Sex-specific Effects of Early Physical Activity on Concussion Outcomes

Livia Wunderlich BA!?, Mathew Wingerson MS!*? Joshua Kniss PT, DPT"?, Kelsie Richardson
MS!2, Katelyn Hurlburt BS'?, Julie Wilson MD'*?, David Howell, PhD'*

! Department of Orthopedics, University of Colorado School of Medicine, Aurora, CO, USA
2 Sports Medicine Center, Children’s Hospital Colorado, Aurora, CO, USA
3 Department of Pediatrics, University of Colorado School of Medicine, Aurora, CO, USA

Background: Physical activity (PA) is an effective method to improve post-concussion
outcomes.' Many factors, including biological sex, may affect concussion recovery.> While
many studies prioritize equal representation of males and females, they fail to include
comparisons between the sexes. Exploring the sex-specific effects of PA on concussion
outcomes is important to provide personalized care to adolescents with a concussion.

Purpose: To identify associations in early PA engagement (PA prior to initial evaluation) and
concussion outcomes in between female and male adolescents.

Methods: We evaluated adolescents <21 days post-concussion while they were still
symptomatic. Assessments included the Post-Concussion Symptom Inventory (PCSI), PROMIS
Pediatric Global v.1.1. anxiety, depressive symptoms, fatigue, pain interference subscales, and
the Dizziness Handicap Inventory (DHI). We assessed main effects and interactions between sex
(female/male participants) and those who did/not begin PA after injury/before assessment (early
PA vs. no early PA) using two-way ANOVA.

Results: We enrolled 188 adolescents with a concussion (51% female; 15.5+1.6 years of age;
10.9+4.8 days post-concussion). 66 participants (42% female) reported engaging in PA prior to
initial evaluation (Table). There was no significant proportional difference between female and
male participants who did/not engage in PA before the evaluation (Table). Female participants
reported more severe concussion symptoms (Figure 1A), anxiety symptoms (Figure 1B), and
depressive symptoms (Figure 1C) than male participants. There were no significant main effects
or interactions identified for fatigue (Figure 1D). Female participants reported more severe pain
interference than male participants, and both females and males who had begun PA reported
significantly less pain interference than those who had not (Figure 1E). A significant interaction
effect for dizziness (Figure 1F) indicated that among participants who had not yet begun PA,
females reported more severe dizziness than males. Among female participants, those who had
not started PA reported more severe dizziness.

Conclusions: Early PA following concussion is associated with less pain interference and
dizziness in both female and male adolescents. However, early PA was not associated with sex
differences in depression, anxiety, or concussion symptom severity at initial evaluation. Sex
differences were observed in multiple domains, in line with prior work. Dizziness severity may
be associated with exercise tolerance or response to exercise in adolescents, especially for female



adolescents with concussion. Understanding and addressing barriers to early PA post-concussion
is a crucial step in providing individualized and multidimensional care.
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Table 1. Descriptive characteristics of the study participants.

Variable Female participants (N=98) Male participants (N=90) P
Early PA (began PA after injury/before initial evaluation) 41 (42%) 25(39%) 0.68
Age (years) 15.6(1.4) 15.4 (1.88) 0.50
Time of cvaluation (days post-concussion) 11.0 (4.8) 10.8 (4.8) 0.79
Height (cm) 160.1 (22.9) 171.5(12.7) 0.001
Weight (kg) S82(1L.3) 66.0 (17.8) 0.001

Amcrican Indian or Alaska Native 0 (0%) 1(1%)

Asian 2 (2%) 2(2%)

Black or African-American 12 (12%) 4 (4%)
Race Native Hawaiian or Other Pacific Islander 0 (0%) 1(1%) 0.35

White 75 (77%) 71 (79%)

More than one race 7 (7%) 9 (10%)

Unknown or not reported 3 (3%) 3(3%)
Ethnicity (Hispanic or Latino/a) 21 (21%) 23 (26%) 0.48
Concussion history 47 (48%) 44 (49%) 0.90
Migraine history 14 (14%) 15(17%) (.65
Anxicty history 17 (17%) 11(12%) 0.32
Depression history 16 (16% 9 (10%) 0.22
History of MSK injury 58 (59%) 63 (70%) 0.17
LOC at ume of concussion 15 (15%) 22 (24%) 0.12
Amnesia at time of concussion 14 (14%) 25 (28%) 0.03

Sport-related concussion 80 (82%) 74 (82%) 0.92




Figure 1. Box plots describing the interaction between sex and early physical activity on post-
concussion outcomes - (A) symptom severity (Post-Concussion Symptom Inventory), (B)
anxiety symptoms (PROMIS), (C) depressive symptoms (PROMIS), (D) fatigue (PROMIS), (E)
pain interference (PROMIS), and (F) dizziness (Dizziness Handicap Inventory).
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