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Introduction

Repetitive head impacts (RHI) have been suggested to increase the risk of developing a neurodegenerative disease, and many of these individuals develop a preceding mental health diagnosis. Given the lack of studies among amateur athletes, this study aimed to examine mental health outcomes in middle-aged amateur athletes who have been exposed to RHI through contact sport participation.





Methods

This is a single site, cohort study involving former amateur athletes aged between 30 and 60 with at least 10 years of organized contact or non-contact sport participation. All participants completed demographic and mental health questionnaires. Mental health outcomes included symptoms related to depression, anxiety, post-traumatic stress disorder (PTSD), attention deficit hyperactive disorder (ADHD), and aggression. Self-reported data on mental health diagnoses and associated prescription were elicited and used to estimate odds ratios (OR).





Results

Data from 41 contact athletes and 22 age/sex-matched non-contact athletes were available for analysis. The contact group exhibited a 2.25-fold higher likelihood of being diagnosed with mental health disorders and 1.29-fold higher likelihood of using associated medications compared to the non-contact group. The contact group reported significantly higher PTSD-related symptoms [4.61 (0.03,9.2), p=0.05] compared to the non-contact control group. While not statistically significant, the contact group showed increased depressive [2.37 (0.05, 4.79), p=0.07] and ADHD symptoms [4.53 (0.51, 9.57), p=0.08] compared to controls. In a secondary analysis, a distinct trend emerged within the contact group, revealing pronounced elevations in mental health symptoms among individuals with lower socioeconomic status (<$50,000/year) compared to higher income subgroups, and these symptoms decreased as income levels rose [depression: -3.08 (-4.47, -1.7), p<0.001; anxiety: -1.95 (-3.15, -0.76), p=0.002; ADHD: -4.99 (-8.28, -1.69), p=0.004; PTSD: -4.42 (-7.28, -1.57), p=0.003; aggression: -6.19 (-11.02, -1.36), p=0.01]. This trend was absent in the non-contact control group.





Discussion

Our data suggest that even individuals at the amateur level of contact sports have an increased likelihood of being diagnosed with mental health disorders or experiencing mental health symptoms compared to non-contact athletes. Our findings indicate that socioeconomic status may have an interactive effect on individuals’ mental health, particularly among those with a long history of RHI exposure.
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Introduction

Over 2 million male and female athletes compete in high school and college contact sports annually (1), exposing themselves to repetitive head impacts (RHI) (2, 3). These concussive and subconcussive head impacts pose a potential threat, capable of triggering cognitive dysfunction, neuropsychiatric symptoms, and the potential development of neurodegenerative conditions, such as Alzheimer’s disease related dementia, including chronic traumatic encephalopathy (CTE) (4, 5). Recent findings indicate that declines in mental health may precede cognitive deterioration and dementia diagnoses. Notably, individuals with CTE often exhibit significant changes in mental health conditions during their 40s and 50s (6–8). Despite this knowledge, the inquiry of the interactive effects of mental health and RHI is still in its early stages, with a predominant focus on male professional athletes, particularly in football (4, 9). Given the larger population of amateur athletes susceptible to mental health declines, it becomes imperative to characterize the midlife mental health integrity in those who participated in RHI-prone contact sports at the amateur level for both males and females.

In the past decade, as societal awareness and acceptance for mental health conditions have gained traction, a strong association between mental health and brain injury has surfaced. For example, not only the meta-analysis by Gornall et al. (10), but also the largest retrospective cohort study underscored this association, revealing a 1.4-fold increase in the incidence of mental health issues, including anxiety, neurotic, and mood disorders, among children and adolescents with concussions (n=152,321) compared to orthopedic injury controls (11). A notable finding also includes the vulnerability of female adolescents to internalizing issues, such as depression, anxiety, and withdrawal following a concussion (12). This trend extends in young adults, where individuals with a history of concussion exhibit higher panic symptoms and increased use of alcohol and cannabis, with the relationship between mood disorder and concussion being more pronounced in females than males (13). However, it is noteworthy that a prospective study by Kercher et al. (14) failed to replicate these results in the context of subconcussive RHI. Throughout a single high school football season, depression, anxiety, thriving, and psychological satisfaction scores remained consistent, showing no significant association with head impact exposure as measured by instrumented mouthguards.

In contrast to amateur athletes, considerable research has been dedicated to examining the effects of RHI on professional football players. An earlier study involving 42 retired National Football League (NFL) players ages 41–77 found a significant elevation in depressive symptoms among these retired players compared to those who had never sustained concussions or played football (15). Subsequent studies have further illuminated cases where prolonged exposure to RHI may contribute to profound and rapid alterations in impulse control, aggression, depression, and anxiety symptoms later in life (4, 7, 16–19). However, it is crucial to acknowledge a critical limitation in many of these post-mortem studies: mental health conditions are often reported by informants rather than the athlete themselves. Thus, there is a pressing need for pre-mortem studies, especially among middle-aged adults, to explore the potential association between RHI and mental health symptoms.

The purpose of this present study is to examine the impacts of lifetime exposure to RHI on mental health outcomes in middle-aged, amateur athletes. Given that depression, anxiety, impulsivity, PTSD, and aggression consistently manifest as clinical symptoms of CTE (4, 7, 8), this study is specifically tailored to explore these mental health outcomes. We hypothesized that individuals engaged in contact sports would exhibit worse mental health outcomes (increased depression, anxiety, attention, and aggression symptomology) than their counterparts who participated in non-contact sports. Recognizing the potential influence of the duration of sport experience and socioeconomic status on mental health symptoms (20), we conducted a secondary analysis to delve into the effects of these factors on mental health outcomes in both contact and non-contact control groups.





Materials and methods




Participants

This cohort study included 63 participants, including 41 contact sport athletes (32 males, 9 females) and 22 age- and sex-matched non-contact athletes (14 males, 8 females). Potential participants were recruited by emails to community partners, social media posts, and Indiana CTSI’s iCONNECT. Data was collected from February to September 2023. Inclusion criteria for the contact group included having at least 10 years of organized contact sport participation experience and being between the ages of 30 and 60. For the non-contact group, participants needed to have at least 10 years of participation in organized non-contact sports, no history of participation in contact sports, and be between the ages of 30 and 60. Exclusion criteria for both groups were any head, neck, or facial injuries, including concussions, in the 6 months prior to study participation, pregnancy, a history of any neurological disorders, impaired decisional capacity, metal implants in the head, and any implanted electro/magnetic devices. Figure 1 describes the flow of this study. All participants provided informed consent prior to participation in any study procedures. The study protocol was approved by the Indiana University Institutional Review Board (#17763).




Figure 1 | Study flow chart.







Measures

Demographic questionnaires collected information, such as age, sex, race, ethnicity, concussion history, duration of sports experience, types and duration of each sport played, and sociodemographic characteristics. Participants were instructed to complete the following mental health questionnaires.




Patient Health Questionnaire – 9

The PHQ-9 is a self-administered questionnaire that assesses depressive symptoms. The PHQ-9 consists of 9 questions with a 4-point Likert scale for responses. The 9 questions assess the DSM-5 diagnostic criteria with 0 being not at all, 1 being several days, 2 being more than half days, and 3 being nearly every day. Higher scores represent worse depressive symptomology. If a participant scored a 2 or higher on 5 of the 9 criteria, it is considered major depression (21).





General Anxiety Disorder-7

The GAD-7 is a self-administered questionnaire that assesses the presence of generalized anxiety disorder. The GAD-7 consists of 7 questions with a 4-point Likert scale for responses. The 7 questions assess the DSM-5 diagnostic criteria for generalized anxiety disorder with 0 being not at all, 1 being several days, 2 being more than half of days, and 3 being nearly every day. A score of 0 to 4 is minimal anxiety, 5–9 is mild anxiety, 10–14 is moderate anxiety, and above 15 is severe anxiety (22).





DSM-5 diagnostic criteria for ADHD

The DSM-5 Diagnostic Criteria for ADHD is an 18-item self-report measure that corresponds to the key symptoms of an ADHD diagnosis in adults (23). Participants were to respond to the 18-items with how they have conducted themselves over the past 6 months. It is a 4-point Likert scale ranging from 0 “Never” to 3 “Very Often”. To meet the DSM-5 criteria for a diagnosis of ADHD, the participant would have to have 5 responses of “Often” (2) or “Very Often” to either the first 9 inattentive items (1–9) or the 9 (10–18) hyperactive-impulsive items.





PTSD Checklist – Civilian Version

The PCL-C is a 17-item, self-report measure that corresponds to the key symptoms of PTSD (24). Participants were to respond to the 17 items with how much they have been bothered by certain symptoms in the past month using a 5-point Likert Scale. Responses range from 1 “Not at all” to 5 “Extremely”. A total score of the PCL-C score was used in the analyses.





Aggression Questionnaire

The AQ is a 34-item self-report scale to assess the 4 components of aggression: physical aggression, verbal aggression, anger, and hostility. Participants were instructed to respond to each question with how they interact with other people. The responses are a 5-point Likert scale ranging from 1 “not at all like me” to 5 “completely like me”. All responses are summed at the end for a total aggression score (25, 26).






Statistical analysis

Differences in demographic variables between the contact and non-contact groups were assessed by independent samples t-tests for continuous variables and chi-square for categorical variables. Odds ratios (OR) and the associated 95% confidence intervals (CI) were estimated for the potential group differences in the likelihood of mental health diagnoses and the associated prescriptions. Multivariable linear regression models were used to examine group differences in mental health outcomes, with the PHQ-9, GAD-7, DSM-5 ADHD, PCL-C, and AQ being set as the primary outcomes. The models were adjusted by covariates, including age, sex, and education level. The significance level was set at p<0.05.

Secondly, a linear regression model was used to examine relationships between mental health outcomes and the cumulative duration in years of contact sports (for the contact group) and non-contact sports (for non-contact sports) in each group. The model was adjusted by covariates, including age, sex, and education level. Finally, participants in both groups were categorized into 4 sub-groups based on their income levels: ≤$50k, $51k–$100k, $101k–$150k, or $151k≤. Generalized linear models were used to estimate the effects of group (contact, non-contact), income level (4 subgroups), and group-by-income interactions on mental health outcomes, with age, sex, and education as covariates. If significant interaction effects were observed, we conducted post-hoc analyses with Bonferroni corrections to examine at what income levels group difference emerged, and the level of significance was set at p<0.0125 to reflect 4 income sub-groups. All analyses were conducted using R, version 4.2.1 (R Project for Statistical Computing) with the nlme package. The analysis was summarized by providing a contrast estimate with its 95% CI and a p-value in the following format: [estimate (CI_low, CI_high); p-value].






Results




Demographics

A total of 63 participants were included in the study (contact n=41, non-contact n=22). Of the 41 participants in the contact group (age 42.2 ± 9.4 years), 32 (78%) were male. Of the 22 participants in the non-contact group (age 44.8 ± 8.4 years), 14 (63.6%) were male. Participants in both the contact and non-contact group were predominately White (92.7% - 95.5%). The contact group had 15.1 (5.0) years of contact sport experience and the non-contact group had 16.8 (5.9) years of non-contact sport experience. Three participants (n=1 contact; n=2 non-contact) were excluded due to no response to mental health questionnaires. Figure 1 depicts the study flow chart. Demographics are summarized in Table 1.


Table 1 | Group demographics.







Mental health diagnosis and prescription between the contact and non-contact groups

Self-reported mental health diagnosis and associated prescriptions were elicited as part of demographics. The contact group was 2.25 times more likely to be diagnosed with mental health disorders [OR=2.25 (0.5, 16.0)] and 1.29 times more likely to be taking associated medications [OR=1.29, (0.25, 9.6)] relative to the non-contact group.





Mental health-related symptoms between the contact and non-contact groups

Independent samples t-tests showed that the contact group had significantly elevated symptoms in PCL-C (p=0.018), PHQ-9 (p=0.034), and ADHD (p=0.05). However, our regression model including covariates failed to detect group differences in PHQ-9 and ADHD, due to age being a significant covariate modulating the outcomes. Nonetheless, the statistically significant group difference was retained in PTSD symptoms (via PCL-C), where the contact group scored 4.61 points higher (worse) on the PCL-C [4.61 (0.03,9.2), p=0.05] than the non-contact group. No statistically significant group differences were observed in depressive symptoms [PHQ-9: 2.37 (0.05, 4.79), p=0.07], ADHD symptoms [4.53 (0.51, 9.57), p=0.08], aggression symptoms [AQ: 4.5 (2.46, 11.47), p=0.21], and anxiety symptoms [GAD-7: 1.36 (0.50, 3.22), p=0.16: Figure 2]. See Supplementary Table 1 for average values of each outcome.




Figure 2 | Group differences in mental health symptoms. The contact group exhibited elevated levels of symptoms in all aspects of mental health (PTSD (A), Depression (B), ADHD (C), Anxiety (D), and Aggression (E)) compared to the non-contact control group, but statistical significance was limited to PTSD (A).







Associations between mental health outcome and years of sport experience

There were no significant associations between the cumulative duration in years of sports played and mental health outcomes in both groups. See Supplementary Figure 2.





Socioeconomic status differentially impacted mental health outcomes between groups

For the PHQ-9, the contact group showed that income level had a significant impact on depression scores [-3.08 (-4.47, -1.7), p<0.001], while the non-contact group did not [0.73 (-2.36, 0.89), p=0.35], which was further illustrated by a significant income x group interaction [3.02 (0.93, 5.10), p=0.004]. Similarly, anxiety, ADHD, PTSD, and aggression scores were impacted by income level for the contact group [GAD-7: -1.95 (-3.15, -0.76), p=0.002; ADHD -4.99 (-8.28, -1.69), p=0.004; PCL-C: -4.42 (-7.28, -1.57), p=0.003; aggression: -6.19 (-11.02, -1.36), p=0.01], but not for the non-contact group. A significant income by group interaction was detected in GAD-7 [1.91 (0.21, 3.61), p=0.03]. Statistical output is detailed in Table 2. The follow-up post-hoc analyses revealed that group differences in depression, anxiety, ADHD, and PTSD symptoms occurred at the ≤$50k level, where the contact group in this specific income level reported significantly greater symptoms than the non-contact group, but no group differences in any other income levels (Figure 3).


Table 2 | Statistical output reflecting group by income interactions.






Figure 3 | The modulatory effects of socioeconomic status on mental health outcomes. Socioeconomic status, as surrogated by annual income, differentially impacted mental health symptoms between groups, where the lowest tier of annual income (<$50,000) showed the greatest levels of depression (A), anxiety (B), ADHD (C), PTSD (D), and aggression (E) as compared to other income tiers in the contact group. Such a tend was absent in the non-contact group. N.S., not significant.








Discussion

The current study presents a potential interactions between midlife mental health well-being and engagement in contact sports. Drawing data from a cohort of middle-aged, amateur athletes, the current study yielded three notable findings. First, contact sport athletes were twice as likely to be diagnosed with mental health conditions, and despite some of them taking medications, the contact group had elevated (worse) scores in PTSD, depression, and ADHD symptoms compared to the non-contact group, suggesting an overall decline in mental health outcomes for contact sports athletes. Second, the absence of a significant correlation between mental health symptoms and the number of years participated in contact sports may be attributed to the limitation of this variable in capturing cumulative effects of RHI exposure over time. Lastly, among contact sport athletes, individuals with a lower income level, particularly less than $50k a year, experienced a significantly detrimental effect on symptoms related to depression, anxiety, ADHD, and PTSD symptoms, whereas no such impact was observed in non-contact athletes. Overall, these data suggest that a decade or more of participation in contact sports may be associated with adverse effects on mental health during midlife.

Concussions are widely acknowledged for their potential to trigger an array of mental health symptoms, including anxiety, sadness, loneliness, and irritability (3, 11, 13). During 2014 to 2018, a large-scale cohort study conducted by the TRACK-TBI consortium employed identical mental health screening tools, such as PLC and PHQ-9, as the current study and revealed that at the 3-month follow-up, 18.7% and 8.8% of concussed patients manifested PTSD and major depressive disorder, respectively. In contrast, only 7.6% and 3.0% of orthopedic trauma controls developed these conditions (27). Moreover, a survey involving retired NFL players disclosed that 11% of them reported clinical depression diagnosis, which is especially notable among individuals with previous history of concussions (28). These findings were consistently validated in a series of studies in retired professional contact sports athletes (29–31). Our own observations align with these previous findings, demonstrating that the contact group exhibited heightened PTSD and depression symptoms and were two times more likely to be diagnosed with mental health conditions to the control group.

It is worth noting that despite well-established connections between concussions and mental health challenges, there is a scarcity of data regarding subconcussive RHI. For example, a longitudinal study conducted in 2023 by Kercher et al. (14) reported that mental health symptoms related to depression, anxiety, and motivation remained unaffected post-season among adolescent football players, even among those who experienced 100+ head hits and those who started playing tackle football in their youth. One line of research reinforces the notion that participating in tackle football during adolescence does not correlate with negative outcomes in depression, anxiety, alcohol use, and suicidality during young adulthood (32–34). However, opposing research suggests that despite the absence of clinically discernible psychiatric symptoms, adolescent football players displayed alterations in cortical morphology and neural activation patterns in brain regions vital for mental well-being, including the cingulate cortex, precuneus, and prefrontal cortex (9). A study published in 2023 by McKee et al. reported that in a cohort of brain donors all under the age of 30, with extensive RHI history, 70% were reported to have depressive symptoms, and 56.8% had neurobehavioral dysregulation (4). Similarly, retired amateur rugby players (48.3±11.0 years old) were 2-to-3-times more likely to endorse depression and anxiety symptoms compared to retired non-contact athletes (35). These studies indicate that there may be an emergence of mental health symptoms later on and may persist with age in individuals with RHI history. The complexities surrounding the effects of RHI on mental health are attributed to inherent limitations in subjective reporting and potential significant modulating factors, with socioeconomic status being one such factor.

The interactions among developmental socioeconomic status, brain injury effects, and mental/cognitive health are intertwined and difficult to isolate. On one hand, low socioeconomic status environments during childhood can heighten aggressive traits (36). Meanwhile, pediatric traumatic brain injury (TBI) is more prevalent in lower socioeconomic status, which can also affect mental health wellbeing (37). Furthermore, those with a background of low education and rural childhood residency carry a 6.5 times greater risk of developing Alzheimer’s disease compared to those with high education and urban childhood residency. Nevertheless, a key factor attributing to group differences we observed in mental health outcomes is likely the RHI exposure. Participants in the lowest income tier (<$50k/year) displayed markedly elevated symptoms across all mental health domains, with depression and anxiety symptoms being 5 times greater than other income tiers. Strikingly, this pattern did not manifest in the non-contact control group, challenging the conventional understanding of socioeconomic status as a modulatory factor for mental well-being (38–41). Our observation raises questions about whether RHI exposure disproportionately affects those with lower socioeconomic status or if RHI-induced mental health challenges significantly impact one’s career trajectory. Insights from the recent TRACK-TBI Study suggest that 21% (92 of 435) of patients with concussions experienced a decline in annual income at the 12-month follow-up due to lingering symptoms impeding their work, coupled with a lack of employer assistance. Concussive RHI is not only associated with persisting cognitive and mental symptoms but also entails substantial economic consequences for some patients (42). In more severe cases of TBI, Haines et al. (43) reported a significant association between low socioeconomic status and higher mortality rate, longer hospital stays, and slower discharge from inpatient rehabilitation. Our novel data on the socioeconomic impact on RHI-related mental health challenges play a pivotal role in future longitudinal studies, emphasizing the need to include and extrapolate socioeconomic status considerations when investigating RHI-related mental and neurodegenerative disorders.




Limitations

There were several limitations in this study. First, it is important to acknowledge that all previous diagnoses and medication information relied on self-reporting, highlighting a potential source of bias. Future research could benefit from incorporating interview-based assessments, such as the Structured Clinical Interview for DSM Disorders (SCID-5) (44), to validate the diagnosis of mental health disorders. To maintain confidentiality and participant comfort during questionnaire responses, we implemented a closed-room environment. However, in the interest of rigorously capturing participants’ mental state, examining mental health well-being at multiple points throughout the day would help mitigate the potential fluctuations in mental health symptoms within a single day. In addition, it would be beneficial to longitudinally track mental health symptoms to establish temporal relationships between RHI history and the onset/trajectory of mental health well-being. This study did not explore the dose-response relationship or differentiate among medication types for individuals managing their mental health. A more extensive sample size would have allowed for a more in-depth analysis of potential medication effects on mental health outcomes. We used non-contact sport athletes as controls to compare the effects of lifetime exposure to contact sports on retired, amateur contact sport athletes. Nonetheless, we could have also included another group of non-athletic controls to account for the potential therapeutic effects of physical activity, given that exercise is known to improve various mental health conditions. Types and doses of mental health-related medication should be examined and accounted for in the future study. Despite efforts to match participants by age and sex across various sports, there is a notable lack of ethnic and racial diversity in the current study. To enhance the generalizability of our findings, future research should aim to include samples from different geographical locations, thereby increasing diversity and expanding the applicability of our results.





Clinical implications

Participating in sports, especially component of physical activity, is a strong predictor for longevity (45–48). However, our data, together with a growing body of CTE literature, raise a concern that if long history of contact sport participation may not achieve the same level of benefits as non-contact sports. Medical practitioners are encouraged to incorporate the history of contact sports experience and RHI exposure into diagnosis and treatment. Furthermore, it is important to consider the interactive effects of socioeconomic status when treating for individuals with history of RHI.






Conclusions

Our data suggest that even individuals at the amateur level of contact sports have an increased likelihood to be diagnosed with mental health disorders or experience mental health symptoms, especially depression, later in life compared to non-contact athletes. Income levels played a significant role in modulating mental health symptoms in the contact group but not in the control group, where the lowest tier of income level within the contact group was associated with the highest levels of depression, anxiety, PTSD, ADHD, and aggression symptoms, compared to other income tiers. However, there was no correlation between years of contact sports experience and mental health symptoms, which may indicate the insensitive nature of the variable “years of sports experience” to reflect the actual dosage of RHI experienced throughout one’s career. Taken together, it would be beneficial for mental health professionals to acquire contact sport participation history and view it as a risk factor for mental health disorders. Secondly, it is important to recognize that mental health disorders are most prominent in contact athletes who are in the lower to middle income levels. A future longitudinal study including both males and female amateur athletes is warranted to establish the temporal relationships between RHI exposure and later onset of mental health challenges.
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