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Establishing a Public Health Surveillance System for TBI in California
Traumatic brain injury (TBI) is the leading cause of death and disability among all trauma-related injuries in the United States (U.S. Center for Disease Control and Prevention [CDC], 2019), which is defined as a head injury from an external force that disrupts the normal function of the brain that occurs from the sudden impact of acceleration or deceleration forces (Greve & Zink, 2009; Vos et al., 2012). In 2020, there were over 64,000 TBI-related deaths in the US, which translates to 167 Americans per day. 2 In the United States, more than 2.87 million TBIs occur annually, including more than 837,000 TBIs in children. These TBIs account for 2.5 million emergency department visits, and 288,000 hospitalizations (APA, 2022). Among individuals presenting to an emergency department with TBI, the rates for men are 547.6 per 100,000 and for women are 385.9 per 100,000. The leading causes of TBI in the United States are falls (178.4 per 100,000), “struck by/against” events (92.7 per 100,000), motor vehicle accidents (74.7 per 100,000), and assaults (50.6 per 100,000). Concussion in sport is increasingly recognized as a cause of mild TBI with annual rates of all contact sports estimated between 5-10% (McCrae, 2023). TBI of any severity (e.g., mild, moderate, severe) have been associated with dysfunctional outcomes such as substance abuse (Corrigan et al., 2012), incarceration (Durand et al., 2017; Schofield et al., 2015), and homelessness (Stubbs et al., 2019). Thus, incorporating community reintegration efforts (e.g., neuropsychiatric sequelae education, psychosocial programming, screening evaluations) in the acute, subacute, and post-acute periods of rehabilitation are important targets to reduce long-term adverse outcomes that are costly to society. Despite being a rising public health concern, there remain considerable disparities between survivors’ rehabilitation needs and service provision at the local, state, and national levels.
Currently, the nationwide prevalence rate is extrapolated from the medical incidences of a few states, and no single state has been able to accurately capture the true number of individuals who are living with long-term difficulties of concussion or TBI; four states (i.e., Ohio, North Carolina, South Carolina, California), to date, have reasonably estimated. Several other states have attempted with varying degrees of success. For example, the state of Maryland has a law that mandates medical centers to provide incidence data on TBI but does not provide funding or enforcement to do so, whereas Alabama maintains a limited data registry with restrictive funding. California, the nation’s largest state by population, also does not have a dedicated state-funded TBI registry, but for a different reason than Maryland, and is loosely connected to the state’s designated trauma registry (California Trauma Registry, 2020; NASHIA, 2014; U.S. Census Bureau, 2016). The California Trauma Registry collects annual medical discharge incidence data from the 81 Level-1 trauma centers in the state, but medical incidence does not necessarily reflect the dysfunctional impact of TBI in California for community-based survivors. According to the CDC (2022), there are 13 ICD-10-CM codes, none of which include the S09.09 code, that are used as TBI indicators for nonfatal hospitalizations and nonfatal emergency department visits (Table 1). 2 A concern with medical coding is that 20% to 30% of the estimated two and a half million emergency department visits were classified as unspecified head injury (S09.90; p. 57) 2 but had sufficient evidence to meet a formal TBI diagnosis. 1 According to the California Department of Public Health, from the years 2016 to 2020, there was an average of 73,761 nonfatal TBI emergency room visits, but an average of 171,966 unspecified head injury cases (S09.90); these rates highlight a discrepancy in medical coding. Moreover, many Californians who experience head trauma (e.g., motor vehicle accidents, sporting/recreational activity, domestic violence/intimate partner violence) may not seek medical attention for a variety of reasons (e.g., minimize symptoms, minimal or no medical insurance, fear of retaliation); therefore, the available data suggest that current rates may be underestimated.
TBI represents a neuropsychiatric disorder that begins as a medical condition and may develop into significant cognitive, perceptual, and affective disturbances. This way of conceptualizing TBI acknowledges the condition as a disease process rather than a discrete injury. Furthermore, there are mental health categorizations (e.g., neurocognitive disorders; APA, 2022, p. 679) that may describe functional deficits in addition to medical incidence. Therefore, estimating state-specific needs would be important for directing local legislation, especially considering that national rates, five-years post-injury, estimate as high as 50% of survivors are still unable to perform many pre-injury activities and 40% still experience at least two neuropsychiatric disorders with at least one unmet need (e.g., vocational, functional; Rao et al., 2020; Vanderploeg et al., 2019). The Mental Health Parity and Addiction Equity Act (MHPAEA) and the Mental Health Parity Compliance Act (H.R. 3165/S. 1737) were enacted in 2008 to improve coverage and treatment accessibility to mental health services like other medical services. Currently, health plan insurers use defined criteria to determine “medical necessity” and cover only nine mental health diagnoses: bipolar disorder, major depressive disorder, panic disorder, anorexia nervosa, bulimia nervosa, obsessive compulsive disorder, autism spectrum disorders, schizophrenia, and schizoaffective disorder (California Mental Health Parity Act Section 1374.72 of the Health and Safety Code and Section 10144.5 of the Insurance Code, 1999). However, at the end of 2020, Governor Newsom of California signed a collection of senate bills (SB 803 Peer Specialists; SB 855 California Mental Health Parity) that were enacted in January of 2021. SB 855 expands state mental health parity law by broadening the statutory definition of “medical necessity” to include all diagnoses in the most current edition of the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM--TR) and mandates coverage at parity (Weiner et al., 2020). The current version of the DSM (APA, 2022) continues to include neurocognitive disorder due to TBI (F02.80-81; p. 707). 
At the end of 2021, California joined the 23 states in the US that receive CDC Federal funds to establish the State Injury Prevention Program (CORE SIPP; https://www.cdc.gov/injury/stateprograms/coresipp), which is currently beginning their work and planning to collaborate with the State TBI Advisory Board to establish prophylactic practices for TBI. Recently, California applied and successfully received $5 million in additional Federal funds from the Administration of Community Living (ACL) to establish a “TBI waiver” for the Medicaid Home and Community-based Services program (HCBS; e.g., cognitive rehabilitation, accessibility modifications, supported employment), which currently only exists in 38 states (for further information, please go to: https://www.cms.gov/Outreach-and-Education/American-Indian-Alaska-Native/AIAN/LTSS-TA-Center/info/1915-c-waivers-by-state). The California-based organizations to form the California Association of TBI (CATBI) began funded-activity in April 2022, and enhanced federal funding was awarded and distributed in July 2022. 
The present retrospective cohort study utilized two state-level methods: a Health Assessment & Research for Communities (HARC) administered needs assessment and a representative survey administered using the California State Survey Panel (CalSpeak). The Department aspires to use the retrieved data and the revealed insights to generate a meaningful legislative ask to both the House and Senate. U.S. Senator Dianne Feinstein of California expressed support in March of 2022 at Brain Injury Awareness Day on Capitol Hill and both Representative Young Kim and U.S. California Senator Alex Padilla were invited to join the Congressional Brain Injury Task Force. In May 2022, Senator Padilla also signed on to the National Association of State Head Injury Administrators (NASHIA) initiative in support of funding for brain injury proposed by U.S. Maryland Senator Van Hollen; this letter supports increasing TBI State Grant program from $11.821 million to $19 million and secures $5 million for the CDC Concussion Surveillance, which supplements the $2 million to establish the system in FY 2022. Moreover, at this virtual event on Capitol Hill, it became clear that California is one of 28 states that receive an “ACL TBI State Grant” and that we receive the same amount as the 27 other states, even though California is the most populated state in the country. Senator Feinstein’s staffers expressed their willingness to write a letter of support to request additional funding (possibly in the form of 2 grants). The hope is for an adequately funded statewide network to facilitate the successful community reintegration of survivors in the “Golden State” before taking our insights to NASHIA.
Hypotheses
After contrasting community prevalence, it was expected that the reported medical incidence would be underestimating the occurrence and impact of head injury. Relative to the general population, survivors of TBI in California were expected to have higher rates of homelessness, at-risk of homelessness, employment instability, housing instability, caregiver burden, difficulty with activities of daily living (ADL), justice system involvements, and neuropsychiatric disorders (i.e., PDD, GAD, NCD). In the general population in California, neuropsychiatric disorders were further expected to be significantly associated with negative community outcomes (e.g., homelessness, employment instability).
Method
Participants
Participants in the HARC needs assessment was conducted both as a survey and qualitative interviews; both recruited participants using a convenient-sampling strategy. A sample of TBI stakeholders in California were recruited: TBI professionals (n = 79), TBI Family Caregivers (n = 53), and Survivors of TBI (n = 135). Survivors were White (67.8%), middle-aged (M = 49 years, SD = 10), had at least some college (86%), and in a median HH income of $29,141 (11.5% ≤ Federal Poverty Line; FPL). Forty percent had a family caregiver (44.7% were spouses, 29.8% were parents). Each stakeholder survey was 40 close-ended questions and 5 open-ended questions. Surveys were available in English and Spanish. Surveys were distributed statewide, however, the bulk of responses among persons with TBI, family caregivers, and professionals all came from San Diego County. Participant demographics did not match California population demographics for race and ethnicity.  
For the CalSpeak approach, a representative sample of adult respondents (≥18 years) stratified on demographics retrieved from state voter registration and United States Postal Service sequence files (e.g., race, gender, urbanicity versus rurality) was collected in English (%) and Spanish (%) from residents in California (N = 1,057). All survey data, which was collected using the CalSpeak panel for sampling and survey administration, was weighted to compensate for practical limitations of sample surveys (e.g., under coverage, differential nonresponse). The weighting improved the external validity of the survey data by improving representation of respondents relative to estimated population parameters. From the total sample (n males = 475; n females = 555; n other = 13), 42% (n = 605) of them reported a history of at least one event of head trauma (M = 3.89, SD = 10.07). Thirty-five percent of responding Californian residents who reported at least one incident of head trauma experienced an associated period of lost consciousness (n = 153), thereby fitting the definition of a positive TBI screen (15% of total sample). Mechanisms of injury and degrees of lost consciousness for the TBI sample are shown on Figure 1 and Figure 2.
A total of 442 survivors of head injury (41.8%) identified in a representative sample of Californians (N = 1057). The TBI sample: males (47.8%), females (50.4%), and non-binary (1.2%). SEXUAL ID: Heterosexual (82.5%), Gay/Lesbian (5.4%), Bisexual (9.0%), Declined to State (3.0%). RACE/ETHNICITY: Identified as at least partially White (84.3%), Hispanic – yes (28.1%). EDUCATION: had at least some college (46.5%), FT student (5.5%), PT student (8.2%). URBANICITY: cities (48.6%), suburbs (31.4%), rural (20.1%) with average residence of 10+ years. INCOME ASSISTANCE: ≤ FPL (at least 12.5%), Participating in Medicaid (11.6%), SSI (3.5%). AGE: Current (M = 48.8, SD = 16.7), At Injury (M = 18.7, SD = 14.7), Years since (M = 30.4, SD = 16.2). 	Comment by Daniel Ignacio: Place in table
Materials
Using the comprehensive and representative panel described above, 24 questions were used for this project, which were constructed by combining the optional TBI module from the Behavioral Risk Factor Surveillance Study (BRFSS), insights from State and National organizations (e.g., World Health Organization Disability Assessment Schedule), expert judgments from members of the California TBI Advisory Board (e.g., CATBI, Mayo-Portland Adaptability Inventory-4), DSM-5-TR (APA, 2022), and three widely used TBI screeners: the Ohio State University TBI Identification method (OSU-TBI-ID; Corrigan & Bogner, 2007); the Brain Injury Screening Questionnaire (BISQ; Dams-O’Connor et al., 2016); and the ACE, which was developed for the CDC as part of the Heads Up: Brain Injury In Your Practice tool kit (Gioia & Collins, 2006). The finalized questions were translated into Spanish to capture the population of monolingual survivors in California.
The first two questions assessed for affective disturbance as assessed by the DSM-5-TR criteria (APA, 2022) for persistent depressive disorder (PDD; F34.1, p. 178), major depressive disorder (MDD; F32.9, p. 183), and generalized anxiety disorder (GAD; F41.1, p. 250). These questions included the presence of characteristic criteria as dichotomous variables using the longest diagnostic duration. For example, question 1 used “2 years” time frame of PDD over the 2 weeks for MDD. In question 2, the time frame for persistence of GAD symptoms was the diagnostic “6 month” duration. 
For Questions 3, 4, and 5, respondents were asked about the presence of symptoms for “more days than not” in the past month. Question 3 inquired respondents about the presence of events related to Criteria A and Criteria D for neurocognitive disorders (APA, 2022, p. 679). Moreover, Question 3 also included the Emotional Symptom checklist for CDC’s ACE (Gioia & Collins, 2006). Question 4 included Criteria A1 and Criteria A2 for neurocognitive disorder as defined by the current version of the DSM (DSM 5-TR; APA, 2022, p. 679). Moreover, Question 4 also included the Cognitive Symptom Checklist for CDC’s ACE (Gioia & Collins, 2006). Question 5 inquired about “physical difficulties” experienced that are included in the Physical Symptom Checklist of the CDC’s ACE (Gioia & Collins, 2006) and also evaluates the presence of Criteria B for neurocognitive disorders (APA, 2022). 
For Questions 6, 7, 8, respondents were asked if they had ever had a lifetime experience of any of the listed events. Question 6 inquired about involvements in the justice system; the anchors were retrieved from the MediCaid Home and Community-based Services (HCBS) Menu published as a result of the enhanced Federal funds released to the Department of Rehabilitation in California to establish the HCBS TBI-waiver. Question 7 inquired about the risk factors most directly associated with homelessness (Stubb et al., 2019). Question 8 inquired about activities of decompensation as defined by the Social Security Administration that were most related to work instability and difficulties related to maintaining Substantial Gainful Activity.
For Questions 9, 10, 11, 12, and 13, respondents were asked if they about their current status. Question 9 was a dichotomous question asking if the respondent is currently receiving regular assistance from a family member, relative, spouse, friend, or non-relative for a health-related (physical or mental) disability. Question 11 asked about whether the respondent is currently providing regular assistance to a family member, relative, spouse, friend, or non-relative for a disability related to a head or neck injury. Questions 10 and 12 asked for the number of caregiving hours received or provided, respectively. Question 13 asked about the type of medical or health-care insurance respondents are currently receiving (e.g., Medicaid, Medicare, commercial).
The remaining nine questions screened for lifetime head or neck trauma to estimate the presence or absence of concussion or TBI. Questions 14, 16, 17, and 18 were designed to estimate the presence and severity of head or neck trauma as defined by Craig Hospital in Colorado, which is the lead site that collects data from the 16 sites that create the TBI Model Systems (Eagye, 2021). Severity of mild head trauma was furthered separated into Grades I, II, or III as defined by the Boston Assessment of TBI-Lifetime (BAT-L, Translational Research Center for TBI and Stress Disorders, 2021). Question 15 asked about the presence of alcohol during any lifetime head or neck injury (e.g., California excise tax). Question 19 asked about any formal diagnoses of concussion or TBI to estimate the degree of disparity between medical identification and actual occurrence. Questions 20, 21, and 22, were are all categorical anchors designed to evaluate the etiology of any head or neck injury reported in this representative Californian sample (e.g., falls, sports, motor vehicle accident, interpersonal violence, any activity during military service).	Comment by Charles Degeneffe: What does that mean?	Comment by Daniel Ignacio: Excise tax is the added "sinners tax" for goods with a public health concern (e.g., alcohol, gas, cigarettes)
Procedure
The present retrospective cohort study is establishing an initial surveillance study by utilizing the California State Survey Panel (CALSPEAK), the first California-focused panel that uses probability-based sampling methods, to collect high-quality data that is secured, HIPAA-compliant, and representative of the state’s population. CALSPEAK recruits a random sample of Californians using three primary methods, such that virtually everyone in the population has a non-zero chance of being recruited but must voluntarily elect to participate. First, a mixed-mode random probability selection method was applied using the United States Postal Service Delivery Sequence File (geographically stratified by population density; n = 25,000) and comprehensive telephone number listings with Computer Assisted Telephone Interviewing technology (65% mobile/cellular; n = 15,000). Second, Californian participants (n = 10,000) of the National Behavioral Risk Factor Surveillance Survey (BRFSS; established by the CDC in 1984) were recruited using a random digit-dialing telephone survey (mobile, cellular, landline) by the Public Health Survey Research Program at California State University, Sacramento. Lastly, a quota-based recruitment method was applied using California demographic statistics obtained from voter registration based on age, gender, race, ethnicity, income, and political party identification.
During recruitment (and at the beginning of each subsequent survey), panelists learn that their participation is entirely voluntary and that they have the right to opt out at any time. They also learn that their survey responses are strictly confidential. Immediately upon agreeing to join the panel, panelists complete a 15-minute survey that includes questions pertaining to demographics, political identity, background, interests, personality, and household composition. This profile information is merged with future survey data collections, thereby reducing survey burden (i.e., redundant questioning) on panelists over time. CALSPEAK uses the Qualtrics Research Suite online survey platform to administer surveys. The research team optimizes all CALSPEAK surveys for completion on mobile phones and tablets and provides Spanish translations.
All surveys include “attention check” questions, embedded in the survey to ensure that panelists are maintaining attention throughout completion. Completed surveys that fail the attention check questions or that were completed in less than one-half of the mean completion time are excluded. Qualtrics also prevents “ballot box stuffing” - individual IP addresses submitting more than one survey. Every time a CALSPEAK panelist completes a survey, s/he receives a $5 Tango gift card, delivered directly to his or her email inbox (or home), which is redeemable at most online retailers. The research team designs CALSPEAK surveys to be completed in under ten minutes. When the mean completion time for a survey exceeds 15 minutes, CALSPEAK panel administrators award respondents larger incentives. Finally, CALSPEAK researchers follow AAPOR standards for response rate reporting, as published in AAPOR’s Standard Definitions. Thus, we include contact rates, break-off rates, and overall response rates, as applied to each stage of the respondent participation process (panel recruitment, retention, and individual survey sub-sampling). The present survey was reviewed and approved by California State University, Sacramento’s Institutional Review Board.
Weights for this survey were computed using the WgtAdjust procedure of SUDAAN, which relies on a constrained logistic model to predict the likelihood of responding as a function of a set of explanatory variables[footnoteRef:1]. These variables, which represent the geodemographic characteristics of adults residing in California, are summarized in Tables 2 - 7. The needed population benchmarks used for weighting were secured from the Current Population Survey (CPS) 2021 March Supplement. In order to improve the stability of the resulting survey estimates, extreme weights were identified and trimmed at both ends of the weight distribution. This important gain in precision, however, is achieved at the expense of some minor diversions between weighted totals and their corresponding population benchmarks. In the final step, analysis weights were rescaled to sum to the total number of respondents for this survey (1,057). It should be noted that before the weighting processbegan, missing values for all variables needed for weightingwere imputed. For this purpose, the Survey Impute procedure of SAS (Statistical Analysis Software) was used to select eligible donors based on a hot-deck algorithm[footnoteRef:2]. As such, respondent counts in the following tables are based on imputed variables, which are what should be used for all subsequent data analyses. [1: 	Shah, B., Barnwell, B., & Bieler, G. (1995). SUDAAN Software for Analysis of Correlated Data, RTI International.]  [2:  https://support.sas.com/resources/papers/proceedings16/SAS3520-2016.pdf ] 

Results
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For the CALSPEAKS data, two-block binary logistic regression models were calculated to assess adjusted risk ratios for persistent depressive disorder (provisional; PDD), generalized anxiety disorder (provisional; GAD), and neurocognitive disorder (provisional; NCD). These models included age, gender, race, education, ethnicity, income, and marital status as continuous and categorical covariates, which all significantly improved classification rates beyond the null model (p’s < .001). The second block included a dichotomous TBI variable based on whether respondents experienced a head trauma with an associated period of lost consciousness, which significantly improved classification rates beyond the covariates model (p’s < .001). For the PDD model, the Hosmer and Lemeshow test was non-significant, X2 = 20.64, p = .008. After controlling for the covariates, those with a TBI (B = .75) were significantly more likely to endorse PDD than those without (Adjusted Risk Ratio = 2.11 95% CI [1.41, 3.17]), Wald = 13.09, p < .001. For the GAD model, the Hosmer and Lemeshow test was significant, X2 = 45.19, p < .001. Those with TBI (B = 1.70) were significantly more likely to endorse GAD than those without (AR = 5.48 [3.46, 8.70]), Wald = 52.20, p <. 001. For NCD, the Hosmer and Lemeshow test was non-significant using a stringent alpha level (X2 = 26.26, p = .001). Those with TBI (B = .88) were significantly more likely to endorse NCD than those without (AR = 2.41 [1.60, 3.62]), Wald = 15.73, p < .001. 
PDD was significantly associated with employment difficulties (r = .198, p < .001) and housing difficulties (r = .379, p < .001), but not justice system involvements (r = .034, p = .290). GAD was significantly associated with employment difficulties (r = .174, p < .001) and housing difficulties (r = .355, p < .001), but not justice system involvements (r = .009, p = .290). NCD was significantly associated with employment difficulties (r = .164, p < .001), housing difficulties (r = .352, p < .001), and not justice system involvements (r = .070, p = .032). Relative to the general population without TBI (M = 0.69, SD = 1.02), survivors of TBI (M = 1.18, SD = 1.06) reported significantly more employment difficulties, t(984) = -5.40, p < .001 (d = 1.03). Survivors of TBI (M = 1.08, SD = 1.27) reported significantly more housing difficulties than the general population (M = 0.58, SD = 0.95), t(185.93) = -4.68, p < .001 (d = 1.01). In terms of justice system involvements, survivors of TBI (M = 0.45, SD = 0.89) reported significantly more housing difficulties than the general population (M = 0.15, SD = 0.62), t(161.72) = -3.79, p < .001 (d = 0.67).
Discussion
A joint effort with California’s DOR, California’s Department of Public Health, and the State survey panel collected data from a representative random sample of California residents 18 years and older (M age = 52.78, SD = 15.89). 5 State population-level data revealed that 15% or an estimated 4.4 million residents endorsed a lifetime history of head trauma with an associated period of lost consciousness, thereby fitting the medical definition of “TBI.” Of this 15%, half or approximately 2.2 million residents reported never receiving TBI-specific medical attention. These lifetime prevalence estimates were from California residents who reported an average of 30 years (SD = 16.23) elapsing since their initial injuries. In the past three decades, survivors of head trauma, relative to the general population, endorsed significantly more housing insecurity (AR = 1.43 [1.26, 1.63]), employment instability (AR = 1.52 [1.33, 1.74]), justice system involvements (AR = 1.46 [1.18, 1.80]), and mental health difficulties (i.e., depressive, anxiety disorder; AR = 2.03 [1.50, 2.75]). Therefore, the total number of people likely to be impacted by this project as it continues to develop is potentially in the millions, and potentially tens of millions when considering family caregivers and intersectionality (e.g., race). Early intervention begins with early identification; therefore, screening for and addressing neuropsychiatric disorders at earlier stages following injury is an important step to avoid persisting conditions that may pose a barrier to recovery. Victims of domestic and intimate partner violence, military personnel, older adults, individuals who are incarcerated, high-risk occupations (e.g., construction, manufacturing, policeman), and sports at all levels (e.g., Olympic, professional, collegiate) are at elevated risk of TBI. 6-11

Suggestions for Reseachers and Policy Makers from the CDC
Access here: https://www.cdc.gov/features/traumatic-brain-injury/index.html

TBI researchers and the TBI Model System Program should continue to:
1. Study TBI as a chronic health condition.
2. Investigate the contribution of pre-existing and co-occurring conditions.
3. Identify risk factors, such as sleep, weight, depression, aging, and alcohol use.
4. Study the benefits of exercise, diet, social support, and engagement in the community.
5. Test treatments for depression, irritability, sleep disorders, and cognitive impairment.

At the federal level, decision-makers can:
1. Recognize TBI as a chronic health condition.
2. Review policies that affect access to rehabilitation services over the life span.
3. Further research that addresses the future management of TBI.
4. Enhance surveillance to monitor the national burden of TBI.

At the state level, decision-makers can:
1. Identify the prevalence of disabilities due to TBI among their residents.
2. Screen for TBI history among persons who receive state-funded health and social services.
3. Train health and social service professionals to recognize and minimize the effects of TBI on behavior.
4. Make home and community services more accessible to people with TBI.

Health care providers can:
1. Determine if their patients have experienced TBI and understand the impact of TBI on the current health status of patients.
2. Screen for and treat common, late-developing problems, such as depression, substance misuse, and weight gain.
3. Encourage lifestyles that promote brain health.
4. Educate patients and their families to prevent or reduce late-occurring problems.
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