, 1.471–2.106] sub-scores, and PCSS 
Symptom Severity scores [Exp(B) = 1.438, 1.207–1.713] 
(Tables 2, 3).

3.1.7  SES

High SES was associated with lower (better) BSI-18 Depres-
sion [Exp(B) = 0.662, 0.468–0.937] and Anxiety sub-
scores [Exp(B) = 0.711, 0.511–0.990], and Low SES was 
associated with lower (better) BSI-18 Anxiety sub-scores 
[Exp(B) = 0.416, 0.242–0.714] (Tables 2, 3).

3.1.8  Race and Ethnicity

African American race was associated with higher (worse) 
BSI-18 Somatization [Exp(B) = 2.145, 1.517–3.031], 
Depression [Exp(B) = 2.123, 1.501–3.007], and Global 
Severity Index [Exp(B) = 1.828, 1.361–2.455] sub-scores. 
Other Race was associated with (i) higher (worse) BSI-18 
Somatization [Exp(B) = 1.256, 1.034–1.528], Depression 

[Exp(B) = 1.606, 1.331–1.939], Anxiety [Exp(B) = 1.298, 
1.080–1.560], and Global Severity Index [Exp(B) = 1.377, 
1.177–1.611] sub-scores; (ii) higher (worse) PCSS Symp-
tom Severity scores [Exp(B) = 1.252, 1.077–1.456]; and 
(iii) lower (better) BESS total scores (− 0.945, − 1.747 to 
− 0.143) (Tables 2, 3). Non-Hispanic or Latino ethnicity was 
associated with higher (better) Verbal Memory (B = 2.063, 
0.427–3.699) and Visual Motor Speed (B = 1.563, 
0.552–2.574).

3.2  Men

There were 4448 men (Fig. 1) included in the analyses (cur-
rent age 19.3 ± 1.5 years, eAFE 8.6 ± 3.2 years). Descriptive 
statistics are provided in Table 4. Visual inspection of the top 
row of Table 4 reveals that men involved in contact sports or 
football, compared to men involved in noncontact sports, (i) 
report comparable or fewer physical and emotional symp-
toms, and (ii) perform comparably on the four neurocognitive 
composite scores from ImPACT. There were small differ-
ences in mean scores amongst the groups on the BESS.

Table 1  Descriptive statistics for women

M mean, SD standard deviation, Hx history

N BSI-18 
Somati-
zation

BSI-18 
Depres-
sion

BSI-18 
Anxiety

BSI-18 
Global 
Severity 
Index

ImPACT 
Verbal 
Memory

ImPACT 
Visual 
Memory

ImPACT 
Visual 
Motor 
Speed

ImPACT 
Reaction 
Time

PCSS 
Symp-
tom 
Severity

BESS

M SD M SD M SD M SD M SD M SD M SD M SD M SD M SD

Contact 1056 0.8 1.6 0.7 1.9 1.0 2.0 2.5 4.6 89.2 9.9 78.2 13.0 42.1 6.3 0.58 0.08 4.1 6.6 12.0 5.6
Non-contact 712 1.0 1.8 1.1 2.4 1.2 2.5 3.3 5.7 86.2 10.3 73.1 13.4 40.1 6.1 0.60 0.08 5.7 8.3 12.8 5.9
Concussion Hx 483 0.9 1.9 0.8 2.0 1.1 2.3 2.9 5.3 89.6 10.3 77.7 13.1 42.3 6.3 0.58 0.08 4.8 8.1 12.1 5.7
No concussion Hx 1285 0.8 1.6 0.9 2.2 1.1 2.2 2.8 5.0 87.4 10.1 75.6 13.4 40.9 6.3 0.59 0.08 4.7 7.1 12.4 5.7
Developmental Hx 143 1.2 2.2 1.4 3.3 1.8 3.5 4.4 7.8 86.3 11.1 72.9 14.5 38.9 6.3 0.61 0.07 7.4 10.8 13.5 6.2
No developmental Hx 1625 0.8 1.6 0.8 2.0 1.0 2.1 2.7 4.7 88.2 10.1 76.4 13.2 41.5 6.3 0.59 0.08 4.5 6.9 12.2 5.7
Migraine Hx 158 1.4 2.2 1.4 3.1 1.6 3.0 4.4 7.1 89.2 9.3 76.4 13.6 41.0 5.9 0.58 0.06 6.4 8.4 12.1 6.0
No migraine Hx 1610 0.8 1.6 0.8 2.0 1.1 2.1 2.7 4.8 87.9 10.2 76.1 13.4 41.3 6.3 0.59 0.08 4.5 7.2 12.4 5.7
High SES 717 0.8 1.6 0.8 2.0 1.1 2.1 2.7 4.6 88.0 10.3 76.5 13.1 41.2 6.3 0.59 0.07 4.8 7.5 12.2 5.4
Middle–high SES 614 0.9 1.8 0.8 2.2 1.1 2.2 2.8 5.2 88.3 9.9 76.3 13.4 41.5 6.3 0.59 0.08 4.7 7.2 12.3 5.8
Middle SES 319 0.8 1.5 1.0 2.2 1.1 2.2 2.9 5.1 88.0 10.1 75.8 13.8 41.3 6.3 0.59 0.08 4.0 6.4 12.6 6.1
Middle–low SES 66 1.0 2.4 1.2 2.8 1.5 3.5 3.7 7.8 87.8 11.1 75.5 12.8 40.5 5.5 0.60 0.07 5.4 10.5 13.0 6.0
Low SES 52 0.8 1.3 0.8 2.1 0.6 1.3 2.3 3.8 85.6 10.6 70.9 13.7 39.1 7.3 0.63 0.10 6.2 7.9 12.4 5.2
African American 54 1.6 2.8 1.6 3.4 1.3 2.4 4.5 7.4 88.1 9.7 76.4 10.6 41.7 6.4 0.60 0.08 4.9 8.0 11.4 5.4
Other 228 1.0 2.0 1.4 2.9 1.4 2.9 3.8 6.7 86.1 11.2 74.8 13.3 41.3 6.5 0.59 0.08 5.9 8.9 11.7 5.3
White 1486 0.8 1.6 0.8 1.9 1.0 2.1 2.6 4.6 88.3 10.0 76.3 13.5 41.2 6.3 0.59 0.08 4.5 7.1 12.5 5.8
Hispanic or Latino 147 0.9 2.1 0.9 2.0 1.3 2.8 3.1 6.1 87.4 10.8 74.3 13.8 40.6 6.6 0.61 0.08 5.3 9.4 13.1 6.1
Non-Hispanic or Latino 1470 0.8 1.6 0.9 2.2 1.1 2.1 2.8 4.9 88.2 10.1 76.5 13.3 41.4 6.3 0.59 0.08 4.7 7.2 12.3 5.7
Not reported 151 0.9 2.1 0.9 2.1 1.1 2.4 2.9 5.5 86.4 10.2 74.8 13.4 40.0 6.0 0.60 0.09 4.4 6.5 12.3 5.3
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3.2.1  Sport‑by‑eAFE Interaction

The sport-by-eAFE interaction was associated with BSI-
18 Depression and Global Severity Index sub-scores, and 
the PCSS Symptom Severity scores (Table 5), whereby 
later AFE to football was associated with higher (worse) 
Depression [Exp(B) = 1.057, 95% confidence inter-
val 1.002–1.115, Fig.  2c] and Global Severity Index 
[Exp(B) = 1.047, 95% confidence interval 1.002–1.093, 
Fig. 2d] sub-scores and PCSS Symptom Severity scores 
[Exp(B) = 1.046, 95% confidence interval 1.005–1.088, 
Fig. 2e, Table 6].

3.2.2  Sport

Sport was associated with BSI-18 Somatization, Depres-
sion, and Global Severity Index sub-scores, PCSS Symptom 
Severity scores, and BESS totals (Table 5), whereby football 
players had lower (better) Somatization [Exp(B) = 0.433, 
0.258–0.728], Depression [Exp(B) = 0.383, 0.233–0.631], 
Global Severity Index [Exp(B) = 0.457, 0.305–0.685] sub-
scores, and PCSS Symptom Severity scores [Exp(B) = 0.377, 
0.262–0.541]. Contact sport athletes also had lower (better) 
Somatization sub-scores [Exp(B) = 0.515, 0.297–0.893], 
PCSS Symptom Severity scores [Exp(B) = 0.633, 

0.434–0.924], and BESS total scores (B = − 3.323, − 5.447 
to − 1.199, Table 6).

3.2.3  eAFE

Later eAFE was associated with lower (worse) ImPACT 
Verbal Memory (B = − 0.201, − 0.558 to 0.157), Visual 
Memory (B = − 0.277, − 0.707 to 0.152), and Visual Motor 
Speed (B = − 0.173, − 0.386 to 0.039) composite scores 
(Tables 5, 6).

3.2.4  Concussion History

Positive concussion history was associated with (i) 
higher (worse) BSI-18 Somatization [Exp(B) = 1.351, 
1.208–1.511], Depression [Exp(B) = 1.415, 1.271–1.575], 
Anxiety [Exp(B) = 1.418, 1.270–1.584], and Global Severity 
Index [Exp(B) = 1.423, 1.310–1.547] sub-scores; (ii) higher 
(better) ImPACT Verbal Memory (B = 1.187, 0.466–1.908) 
and Visual Motor Speed (B = 1.211, 0.783–1.639) compos-
ite scores, and lower (better) Reaction Time (B = − 0.015, 
− 0.021 to − 0.008) composite scores; (iii) higher (worse) 
PCSS Symptom Severity scores [Exp(B) = 1.283, 
1.188–1.384]; and (iv) lower (better) BESS total scores 
(B = − 0.454, − 0.866 to − 0.041) (Tables 5, 6).

Fig. 2  Scatter plots for eAFE-by-sport interaction for a women’s 
ImPACT Verbal Memory composite scores, b women’s ImPACT 
Visual Memory composite scores, c men’s BSI-18 Depression sub-

scores, d men’s BSI-18 Global Severity Index sub-scores, e men’s 
PCSS Symptom Severity scores, f men’s subgroup analysis for BESS 
total scores
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3.2.5  Neurodevelopmental History

Positive neurodevelopmental history was associated with 
(i) higher (worse) BSI-18 Somatization [Exp(B) = 1.327, 
1.126–1.564], Depression [Exp(B) = 1.376, 1.176–1.610], 
Anxiety [Exp(B) = 1.357, 1.154–1.594], and Global Severity 
Index [Exp(B) = 1.373, 1.212–1.556] sub-scores; (ii) lower 
(worse) ImPACT Verbal Memory (B = − 3.111, − 4.221 to 
− 2.000), Visual Memory (B = − 3.200, − 4.534 to − 1.866), 
and Visual Motor Speed (B = − 2.233, − 2.892 to − 1.574) 
composite scores, and higher (worse) Reaction Time 
(B = 0.028, 0.017–0.039) composite scores; and (iii) higher 
(worse) PCSS Symptom Severity (B = 1.446, 1.290–1.623) 
(Tables 5, 6).

3.2.6  Migraine History

Positive migraine history was associated with higher (worse) 
BSI-18 Somatization [Exp(B) = 1.531, 1.257–1.866], 
Depression [Exp(B) = 1.402, 1.155–1.702], Anxiety 
[Exp(B) = 1.451, 1.188–1.770], Global Severity Index 
[Exp(B) = 1.465, 1.255–1.713] sub-scores, and PCSS 
Symptom Severity scores [Exp(B) = 1.914, 1.657–2.210] 
(Tables 5, 6).

3.2.7  SES

High SES was associated with (i) higher (worse) BSI-18 
Somatization [Exp(B) = 1.264, 1.017–1.568]; and (ii) higher 
(better) ImPACT Visual Memory (B = 1.969, 0.405–3.534) 
and Visual Motor Speed (B = 2.401, 1.628–3.174) compos-
ite scores, and lower (better) Reaction Time (B = − 0.014, 
− 0.026 to − 0.001) composite scores (Tables 5, 6). Middle 
High SES was associated with (i) higher (worse) BSI-18 
Somatization [Exp(B) = 1.300, 1.053–1.605]; and (ii) higher 
(better) ImPACT Visual Memory (B = 1.675, 0.160–3.189) 
and Visual Motor Speed (B = 1.270, 0.522–2.019) compos-
ite scores (Tables 5, 6). Middle SES was also associated 
with higher (better) ImPACT Visual Motor Speed compos-
ite scores (1.181, 0.385–1.977). Low SES was associated 
with higher (worse) ImPACT Reaction Time composite 
scores (B = 0.027, 0.012–0.042). Middle High, Middle, 
and Low SES were all associated with higher (worse) 
PCSS Symptom Severity [Exp(B) = 1.151, 1.004–1.320; 
Exp(B) = 1.245, 1.078–1.439; Exp(B) = 1.218, 1.043–1.422, 
respectively].

Table 4  Descriptive statistics for men

M mean, SD standard deviation, Hx history, Con concussion, Dev neurodevelopmental, Mig migraine, Eth ethnicity

N BSI-18 
Somati-
zation

BSI-18 
Depres-
sion

BSI-18 
Anxiety

BSI-18 
Global 
Severity 
Index

ImPACT 
Verbal 
Memory

ImPACT 
Visual 
Memory

ImPACT 
Visual 
Motor 
Speed

ImPACT 
Reaction 
Time

PCSS 
Symptom 
Severity

BESS

M SD M SD M SD M SD M SD M SD M SD M SD M SD M SD

Contact 1095 0.4 1.1 0.5 1.2 0.5 1.2 1.4 2.9 86.7 10.9 78.9 13.0 41.4 6.7 0.60 0.09 2.8 5.4 11.9 5.9
Football 2653 0.5 1.3 0.6 1.5 0.5 1.3 1.5 3.4 85.0 11.4 75.8 13.8 39.3 6.9 0.62 0.10 2.7 5.6 14.1 6.4
Non-contact 363 0.7 1.7 0.8 1.7 0.6 1.6 2.0 4.3 84.4 11.3 75.7 13.5 40.5 7.0 0.60 0.09 4.2 7.7 13.2 5.9
Concussion Hx 1260 0.6 1.4 0.7 1.6 0.6 1.4 1.9 3.7 86.3 11.5 77.2 13.9 40.9 6.8 0.60 0.10 3.2 6.6 13.1 6.1
No concussion Hx 2851 0.5 1.3 0.5 1.4 0.4 1.2 1.4 3.2 85.0 11.1 76.4 13.5 39.6 7.0 0.62 0.10 2.7 5.4 13.5 6.3
Developmental Hx 380 0.6 1.5 0.7 1.8 0.7 1.4 2.0 3.9 82.9 12.2 73.8 14.3 38.1 7.2 0.63 0.12 3.8 6.8 13.8 6.4
No developmental Hx 3731 0.5 1.3 0.5 1.4 0.5 1.3 1.5 3.3 85.7 11.1 76.9 13.5 40.2 6.9 0.61 0.10 2.7 5.7 13.4 6.3
Migraine Hx 234 0.8 1.6 0.9 2.0 0.8 1.5 2.5 4.3 85.3 12.4 77.5 14.6 40.0 6.9 0.61 0.09 5.4 10.3 13.5 5.6
No migraine Hx 3877 0.5 1.3 0.5 1.4 0.5 1.3 1.5 3.3 85.4 11.2 76.6 13.6 40.0 6.9 0.61 0.10 2.7 5.4 13.4 6.3
High SES 1094 0.5 1.4 0.6 1.5 0.5 1.4 1.6 3.7 86.5 10.8 78.0 13.3 41.5 6.7 0.59 0.09 2.7 5.5 13.1 5.9
Middle–high SES 1365 0.5 1.3 0.5 1.4 0.5 1.3 1.5 3.4 86.0 11.1 77.5 13.6 40.3 7.0 0.61 0.09 2.7 5.5 13.4 6.4
Middle SES 790 0.5 1.3 0.6 1.5 0.5 1.2 1.5 3.1 85.0 11.2 76.4 13.4 39.9 6.9 0.61 0.11 3.1 6.1 13.2 6.2
Middle–low SES 366 0.4 1.2 0.6 1.5 0.4 1.2 1.4 3.3 84.3 11.5 74.3 14.3 38.1 6.4 0.62 0.10 2.7 6.5 14.0 6.3
Low SES 496 0.4 1.2 0.6 1.5 0.4 1.2 1.4 3.3 82.7 11.9 73.2 13.4 37.2 6.7 0.65 0.12 3.1 6.4 14.1 6.6
African American 1068 0.5 1.3 0.6 1.7 0.4 1.2 1.4 3.6 83.1 11.8 72.9 14.0 37.2 7.0 0.65 0.11 3.0 6.6 14.1 6.5
Other 550 0.5 1.2 0.7 1.5 0.6 1.4 1.7 3.3 84.2 11.8 75.6 13.2 40.0 6.9 0.61 0.11 3.1 5.9 13.2 6.6
White 2493 0.5 1.3 0.5 1.4 0.5 1.3 1.5 3.3 86.7 10.6 78.5 13.2 41.2 6.6 0.59 0.08 2.7 5.4 13.2 6.1
Hispanic or Latino 359 0.4 1.2 0.5 1.2 0.6 1.2 1.6 2.9 84.9 11.2 76.5 13.8 39.5 6.6 0.61 0.08 3.0 6.3 13.3 6.5
Not Hispanic or Latino 3009 0.5 1.3 0.5 1.5 0.5 1.3 1.5 3.4 85.9 11.0 77.3 13.5 40.5 6.9 0.60 0.10 2.8 5.6 13.4 6.3
Not reported 743 0.5 1.4 0.6 1.6 0.5 1.4 1.5 3.7 83.7 12.0 74.1 13.7 38.2 7.1 0.64 0.11 2.9 6.3 13.6 5.9
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3.2.8  Race and Ethnicity

African American race was associated with (i) higher 
(worse) BSI-18 Depression [Exp(B) = 1.213, 1.064–1.384] 
and lower (better) Anxiety [Exp(B) = 0.738, 0.639–0.852] 
sub-scores; (ii) lower (worse) ImPACT Verbal Mem-
ory (B = − 2.996, − 3.867 to − 2.125), Visual Memory 
(B = − 4.497, − 5.542 to − 3.452), and Visual Motor Speed 
(B = − 2.911, − 3.428 to − 2.393), and slower (worse) 
Reaction Time (B = 0.060, 0.051–0.069) composite scores; 
and (iii) higher (worse) PCSS Symptom Severity scores 
[Exp(B) = 1.182, 1.077–1.298] (Tables 5, 6). Other Race 
was associated with (i) higher (worse) BSI-18 Depres-
sion [Exp(B) = 1.338, 1.157–1.547] sub-scores; (ii) lower 
(worse) ImPACT Verbal Memory (B = − 1.811, − 2.816 to 
− 0.806), Visual Memory (B = − 1.984, − 3.191 to − 0.776), 
and slower (worse) Reaction Time (B = 0.021, 0.012–0.030) 
composite scores; and (iii) higher (worse) PCSS Symptom 
Severity scores [Exp(B) = 1.113, 1.000–1.237] (Tables 5, 6). 
Non-Hispanic or Latino ethnicity was associated with higher 
(better) Verbal Memory (B = 1.325, 0.454–2.196), Visual 
Memory (B = 2.087, 1.041–3.133), and Visual Motor Speed 
(B = 1.305, 0.788–1.822), and faster (better) Reaction Time 
(B = − 0.020, − 0.029 to − 0.011) composite scores.

3.2.9  Subgroup Analysis

Given the similarities between this work and our previous 
work [15], we performed a subgroup analysis among men, 
excluding football players. Results were largely unchanged in 
the subgroup analysis with two exceptions. First, the sport-
by-eAFE interaction was associated with BESS total scores 
(Χ2 = 4.740, p = 0.029), whereby later AFE to contact sport 
participation was associated with higher (worse) BESS total 
scores (B = 0.254, 95% confidence interval 0.025–0.483, 
Fig. 2f). Second, sport was associated with BSI-18 Global 
Severity Index sub-scores (Χ2 = 4.380, p = 0.036), whereby 
contact sport athletes had lower (better) Global Severity 
Index [Exp(B) = 0.628, 0.406–0.971] sub-scores.

4  Discussion

The purpose of this study was to examine the association 
between eAFE to RHI and neurocognitive performance, psy-
chological health, and postural stability in healthy collegiate 
student athletes by sex. We examined ten outcome meas-
ures, five self-report symptom measures, four neurocognitive 
composite scores, and one measure of postural stability. In 
a cohort of over 6000 current NCAA men and women stu-
dent athletes from collision, contact, and non-contact sports, 
we observed no association between earlier eAFE to RHI 
exposure and worse neurocognitive performance, greater Ta
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psychological distress, or worse postural stability. Men and 
women participating in contact sports performed similarly 
or better than those in non-contact sports on cognitive and 
balance testing.

Among the women’s cohort, the eAFE-by-sport interac-
tion was associated with ImPACT Verbal Memory and Vis-
ual Memory composite scores, but in the opposite direction, 
whereby earlier eAFE to contact sports was associated with 
higher (better) composite scores. Among the men’s cohort, 
the eAFE-by-sport interaction was associated with BSI-18 
Depression and Global Severity Index subscales and for 
PCSS symptom severity scores, also in the opposite direc-
tion, whereby earlier eAFE to football was associated with 
less psychological distress and symptom severity. Parameter 
estimates were very small (e.g., among women involved in 
contact sport participation, ImPACT Verbal Memory esti-
mates decreased 0.397 points for each year increase in 
eAFE) suggesting these results have minimal practical or 
clinical relevance (Tables 3, 6).

In former professional and amateur football players, 
tackle football participation prior to age 12 was associated 
with worse later-in-life cognitive function, neuropsychiatric 
outcomes, and findings on neuroimaging [6–10], although 
other researchers studying retired NFL players did not find 
worse outcomes in association with when the person started 
playing football [11–14]. In current collegiate NCAA foot-
ball players, exposure to tackle football prior to age 12 was 
not associated with behavioral, cognitive, psychological, 
or physical outcomes [15–19]. Studies examining the asso-
ciation between eAFE to repetitive head impacts and both 
short- and long-term outcomes have been limited to foot-
ball players; thus, the results may not be generalizable to 
other groups. This is the second study (see [17]) to include 
sports other than football and the first to include women 
student athletes. The results herein extend the previous find-
ings suggesting that among both collegiate men and women, 
earlier contact sport participation was not associated with 
worse neurocognitive performance, greater psychological 
distress, or worse postural stability. Overall, these findings 
support previous work suggesting that early exposure to RHI 
through collision and contact sport participation may not be 
associated with neurocognitive deficits in current collegiate 
student athletes [15–19]. However, later-in-life effects can-
not be estimated or inferred from this study. These findings 
should not be used alone to inform safety and/or policy deci-
sions regarding youth sport participation. Future longitudi-
nal studies are needed to examine the association between 
contact sport participation at all levels and later-life out-
comes [38]. Later-life outcomes must be interpreted with the 
understanding of the important biopsychosocial benefits of 
participating in athletics and team sports during youth and 
adolescence [38].

Men and women involved in contact sports, compared to 
men and women involved in non-contact sports, (1) report 
comparable or fewer physical and emotional symptoms, and 
(2) perform comparably or better on the four neurocognitive 
composite scores from ImPACT. Although these are current 
NCAA student athletes, several large-scale, cross-sectional 
and longitudinal studies have found that playing high school 
football is not associated with later-in-life neurodegenera-
tive diseases, cognitive impairment, or psychological health 
problems [39–41]. However, also consistent with previous 
work among former high school football players[42], we 
reported that participants with a positive concussion his-
tory did have worse outcomes on some measures (Tables 3, 
6), albeit the effects were small.

We controlled other factors that may affect neurocogni-
tive testing, such as neurodevelopmental history, migraine 
history, socioeconomic status, race, and ethnicity. Although 
these parameters made significant contributions to the mod-
els, most were not practically or clinically meaningful (i.e., 
parameter estimates were small, Tables 3 and 6). Excep-
tions were that women and men with a neurodevelopmental 
history of academic difficulties obtained lower scores on 
ImPACT, as did African American men. Demographically 
adjusted normative data are often used in interpreting neu-
rocognitive performance [43]. Despite initial evidence that 
race/ethnicity was not associated with baseline ImPACT 
composite scores [44], more recent work from a large cohort 
suggested that Black/African American race was associated 
with lower Verbal/Visual memory (β = − 0.113; p = 0.026) 
and Visual Motor Speed/Reaction Time performance 
(β = − 0.242; p < 0.001) [18]. Subsequent work suggested 
that academic aptitude either fully or partially mediated 
these race effects, further highlighting the importance of 
considering longstanding intellectual functioning and apti-
tudes and sociodemographic variables when interpreting 
neurocognitive performance [19].

4.1  Limitations

We used a multimodal baseline concussion assessment bat-
tery to examine the association between eAFE to RHI and 
neurocognitive performance, psychological distress, and 
postural stability in a relatively diverse cohort of men and 
women NCAA student athletes. While many of the outcome 
measures included herein are recommended as assessments 
in the recent NIH/NINDS Sports Concussion Common 
Data Elements [45], they may not be sensitive enough to 
identify more subtle deficits associated with RHI. Incorpo-
rating more sensitive measures of neuroradiological, neu-
robehavioral, and neuropsychological testing may add to this 
body of work. We also do not know the previous number of 
times each athlete completed the tests; considering practice 
and learning effects on the ImPACT and BESS tests, this 
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could have created some degree of confound in the results. 
Furthermore, we did not draw comparisons between men 
and women. The sample sizes were very different between 
men (N = 4448) and women (N = 1891), and many of the 
parameters that we controlled for (e.g., ADHD) have dif-
ferent prevalence between men and women, so we chose 
to address these findings separately. Finally, many of the 
parameters included in the model were self-reported, which 
is an unavoidable limitation and self-reporting is a typical 
and practical method for acquiring this type of information 
in behavioral and medical research [46].

5  Conclusion

We observed no association between earlier eAFE to RHI 
exposure and worse neurocognitive function, greater psycho-
logical distress, or worse postural stability in men or women 
collision and contact sport collegiate student athletes. This 
study suggests that exposure to contact sports, such as ice 
hockey, lacrosse, wrestling, and soccer, during early adoles-
cence is unrelated to baseline neurocognitive function, psy-
chological distress, and postural stability in healthy NCAA 
collegiate student athletes.
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