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Abstract

:

Background: Previous research has found racial and ethnic disparities in life satisfaction, depression, and anxiety after traumatic brain injury (TBI). However, limited studies have examined differences in these variables between U.S.- and foreign-born individuals with TBI. The purpose of this study was to examine whether differences exist in mental health outcomes between U.S.- and foreign-born individuals with TBI at 1, 2, 5, and 10 years after injury, as well as examine whether demographic and injury-related characteristics account for these differences. Method: Participants were 8289 individuals with TBI who identified as U.S.-born and 944 who identified as born outside the U.S. in the TBI Model Systems study. Participants completed measures of mental health outcomes at 1, 2, 5, and 10 years after injury. Results: Foreign-born individuals with TBI had comparable levels of depression and anxiety trajectories to U.S.-born individuals, yet higher life satisfaction trajectories, even after controlling for demographic and injury-related variables. Conclusion: Rehabilitation professionals should consider in their clinical work the mechanisms that likely influence mental health outcomes among foreign-born individuals, including family-based values that increase resilience, as well as the possible under-reporting of mental health symptoms along the lines of cultural norms.
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1. Introduction


Approximately 69 million people sustain a traumatic brain injury (TBI) every year [1], often resulting in lifelong disability [2]. In 2014, there were approximately 2.87 million TBI-related emergency department visits, hospitalizations, and deaths in the U.S. [3], representing a 53% increase from 2006. TBI impacts on the individual, their families, and the health systems providing post-injury care. People with TBI may experience changes in physical, social, cognitive, and/or psychological functioning [3] and are at risk for long-term psychiatric symptoms [4], with anxiety and depressive disorders representing the most common mental-health concerns [5].



Individuals with TBI from racial and ethnic minority backgrounds report worse mental health across depression, anxiety, and life satisfaction when compared to white people [6,7,8]. Seel et al. [6] found that Black people with TBI reported greater depression symptoms compared to white people, and Arango-Lasprilla and colleagues [7] found that Black people with TBI reported lower life satisfaction compared to white and Asian people. Regarding other domains of mental health, Black people reported greater PTSD symptomatology at 12 months post-injury compared to white people [9]. Jimenez et al. [8] showed that Latinx children reported larger reductions in life satisfaction relative to white children three years post-injury. However, Hart et al. (2005) [10] found that Black and white groups who had comparable pre-injury characteristics reported similar outcomes, with both groups showing increases in depression symptoms and lower satisfaction with life, suggesting no differences over time in life satisfaction after controlling for demographics.



There remains a large gap in research examining cultural and U.S.- vs. foreign-nativity factors that can influence rehabilitation outcomes following TBI (e.g., social stigma, cultural isolation, acculturation), though the emerging studies to date have focused nearly exclusively on native language. About 85% of the U.S. foreign-born population speaks a language other than English at home [11]. Lequerica et al. [12] found that that individuals with TBI who did not speak English were rated worse on functional communication outcomes at inpatient rehabilitation discharge compared to individuals whose primary language was English. Research also shows that individuals with limited English proficiency are often misdiagnosed and incorrectly treated by healthcare systems [13]. In addition to demographic and socioeconomic contributors to racial/ethnic disparities, research has documented disparities concerning post-injury hospitalization [14], rehabilitation referrals [15], and post-hospital discharge location [16].



Given that racial and ethnic disparities in psychological adjustment are present after TBI, exploring cultural factors impacting post-TBI mental health and functioning is critical [17,18]. The current study examined whether differences exist in mental health outcomes between U.S.- vs. foreign-born individuals with TBI at 1, 2, 5, and 10 years after injury. The study then examined whether demographic and injury-related characteristics contributed to these differences.




2. Materials and Methods


2.1. Participants


Participants were enrolled in the TBI Model System (TBIMS) study. TBIMS is a multicenter longitudinal study that comprises of 16 level 1 trauma centers and 3 longitudinal follow-up centers. Participants of the TBIMS program receive initial care in an emergency department, followed by management of acute neurotrauma, comprehensive inpatient rehabilitation, and long-term outpatient services. To be included in the parent study, participants must (a) be 16 years of age or older at the time of injury, (b) have a medically diagnosed TBI (e.g., mild complicated, moderate, or severe TBI), (c) have either a Glasgow Coma Scale (GCS) score of ≤12 upon emergency admission, >24-h duration of post-traumatic amnesia (PTA), loss of consciousness (LOC) >30 min, or evidence of intracranial trauma on neuroimaging, (d) be admitted to a TBIMS acute care hospital within 72 h of injury, and (e) complete inpatient rehabilitation services within a TBIMS center. For the current study, we used the variable of “country of birth” to differentiate U.S.- vs. foreign-born groups. A participant was designated as “U.S.-born” if they were born in the U.S. and as “foreign-born” if they were born outside of the U.S. but were undergoing acute rehabilitation (and were therefore extremely likely to have sustained their TBI and enrolled in the current study) while in the U.S. The TBIMS database does not collect data on the specific country of birth.



Participants with recorded data of (1) their country of birth and (2) the outcome variables from at least one follow-up point were included. The inclusion of the predictor (country of birth) and the mental-health dependent variables (measures of depression, life satisfaction, and anxiety) resulted in a final sample size of 9233 participants. Of these, 8289 identified as U.S.-born and 944 identified as born outside the U.S. The two groups were compared on demographics using analyses of variance (ANOVAs) for continuous variables and 𝜒2 tests for categorical variables (Table 1).




2.2. Procedure


Study procedures were approved by the individual Institutional Review Boards for each TBIMS center. Informed consent was provided by either the participant or when appropriate their legal guardian, family member, or their proxy. All data collection was completed through the review of medical records and interviews with participants by highly trained research staff. Follow-up data were collected via telephone interviews, and participants also had the option to choose an in-person interview or complete a self-administered questionnaire. The vast majority of data collections occurred in English, although some TBIMS sites were able to administer questionnaires in Spanish if their staff had that capacity and a participant required it. Data collection language is not systematically documented in the database.




2.3. Measures


Satisfaction with Life Scale (SWLS). The SWLS is a 5-item measure of life satisfaction [19]. Item responses are on a 7-point Likert-type scale ranging from strongly disagree (1) to strongly agree (7). Scores range from 5 to 35 with higher scores representing greater life satisfaction. Extreme satisfaction and dissatisfaction with life are represented by scores ranging from 26 to 30 and 5 to 9, respectively [20]. The scale has demonstrated strong psychometric properties [20] and is well-validated and reliable among individuals with TBI [21,22].



Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 is a 9-item measure of depression based on diagnostic criteria [23]. Respondents rate the frequency and severity of depressive symptoms over the last two weeks [24]. Each item is on a Likert-type scale from 0–3 where 0 indicates “not at all”, 1 “several days”, 2 “more than half the days”, and 3 “nearly every day”. Total scores range from 0 to 27, with higher scores indicating higher levels of depression symptomatology. The PHQ-9 has a sensitivity of 88% and a specificity of 88% in the diagnosis of major depression when the cut-off score of ≥10 is used [23]. In two separate PHQ-9 studies, the internal consistency was good (α = 0.89 and 0.86) [23].



Generalized Anxiety Disorder-7 (GAD-7). The GAD-7 is a 7-item measure of generalized anxiety based on diagnostic criteria [25]. Respondents rate the severity of symptoms over the last two weeks. Each item is on a Likert-type scale from 0–3 where 0 indicates “not at all”, 1 “several days”, 2 “more than half the days”, and 3 “nearly every day”. Total scores range from 0 to 21, with higher scores indicating higher anxiety. The GAD-7 scale has good test-retest reliability and excellent internal consistency [25] and has been used extensively among individuals with TBI [26].




2.4. Data Analysis


Descriptive statistics (i.e., means, standard deviations) of outcome variables were generated using SPSS 27. Because of the high potential of missing data in longitudinal data collection, hierarchical linear modeling (HLM) with full information maximum likelihood (FIML) estimation was conducted to include participants with missing data.



Preliminary Curvature Analyses. An initial set of three HLMs was run with only the intercept and (a) time, (b) addition of time × time, and (c) addition of time × time × time as fixed effects’ predictors in order to determine whether a linear (e.g., straight line), quadradic (e.g., U-shaped), or cubic (e.g., S-shaped) model, respectively, most accurately reflected each type of outcome data over time (i.e., three sets of HLMs, one for each outcome). The −2 Log likelihood (−2 LL) values were compared for each successive model with a critical 𝜒2 value for significant difference at α = 0.05 being a ≥3.841 drop from the previous model (at 1 degree of freedom).



Primary Set 1. The next set of HLMs assessed differences in each of the three mental health outcomes over time in the U.S.- and foreign-born groups. Follow-up HLMs within each outcome incorporated interaction terms between time and nativity to determine if these differences in mental health outcomes, only when present, occurred differentially as a function of time.



Primary Set 2. For the second primary set, when nativity-based differences on an outcome were present, this same series of analyses was conducted with the inclusion of the following demographic and injury-related variables as covariates to determine whether these variables accounted for the effects of nativity in the first analysis: violence as a cause of injury (1 = violent, 0 = not violent), GCS, PTA, age, sex, years of education, employment status at injury (1 = competitively employed, 0 = not competitively employed), marital status at injury (1 = married, 0 = not married), annual earnings, and health insurance status (1 = private insurance, 0 = public or no insurance). Similarly, if appropriate, follow-up HLMs incorporated interaction terms between time and nativity, with the same covariates included, to determine if these differences in mental health outcomes occurred differentially as a function of time even after co-varying for possible confounds.





3. Results


3.1. Satisfaction with Life Scale (SWLS)


Descriptive and Curvature Analyses. Means and standard deviations (SDs) for the SWLS at each time point were calculated (Table 2). The average participant score in the sample fell into the slightly satisfied range [20], with a slight upward movement for the first 5 years, and scores remained relatively stable from the 5- to 10-year time point. A comparison of curvature models suggested that a quadratic, or U-shaped, trend best fit the SWLS trajectories (Table 3).



Primary Set 1. The first set of HLMs examined whether quadratic SWLS trajectories could be predicted by nativity. All statistically significant and non-significant fixed effects from the HLM and their b-weights and p-values appear in Table 4. There was a significant main effect of nativity on SWLS trajectories, suggesting that foreign-born individuals with TBI had higher life satisfaction scores over time than those born in the U.S. (Figure 1).



However, there was no significant time2 × nativity effect (Table 4), suggesting that SWLS trajectories did not change differentially over time as a function of nativity.



Primary Set 2. The HLM with demographic and injury-related covariates added to the model found that the effect of nativity on SWLS trajectories remained, even after controlling for possible confounds (Table 4). Because the original time2 × nativity effect had not been significant, no respective follow-up model was run with the addition of covariates.




3.2. Depressive Symptoms (PHQ-9)


Descriptive and Curvature Analyses. The average participant PHQ-9 score in the sample fell into the mild depressive symptom range over time [23] which remained relatively stable at each successive time point (Table 2). A comparison of curvature models suggested that a linear, or straight-line, trend best fit PHQ-9 trajectories over time (Table 3).



Primary Set 1. There was no significant main effect of nativity status on PHQ-9 trajectories, suggesting that foreign-born individuals with TBI had statistically equivalent depression scores over time relative to individuals born in the US. As a result, no additional PHQ-9 models were run attempting to account for effects that were not found.




3.3. Generalized Anxiety Disorder (GAD-7)


Descriptive and Curvature Analyses. The average participant GAD-7 score in the sample fell into the minimal anxiety symptom range over time [25] which remained relatively stable at each successive time point (Table 2). A comparison of curvature models suggested that a linear, or straight-line, trend best fit the GAD-7 trajectories over time (Table 3).



Primary Set 1. There was no significant main effect of nativity status on GAD-7 trajectories, suggesting that foreign-born individuals with TBI had statistically equivalent anxiety scores over time relative to individuals born in the U.S. As a result, no follow-up GAD-7 models were run.





4. Discussion


The purpose of this study was to examine the influence of nativity on mental health (i.e., life satisfaction, depression, and generalized anxiety) outcomes in individuals with TBI at 1, 2, 5, and 10 years post-injury. Broadly, the average scores for life satisfaction in the sample fell into the slightly satisfied range, with a slight upward movement for the first 5 years, with scores remaining relatively stable in the 5- and 10-year time points. These findings are consistent with prior research showing that life satisfaction is generally lower among individuals with TBI in the first year after injury [27] and improves over time [28,29]. A Swedish study [30] found that participants were generally satisfied across 10 domains of life satisfaction at 15 years post-injury. Williamson et al. [31]. also found in a U.S. TBIMS sample that life satisfaction trajectories increased over 10 years post-injury across the full sample. In the current study, average participant PHQ-9 and GAD-7 scores fell into the mild depressive and anxiety symptom range over time [23] and remained relatively stable at each successive time point. The results were contrary to previous literature, where depression has been reported as changing over time [32,33,34,35].



Foreign-born people in the current study had comparable depression and anxiety to those born in the U.S. and higher life satisfaction trajectories over time, even after controlling for covariates. This finding was inconsistent with known racial and ethnic disparities in mental health after TBI [36,37], and instead adds to a burgeoning body of research on protective and resilience factors among foreign-born individuals. Conversely, it is quite consistent with research in non-TBI samples, for example showing that that foreign-born Hispanic individuals report higher life satisfaction than other racial and ethnic groups, possibly reflecting the Immigrant Paradox [38], or the notion that immigrants have better psychosocial and health outcomes than would be expected based on other indices of socioeconomic status. To fully conceptualize adjustment to TBI in foreign-born individuals, it is important to consider the contributing factors of the individual’s larger culture. Culture plays a vital role in decisions about health, long-term care service use, and rehabilitation [39]. Knowing the cultural preferences of individuals with TBI may provide a greater understanding of psychological adjustment, not only facilitating the development of culturally competent services but also increasing treatment adherence and patients’ quality of life [40]. These cultural values have often been suggested to include familism and interdependence [41].



In many countries, particularly Latinx, Asian, and African countries, family values tend to be embedded in societal structure [42,43]. As family members are the major source of support for individuals with TBI, they play a pivotal role in promoting healthy psychological adjustment throughout the rehabilitation process. Gan et al. [44] found that the level of family functioning is inversely associated with stress levels in individuals with TBI. Increased family collaboration in rehabilitation processes is linked to better TBI rehabilitation outcomes [45,46,47]. Social support, in general, has been linked to greater rehabilitation outcomes following TBI [48]; thus, close family involvement may contribute to milder depression and anxiety than might be expected in foreign-born individuals with TBI or in fact to greater life satisfaction than U.S.-born individuals with TBI. Family cohesion has been shown to be a protective factor for Asian American immigrants, with higher levels of family cohesion associated with lower rates of depressive disorders [49]. However, studies also show that greater family cultural conflict is associated with higher rates of depression and lower psychological well-being among immigrants [50,51,52].



Mental health among foreign-born groups in the U.S. can be difficult to assess and treat due to several factors. Negative social attitudes toward mental illness, somatically focused symptom presentation, lack of understanding of mental illness among family members or care providers, and avoidance of mental health services by patients [53] are common among foreign-born individuals. Due to the negative stigma that is generally associated with mental health issues, immigrants are less likely to disclose their emotional symptoms, and they may have more difficulty receiving treatment [54]. Culture affects the reported prevalence of mental health issues, issues with diagnosis and assessment, etiology, course of the disease, how distress can be expressed, certain coping styles and help-seeking behaviors, as well as issues with treatment [55]. As such, foreign-born individuals in the current study may also have been under-reporting their mental health issues or over-reporting their life satisfaction, in line with cultural norms.



Although in the current study, there was a profound overlap between racial and ethnic minority status and nativity (e.g., the U.S.-born sample was 74.0% white, 1.0% Asian, and 5.6% Hispanic, whereas the foreign-born sample was 25.6% white, 15.2% Asian, and 46.0% Hispanic), it is important not to conflate race and ethnicity with nativity. Because U.S. vs. foreign nativity was extremely multicollinear (statistically speaking) with race and ethnicity, and HLMs cannot handle predictors that are not dichotomous or continuous (e.g., race and ethnicity which has many non-linear levels), it was not possible to co-vary for race and ethnicity with any nuance other than a false dichotomy of white vs. other. This omission of race and ethnicity in the analyses could lead one to wonder whether the findings reflecting no nativity-based differences in anxiety and depression but higher life satisfaction in the foreign-born subsample were an artifact of an oversimplified nativity dichotomy. We would argue “no” for two reasons. First, a recent study [56] using the same analytic approach as in the current study found that relative to U.S.-born individuals with TBI, those who were foreign-born had lower motor and cognitive functioning trajectories over the 10 years after TBI, as well as greater supervision needs. As a result, the current study’s analytic strategy was sensitive enough to identify nativity-based disparities in TBI outcomes where they exist and by comparison suggested that despite the previously identified reduced functional outcome trajectories, foreign-born individuals still have comparable or better psychological adjustment to TBI than U.S.-born individuals. Second, using the TBI Model Systems database, Perrin et al. [37] found that Black and Latinx individuals had elevated depression and anxiety symptom trajectories, and Williamson et al. [31] found that Black individuals had lower life satisfaction trajectories. As a result, the current findings cannot be explained simply by a confound between race/ethnicity and nativity. Nonetheless, future research should examine TBI outcomes in more of an intersectional way that teases apart these variables (e.g., a white immigrant with limited English proficiency who is not a target of systemic racism but other types of bias/discrimination such as xenophobia).



4.1. Clinical Implications


The current findings have several implications for TBI rehabilitation, particularly for foreign-born individuals with TBI. Rehabilitation professionals should consider the mechanisms that likely influence mental health outcomes among foreign-born individuals. For instance, rehabilitation clinicians may benefit from adequate training on culturally sensitive practices to increase provider awareness and knowledge of the cultural beliefs and customs of their patients, especially those involving family norms. In addition, research has shown healthcare providers encounter many challenges related to language and communication when caring for foreign-born individuals and their families [57,58]. One area for targeted attention may be assisting providers in working with medical interpreters, including gaining familiarity with best practices and gaining comfort in working with medical interpreters and foreign-born families who are non-English speakers [59]. Some important components related to best practices may include allotting more time when working with foreign-born individuals with TBI, using the therapeutic alliance as an ongoing goal and intervention in rehabilitation, and continuously exploring appropriate communication strategies centered on the family’s style and dynamics.




4.2. Limitations and Future Directions


There are several limitations in the current study. First, these data were not experimental and we are unable to determine causality in the series of relationships. However, given that nativity-based differences in life satisfaction persisted after controlling for demographic and injury-related variables, we can rule out these variables as causal factors underlying this difference. Second, previous studies have shown that the TBIMS national database does not encapsulate the full U.S. TBI population [60]. Caution should be taken in generalizing the current findings to all foreign-born groups with TBI. Third, although many foreign-born individuals with TBI may share cultural values, the difference between cultural groups (e.g., African vs. Asian vs. Latinx) as well as intragroup differences (e.g., differences within African, Asian, and Latinx groups) may also highlight nuances in cultural beliefs, attitudes, and behaviors in response to rehabilitative care. Fourth, the generation level was not captured in the current sample. Future studies should examine how generational immigration differences affect rehabilitation outcomes. One major aspect of the Immigrant Paradox postulates that the second-generation individuals born in the U.S. fare worse than the first immigrant generation for major mental health issues such as depression and anxiety [61,62]. Fifth, the vast majority of questionnaires were administered in English, with some sporadic administration by TBIMS sites in Spanish if they had the capability. To our knowledge, sites did not administer questionnaires in additional languages, which could have limited the participation of linguistically diverse individuals. As a result, the study may have excluded foreign-born individuals not proficient in English. Finally, the psychometric properties of the SWLS, PHQ-9, and GAD-7, though they have been examined in the context of TBI, have never been examined differentially in TBI by either race and ethnicity or nativity. These measures have extensive cross-cultural support in general populations, but nonetheless psychometric properties differing by nativity may have played a role in the current findings. Future research should conduct invariance tests of the instruments by race and ethnicity and nativity in TBI to lend further credence to these findings.





5. Conclusions


The current study examined the degree to which disparities in mental health outcomes exist between U.S.- vs. foreign-born individuals with TBI at 1, 2, 5, and 10 years after injury. The study examined whether demographic and injury-related characteristics contribute to some of these disparities. The results suggested that foreign-born individuals with TBI have comparable anxiety and depression to those born in the U.S. and in fact better life satisfaction, even after controlling for demographic- and injury-related variables. This study supports future exploration for possible cultural and acculturative factors that may better explain these differences.







Author Contributions


Conceptualization, C.O. and P.B.P.; methodology, C.O., P.B.P. and D.W.K.; software, C.O.; validation, C.O. and P.B.P.; formal analysis, C.O. and P.B.P.; investigation, C.O. and P.B.P.; resources, C.O. and P.B.P.; data curation, C.O. and P.B.P.; writing—original draft preparation, C.O. and P.B.P.; writing—review and editing, C.O., P.B.P., K.M., D.W.K., J.C.A.-L. and S.C.T.J.; visualization, C.O. and P.B.P.; supervision, C.O. and P.B.P.; project administration, P.B.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Institute on Disability, Independent Living and Rehabilitation Research (NIDILRR) and by the U.S. Department of Veterans Affairs.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Boards of all institutions and organizations where data were collected.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available upon request made to the corresponding author.




Acknowledgments


The Traumatic Brain Injury (TBI) Model Systems National Database is a multicenter study of the TBI Model Systems Centers Program, and is supported by the National Institute on Disability, Independent Living and Rehabilitation Research (NIDILRR) a center within the Administration for Community Living (ACL), Department of Health and Human Services (HHS). However, these contents do not necessarily reflect the opinions or views of the TBI Model Systems Centers, NIDILRR, ACL, or HHS. This manuscript was supported in part by the Department of Veterans Affairs Office of Academic Affiliations Advanced Fellowship Program in Mental Illness Research and Treatment, the Medical Research Service of the Veterans Affairs Central Virginia Health Care System, and the Department of Veterans Affairs Mid-Atlantic Mental Illness Research, Education, and Clinical Center (MIRECC).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Dewan, M.C.; Rattani, A.; Gupta, S.; Baticulon, R.E.; Hung, Y.-C.; Punchak, M.; Agrawal, A.; Adeleye, A.O.; Shrime, M.G.; Rubiano, A.M.; et al. Estimating the global incidence of traumatic brain injury. J. Neurosurg. 2018, 130, 1–18. [Google Scholar] [CrossRef] [PubMed]

	



Roozenbeek, B.; Maas, A.I.R.; Menon, D.K. Changing patterns in the epidemiology of traumatic brain injury. Nat. Rev. Neurol. 2013, 9, 231–236. [Google Scholar] [CrossRef] [PubMed]

	



Peterson, A.B.; Xu, L.; Daugherty, J.; Breiding, M.J. Surveillance Report of Traumatic Brain Injury-Related Emergency Department Visits, Hospitalizations, and Deaths, United States. 2014. Available online: https://stacks.cdc.gov/view/cdc/78062 (accessed on 31 July 2022).

	



Ponsford, J.; Alway, Y.; Gould, K. Epidemiology and Natural History of Psychiatric Disorders After TBI. J. Neuropsychiatry Clin. Neurosci. 2018, 30, 262–270. [Google Scholar] [CrossRef]

	



Scholten, A.C.; Haagsma, J.A.; Cnossen, M.C.; Olff, M.; Van Beeck, E.F.; Polinder, S. Prevalence of and Risk Factors for Anxiety and Depressive Disorders after Traumatic Brain Injury: A Systematic Review. J. Neurotrauma 2016, 33, 1969–1994. [Google Scholar] [CrossRef] [PubMed]

	



Seel, R.T.; Kreutzer, J.S.; Rosenthal, M.; Hammond, F.M.; Corrigan, J.D.; Black, K. Depression after traumatic brain injury: A National Institute on Disability and Rehabilitation Research Model Systems multicenter investigation. Arch. Phys. Med. Rehabil. 2003, 84, 177–184. [Google Scholar] [CrossRef] [PubMed]

	



Arango-Lasprilla, J.C.; Ketchum, J.M.; Gary, K.; Hart, T.; Corrigan, J.; Forster, L.; Mascialino, G. Race/ethnicity differences in satisfaction with life among persons with traumatic brain injury. NeuroRehabilitation 2009, 24, 5–14. [Google Scholar] [CrossRef]

	



Jimenez, N.; Ebel, B.E.; Wang, J.; Koepsell, T.D.; Jaffe, K.M.; Dorsch, A.; Durbin, D.; Vavilala, M.S.; Temkin, N.; Rivara, F.P. Disparities in disability after traumatic brain injury among Hispanic children and adolescents. Pediatrics 2013, 131, e1850–e1856. [Google Scholar] [CrossRef] [PubMed]

	



Greenspan, A.I.; Stringer, A.Y.; Phillips, V.L.; Hammond, F.M.; Goldstein, F.C. Symptoms of post-traumatic stress: Intrusion and avoidance 6 and 12 months after TBI. Brain. Inj. 2006, 20, 733–742. [Google Scholar] [CrossRef] [PubMed]

	



Hart, T.; Whyte, J.; Polansky, M.; Kersey-Matusiak, G.; Fidler-Sheppard, R. Community outcomes following traumatic brain injury: Impact of race and preinjury status. J. Head Trauma Rehabil. 2005, 20, 158–172. [Google Scholar] [CrossRef]

	



Foreign-Born Population of the United States. In Encyclopedia of the U.S. Census; CQ Press: Washington, DC, USA, 2014. [CrossRef]

	



Lequerica, A.; Krch, D.; Lengenfelder, J.; Chiaravalloti, N.; Arango-Lasprilla, J.C.; Hammond, F.M.; O’Neil-Pirozzi, T.M.; Perrin, P.B.; Sander, A.M. Comparison of FIMTM communication ratings for English versus non-English speakers in the traumatic brain injury model systems (TBIMS) national database. Brain Inj. 2015, 29, 1445–1451. [Google Scholar] [CrossRef]

	



Flores, G. Language barriers to health care in the United States. N. Engl. J. Med. 2006, 355, 229–231. [Google Scholar] [CrossRef] [PubMed]

	



Burnett, D.M.; Kolakowsky-Hayner, S.A.; White, J.M.; Cifu, D.X. Impact of minority status following traumatic spinal cord injury. NeuroRehabilitation 2002, 17, 187–194. Available online: https://www.ncbi.nlm.nih.gov/pubmed/12237498 (accessed on 31 July 2022). [PubMed]

	



Johnstone, B.; Vessell, R.; Bounds, T.; Hoskins, S.; Sherman, A. Predictors of success for state vocational rehabilitation clients with traumatic brain injury. Arch. Phys. Med. Rehabil. 2003, 84, 161–167. [Google Scholar] [CrossRef] [PubMed]

	



Chang, P.-F.J.; Ostir, G.V.; Kuo, Y.-F.; Granger, C.V.; Ottenbacher, K.J. Ethnic differences in discharge destination among older patients with traumatic brain injury. Arch. Phys. Med. Rehabil. 2008, 89, 231–236. [Google Scholar] [CrossRef] [PubMed]

	



Brown, S.A.; McCauley, S.R.; Levin, H.S.; Contant, C. Perception of health and quality of life in minorities after mild-to-moderate traumatic brain injury. Cult Anal. 2004, 11, 54–64. [Google Scholar] [CrossRef] [PubMed]

	



Kennepohl, S.; Shore, D.; Nabors, N.; Hanks, R. African American acculturation and neuropsychological test performance following traumatic brain injury. J. Int. Neuropsychol. Soc. 2004, 10, 566–577. [Google Scholar] [CrossRef]

	



Diener, E.; Emmons, R.A.; Larsen, R.J.; Griffin, S. The Satisfaction With Life Scale. J. Pers. Assess. 1985, 49, 71–75. [Google Scholar] [CrossRef]

	



Pavot, W.; Diener, E. Review of the Satisfaction with Life Scale. Psychol. Assess. 1993, 5, 164–172. [Google Scholar] [CrossRef]

	



Cicerone, K.D.; Azulay, J. Perceived Self-Efficacy and Life Satisfaction After Traumatic Brain Injury. J. Head Trauma Rehabil. 2007, 22, 257–266. [Google Scholar] [CrossRef] [PubMed]

	



Corrigan, J.D.; Bogner, J.A.; Mysiw, W.J.; Clinchot, D.; Fugate, L. Life satisfaction after traumatic brain injury. J. Head Trauma Rehabil. 2001, 16, 543–555. [Google Scholar] [CrossRef]

	



Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 2001, 16, 606–613. [Google Scholar] [CrossRef] [PubMed]

	



DeJesus, R.S.; Vickers, K.S.; Melin, G.J.; Williams, M.D. A system-based approach to depression management in primary care using the Patient Health Questionnaire-9. Mayo Clin. Proc. 2007, 82, 1395–1402. [Google Scholar] [CrossRef] [PubMed]

	



Spitzer, R.L.; Kroenke, K.; Williams, J.B.W.; Löwe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. Arch. Intern. Med. 2006, 166, 1092–1097. [Google Scholar] [CrossRef] [PubMed]

	



Fogelberg, D.J.; Hoffman, J.M.; Dikmen, S.; Temkin, N.R.; Bell, K.R. Association of sleep and co-occurring psychological conditions at 1 year after traumatic brain injury. Arch. Phys. Med. Rehabil. 2012, 93, 1313–1318. [Google Scholar] [CrossRef]

	



Dijkers, M.P. Quality of life after traumatic brain injury: A review of research approaches and findings. Arch. Phys. Med. Rehabil. 2004, 85, S21–S35. [Google Scholar] [CrossRef]

	



Brown, A.W.; Moessner, A.M.; Mandrekar, J.; Diehl, N.N.; Leibson, C.L.; Malec, J.F. A survey of very-long-term outcomes after traumatic brain injury among members of a population-based incident cohort. J. Neurotrauma 2011, 28, 167–176. [Google Scholar] [CrossRef]

	



Wood, R.L. Long-term outcome of serious traumatic brain injury. Eur. J. Anaesthesiol. 2008, 25, 115–122. [Google Scholar] [CrossRef]

	



Jacobsson, L.; Lexell, J. Life satisfaction 6–15 years after a traumatic brain injury. J. Rehabil. Med. 2013, 45, 1010–1015. [Google Scholar] [CrossRef]

	



Williamson, M.L.C.; Elliott, T.R.; Bogner, J.P.; Dreer, L.E.; Arango-Lasprilla, J.C.; Kolakowsky-Hayner, S.A.; Pretz, C.R.; Lequerica, A.; Perrin, P.B. Trajectories of Life Satisfaction Over the First 10 Years After Traumatic Brain Injury. J. Head Trauma Rehabil. 2016, 31, 167–179. [Google Scholar] [CrossRef] [PubMed]

	



Deb, S.; Lyons, I.; Koutzoukis, C.; Ali, I.; McCarthy, G. Rate of psychiatric illness 1 year after traumatic brain injury. Am. J. Psychiatry 1999, 156, 374–378. [Google Scholar] [CrossRef] [PubMed]

	



Fann, J.R.; Katon, W.J.; Uomoto, J.M.; Esselman, P.C. Psychiatric disorders and functional disability in outpatients with traumatic brain injuries. Am. J. Psychiatry 1995, 152, 1493–1499. [Google Scholar] [CrossRef] [PubMed]

	



Holsinger, T.; Steffens, D.C.; Phillips, C.; Helms, M.J.; Havlik, R.J.; Breitner, J.C.S.; Guralnik, J.M.; Plassman, B.L. Head injury in early adulthood and the lifetime risk of depression. Arch. Gen. Psychiatry 2002, 59, 17–22. [Google Scholar] [CrossRef] [PubMed]

	



Singh, R.; Mason, S.; Lecky, F.; Dawson, J. Comparison of early and late depression after TBI; (the SHEFBIT study). Brain Inj. 2019, 33, 584–591. [Google Scholar] [CrossRef] [PubMed]

	



Arango-Lasprilla, J.C.; Rosenthal, M.; DeLuca, J.; Cifu, D.X.; Hanks, R.; Komaroff, E. Functional outcomes from inpatient rehabilitation after traumatic brain injury: How do Hispanics fare? Arch. Phys. Med. Rehabil. 2007, 88, 11–18. [Google Scholar] [CrossRef]

	



Perrin, P.B.; Krch, D.; Sutter, M.; Snipes, D.J.; Arango-Lasprilla, J.C.; Kolakowsky-Hayner, S.A.; Wright, J.; Lequerica, A. Racial/ethnic disparities in mental health over the first 2 years after traumatic brain injury: A model systems study. Arch. Phys. Med. Rehabil. 2014, 95, 2288–2295. [Google Scholar] [CrossRef] [PubMed]

	



Calvo, R.; Carr, D.; Matz-Costa, C. Another paradox? The life satisfaction of older Hispanic immigrants in the United States. J. Aging Health 2017, 29, 3–24. [Google Scholar] [CrossRef] [PubMed]

	



Wolinsky, F.D. Health services utilization among older adults: Conceptual, measurement, and modeling issues in secondary analysis. Gerontologist 1994, 34, 470–475. [Google Scholar] [CrossRef]

	



Uomoto, J.M. Multicultural Neurorehabilitation: Clinical Principles for Rehabilitation Professionals; Springer Publishing Company: Berlin/Heidelberg, Germany, 2015. [Google Scholar]

	



Flores, Y.G.; Hinton, L.; Barker, J.C.; Franz, C.; Velasquez, A. Beyond familism: A case study of the ethics of care of a Latina caregiver of an elderly parent with dementia. Health Care Women Int. 2009, 30, 1055–1072. [Google Scholar] [CrossRef]

	



Individualism and Collectivism: Theory, Method, and Applications. In Cross-Cultural Research and Methodology Series; Kim, U.; Triandis, H.C.; Kâğitçibaşi, Ç.; Choi, S.C.; Yoon, G. (Eds.) Sage Publishing: Thousand Oaks, CA, USA, 1994; Volume 18, p. 338. Available online: https://psycnet.apa.org/fulltext/1996-97151-000.pdf (accessed on 15 February 2022).

	



Arevalo, I.; So, D.; McNaughton-Cassill, M. The role of collectivism among Latino American college students. J. Lat. Educ. 2016, 15, 3–11. [Google Scholar] [CrossRef]

	



Gan, C.; Campbell, K.A.; Gemeinhardt, M.; McFadden, G.T. Predictors of family system functioning after brain injury. Brain Inj. 2006, 20, 587–600. [Google Scholar] [CrossRef]

	



Sander, A.M.; Caroselli, J.S.; High, W.M., Jr.; Becker, C.; Neese, L.; Scheibel, R. Relationship of family functioning to progress in a post-acute rehabilitation programme following traumatic brain injury. Brain Inj. 2002, 16, 649–657. [Google Scholar] [CrossRef] [PubMed]

	



Sander, A.M.; Maestas, K.L.; Sherer, M.; Malec, J.F.; Nakase-Richardson, R. Relationship of caregiver and family functioning to participation outcomes after postacute rehabilitation for traumatic brain injury: A multicenter investigation. Arch. Phys. Med. Rehabil. 2012, 93, 842–848. [Google Scholar] [CrossRef] [PubMed]

	



Macaden, A.S.; Chandler, B.J.; Chandler, C.; Berry, A. Sustaining employment after vocational rehabilitation in acquired brain injury. Disabil. Rehabil. 2010, 32, 1140–1147. [Google Scholar] [CrossRef] [PubMed]

	



Leach, L.R.; Frank, R.G.; Bouman, D.E.; Farmer, J. Family functioning, social support and depression after traumatic brain injury. Brain Inj. 1994, 8, 599–606. [Google Scholar] [CrossRef] [PubMed]

	



Alegría, M.; Canino, G.; Shrout, P.E.; Woo, M.; Duan, N.; Vila, D.; Torres, M.; Chen, C.-N.; Meng, X.-L. Prevalence of mental illness in immigrant and non-immigrant U.S. Latino groups. Am. J. Psychiatry 2008, 165, 359–369. [Google Scholar] [CrossRef]

	



Greenberger, E.; Chen, C. Perceived family relationships and depressed mood in early and late adolescence: A comparison of European and Asian Americans. Dev. Psychol. 1996, 32, 707–716. [Google Scholar] [CrossRef]

	



Walton, E.; Takeuchi, D.T. Family Structure, Family Processes, and Well-Being Among Asian Americans: Considering Gender and Nativity. J. Fam. Issues 2010, 31, 301–332. [Google Scholar] [CrossRef]

	



Farver, J.A.M.; Narang, S.K.; Bhadha, B.R. East meets west: Ethnic identity, acculturation, and conflict in Asian Indian families. J. Fam. Psychol. 2002, 16, 338–350. [Google Scholar] [CrossRef]

	



Roy, D.; Jayaram, G.; Vassila, A.; Keach, S.; Rao, V. Depression after traumatic brain injury: A biopsychosocial cultural perspective. Asian J. Psychiatr. 2015, 13, 56–61. [Google Scholar] [CrossRef]

	



Nadeem, E.; Lange, J.; Edge, D.; Fongwa, M.; Belin, T.; Miranda, J. Does stigma keep poor young immigrant and U.S.-born Black and Latina women from seeking mental health care? Psychiatr. Serv. 2007, 58, 1547–1554. [Google Scholar] [CrossRef]

	



Hwang, W.; Myers, H.; Abekim, J.; Ting, J. A conceptual paradigm for understanding culture’s impact on mental health: The cultural influences on mental health (CIMH) model. Clin. Psychol. Rev. 2008, 28, 211–227. [Google Scholar] [CrossRef] [PubMed]

	



Ohayagha, C.; Perrin, P.B.; Arango-Lasprilla, J.C.; Jones, S.C.T. Influence of foreign vs. U.S. nativity on the trajectory of functional independence over the 10 years after traumatic brain injury: A Model Systems study. J. Head Trauma Rehabil. in press. 2023. [Google Scholar]

	



Lindsay, S.; King, G.; Klassen, A.; Esses, V.; Stachel, M. Working with immigrant families raising a child with a disability: Challenges and recommendations for healthcare and community service providers. Disabil. Rehabil. 2012, 34, 2007–2017. [Google Scholar] [CrossRef] [PubMed]

	



Boulware, L.E.; Cooper, L.A.; Ratner, L.E.; LaVeist, T.A.; Powe, N.R. Race and trust in the health care system. Public Health Rep. 2003, 118, 358–365. [Google Scholar] [CrossRef] [PubMed]

	



Leanza, Y.; Miklavcic, A.; Boivin, I.; Rosenberg, E. Working with Interpreters. In Cultural Consultation: Encountering the Other in Mental Health Care; Kirmayer, L.J., Guzder, J., Rousseau, C., Eds.; Springer: New York, NY, USA, 2014; pp. 89–114. [Google Scholar] [CrossRef]

	



Corrigan, J.D.; Cuthbert, J.P.; Whiteneck, G.G.; Dijkers, M.P.; Coronado, V.; Heinemann, A.W.; Harrison-Felix, C.; Graham, J.E. Representativeness of the Traumatic Brain Injury Model Systems National Database. J. Head Trauma Rehabil. 2012, 27, 391–403. [Google Scholar] [CrossRef] [PubMed]

	



Teruya, S.A.; Bazargan-Hejazi, S. The Immigrant and Hispanic Paradoxes: A Systematic Review of Their Predictions and Effects. Hisp. J. Behav. Sci. 2013, 35, 486–509. [Google Scholar] [CrossRef]

	



Moore, E.L.; Terryberry-Spohr, L.; Hope, D.A. Mild traumatic brain injury and anxiety sequelae: A review of the literature. Brain Inj. 2006, 20, 117–132. [Google Scholar] [CrossRef]








[image: Jcm 12 00867 g001 550] 





Figure 1. Main effect of nativity on SWLS trajectories. 
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Table 1. Sample characteristics.
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	Demographics
	U.S.-Born M (SD) or n (%)
	Foreign-Born M (SD) or n (%)
	p-Value





	N
	8289
	944
	



	Sex
	
	
	p = 0.101



	   Male
	5981 (72.2%)
	705 (74.7%)
	



	   Female
	2307 (27.8%)
	239 (25.3%)
	



	Age
	38.43 (17.57)
	40.65 (18.12)
	



	Race
	
	
	p < 0.001



	   Black
	1490 (18.0%)
	85 (9.0%)
	



	   White
	6136 (74.0%)
	241 (25.6%)
	



	   Asian
	79 (1.0%)
	143 (15.2%)
	



	   Hispanic
	461 (5.6%)
	434 (46.0%)
	



	   Native American
	53 (0.6%)
	2 (0.2%)
	



	   Other
	69 (0.8%)
	38 (4.0%)
	



	Marital status
	
	
	p < 0.001



	   Married
	2588 (31.2%)
	367 (39.0%)
	



	   Not married
	5698 (68.8%)
	574 (61.0%)
	



	Education
	12.82 (2.59)
	12.11 (4.10)
	p < 0.001



	Employment at Injury
	
	
	p = 0.004



	   Employed
	4753 (65.8%)
	596 (70.9%)
	



	   Not employed
	2465 (34.2%)
	245 (29.1%)
	



	Annual Earning
	
	
	p = 0.002



	   <9999
	815 (17.7%)
	101 (18.0%)
	



	   10,000–19,999
	742 (16.1%)
	122 (21.7%)
	



	   20,000–29,999
	744 (16.1%)
	111 (19.8%)
	



	   30,000–39,999
	623 (13.5%)
	70 (12.5%)
	



	   40,000–49,999
	478 (10.4%)
	40 (7.1%)
	



	   50,000–59,999
	320 (6.9%)
	33 (5.9%)
	



	   60,000–69,999
	238 (5.2%)
	22 (3.9%)
	



	   70,000–79,999
	142 (3.1%)
	12 (2.1%)
	



	   80,00–89,999
	108 (2.3%)
	9 (1.6%)
	



	   90,000–99,999
	94 (2.0%)
	5 (.9%)
	



	   >100,000
	308 (6.7%)
	37 (6.6%)
	



	Cause of Injury
	
	
	p = 0.048



	   Non-Violent
	7425 (89.7%)
	822 (87.6%)
	



	   Violent
	851 (10.3%)
	116 (12.4%)
	



	Glasgow Coma Scale (GCS) Score
	10.93 (4.12)
	10.84 (4.11)
	p = 0.633



	Posttraumatic Amnesia (PTA; days)
	22.92 (21.98)
	23.47 (24.41)
	p = 0.519
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Table 2. Mental health variable means (SDs).
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	1 Year
	2 Years
	5 Years
	10 Years





	Satisfaction With Life Scale
	
	
	
	



	   Mean (SD)
	21.42 (8.26)
	21.74 (8.38)
	22.13 (8.27)
	22.07 (8.30)



	Patient Health Questionnaire-9
	
	
	
	



	   Mean (SD)
	5.43 (5.78)
	5.32 (5.80)
	5.20 (5.75)
	5.43 (5.89)



	General Anxiety Disorder -7
	
	
	
	



	   Mean (SD)
	4.09 (5.16)
	4.25 (5.25)
	4.20 (5.30)
	4.03 (5.05)
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Table 3. Curvature model comparisons for SWLS, PHQ-9, and GAD-7 trajectories.
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	Model
	−2 Log Likelihood





	Satisfaction With Life Scale
	



	   Linear
	151,885.42



	   Quadratic
	151,868.98



	   Cubic
	151,867.25



	Patient Health Questionnaire-9
	



	   Linear
	56,324.34



	   Quadratic
	56,322.66



	   Cubic
	56,322.13



	General Anxiety Disorder-7
	



	   Linear
	34,946.05



	   Quadratic
	34,943.91



	   Cubic
	34,943.82







Note. Critical 𝜒2 value for significant difference at α = 0.05 is >3.841 drop from the previous model. Bolded values surpassed this threshold.
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Table 4. Predictors of SWLS, PHQ-9, and GAD-7 trajectories.
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SWLS

	
PHQ-9

	
GAD-7




	
Predictor

	
b-Weight

	
p-Value

	
b-Weight

	
p-Value

	
b-Weight

	
p-Value






	
Set 1: Nativity Effects

	

	

	

	

	

	




	
   Intercept

	
21.20

	
<0.001

	
5.43

	
<0.001

	
4.20

	
<0.001




	
   Time

	
0.27

	
<0.001

	
−0.01

	
0.644

	
−0.01

	
0.695




	
   Time2

	
−0.02

	
<0.001

	
-

	
-

	
-

	
-




	
   Foreign- vs. U.S.-born

	
0.89

	
<0.001

	
−0.28

	
0.295

	
−0.36

	
0.172




	
Set 1: Nativity Interactions with Time

	

	

	

	

	

	




	
   Intercept

	
21.21

	
<0.001

	
-

	
-

	
-

	
-




	
   Time

	
0.28

	
<0.001

	
-

	
-

	
-

	
-




	
   Time2

	
−0.02

	
<0.001

	
-

	
-

	
-

	
-




	
   Foreign- vs. U.S.-born

	
0.74

	
0.011

	
-

	
-

	
-

	
-




	
   Time × Nativity

	
−0.07

	
0.658

	
-

	
-

	
-

	
-




	
   Time2 × Nativity

	
0.03

	
0.156

	
-

	
-

	
-

	
-




	
Set 2: Nativity with Covariates

	

	

	
-

	
-

	
-

	
-




	
   Intercept

	
18.13

	
<0.001

	
-

	
-

	
-

	
-




	
   Time

	
0.20

	
0.019

	
-

	
-

	
-

	
-




	
   Time2

	
−0.01

	
0.293

	
-

	
-

	
-

	
-




	
   Foreign- vs. U.S.-born

	
1.64

	
<0.001

	
-

	
-

	
-

	
-




	
   Violent Cause

	
−2.67

	
<0.001

	
-

	
-

	
-

	
-




	
   GCS

	
0.04

	
0.379

	
-

	
-

	
-

	
-




	
   PTA

	
−0.04

	
<0.001

	
-

	
-

	
-

	
-




	
   Age

	
−0.06

	
<0.001

	
-

	
-

	
-

	
-




	
   Male Sex

	
−0.05

	
0.885

	
-

	
-

	
-

	
-




	
   Years of Education

	
0.33

	
<0.001

	
-

	
-

	
-

	
-




	
   Employed at Injury

	
1.32

	
0.048

	
-

	
-

	
-

	
-




	
   Married at Injury

	
1.76

	
<0.001

	
-

	
-

	
-

	
-




	
   Annual Earnings

	
0.18

	
0.002

	
-

	
-

	
-

	
-




	
   Private Insurance

	
1.19

	
<0.001

	
-

	
-

	
-

	
-








Note. Bolded predictors within each model were those focused on for interpretation based on the study’s research aims.
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