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Abstract

:

Traumatic brain injury (TBI) remains one of the leading causes of death and disability worldwide. To better understand its impact on various outcome domains, this study pursues the following: (1) longitudinal outcome assessments at three, six, and twelve months post-injury; (2) an evaluation of sociodemographic, premorbid, and injury-related factors, and functional recovery contributing to worsening or improving outcomes after TBI. Using patient-reported outcome measures, recuperation trends after TBI were identified by applying Multivariate Latent Class Mixed Models (MLCMM). Instruments were grouped into TBI-specific and generic health-related quality of life (HRQoL; QOLIBRI-OS, SF-12v2), and psychological and post-concussion symptoms (GAD-7, PHQ-9, PCL-5, RPQ). Multinomial logistic regressions were carried out to identify contributing factors. For both outcome sets, the four-class solution provided the best match between goodness of fit indices and meaningful clinical interpretability. Both models revealed similar trajectory classes: stable good health status (HRQoL: n = 1944; symptoms: n = 1963), persistent health impairments (HRQoL: n = 442; symptoms: n = 179), improving health status (HRQoL: n = 83; symptoms: n = 243), and deteriorating health status (HRQoL: n = 86; symptoms: n = 170). Compared to individuals with stable good health status, the other groups were more likely to have a lower functional recovery status at three months after TBI (i.e., the GOSE), psychological problems, and a lower educational attainment. Outcome trajectories after TBI show clearly distinguishable patterns which are reproducible across different measures. Individuals characterized by persistent health impairments and deterioration require special attention and long-term clinical monitoring and therapy.
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1. Introduction


Traumatic brain injury (TBI) remains one of the leading causes of death and disability in young adults [1,2,3] as well as in the elderly worldwide [4]. Individuals after TBI often experience profound physical, emotional, cognitive, and behavioral consequences that affect their ability to fully reintegrate into their work [5], family [6], and personal lives [7,8]. The financial impact on affected individuals, their families, and the health care system poses significant costs across Europe [9] and worldwide [10]. Therefore, it is important to identify factors related to the recovery process that may add prognostic value for patients after TBI of all severities. In particular, individuals who have experienced mild TBI could be more impaired than previously assumed [11,12,13]. Previous studies have shown that the time course of recovery varies across individuals, and that recovery rates may depend on the specific outcome, such as functional status [13], cognitive functioning [14], general health [15,16], and emotional status [17], as well as generic [18] and disease-specific health-related quality of life (HRQoL) [19,20]. Findings in this field of research may help to better inform patients and caregivers about treatment options and to tailor therapeutic and rehabilitative interventions accordingly.



Over the past three decades, several factors associated with recovery after TBI have been identified, including sociodemographic factors (e.g., age [21], education [14], sex, race [22,23,24], marital status, living situation [25], rural vs. urban residence [26]) and injury characteristics (e.g., injury severity [27], abnormalities in computed tomography scans [28,29], type of injury [30,31], length of coma [32], and length of post-traumatic amnesia [33,34,35]). Other clinical factors at the time of injury may also play an important role in the recovery process (e.g., functional independence at admission [36], presence of agitation or other pathognomonic signs [36]), as well as the nature of the injury and the presence of medical complications (e.g., skull fractures, hemorrhage, hematomas, intracranial pressure, midline shift [36]; intracranial bleedings [37]; hypoxia [38]; hypotension and acute trauma care treatments such as chemical paralysis or craniotomy, etc. [39]). Pre-morbid factors [40,41] such as pre-morbid IQ [42], history of psychological and psychiatric problems [43,44] and substance use disorders [43], prior acquired brain injuries [45], cognitive impairment or developmental disability [46], pre-injury employment status [30,47], and pre-injury occupation [34] can further influence the outcome post injury. Finally, the use of hospital and rehabilitation services (e.g., time from injury to rehabilitation admission [36], time spent in the intensive care unit [48], length of in-patient stay [34], length of hospitalization [37], discharge destination [49], rehabilitation intensity [50,51], and existence of health insurance [52,53]) can have an additional impact on the recovery process after TBI.



The most common factors that are strongly associated with outcome after TBI are age [2,3,54,55], sex [56,57,58], education [14,59], premorbid health status [40,60], and TBI severity [57]. Some studies have found that younger individuals without pre-morbid health problems, and those with mild injuries, are more likely to show better recovery [61,62]. Sex is an independent predictor of TBI outcomes in acute hospitalization [63,64], inpatient rehabilitation [65,66], and long-term community settings [67]. While men are at higher risk of acquiring a TBI [57], most studies indicate that women are at greater risk of having less favorable outcomes compared to men [56,58].



Various studies have examined predictors of long-term outcomes after TBI [68,69,70]. In a recent US-based study [71], the following four latent profiles were derived from two-week assessments of neurobehavioral functioning: emotionally resilient, cognitively impaired, cognitively resilient, and neuropsychologically impaired. Inclusion of these classes in regression models substantially improved the prediction of the functional outcome, TBI-specific HRQoL, and symptom burden. In Europe, research has shown that individuals after TBI suffer from long-term functional and psychosocial adjustment difficulties that prevent them from fully re-integrating into daily life at pre-injury levels [72]. In addition, multiple studies have shown that affected individuals experience poor mental health [11,18,73,74,75] and reduced HRQoL [19,20,76,77]. Outcome after TBI is mostly assessed at fixed time points, but relatively little attention has been given to the outcome trajectory over time. Studies investigating the predictors of recovery of HRQoL, psychological, and psychosocial patient-reported outcomes (PROs) and their trajectories in individuals after TBI in Europe remain scarce.



Therefore, the aims of the present study are the following:




	
Identifying classes related to trajectories of improving or decreasing patient-reported TBI-specific and generic HRQoL and psychosocial and post-concussion symptom burden from three to twelve months after a TBI.



	
Examining sociodemographic, premorbid, and injury-related factors associated with these recuperation classes of PROs.








Based on previous research findings, we expect that female gender, lower educational level, presence of premorbid psychiatric problems, as well as more severe TBI and injury severity are associated with less favorable outcome trajectories.




2. Materials and Methods


2.1. Study Sample


Data were obtained from a European prospective, multi-center, longitudinal, cohort Collaborative European NeuroTrauma Effectiveness Research (CENTER-TBI; clinicaltrials.gov NCT02210221) study. Participants were recruited between 19 December 2014 and 17 December 2017 in 18 European countries and in Israel [78]. The inclusion criteria were as follows: clinical diagnosis of TBI; an indication for a computed tomography (CT) scan; admission to an emergency room with subsequent discharge (ER), or further admission to a hospital ward, or to an intensive care unit (ICU) within 24 h post-injury; and written informed consent. The core sample includes N = 4509 patients [79].



For our analyses of outcome trajectories, only individuals aged 16 years and above who had participated at three, six, or twelve months after injury were included. The final sample consisted of N = 2555 cases. Data were drawn from the core 2.0 dataset using the Neurobot data access tool. A detailed description of the sample selection process is provided in Figure 1.




2.2. Ethical Approval


The CENTER-TBI study (EC grant 602150) was conducted in accordance with all relevant laws of the EU, and of the country in which the recruiting sites were located, including but not limited to, the relevant privacy and data protection laws and regulations (the “Privacy Law”), the relevant laws and regulations on the use of human materials, and all relevant guidance relating to clinical studies including, but not limited to, the ICH Harmonized Tripartite Guideline for Good Clinical Practice (CPMP/ICH/135/95) (“ICH GCP”) and the World Medical Association Declaration of Helsinki entitled “Ethical Principles for Medical Research Involving Human Subjects”. The informed consent of the patients and/or their legal representative/next of kin was obtained according to local legislation for all patients recruited in the Core Dataset of CENTER-TBI and documented in the e-CRF.




2.3. Sociodemographic, Premorbid and Injury-Related Characteristics


Sociodemographic characteristics including sex, age, marital, educational and vocational status, and living situation were determined at the time of study enrollment.



Premorbid physical health status was assessed using the American Society of Anesthesiologists Physical Status Classification System (ASA) (i.e., normal healthy, mild disease, severe disease) [80]. Additionally, information on prior psychological problems, history of TBI, and developmental problems was collected based on self-reports.



The Glasgow Outcome Scale—Extended (GOSE) [81] was used to rate the individuals’ functional status by a clinician using an eight-point scale: 1 (dead), 2 (vegetative state), 3 (lower severe disability), 4 (upper severe disability), 5 (lower moderate disability), 6 (upper moderate disability), 7 (lower good recovery), and 8 (upper good recovery). In addition to the clinical interview, its questionnaire version was also administered (i.e., the GOSE-Q [82]). The GOSE-Q was completed either by patients or by their proxies. To minimize information loss, missing GOSE values at three-, six-, and twelve-month assessments were substituted by the values derived from the GOSE-Q and clinical ratings in the centralized database of the CENTER-TBI study. Further details on the imputation procedure can be found elsewhere [83]. Since the GOSE-Q cannot distinguish between (2) vegetative state and (3) lower severe disability, these categories were merged into one.



TBI severity was evaluated using the Glasgow Coma Scale (GCS) [84] which assesses level of consciousness following TBI. These data were combined with the presence of intracranial abnormalities (ICA) detected on a CT. Individuals were classified into four TBI severity groups according to the following cut-off values: uncomplicated mild (GCS ≥ 13, without ICA), complicated mild (GCS ≥ 13, with ICA), moderate (9 ≤ GCS ≤ 12), and severe TBI (GCS ≤ 8).



Other TBI-related factors included the cause of injury (road traffic incident, incidental fall, violence/assault, other), clinical care pathways (emergency room (ER), admission, intensive care unit (ICU)), the length of the hospital stay (in days), the Injury Severity Score (ISS) [85], and the Brain Injury Score using the Abbreviated Injury Scale (AIS) [86].




2.4. Patient-Reported Outcome Measures


The patient-reported outcome measures (PROMs) administered in this study capture TBI-specific HRQoL (QOLIBRI/-OS) and generic HRQoL (SF-12v2/-36v2), as well as several neuropsychiatric symptoms, including anxiety (GAD-7), depression (PHQ-9), post-traumatic stress disorder (PCL-5), and post-concussion symptoms (RPQ).



The Quality of Life After Traumatic Brain Injury—Overall Scale (QOLIBRI-OS) [87] measures TBI-specific HRQoL with six items rated on a five-point Likert-type scale ranging from ‘Not at all’ (1) to ‘Very’ (5) covering the following domains: ‘Cognition’, ‘Daily life and autonomy’, ‘Social relationships’, ‘Emotions’, ‘Physical problems’, as well as satisfaction with current situation and future prospects. An index score can be derived from the QOLIBRI-OS measure [88], ranging from 0 to 100, with higher values indicating higher HRQoL. A score below 52 indicates impaired HRQoL [89].



The Short Form—12 Health Survey version 2 (SF-12v2) [90,91] evaluates generic HRQoL. It comprises twelve items using different Likert-type response scales forming two summary component scores: the physical component score (PCS) and the mental component score (MCS). Both scores range from 0 to 100 and can be transformed into T-values using normative data. A score below 40 indicates impaired HRQoL.



The Generalized Anxiety Disorder—7 (GAD-7) [92] questionnaire measures seven symptoms of generalized anxiety disorder on a four-point Likert scale from ‘Not at all’ (0) to ‘Nearly every day’ (3). The total score ranges from 0 to 27, with higher values indicating greater impairment. Values of 5, 10, and 15 indicate mild, moderate, and severe anxiety, respectively [92]. Recently, psychometric performance after TBI and measurement invariance across different groups have been demonstrated in the CENTER-TBI sample [74,93].



The Patient Health Questionnaire—9 (PHQ-9) [94] contains nine items measuring major depression on a four-point Likert-type from ‘Not at all’ (0) to ‘Nearly every day’ (3). The total score ranges from 0 to 27, with values of 5, 10, and 15 indicating mild, moderate, and severe depression [94,95]. Like the GAD-7, the PHQ-9 has demonstrated satisfactory factorial structure, validity, and measurement invariance across several groups [74,93].



The Post-traumatic Stress Disorder Checklist for the DSM (PCL-5) [96] is a short screener for post-traumatic stress disorder (PTSD) covering 20 symptoms of PTSD according to the latest version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [97]. The instrument applies a five-point Likert-type scale from ‘Not at all’ (0) to ‘Extremely’ (4) with a total score ranging from 0 to 80. A cut-off score of 31 indicates clinically relevant impairment [98]. The PCL-5 and its translations have shown good psychometric properties and can be used as a reliable and valid screening measure of PTSD [99].



The Rivermead Post-Concussion Symptoms Questionnaire (RPQ) [100] comprises 16 items rated on a five-point Likert-type scale from ‘Not experienced at all’ (0) to ‘A severe problem’ (4). The items cover possible cognitive, somatic, and emotional symptoms after TBI. Individuals evaluate each symptom over the last seven days compared to the time before the injury. The total score ranges from 0 (no presence of symptoms) to 64 (most severe symptoms) with cut-offs of 13, 25, and 33 indicating mild, moderate, and severe symptoms, respectively [101], or a global cut-off with values greater than 12 indicating the presence of clinically relevant symptoms [101]. The RPQ and its translations have demonstrated good psychometric properties and can be used for screening post-concussion symptoms [99].




2.5. Data Analyses


2.5.1. Multivariate Latent Class Mixed Models (MLCMM)


We applied Multivariate Latent Class Mixed Models (MLCMM) to detect the trajectories of outcomes in terms of ‘latent classes’ regarding the recuperation process after TBI. MLCMM is an extension of latent class mixture models using multiple dependent variables as indicators of an underlying, latent process. We grouped the outcomes into two categories: (1) TBI-specific and generic HRQoL (QoLIBRI-OS, SF-12v2 MCS, and SF-12v2 PCS) and (2) symptoms (PHQ-9, GAD-7, PCL-5, and RPQ). Using this method, participants with similar trajectories regarding all outcomes within each group are assigned to one class (e.g., participants with continuously high QoLIBRI-OS, SF-12v2 MCS, and SF-12v2 PCS levels to ‘stable good health’). MLCMM analyses were carried out using the R-package ‘lcmm’, version 1.9.2 [99,102], using the function ‘multlcmm’.



All models were run with 100 deviations from starting values and 10 iterations to identify a replicable Log-Likelihood maximum that was unlikely to be at a local maximum. The starting values of models with >1 class were derived from the 1-class-model. The best-fitting model was then fully fitted with a maximum of 500 iterations. For each of the two groups of outcomes, four statistical models with different parameter restrictions were processed: (1) random intercept and fixed slope mean for all members of a class; (2) random intercept and random slope mean for all members of a class; (3) random intercept and fixed slope mean for all members of a class as well as different intercept variances for each class; (4) random intercept and random slope mean for all members of a class as well as different intercept and slope variances for each class. Missing outcome data were handled by the MLCMM when at least one observation per outcome was available.



Model selection was based on: (1) the Bayesian Information Criterion (BIC) [103] or sample-size adjusted BIC (SABIC), since the Akaike Information Criterion (AIC) often leads to an over-extraction of classes; (2) entropy, class size, and mean posterior probability for each class (minimum > 0.70) [104]; (3) the Lo-Mendell-Rubin adjusted likelihood ratio test (LMR-LRT), which compares a model with k classes with a model with k-1 classes [105]; (4) a visible, substantial improvement in fit indices (comparable to interpreting a scree plot in exploratory factor analysis) [106]. All models were run for increasing numbers of classes until non-convergence was reached or the fit indices started to increase again. To examine the stability of the class solutions, we repeated the MLCMM analyses within three subgroups with different levels of TBI severity: (1) uncomplicated mild, (2) complicated mild, and (3) moderate or severe TBI.




2.5.2. Multinomial Logistic Regressions (MLR)


For each of the two outcome groups (i.e., HRQoL, symptoms), multinomial logistic regressions (MLR) were applied to analyze contributing factors of class membership. These included sociodemographic (sex, age, level of education, employment and marital status, living situation), premorbid (health status prior to TBI, presence of psychological problems, TBI history), and injury-related (cause of injury, clinical care pathways, length of hospital stay, injury and TBI severity) variables and functional recovery status three months after TBI as measured by the GOSE. For the MLR, GOSE levels 7 (‘lower good recovery’) and 8 (‘upper good recovery’) were merged and used as a reference category, as differentiating them would result in numbers that would be too small for reliable statistical analysis. Missing covariate data were handled with the function ‘bootMice’ in the R-package ‘bootImpute’ [107]. First, the incomplete dataset was bootstrapped (n = 1000) and then multiple imputation (n = 5, with 20 iterations each) was applied using the R-package ‘mice’ [108]. MLR was conducted with all computed datasets (n = 5000) and the results were pooled using the function ‘bootImputeAnalyse’ of the ‘bootImpute’ package. All analyses were performed using R version 4.2. [109].






3. Results


3.1. Sample Characteristics


Detailed sociodemographic, premorbid, and injury-related information about the sample is presented in Table 1. These patient characteristics were also included in subsequent analyses aiming to identify their associations with outcome trajectories in terms of factors contributing to changes (i.e., worsening or improving) in health status after TBI.



3.1.1. Sociodemographic Information


The mean age of the individuals included was 48.9  ±  19.5 years (Median = 50), covering an age range from 16 to 95 years. Approximately two thirds of the individuals were male (65.3%). More than one third (37.5%) had a higher secondary educational qualification. Nearly half of the individuals were employed full-time (44.7%), whereas a quarter of the sample (25.0%) were retired. Around half of the sample was married (44.5%) or living together with a partner (9.2%), and more than a fifth lived alone (20.6%).




3.1.2. Premorbid and Injury-Related Information


Most individuals had a healthy pre-injury health status (65.3%). In addition, 11.2% reported premorbid psychological problems, 10.1% reported a prior TBI, and 1.0% had developmental problems.



For most of the individuals the cause of the injury was either a fall (44.5%) or a road traffic accident (41.0%). The clinical care pathway for nearly half of the sample was admission to an ICU (44.5%), admission to a hospital ward for 38.1%, and discharge after an ER visit for 20.7%. The mean length of hospital stay for those admitted either to the ward or the ICU was 11.4  ±  18.9 days (Median = 4.2). Almost 40% of participants sustained an uncomplicated mild TBI (39.7%) and more than one third a complicated mild TBI (35.2%), while 7.8% suffered from a moderate and 17.4% from a severe TBI. Three months after the TBI, nearly 60% had good recovery (58.7%), one quarter had moderate recovery (25.0%), and more than 15% had a severe disability (16.2%). For more details, see Table 1.



Compared with individuals excluded from the core sample of N = 4509, the sample used for the analysis had a lower percentage of male participants (p = 0.005), was more highly educated (p < 0.001), more likely to be employed full-time or part-time (p < 0.001), and was more likely to be married (p < 0.001). Additionally, the population analyzed was less likely to suffer from a severe disease (p < 0.001), was more likely to have been injured in a road traffic accident, and less likely to have had an incidental fall (p < 0.001). They were less likely to have been admitted to an ICU (p < 0.001), had a shorter hospital stay (p = 0.040), lower ISS (p < 0.001) and AIS scores (p < 0.001), a higher percentage of mild TBI (p < 0.001), and higher GOSE scores (p < 0.001). For more details, see Appendix A Table A1 and Table A2.



Table 2 provides descriptive statistics on PROMs assessed at three, six, and twelve months.





3.2. Classes of Outcome Trajectories


For both sets of outcomes (i.e., HRQoL and symptoms), the four-class-solutions with random intercepts and fixed slopes (model 1) represent the best match between statistical fit indicators and meaningful clinical interpretability [68]. Both models reveal similar groups in terms of trajectories: (1) stable good health status, in terms of a stable high TBI-specific and generic HRQoL (n = 1944, 76.1%) or a continuously low symptom level (n = 1963, 76.8%), (2) persistent health impairments, in terms of a continuously low TBI-specific and generic HRQoL (n = 442, 17.3%) or a continuously high symptom level (n = 179, 7.0%), (3) deteriorating health status, in terms of decreasing HRQoL (n = 86, 3.4%) or increasing symptoms (n = 170, 6.7%), and (4) improving health status, in terms of increasing HRQoL (n = 83, 3.2%) or decreasing symptoms (n = 243, 9.5%). For details on the results of the MLCMM analyses, see Appendix B (Table A3 and Table A4). Subgroup analyses at different levels of TBI severity (uncomplicated mild, complicated mild, and moderate/severe) generally supported the stability of the identified trajectory classes Appendix C (see Table A5, Table A6, Table A7, Table A8, Table A9, Table A10, Figure A1, Figure A2). However, the prevalence of trajectories differed significantly between the TBI severity groups for both outcome sets (all p < 0.001, except complicated mild vs. moderate/severe for symptoms: p = 0.079). Stable good health was the most frequent trajectory within all subgroups and for both outcome groups. Regarding HRQoL, change trajectories (i.e., improvement, deterioration) were the least frequent within all subgroups, but the ‘improving health’ class could be identified within the subgroup after complicated mild TBI. An increase in the frequency of unfavorable trajectories (i.e., deterioration or persistent impairment) was seen for symptoms (uncomplicated mild: 9.4%, complicated mild: 17.5%, moderate/severe: 17.7%) and, partly, for HRQoL (uncomplicated mild: 19.7%, complicated mild: 19.1%, moderate/severe: 25.8%).



Graphical plots of outcome trajectories for the four-class solutions are depicted in Figure 2 for all measures included in the model of the HRQoL outcome set as well as in Figure 3 in the model of the symptoms outcome set. The largest group with stable good health status showed high average TBI-specific (QOLIBRI-OS) and generic HRQoL (SF-12v2 PCS/MCS) as well as anxiety (GAD-7), depression (PHQ-9), PTSD (PCL-5), and post-concussion (RPQ) scores within the non-clinical range throughout the whole follow-up period. Within the group with persistent health impairments, unfavorable TBI-specific (QOLIBRI-OS) and generic HRQoL (SF-12v2) as well as moderate anxiety scores (GAD-7), PCL-5 levels above the screening threshold for PTSD, severe depressive (PHQ-9), and post-concussion symptoms (RPQ) were continuously observed. Persistent impairment occurred more frequently with respect to HRQoL (17.3%) than for symptoms (7.0%). Deteriorating health status was characterized by a marked decrease of high-level disease-specific (QOLIBRI-OS) and average generic HRQoL (SF-12v2) to lower scores than the class with persistent health impairments as well as an increase of the GAD-7, PHQ-9, PCL-5, and RPQ symptoms from subclinical or mild levels to moderate and clinically relevant levels. Improving health was marked by an increase in QOLIBRI-OS and SF-12v2 scores from the levels of persistent health impairment to stable good health as well as a decrease of the GAD-7, PHQ-9, PCL-5, and RPQ scores from moderate to subclinical levels slightly above the group with stable good health.



HRQoL and symptom trajectory classes were associated significantly (χ2(9) = 1152.96, p < 0.001; Cramer’s v = 0.39), i.e., more favorable HRQoL trajectories generally corresponded to more favorable symptom trajectories and vice versa. Opposing change trajectories (e.g., improving HRQoL and deteriorating symptoms) rarely coincided. While participants with persistent HRQoL impairments exhibited varied symptom trajectories (all classes between 14.9% and 31.7%), the vast majority of participants with persistent impairments regarding symptoms also reported persistent HRQoL impairments (73.7%). For more details, see Appendix D (Figure A3), Table A1 and Table A2.




3.3. Association of Sociodemographic, Premorbid, and Injury-Related Factors with Trajectory Classes


3.3.1. Results of Univariate Comparisons between Trajectory Classes


Analyses of the sociodemographic characteristics revealed that the classes identified in both outcome groups (i.e., HRQoL and symptoms) differed significantly with respect to education level (pSympt < 0.001; pHRQoL = 0.005) and employment status (pSympt < 0.001, pHRQoL < 0.001). Significant age differences were only found for the four symptom-related classes (p < 0.001). Individuals with stable good health status were on average five years older compared to those with persistent health impairments. The four HRQoL-related classes differed significantly by sex, with approx. 12% more males in the stable good health status group compared to those with persistent health impairments (p < 0.001). Furthermore, individuals in the stable good health status group were more frequently single, less often divorced or separated (p < 0.001), and lived alone more frequently (p = 0.015) compared to those with persistent health impairments.



In addition, both HRQoL and symptom classes differed significantly regarding several premorbid and injury-related characteristics: psychological problems, clinical pathways, length of hospital stay, injury severity score, brain injury severity score, TBI severity classification, and GOSE (all pSympt < 0.001, pHRQoL < 0.001). The cause of injury only differed significantly for the symptom-related classes (p = 0.002). Here, individuals with stable good health status were less frequently (10%) victims of road traffic accidents and had more frequently (14%) sustained a fall compared to those with persistent health impairments. Physical health status prior to TBI only differed for the HRQoL-related classes, where individuals from the stable good health status group suffered less frequently from a mild or a moderate disease according to the ASA classification compared to those with persistent health impairments (p < 0.001). For more details on the descriptive statistics of the identified classes, see Appendix E (Table A11, Table A12, Table A13, Table A14).



The additional descriptive examination of the GOSE levels over three, six, and twelve months for each HRQoL and symptom class (see Figure 4 and Figure 5) revealed no clear linear association. Whilst participants with stable good health for both HRQoL and symptoms predominantly showed ‘upper good recovery’ and an increase thereof over time, results concerning the other three trajectories were less clear. A similar trend was visible regarding improving health, although the prevalence of lower GOSE levels was markedly higher than for stable good health. A slight improvement in GOSE levels was also seen in participants with persistent impairments regarding symptoms and HRQoL.




3.3.2. Results of Multinomial Logistic Regression Analyses


Multinomial logistic regression was applied to identify factors associated with individual class memberships within the four-class models for both outcome sets. The class with stable good health was used as a reference group (see Figure 6 and Figure 7; Supplemental material S2, Tables S1 and S2).



The odds of belonging to the group with persistent health impairments gradually increased with lower GOSE scores (ORSympt = 5.10–18.42; ORHRQoL = 4.23–27.24). Furthermore, lower GOSE scores were not only associated with higher odds of belonging to the group with deteriorating health status (ORSympt = 2.88–3.92; ORHRQoL = 3.92 (only GOSE 2/3), but improving health status as well, with more pronounced effects concerning HRQoL (ORSympt = 5.07–7.29; ORHRQoL = 5.60–24.32).



The same applies to prior psychological problems for both outcome sets, with one caveat: whereas the presence of psychological problems was related to higher odds of not only persistent health impairments (ORSympt = 3.43; ORHRQoL = 2.25), but also improving health (ORSympt = 2.20; ORHRQoL = 2.57) for both outcomes, higher odds for deteriorating health were only found regarding symptoms (OR = 2.00). Additionally, prior severe disease increased the odds of persistent health impairments with regard to HRQoL (OR = 2.22).



Furthermore, clinical care pathways revealed differential predictive values depending on the class under consideration. With respect to symptom trajectories, ICU admission was associated with higher odds of deteriorating health status (OR = 2.45) and significantly lower odds for improving health (OR = 0.48) as compared to admission to ER followed by discharge. In contrast to this, the clinical care pathway was not associated with HRQoL trajectories. Additionally, a longer hospital stay was associated with lower chances of persistent health impairments regarding symptoms (OR = 0.99) and improving HRQoL (OR = 0.98). None of the other injury-related characteristics identified as significant factors in the prior group comparisons showed meaningful significant effects in the multinomial logistic regression models.



Regarding sociodemographic factors, differential associations for age and sex were found in the two sets of outcomes (i.e., HRQoL and symptoms). Higher age was associated with significantly lower odds of belonging to the group with persistent health impairments, but only regarding symptoms (OR = 0.96). Male sex was associated with lower odds of belonging to the group with improving health (OR = 0.50) and persistent health impairments (OR = 0.61) with respect to HRQoL. Yet, no significant associations with the level of symptoms were found. For HRQoL, higher odds of persistent health impairments were associated with lower education (OR = 1.53–2.26), being unemployed (OR = 1.87), and living alone (OR = 1.60). For symptom trajectories, only the lowest level of education was associated with higher odds of persistent health impairments (OR = 2.65).



To summarize, functional status (GOSE) three months after TBI and prior psychological problems were found to be the most consistent significant factors across both outcome groups (i.e., HRQoL and symptoms), with the odds for membership consistently increasing with lower GOSE levels for some groups. In general, only a few of the other premorbid and injury-related factors were significantly associated with group membership in both models (i.e., prior psychological problems and clinical care pathways). Regarding TBI-specific and generic HRQoL, compared to other trajectory classes there was a higher number of significantly contributing factors, with higher odds for females, lower education, being unemployed, living alone, prior severe disease and psychological problems, as well as lower GOSE-scores.






4. Discussion


This study examined factors contributing to the longitudinal recuperation process of individuals after TBI, exploring influential sociodemographic, premorbid, and injury-related variables as potential predictors of the diverse development of PRO trajectories. For this purpose, we conducted multidimensional analyses of latent classes regarding trajectories in HRQoL and neuropsychiatric and post-TBI symptom status from three to twelve months after TBI and examined the influence of factors derived from the previous research. Consideration of intercorrelations between the outcome sets is mandatory because of the interdependencies across domains [110].



4.1. Classes of Patient-Reported Outcome Trajectories


Evidence pointed towards four different classes of outcome trajectories in both models, which are related to two different types of outcome sets—TBI-specific and generic HRQoL and symptom burden status. Both models represent the best match between statistical fit indicators and meaningful clinical interpretability. The identified outcome trajectories within one year after TBI, as well as information on associated factors, may provide clinicians with a basis for further follow-up programs and developing person-centered interventions. The stability of the classes could generally be demonstrated for different TBI severity levels. Only in participants with complicated mild TBI was no class with improving HRQoL identified.



Both outcome models include a stable good health class, characterized by persistently high HRQoL and low symptom levels, which represents the most populated group in both models with nearly 75% of individuals. Secondly, a somewhat complementary class with persistent health impairment with persistently high symptom levels and low HRQoL emerged. In addition to these ‘stable’ classes, two ‘changing’ classes with almost identical patterns of recuperation trajectories were identified in both models: one class with improving health status in terms of increasing HRQoL and decreasing symptoms; another class with deteriorating health status in terms of decreasing HRQoL and increasing symptoms. Similar class solutions have been reported elsewhere in the literature concerning outcome trajectories for depression and PTSD symptoms after TBI (i.e., low symptoms/resilience, delayed symptoms, recovery, and persistent symptoms) [68,73]. In another study [111] focusing on generic and disease-specific HRQoL, GOSE, as well as post-concussion symptoms, only two to three different trajectories were identified. This might be due to differences regarding the study population with a much smaller sample size (N = 100) and the exclusion of participants after moderate/severe TBI. Similar to our study, however, the majority reported stable good health regarding most outcomes. Our study provides evidence for the generalizability of these different courses of outcome trajectories not only for mental health (i.e., anxiety, depression, PTSD) and TBI-related symptoms but also for HRQoL. Most notably, the greater part of individuals in our study belonged to the stable good health status group across several outcomes after TBI in terms of stable high or average levels of HRQoL as well as continuously low levels of depression, anxiety, post-traumatic stress, and post-concussion symptoms. Nonetheless, there were some other patient groups reporting more health impairments, which may be especially relevant to focus on in the clinical context. We are now therefore going to concentrate on these individuals.




4.2. Unfavorable/Non-Stable Trajectory Classes, Associated Patient Characteristics, and Clinical Implications


4.2.1. Persistent Health Impairments


Persistent health impairments in terms of continuously high depressive, anxiety, PTSD, and post-concussion symptoms were observed in only 7% of the sample, whereas impairments concerning TBI-specific and generic HRQoL were found in 17%. This is in line with previous studies that have demonstrated adverse long-term effects of TBI on mental health [73] and TBI-specific and generic HRQoL [19,20,76,77]. Even twelve months after a mild TBI, a substantial proportion of patients show functional impairments [112,113], elevated post-traumatic depressive symptoms [68], and reduced satisfaction with life [112]. While the percentage is comparable to previous studies with respect to symptom level [68,73], persistent impairments regarding HRQoL seem to be more common after TBI.



Compared with the stable good health status group, functional status at three months after TBI was by far the strongest contributing factor for persistent impairments, with a marked increase of the odds with lower levels of functioning for both symptoms and HRQoL. This is in line with a study showing consistent associations of better functional recovery with lower symptom burden and better quality of life [114]. In individuals suffering from complicated mild TBI, functional impairments and mental health problems were found to have a bidirectional, longitudinal relationship [115], which may contribute to maintaining HRQoL- and symptom-related impairment.



Contrary to previous studies highlighting severity of injury [27,30,31,116] and TBI severity [28,29,57,117], as well as pathways or characteristics of clinical care [34,36,37,48,49] as modifying factors of the recuperation process, none of these were associated with persistent impairment in both the HRQoL and symptom models, despite significant differences regarding most injury-related factors found in pairwise group comparisons concerning HRQoL (e.g., longer hospital stay, higher severity of injuries and TBI). Since TBI severity and functional impairments are strongly associated [113], the inclusion of functional status in the models may have weakened the associations of other injury-related variables with class membership.



Concerning premorbid factors, prior psychological problems emerged as another risk factor for persistent health impairments, which is consistent with previous studies [44,60,118]. This effect was more pronounced for symptom burden and seems to indicate a persistence of premorbid psychological problems in some of the individuals after TBI.



Severe premorbid physical health status also contributed significantly to persistent impairments regarding HRQoL, which is in line with previous studies [60,62]. Several sociodemographic factors were associated with higher odds for persistent HRQoL impairments, such as female sex, a lower educational level, being unemployed, and living alone, many of which have been associated with TBI outcomes and recovery in previous studies (e.g., sex [56,57,58,63,64,65,66,119], education [14,30,59], pre-injury employment status [30,47]). Age, which has been identified as another significant factor in previous studies [2,3,54,55,61,62], was not associated with persistent HRQoL impairment, but was related to symptoms. Contrary to previous studies [62,120], younger age was not associated with better recovery, but with increased odds of persistent symptom-related impairments. The effect of younger age on the risk of developing persistent health impairments after a TBI may be explained by the fact that these individuals are more likely to suffer a TBI because of road traffic accidents. They are more likely to be admitted to an ICU due to a higher degree of complications because of the traumatic event (e.g., more severe extracranial injuries or a lower degree of functional recovery).



Taken together, individuals with persistent health impairments are more likely to be female, younger, have lower levels of education, live alone, have preexisting physical and mental health problems, and have unfavorable functional recovery compared with individuals with stable good health status after TBI.



Therefore, it is particularly important to focus on patients’ medical history and consider their sociodemographic characteristics when selecting appropriate follow-up programs and targeted interventions. For example, psychological treatment may stabilize health status after TBI and help to tailor interventions for the health and daily life consequences of TBI. However, individuals after TBI are a heterogeneous group and identifying appropriate interventions is challenging. The biopsychosocial framework may be useful in devising interventions that consider personal, comorbid, and injury-related factors.




4.2.2. Deteriorating Health Status


Much like in previous studies [68,73], a relatively small percentage of the sample displayed deteriorating health status, in terms of decreasing TBI-specific and generic HRQoL (3.4%) or increasing symptoms (6.7%). This group comprises pre-injury psychological comorbidity in addition to injury-related psychological distress, which may complicate a health condition and hamper differential diagnosis. Together with the ‘persistent impairment’ group, about 13 to 20% of the TBI patients, depending on the PROs, display significant impairments 12 months after injury and thus require long-term follow-up. However, it should be noted that there are other needs not captured by the PROMs used in this study (e.g., motor, cognitive, and psychological TBI sequelae, return-to-work issues, etc.). Therefore, special attention should be given to this vulnerable group to ensure that their needs are appropriately addressed. Early interventions may be required for detecting, preventing, and treating these individuals as old symptoms may reappear and new symptoms can arise after a trauma. Furthermore, it seems likely that fewer individuals show consistent patterns of change across several outcomes and that those with inconsistent or opposing changes were possibly classified into one of the ‘stable’ categories. This could perhaps be due to the use of our multivariate approach (MLCMM) which categorizes individuals with a similar pattern across several outcomes into one class.



Similar to the group with persistent health impairments, functional status at three months after the injury significantly increased the odds of deteriorating health status as compared with the stable good health group for both symptoms and HRQoL, but the association was weaker and less systematic. Although this group initially showed low symptom severity, prior mental health problems were significantly associated with a deterioration in health, albeit this effect was weaker as compared to persistent health impairments. Prior studies have demonstrated that mental health problems may contribute to a delayed onset of depression [68] and post-concussion symptoms [60]. On the other hand, contrary to our results, in the study of Sigurdardottir et al. [73] no psychiatric problems were reported one year prior to the TBI in the group with ‘delayed’ symptoms, perhaps due to the small group size (n = 8). A delayed increase of post-concussion symptoms can be accompanied by an increase in depressive symptoms, as there is a certain overlap in symptoms (e.g., feeling depressed, difficulty concentrating, sleep disturbances). An interesting difference emerged regarding clinical care pathways. Admission to an ICU was a significant risk factor for deteriorating health regarding symptoms, but not regarding HRQoL. Again, all other injury-related characteristics were not significantly associated with group membership in the regression models, despite significant differences in pairwise comparisons (e.g., higher severity of injuries and TBI).



In conclusion, interventions should consider premorbid health status to prevent later manifestation of symptom burden, especially in those patients with functional impairments, a history of psychological problems, and those who were treated in an ICU. Psychosocial factors (e. g., difficulties with work) not considered in the current study could perhaps be associated with the deterioration of health following TBI, emphasizing the need for psychological treatment and rehabilitation.




4.2.3. Improving Health Status


In nearly 10% percent of individuals after TBI, we observed an improving health status in terms of decreasing depression, anxiety, and post-traumatic and post-concussion symptoms, which is, again, comparable to previous research [68,73]. However, only 3% of them recovered regarding TBI-specific and generic HRQoL. This could be because individuals from this group had already reported an average level of HRQoL three months after the TBI. Similar to persistent health impairments and deteriorating health status, higher odds for improvement were associated with good recovery (i.e., GOSE 7–8) at three months post-TBI. This effect was stronger than for the group with deteriorating health, but less pronounced than for the group with persistent health impairments. Another similarity between these groups is the significant contribution of premorbid mental health problems to the probability of belonging to a trajectory class, which is also in line with the study of Bombardier et al. [68]. In pairwise comparisons, most injury-related characteristics differed for the stable good health group, but not for the groups with persistent health impairments and deteriorating health status. However, apart from functional status, only admission to a hospital ward or ICU was significantly associated with group membership in the symptom model—but in contrast to the group with deteriorating health, the odds were reduced. With respect to TBI-specific and generic HRQoL, female gender was associated with higher odds for improving health, which is similar to the group with persistent health impairments. In contrast to the group with persistent impairments, however, education, employment status, and living situation did not predict improving health. Further studies are necessary to identify additional psychosocial factors that support recovery. Overall, it can be concluded that individuals who exhibit stable premorbid health conditions (e.g., absence of severe diseases or psychological problems) are more likely to have a favorable recovery after TBI. This again highlights the need for accurate diagnosis to guide the selection of further interventions.





4.3. Strengths & Limitations


A core strength of our analysis is that we simultaneously investigated two different sets of outcomes, including multiple measures capturing symptom status as well as different instruments assessing TBI-specific and generic HRQoL. We performed a MLCMM analysis which so far, to the best of our knowledge, has never been used to investigate TBI recovery trajectories across all severity levels.



Furthermore, recuperation trajectories for both sets of outcomes were estimated simultaneously across corresponding measures within each model. This was quite beneficial as our results revealed converging classes and courses of recovery trajectories within separate models related to different sets of outcomes. Applying latent class mixture models for a multitude of outcomes may lead to the spurious identification of many latent classes, complicating interpretation of the results. The chosen statistical approach (i.e., MLCMM), however, accounts for the intercorrelations of the single symptom- and HRQoL-related indicators. The majority reported high stable health with regard to HRQoL and symptoms, which may indicate a common underlying neurological and biological basis. Additionally, both HRQoL and symptom trajectories were moderately correlated, indicating that more favorable trajectories for one outcome tend to coincide with more favorable trajectories for the other outcome. However, whereas most participants with persistent impairment regarding symptoms also reported HRQoL impairments, the reverse was not the case, indicating that HRQoL is more strongly impacted by other aspects of the participants’ lives than only symptoms. A drawback of this approach is, however, that differential change patterns among separate measures of symptoms or HRQoL remain undetected. Because of this, it was not possible to test whether the neurological and biological basis of the symptoms and HRQoL measured by the different instruments is heterogeneous. However, this was beyond the scope of the present study and should be the subject of future research.



Another strength of this study was the large sample size including the full range of TBI severity. However, the current sample did consist of individuals who were eligible for outcome assessment throughout the year after the injury. Thus, our sample may be biased regarding an overrepresentation of individuals after mild TBI, which in turn reflects the distribution of severity in the overall TBI population. Based on the study design, individuals evaluated in the ER and then discharged did not participate in the twelve-month outcome assessments. Hence, we have no information about their outcomes, which may limit the generalizability of the findings.



A further limitation may be seen in the fact that the analyses of trajectories of outcome after TBI were focused on PROs. Analyses of the trajectories of functional recovery, assessed by a clinical rating instrument, the GOSE and its questionnaire version, were therefore beyond the scope of this study. However, such an investigation could shed further light on the longitudinal development of outcome after TBI. In addition, the inclusion of further time points (e.g., two weeks and/or one year after TBI) to determine recuperation classes may allow outcome trajectories to be identified more accurately. A descriptive analysis of GOSE levels over time (three, six, and twelve months) for each trajectory class indicated that clinical and patient-reported ratings do not always concur. Some participants reported subjective impairments in spite of physical recovery and vice versa. A similar finding has already been reported when examining TBI-specific HRQoL in relation to functional recovery [121]. This underlines the importance of measuring patient-reported outcomes, since the GOSE does not capture every aspect of the participants’ lives. Further research into the latent classes identified in this study is encouraged to assess the needs of these patient groups in more detail and to derive more specific treatment and therapy options after TBI.





5. Conclusions


The analyses of outcome trajectories of individuals after TBI show clearly distinguishable patterns which are reproducible across different groups of outcomes (i.e., TBI-specific and generic HRQoL and symptoms) as well as within these outcome groups across different types of measures. The four classes comprise individuals with stable good health, persistent health impairments, improving health, and deteriorating health. Individuals after TBI in a particular latent class share a common singular pattern with respect to changes in both outcome sets. The factors contributing to outcome trajectories are consistent throughout all groups, including premorbid, injury-related, and demographic patient characteristics. Unfavorable outcome trajectories (i.e., persistent health impairments or deteriorating health status) are more likely to be present particularly in individuals suffering from premorbid physical and mental health problems. Thus, a differentiated medical history, including detailed psychiatric and physical anamneses, can support the identification of vulnerable patients. These findings can help health care providers, clinicians, and researchers to better understand the recuperation process and improve the treatment, care, and rehabilitation of patients. In addition, our results highlight that early treatment of psychiatric and functional impairments associated with TBI is crucial to prevent persistence, aggravation, and chronification of HRQoL impairments and symptoms.
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Table A1. Descriptive sociodemographic statistics for included and excluded participants.






Table A1. Descriptive sociodemographic statistics for included and excluded participants.











	Characteristic
	Included (n = 2555)
	Excluded (n = 1954)
	p-Value





	Age (in years)
	
	
	0.428



	M (SD)
	48.86 (19.49)
	49.1 (23.4)
	



	Sex
	
	
	0.005



	Male
	1669 (65.3%)
	1354 (69.3%)
	



	Education level
	
	
	<0.001



	None/primary school
	327 (14.4%)
	314 (24.3%)
	



	At least secondary/high school
	852 (37.5%)
	527 (40.8%)
	



	Post-high school training
	469 (20.6%)
	227 (17.6%)
	



	College/University
	626 (27.5%)
	224 (17.3%)
	



	Employment status
	
	
	<0.001



	Full-time employed
	1072 (44.7%)
	513 (32.4%)
	



	Part-time employed
	269 (11.2%)
	122 (7.70%)
	



	In training
	241 (10.1%)
	245 (15.5%)
	



	Unemployed
	216 (9.0%)
	190 (12.0%)
	



	Retired
	598 (25.0%)
	514 (32.4%)
	



	Marital status
	
	
	<0.001



	Never been married
	756 (31.3%)
	603 (36.8%)
	



	Married
	1073 (44.5%)
	663 (40.5%)
	



	Living together/common law
	221 (9.2%)
	113 (6.9%)
	



	Divorced/separated
	229 (9.5%)
	126 (7.7%)
	



	Widowed
	134 (5.6%)
	132 (8.1%)
	



	Living alone
	
	
	>0.99



	Yes
	526 (20.6%)
	400 (20.6%)
	







Note. Kruskal-Wallis rank sum test used for all continuous variables due to non-normal distribution; χ2-tests and permutation-based χ2-tests (<5 observations per cell; n = 5000 permutations) used for categorical data. n = absolute frequencies, % = relative frequencies, M = mean, SD = standard deviation. Bold values indicate group differences significant at p < 0.05).
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Table A2. Descriptive injury-related statistics for included and excluded participants.






Table A2. Descriptive injury-related statistics for included and excluded participants.











	Characteristic
	Included (n = 2555)
	Excluded (n = 1954)
	p-Value





	Physical health Status (ASA)
	
	
	<0.001



	Normal healthy
	1510 (59.8%)
	991 (53.6%)
	



	Mild disease
	805 (31.9%)
	605 (32.7%)
	



	Severe disease
	209 (8.3%)
	253 (13.7%)
	



	Psychological problems
	
	
	<0.001



	Yes
	304 (12.1%)
	297 (16.2%)
	



	TBI history
	
	
	0.176



	Yes
	249 (10.2%)
	153 (8.90%)
	



	Developmental problems
	
	
	0.143



	Yes
	26 (1.0%)
	29 (1.59%)
	



	Cause of injury
	
	
	<0.001



	Road traffic incident
	1026 (41.0%)
	656 (34.8%)
	



	Incidental fall
	1113 (44.5%)
	911 (48.3%)
	



	Other
	363 (14.5%)
	319 (16.9%)
	



	Clinical care pathways
	
	
	<0.001



	ER
	530 (20.7%)
	318 (16.3%)
	



	Admission
	974 (38.1%)
	549 (28.1%)
	



	ICU
	1051 (41.1%)
	1087 (55.6%)
	



	Length of hospital stay (days)
	
	
	0.040



	M (SD)
	11.44 (18.86)
	13.4 (23.7)
	



	Injury Severity Score (ISS)
	
	
	<0.001



	M (SD)
	18.62 (14.90)
	24.1 (18.8)
	



	Brain Injury Score (AIS)
	
	
	<0.001



	M (SD)
	2.99 (1.35)
	3.50 (1.51)
	



	TBI Severity Classification
	
	
	<0.001



	Uncomplicated mild
	935 (39.7%)
	566 (32.1%)
	



	Complicated mild
	829 (35.2%)
	414 (23.5%)
	



	Moderate
	183 (7.8%)
	206 (11.7%)
	



	Severe
	410 (17.4%)
	576 (32.7%)
	



	GOSE
	
	
	<0.001



	(1) Dead
	0 (0.00%)
	429 (34.8%)
	



	(2) VS/(3) Lower SD
	204 (7.98%)
	221 (17.9%)
	



	(4) Upper SD
	274 (10.7%)
	66 (5.4%)
	



	(5) Lower MD
	226 (8.85%)
	43 (3.5%)
	



	(6) Upper MD
	398 (15.6%)
	85 (6.9%)
	



	(7) Lower GR
	529 (20.7%)
	125 (10.1%)
	



	(8) Upper GR
	924 (36.2%)
	263 (21.3%)
	







Note. Kruskal-Wallis rank sum test used for all continuous variables due to non-normal distribution; χ2-tests and permutation-based χ2-tests (<5 observations per cell; n = 5000 permutations) used for categorical data. SD = Severe disability, MD = moderate disability, GR = good recovery. n = absolute frequencies, % = relative frequencies, M = mean, SD = standard deviation. Bold values indicate group differences significant at p < 0.05).














Appendix B. Multivariate Latent Class Growth Analysis Results
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Table A3. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS (N = 2555).
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Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5






	
(1)

Random intercept,

fixed slope

	
1

	
10

	
−65,860.31

	
131,740.61

	
131,799.07

	
131,767.30

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
13

	
−65,751.21

	
131,528.42

	
131,604.41

	
131,563.11

	
96.5

	
3.5

	

	

	

	
<0.001

	
0.80

	
0.79

	
0.96




	
3

	
16

	
−65,652.25

	
131,336.51

	
131,430.04

	
131,379.20

	
76.6

	
5.6

	
17.8

	

	

	
<0.001

	
0.68

	
0.74

	
0.89




	
4

	
19

	
−65,600.54

	
131,239.08

	
131,350.15

	
131,289.78

	
3.2

	
3.4

	
17.3

	
76.1

	

	
<0.001

	
0.71

	
0.70

	
0.89




	
5

	
22

	
−65,652.25

	
131,348.51

	
131,477.11

	
131,407.21

	
6.5

	
0.0

	
0.0

	
71.6

	
21.9

	
>0.999

	
0.37

	
0.00

	
0.72




	
(2)

Random intercept,

random slope,

	
1

	
12

	
−65,796.38

	
131,616.76

	
131,686.91

	
131,648.79

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
15

	
−65,693.04

	
131,416.07

	
131,503.76

	
131,456.10

	
80.2

	
19.8

	

	

	

	
<0.001

	
0.66

	
0.81

	
0.91




	
3

	
18

	
−65,641.63

	
131,319.26

	
131,424.48

	
131,367.29

	
19.6

	
76.5

	
3.9

	

	

	
<0.001

	
0.70

	
0.74

	
0.91




	
4

	
Model did not converge




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
10

	
−65,860.31

	
131,740.61

	
131,799.07

	
131,767.30

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
14

	
−65,751.15

	
131,530.30

	
131,612.14

	
131,567.66

	
3.1

	
96.9

	

	

	

	
<0.001

	
0.82

	
0.81

	
0.96




	
3

	
18

	
−65,627.70

	
131,291.41

	
131,396.63

	
131,339.44

	
5.0

	
54.4

	
40.5

	

	

	
<0.001

	
0.53

	
0.78

	
0.79




	
4

	
22

	
−65,579.01

	
131,202.02

	
131,330.62

	
131,260.72

	
3.4

	
52.7

	
41.1

	
2.8

	

	
<0.001

	
0.57

	
0.74

	
0.79




	
5

	
Model did not converge




	
(4)

Random intercept,

random slope,

different variances

	
1

	
12

	
−65,796.38

	
131,616.76

	
131,686.91

	
131,648.79

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−65,637.08

	
131,306.17

	
131,399.70

	
131,348.87

	
48.5

	
51.5

	

	

	

	
<0.001

	
0.47

	
0.76

	
0.89




	
3

	
20

	
−65,565.36

	
131,170.72

	
131,287.64

	
131,224.10

	
38.2

	
21.3

	
40.5

	

	

	
<0.001

	
0.58

	
0.69

	
0.89




	
4

	
Model did not converge








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A4. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ (N = 2555).






Table A4. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ (N = 2555).





	
Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5






	
(1)

Random intercept,

fixed slope

	
1

	
13

	
−68,155.52

	
136,337.04

	
136,413.04

	
136,371.73

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−67,662.29

	
135,356.59

	
135,450.12

	
135,399.29

	
90.9

	
9.1

	

	

	

	
<0.001

	
0.85

	
0.86

	
0.96




	
3

	
19

	
−67,196.45

	
134,430.89

	
134,541.96

	
134,481.60

	
7.8

	
11.6

	
80.6

	

	

	
<0.001

	
0.85

	
0.83

	
0.95




	
4

	
22

	
−67,009.75

	
134,063.50

	
134,192.11

	
134,122.21

	
9.5

	
7.0

	
76.8

	
6.7

	

	
<0.001

	
0.85

	
0.74

	
0.94




	
5

	
25

	
−67,009.75

	
134,069.50

	
134,215.64

	
134,136.21

	
9.6

	
76.7

	
6.7

	
7.0

	
0.0

	
>0.999

	
0.78

	
0.00

	
0.90




	
(2)

Random intercept,

random slope

	
1

	
15

	
−67,671.29

	
135,372.58

	
135,460.26

	
135,412.60

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
18

	
−67,290.22

	
134,616.44

	
134,721.67

	
134,664.48

	
84.9

	
15.1

	

	

	

	
<0.001

	
0.88

	
0.89

	
0.97




	
3

	
21

	
−67,290.22

	
134,622.44

	
134,745.20

	
134,678.48

	
15.7

	
84.3

	
0.0

	

	

	
>0.999

	
0.46

	
0.00

	
0.88




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
13

	
−68,155.52

	
136,337.04

	
136,413.04

	
136,371.73

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
17

	
−67,596.70

	
135,227.40

	
135,326.78

	
135,272.76

	
11.3

	
88.7

	

	

	

	
<0.001

	
0.79

	
0.87

	
0.95




	
3

	
21

	
−66,944.93

	
133,931.86

	
134,054.62

	
133,987.90

	
10.9

	
65.5

	
23.6

	

	

	
<0.001

	
0.71

	
0.82

	
0.90




	
4

	
25

	
−66,730.05

	
133,510.09

	
133,656.24

	
133,576.81

	
33.3

	
42.9

	
8.7

	
15.1

	

	
<0.001

	
0.64

	
0.76

	
0.85




	
5

	
29

	
−66,639.54

	
133,337.08

	
133,506.61

	
133,414.47

	
8.9

	
33.0

	
5.1

	
41.6

	
11.3

	
<0.001

	
0.66

	
0.72

	
0.84




	
6

	
Model did not converge




	
(4)

Random intercept,

random slope,

different variances

	
1

	
15

	
−67,671.29

	
135,372.58

	
135,460.26

	
135,412.60

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
19

	
−66,770.92

	
133,579.84

	
133,690.91

	
133,630.54

	
55.6

	
44.4

	

	

	

	
<0.001

	
0.67

	
0.88

	
0.94




	
3

	
23

	
−66,520.72

	
133,087.44

	
133,221.90

	
133,148.82

	
33.6

	
42.8

	
23.6

	

	

	
<0.001

	
0.66

	
0.78

	
0.91




	
4

	
Model did not converge








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A5. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS for participants with uncomplicated mild TBI (N = 935).






Table A5. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS for participants with uncomplicated mild TBI (N = 935).





	
Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5






	
(1)

Random intercept,

fixed slope

	
1

	
10

	
−21,946.06

	
43,912.13

	
43,960.53

	
43,928.77

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
13

	
−21,902.23

	
43,830.45

	
43,893.38

	
43,852.09

	
92.1

	
7.9

	

	

	

	
<0.001

	
0.76

	
0.77

	
0.95




	
3

	
16

	
−21,864.55

	
43,761.10

	
43,838.55

	
43,787.74

	
3.0

	
75.4

	
21.6

	

	

	
<0.001

	
0.72

	
0.77

	
0.92




	
4

	
19

	
−21,839.53

	
43,717.05

	
43,809.02

	
43,748.68

	
17.6

	
77.1

	
2.1

	
3.1

	

	
<0.001

	
0.74

	
0.71

	
0.91




	
5

	
22

	
−21,839.53

	
43,723.05

	
43,829.54

	
43,759.67

	
19.0

	
2.2

	
75.4

	
3.3

	
0.0

	
>0.999

	
0.60

	
0.69

	
0.82




	
(2)

Random intercept,

random slope,

	
1

	
12

	
−21,920.71

	
43,865.41

	
43,923.50

	
43,885.39

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
15

	
−21,874.30

	
43,778.59

	
43,851.20

	
43,803.56

	
80.3

	
19.7

	

	

	

	
<0.001

	
0.70

	
0.83

	
0.94




	
3

	
18

	
−21,855.03

	
43,746.06

	
43,833.19

	
43,776.02

	
2.0

	
19.1

	
78.8

	

	

	
<0.001

	
0.75

	
0.79

	
0.93




	
4

	
21

	
−21,855.03

	
43,752.06

	
43,853.71

	
43,787.02

	
2.2

	
75.8

	
0.0

	
21.9

	

	
>0.999

	
0.43

	
0.53

	
0.75




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
10

	
−21,946.06

	
43,912.13

	
43,960.53

	
43,928.77

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
14

	
−21,900.68

	
43,829.37

	
43,897.14

	
43,852.67

	
92.5

	
7.5

	

	

	

	
<0.001

	
0.72

	
0.77

	
0.94




	
3

	
18

	
−21,849.90

	
43,735.81

	
43,822.94

	
43,765.77

	
3.2

	
57.1

	
39.7

	

	

	
<0.001

	
0.55

	
0.79

	
0.82




	
4

	
22

	
−21,829.14

	
43,702.28

	
43,808.78

	
43,738.91

	
33.4

	
2.4

	
61.2

	
3.1

	

	
<0.001

	
0.60

	
0.71

	
0.82




	
5

	
26

	
−21,808.49

	
43,668.98

	
43,794.84

	
43,712.26

	
43.1

	
2.5

	
22.7

	
3.0

	
28.8

	
<0.001

	
0.60

	
0.70

	
0.81




	
6

	
Model did not converge




	
(4)

Random intercept,

random slope,

different variances

	
1

	
12

	
−21,920.71

	
43,865.41

	
43,923.50

	
43,885.39

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−21,848.86

	
43,729.72

	
43,807.17

	
43,756.36

	
44.2

	
55.8

	

	

	

	
<0.001

	
0.47

	
0.79

	
0.90




	
3

	
20

	
−21,813.66

	
43,667.32

	
43,764.13

	
43,700.61

	
36.9

	
25.3

	
37.8

	

	

	
<0.001

	
0.61

	
0.72

	
0.90




	
4

	
24

	
−21,799.13

	
43,646.27

	
43,762.44

	
43,686.22

	
37.2

	
25.0

	
11.2

	
26.5

	

	
<0.001

	
0.61

	
0.68

	
0.88




	
5

	
Model did not converge








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A6. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS for participants with complicated mild TBI (N = 829).






Table A6. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS for participants with complicated mild TBI (N = 829).





	
Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4






	
(1)

Random intercept,

fixed slope

	
1

	
10

	
−22,678.04

	
45,376.09

	
45,423.29

	
45,391.53

	
100.0

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
13

	
−22,650.23

	
45,326.47

	
45,387.83

	
45,346.55

	
97.0

	
3.0

	

	

	
<0.001

	
0.87

	
0.79

	
0.98




	
3

	
16

	
−22,617.02

	
45,266.04

	
45,341.56

	
45,290.75

	
80.9

	
4.1

	
15.0

	

	
<0.001

	
0.73

	
0.77

	
0.91




	
4

	
19

	
−22,617.02

	
45,272.04

	
45,361.72

	
45,301.38

	
0.0

	
80.1

	
4.1

	
15.8

	
>0.999

	
0.54

	
0.75

	
0.77




	
(2)

Random intercept,

random slope,

	
1

	
12

	
−22,671.25

	
45,366.50

	
45,423.14

	
45,385.03

	
100.0

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
15

	
−22,638.70

	
45,307.41

	
45,378.21

	
45,330.58

	
84.4

	
15.6

	

	

	
<0.001

	
0.68

	
0.83

	
0.92




	
3

	
18

	
−22,616.95

	
45,269.89

	
45,354.86

	
45,297.69

	
15.1

	
4.2

	
80.7

	

	
<0.001

	
0.73

	
0.76

	
0.91




	
4

	
21

	
−22,616.95

	
45,275.89

	
45,375.02

	
45,308.33

	
18.5

	
0.0

	
76.7

	
4.8

	
>0.999

	
0.40

	
0.50

	
0.73




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
10

	
−22,678.04

	
45,376.09

	
45,423.29

	
45,391.53

	
100.0

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
14

	
−22,649.69

	
45,327.37

	
45,393.46

	
45,349.00

	
49.5

	
50.5

	

	

	
<0.001

	
0.38

	
0.75

	
0.84




	
3

	
18

	
−22,613.70

	
45,263.40

	
45,348.37

	
45,291.21

	
4.7

	
66.9

	
28.3

	

	
<0.001

	
0.59

	
0.76

	
0.84




	
4

	
Model did not converge




	
(4)

Random intercept,

random slope,

different variances

	
1

	
12

	
−22,671.25

	
45,366.50

	
45,423.14

	
45,385.03

	
100.0

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−22,630.12

	
45,292.25

	
45,367.77

	
45,316.96

	
48.9

	
51.1

	

	

	
<0.001

	
0.42

	
0.77

	
0.86




	
3

	
20

	
−22,612.43

	
45,264.85

	
45,359.26

	
45,295.75

	
3.6

	
59.1

	
37.3

	

	
<0.001

	
0.54

	
0.76

	
0.80




	
4

	
24

	
−22,600.68

	
45,249.35

	
45,362.64

	
45,286.42

	
49.3

	
16.4

	
3.0

	
31.2

	
<0.001

	
0.57

	
0.72

	
0.81




	
5

	
Model did not converge








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A7. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS for participants with moderate or severe TBI (N = 593).






Table A7. Multivariate Latent Class Growth Analysis for QoLIBRI-OS and SF-12v2 MCS/PCS for participants with moderate or severe TBI (N = 593).





	
Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5






	
(1)

Random intercept,

fixed slope

	
1

	
10

	
−16,150.86

	
32,321.72

	
32,365.58

	
32,333.83

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
13

	
−16,124.21

	
32,274.42

	
32,331.43

	
32,290.16

	
6.4

	
93.6

	

	

	

	
<0.001

	
0.69

	
0.78

	
0.93




	
3

	
16

	
−16,110.17

	
32,252.35

	
32,322.51

	
32,271.72

	
7.8

	
86.5

	
5.7

	

	

	
<0.001

	
0.68

	
0.72

	
0.88




	
4

	
19

	
−16,097.75

	
32,233.50

	
32,316.82

	
32,256.50

	
22.6

	
66.6

	
7.6

	
3.2

	

	
<0.001

	
0.63

	
0.69

	
0.85




	
5

	
22

	
−16,097.75

	
32,239.50

	
32,335.97

	
32,266.13

	
28.7

	
3.9

	
58.5

	
0.0

	
8.9

	
>0.999

	
0.42

	
0.48

	
0.65




	
(2)

Random intercept,

random slope,

	
1

	
12

	
−16,129.65

	
32,283.30

	
32,335.93

	
32,297.83

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
15

	
−16,112.44

	
32,254.89

	
32,320.66

	
32,273.04

	
79.3

	
20.7

	

	

	

	
<0.001

	
0.59

	
0.81

	
0.89




	
3

	
18

	
−16,101.96

	
32,239.93

	
32,318.86

	
32,261.72

	
39.3

	
53.0

	
7.8

	

	

	
<0.001

	
0.63

	
0.76

	
0.87




	
4

	
21

	
−16,101.96

	
32,245.93

	
32,338.02

	
32,271.35

	
44.5

	
0.0

	
7.8

	
47.7

	

	
>0.999

	
0.45

	
0.52

	
0.87




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
10

	
−16,150.86

	
32,321.72

	
32,365.58

	
32,333.83

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
14

	
−16,123.77

	
32,275.54

	
32,336.94

	
32,292.49

	
6.2

	
93.8

	

	

	

	
<0.001

	
0.72

	
0.77

	
0.94




	
3

	
18

	
−16,107.20

	
32,250.40

	
32,329.33

	
32,272.19

	
14.8

	
48.2

	
36.9

	

	

	
<0.001

	
0.45

	
0.72

	
0.77




	
4

	
22

	
−16,095.27

	
32,234.55

	
32,331.02

	
32,261.18

	
48.9

	
41.1

	
3.9

	
6.1

	

	
<0.001

	
0.54

	
0.72

	
0.76




	
5

	
Model did not converge




	
(4)

Random intercept,

random slope,

different variances

	
1

	
12

	
−16,129.65

	
32,283.30

	
32,335.93

	
32,297.83

	
100.0

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−16,105.28

	
32,242.57

	
32,312.73

	
32,261.94

	
71.2

	
28.8

	

	

	

	
<0.001

	
0.57

	
0.73

	
0.91




	
3

	
20

	
−16,090.06

	
32,220.12

	
32,307.82

	
32,244.33

	
34.4

	
18.4

	
47.2

	

	

	
<0.001

	
0.57

	
0.66

	
0.89




	
4

	
24

	
−16,086.19

	
32,220.38

	
32,325.63

	
32,249.44

	
35.9

	
37.4

	
18.7

	
7.9

	

	
0.118

	
0.68

	
0.78

	
0.84








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A8. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ for participants with uncomplicated mild TBI (N = 935).






Table A8. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ for participants with uncomplicated mild TBI (N = 935).





	
Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5

	
6






	
(1)

Random intercept,

fixed slope

	
1

	
13

	
−22,525.18

	
45,076.37

	
45,139.30

	
45,098.01

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−22,367.14

	
44,766.28

	
44,843.73

	
44,792.91

	
90.7

	
9.3

	

	

	

	

	
<0.001

	
0.90

	
0.87

	
0.98




	
3

	
19

	
−22,215.31

	
44,468.61

	
44,560.58

	
44,500.24

	
5.1

	
83.6

	
11.2

	

	

	

	
<0.001

	
0.88

	
0.83

	
0.97




	
4

	
22

	
−22,152.65

	
44,349.30

	
44,455.79

	
44,385.92

	
16.1

	
4.5

	
4.9

	
74.4

	

	

	
<0.001

	
0.87

	
0.80

	
0.96




	

	
5

	
25

	
−22,152.65

	
44,355.30

	
44,476.31

	
44,396.92

	
16.1

	
4.9

	
0.0

	
74.4

	
4.5

	

	
>0.999

	
0.84

	
0.80

	
0.94




	
(2)

Random intercept,

random slope,

	
1

	
15

	
−22,416.08

	
44,862.16

	
44,934.76

	
44,887.13

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
18

	
−22,265.59

	
44,567.18

	
44,654.31

	
44,597.14

	
87.8

	
12.2

	

	

	

	

	
<0.001

	
0.89

	
0.91

	
0.98




	
3

	
21

	
−22,191.35

	
44,424.71

	
44,526.36

	
44,459.67

	
18.7

	
3.2

	
78.1

	

	

	

	
<0.001

	
0.92

	
0.91

	
0.98




	
4

	
24

	
−22,265.59

	
44,579.18

	
44,695.36

	
44,619.13

	
0.0

	
0.0

	
85.8

	
14.2

	

	

	
>0.999

	
0.32

	
0.46

	
0.83




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
13

	
−22,525.18

	
45,076.37

	
45,139.30

	
45,098.01

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
17

	
−22,239.49

	
44,512.98

	
44,595.27

	
44,541.28

	
56.9

	
43.1

	

	

	

	

	
<0.001

	
0.65

	
0.87

	
0.96




	
3

	
21

	
−22,071.70

	
44,185.41

	
44,287.06

	
44,220.36

	
56.1

	
7.6

	
36.3

	

	

	

	
<0.001

	
0.72

	
0.85

	
0.90




	
4

	
25

	
−21,999.57

	
44,049.13

	
44,170.15

	
44,090.75

	
33.6

	
7.0

	
50.5

	
9.0

	

	

	
<0.001

	
0.69

	
0.76

	
0.87




	
5

	
29

	
−21,960.61

	
43,979.23

	
44,119.60

	
44,027.50

	
17.5

	
23.2

	
7.5

	
48.8

	
3.0

	

	
<0.001

	
0.68

	
0.69

	
0.88




	
6

	
33

	
−21,933.83

	
43,933.67

	
44,093.41

	
43,988.60

	
24.9

	
7.1

	
14.8

	
49.0

	
1.6

	
2.7

	
<0.001

	
0.71

	
0.70

	
0.90




	
(4)

Random intercept,

random slope,

different variances

	
1

	
15

	
−22,416.08

	
44,862.16

	
44,934.76

	
44,887.13

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
19

	
−22,017.10

	
44,072.20

	
44,164.17

	
44,103.83

	
54.5

	
45.5

	

	

	

	

	
<0.001

	
0.72

	
0.91

	
0.95




	
3

	
23

	
−21,928.60

	
43,903.21

	
44,014.54

	
43,941.50

	
49.6

	
23.3

	
27.1

	

	

	

	
<0.001

	
0.71

	
0.77

	
0.93




	
4

	
Model did not converge








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A9. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ for participants with complicated mild TBI (N = 829).






Table A9. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ for participants with complicated mild TBI (N = 829).





	
Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5

	
6






	
(1)

Random intercept,

fixed slope

	
1

	
13

	
−23,554.78

	
47,135.57

	
47,196.93

	
47,155.65

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−23,411.19

	
46,854.39

	
46,929.91

	
46,879.10

	
8.9

	
91.1

	

	

	

	

	
<0.001

	
0.88

	
0.89

	
0.97




	
3

	
19

	
−23,251.66

	
46,541.32

	
46,631.00

	
46,570.67

	
79.7

	
12.2

	
8.1

	

	

	

	
<0.001

	
0.87

	
0.85

	
0.97




	
4

	
22

	
−23,197.04

	
46,438.09

	
46,541.93

	
46,472.07

	
6.5

	
9.8

	
7.7

	
76.0

	

	

	
<0.001

	
0.86

	
0.78

	
0.96




	
5

	
25

	
−23,197.04

	
46,444.09

	
46,562.09

	
46,482.70

	
6.9

	
7.7

	
75.2

	
10.3

	
0.0

	

	
>0.999

	
0.58

	
0.62

	
0.87




	
(2)

Random intercept,

random slope

	
1

	
15

	
−23,428.64

	
46,887.29

	
46,958.09

	
46,910.46

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
18

	
−23,296.27

	
46,628.55

	
46,713.51

	
46,656.35

	
83.0

	
17.0

	

	

	

	

	
<0.001

	
0.88

	
0.91

	
0.98




	
3

	
21

	
−23,296.27

	
46,634.55

	
46,733.67

	
46,666.98

	
0.0

	
83.0

	
17.0

	

	

	

	
>0.999

	
0.89

	
0.91

	
0.97




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
13

	
−23,554.78

	
47,135.57

	
47,196.93

	
47,155.65

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
17

	
−23,368.42

	
46,770.84

	
46,851.08

	
46,797.10

	
66.0

	
34.0

	

	

	

	

	
<0.001

	
0.59

	
0.87

	
0.93




	
3

	
21

	
−23,175.18

	
46,392.36

	
46,491.48

	
46,424.79

	
11.3

	
69.0

	
19.7

	

	

	

	
<0.001

	
0.75

	
0.83

	
0.92




	
4

	
25

	
−23,109.07

	
46,268.14

	
46,386.14

	
46,306.75

	
36.2

	
14.8

	
38.0

	
11.0

	

	

	
<0.001

	
0.67

	
0.78

	
0.86




	
5

	
29

	
−23,089.27

	
46236.53

	
46,373.42

	
46,281.32

	
27.5

	
5.5

	
39.6

	
15.0

	
12.4

	

	
<0.001

	
0.66

	
0.67

	
0.87




	
6

	
33

	
−23,070.54

	
46,207.08

	
46,362.84

	
46,258.05

	
27.1

	
4.7

	
14.1

	
3.3

	
39.8

	
11.0

	
<0.001

	
0.68

	
0.66

	
0.88




	
(4)

Random intercept,

random slope,

different variances

	
1

	
15

	
−23,428.64

	
46,887.29

	
46,958.09

	
46,910.46

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
19

	
−23,144.47

	
46,326.94

	
46,416.62

	
46,356.29

	
61.5

	
38.5

	

	

	

	

	
<0.001

	
0.65

	
0.89

	
0.93




	
3

	
Model did not converge








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Table A10. Multivariate Latent Class Growth Analysis for PHQ-9, GAD-7, PCL-5 and RPQ for participants with moderate or severe TBI (N = 593).
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Model

	
NC

	
NPM

	
LogLik

	
AIC

	
BIC

	
SABIC

	
Class (%)

	
LMR (p)

	
Entr.

	
PP Min

	
PP Max




	
1

	
2

	
3

	
4

	
5

	
6






	
(1)

Random intercept,

fixed slope

	
1

	
13

	
−16,786.95

	
33,599.90

	
33,656.90

	
33,615.63

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
16

	
−16,623.86

	
33,279.72

	
33,349.89

	
33,299.09

	
86.7

	
13.3

	

	

	

	

	
<0.001

	
0.74

	
0.87

	
0.94




	
3

	
19

	
−16,514.80

	
33,067.60

	
33,150.92

	
33,090.60

	
12.1

	
75.0

	
12.8

	

	

	

	
<0.001

	
0.79

	
0.83

	
0.93




	
4

	
22

	
−16,473.81

	
32,991.63

	
33,088.10

	
33,018.26

	
11.5

	
6.2

	
72.7

	
9.6

	

	

	
<0.001

	
0.80

	
0.79

	
0.92




	
5

	
25

	
−16,455.19

	
32,960.38

	
33,070.01

	
32,990.65

	
14.8

	
6.7

	
62.9

	
3.4

	
12.1

	

	
<0.001

	
0.78

	
0.78

	
0.89




	
6

	
28

	
−16,455.19

	
32,966.38

	
33,089.17

	
33,000.28

	
15.9

	
0.0

	
57.3

	
16.7

	
6.7

	
3.4

	
1.000

	
0.58

	
0.47

	
0.87




	
(2)

Random intercept,

random slope

	
1

	
15

	
−16,599.62

	
33,229.23

	
33,295.01

	
33,247.39

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
18

	
−16,530.04

	
33,096.07

	
33,175.01

	
33,117.86

	
15.7

	
84.3

	

	

	

	

	
<0.001

	
0.85

	
0.87

	
0.97




	
3

	
21

	
−16,530.04

	
33,102.08

	
33,194.16

	
33,127.50

	
0.0

	
17.9

	
82.1

	

	

	

	
1.000

	
0.40

	
0.60

	
0.82




	
(3)

Random intercept,

fixed slope,

different variances

	
1

	
13

	
−16,786.95

	
33,599.90

	
33,656.90

	
33,615.63

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
17

	
−16,621.38

	
33,276.77

	
33,351.32

	
33,297.35

	
14.7

	
85.3

	

	

	

	

	
<0.001

	
0.74

	
0.87

	
0.94




	
3

	
21

	
−16,469.16

	
32,980.31

	
33,072.40

	
33,005.73

	
16.4

	
63.4

	
20.2

	

	

	

	
<0.001

	
0.72

	
0.84

	
0.89




	
4

	
25

	
−16,434.10

	
32,918.20

	
33,027.83

	
32,948.47

	
31.7

	
37.4

	
12.5

	
18.4

	

	

	
<0.001

	
0.62

	
0.74

	
0.85




	
5

	
29

	
−16,413.02

	
32,884.03

	
33,011.20

	
32,919.14

	
31.7

	
14.5

	
35.6

	
8.9

	
9.3

	

	
<0.001

	
0.63

	
0.73

	
0.79




	
6

	
33

	
−16,375.99

	
32,817.98

	
32,962.69

	
32,857.92

	
21.6

	
37.1

	
6.9

	
15.3

	
1.9

	
17.2

	
<0.001

	
0.66

	
0.62

	
0.89




	
(4)

Random intercept,

random slope,

different variances

	
1

	
15

	
−16,599.62

	
33,229.23

	
33,295.01

	
33,247.39

	
100.0

	

	

	

	

	

	

	
1.00

	
0.00

	
0.00




	
2

	
19

	
−16,430.22

	
32,898.45

	
32,981.77

	
32,921.45

	
48.9

	
51.1

	

	

	

	

	
<0.001

	
0.65

	
0.86

	
0.95




	
3

	
23

	
−16,375.14

	
32,796.27

	
32,897.13

	
32,824.11

	
25.5

	
36.1

	
38.4

	

	

	

	
<0.001

	
0.64

	
0.79

	
0.91




	
4

	
27

	
−16,357.49

	
32,768.98

	
32,887.38

	
32,801.67

	
39.0

	
1.0

	
36.1

	
23.9

	

	

	
<0.001

	
0.73

	
0.81

	
0.92




	
5

	
31

	
−16,353.25

	
32,768.51

	
32,904.45

	
32,806.03

	
35.6

	
3.2

	
1.0

	
36.4

	
23.8

	

	
0.090

	
0.72

	
0.61

	
0.93








Note. NC = number of classes, NPM = number of parameters, AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion, SABIC = sample size adjusted BIC, Entr. = entropy, LMR = Lo-Mendell-Rubin likelihood ratio test, PP = posterior class probability; highest LogLik and lowest AIC, BIC, and SABIC printed in bold.
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Figure A1. Generic and disease-specific HRQoL trajectories (QOLIBRI-OS, SF-12 v2 MCS/PCS) for the best solutions of model 1 (random intercept, fixed slope) for subgroups with different TBI severity. Solid, colored lines indicate predicted trajectories, dashed lines the observed values. Shaded areas around lines indicate 95% confidence intervals for predicted values. Gray lines mark cut-off for unfavorable values for the QOLIBRI-OS (<53) as well as mean (=50) and standard deviation (+/−10) for the SF-12v2 MCS/PCS. Gray area marks values below the cut-off for unfavorable levels of quality of life (QOLIBRI-OS < 52, SF-12v2 MCS/PCS < 50). 
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Figure A2. Symptom trajectories (GAD-7, PHQ-9, PCL-5 and RPQ) for the best solutions of model 1 (random intercept, fixed slope) for subgroups with different TBI severity. Solid, colored lines indicate predicted trajectories, dashed lines the observed values. Shaded areas around lines indicate 95% confidence intervals for predicted values. Gray lines mark cut-off values for categorical classification of outcomes (GAD-7: 5 = mild, 10 = moderate, 15 = severe; PHQ-9: 5 = mild, 10 = moderate, 15 = severe; RPQ: 13 = mild, 25 = moderate, 33 = severe; PCL-5 ≥ 31: PTBS screening). Gray areas mark values above the cut-offs for clinical relevance (GAD-7 ≥ 10; PHQ-9 ≥ 10; PCL-5 ≥ 31; RPQ ≥ 13). 






Figure A2. Symptom trajectories (GAD-7, PHQ-9, PCL-5 and RPQ) for the best solutions of model 1 (random intercept, fixed slope) for subgroups with different TBI severity. Solid, colored lines indicate predicted trajectories, dashed lines the observed values. Shaded areas around lines indicate 95% confidence intervals for predicted values. Gray lines mark cut-off values for categorical classification of outcomes (GAD-7: 5 = mild, 10 = moderate, 15 = severe; PHQ-9: 5 = mild, 10 = moderate, 15 = severe; RPQ: 13 = mild, 25 = moderate, 33 = severe; PCL-5 ≥ 31: PTBS screening). Gray areas mark values above the cut-offs for clinical relevance (GAD-7 ≥ 10; PHQ-9 ≥ 10; PCL-5 ≥ 31; RPQ ≥ 13).
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Appendix D. Association of HRQoL and Symptom Classes
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Figure A3. Association of HRQoL and symptom classes identified by Multivariate Latent Class Mixture Modelling (χ2(9) = 1152.96, p < 0.001; Cramer’s v = 0.39 [small: 0.1, medium: 0.2, large: 0.6]); percentages < 3% not displayed. 
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Appendix E. Comparison of Trajectory Classes
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Table A11. Descriptive sociodemographic statistics for the four classes of TBI-specific and generic HRQoL trajectories.
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	Characteristic
	(A)

Stable Good Health Status

(n = 1944) 1
	(B)

Persistent Health Impairments (n = 442) 1
	(C)

Deteriorating Health Status

(n = 86) 1
	(D)

Improving Health Status

(n = 83) 1
	p-Value 2





	Age (in years)
	ns
	ns
	ns
	ns
	0.069



	M (SD)
	48.24 (19.70)
	51.19 (18.44)
	49.40 (19.76)
	50.41 (19.07)
	



	Sex
	B
	A
	ns
	ns
	<0.001



	Male
	1318 (67.8%)
	246 (55.7%)
	60 (69.8%)
	45 (54.2%)
	



	Education level
	B
	A
	ns
	ns
	<0.001



	None/primary school
	211 (12.2%)
	88 (22.3%)
	14 (18.2%)
	14 (18.7%)
	



	At least secondary/high school
	649 (37.6%)
	151 (38.3%)
	31 (40.3%)
	21 (28.0%)
	



	Post-high school training
	353 (20.4%)
	81 (20.6%)
	16 (20.8%)
	19 (25.3%)
	



	College/University
	515 (29.8%)
	74 (18.8%)
	16 (20.8%)
	21 (28.0%)
	



	Employment status
	B
	A
	ns
	ns
	<0.001



	Full-time employed
	835 (45.6%)
	170 (41.9%)
	35 (43.8%)
	32 (40.5%)
	



	Part-time employed
	201 (11.0%)
	46 (11.3%)
	11 (13.8%)
	11 (13.9%)
	



	In training
	210 (11.5%)
	19 (4.7%)
	4 (5.0%)
	8 (10.1%)
	



	Unemployed
	126 (6.9%)
	70 (17.2%)
	11 (13.8%)
	9 (11.4%)
	



	Retired
	459 (25.1%)
	101 (24.9%)
	19 (23.8%)
	19 (24.1%)
	



	Marital status
	B
	A
	ns
	ns
	<0.001



	Never been married
	597 (32.4%)
	111 (26.9%)
	25 (31.6%)
	23 (28.7%)
	



	Married
	830 (45.1%)
	169 (41.0%)
	36 (45.6%)
	38 (47.5%)
	



	Living together/common law
	172 (9.3%)
	38 (9.2%)
	5 (6.3%)
	6 (7.5%)
	



	Divorced/separated
	159 (8.6%)
	55 (13.3%)
	5 (6.3%)
	10 (12.5%)
	



	Widowed
	84 (4.6%)
	39 (9.5%)
	8 (10.1%)
	3 (3.8%)
	



	Living alone
	B
	A
	ns
	ns
	0.015



	Yes
	374 (19.3%)
	115 (26.1%)
	18 (20.9%)
	19 (22.9%)
	







Note. 1 Mean (SD); n (% valid); 2 Kruskal-Wallis rank sum test used for all continuous variables due to non-normal distribution; χ2-tests and permutation-based χ2-tests (<5 observations per cell; n = 5000 permutations) used for categorical data. Letters indicate group differences significant at p < 0.05 (Benjamini-Hochberg correction for multiple testing); ns = non-significant.
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Table A12. Descriptive premorbid and injury-related statistics for the four classes of TBI-specific and generic HRQoL trajectories.
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	Characteristic
	(A)

Stable Good Health Status

(n = 1944) 1
	(B)

Persistent Health Impairments (n = 442) 1
	(C)

Deteriorating Health Status

(n = 86) 1
	(D)

Improving Health Status

(n = 83) 1
	p-Value 2





	Physical health Status (ASA)
	B
	A
	ns
	ns
	<0.001



	Normal healthy
	1209 (62.9%)
	212 (48.6%)
	47 (56.0%)
	42 (51.2%)
	



	Mild disease
	583 (30.3%)
	161 (36.9%)
	29 (34.5%)
	32 (39.0%)
	



	Severe disease
	130 (6.8%)
	63 (14.4%)
	8 (9.5%)
	8 (9.8%)
	



	Psychological problems
	B, D
	A
	ns
	A
	<0.001



	Yes
	171 (8.9%)
	102 (23.4%)
	12 (14.3%)
	19 (22.9%)
	



	TBI history
	ns
	ns
	ns
	ns
	0.645



	Yes
	188 (10.1%)
	40 (9.5%)
	11 (13.3%)
	10 (12.8%)
	



	Developmental problems
	ns
	ns
	ns
	ns
	0.413



	Yes
	19 (1.0%)
	5 (1.2%)
	0 (0.0%)
	2 (2.4%)
	



	Cause of injury
	ns
	ns
	ns
	ns
	0.065



	Road traffic incident
	747 (39.2%)
	200 (46.1%)
	43 (51.8%)
	36 (45.0%)
	



	Incidental fall
	873 (45.8%)
	175 (40.3%)
	31 (37.3%)
	34 (42.5%)
	



	Other
	285 (15.0%)
	59 (13.6%)
	9 (10.8%)
	10 (12.5%)
	



	Clinical care pathways
	B, C, D
	A, D
	A
	A, B
	<0.001



	ER
	445 (22.9%)
	74 (16.7%)
	6 (7.0%)
	5 (6.0%)
	



	Admission
	780 (40.1%)
	138 (31.2%)
	33 (38.4%)
	23 (27.7%)
	



	ICU
	719 (37.0%)
	230 (52.0%)
	47 (54.7%)
	55 (66.3%)
	



	Length of hospital stay (days)
	B, C, D
	A
	A
	A
	<0.001



	M (SD)
	9.74 (17.34)
	16.81 (23.06)
	16.84 (22.05)
	16.95 (17.33)
	



	Injury Severity Score (ISS)
	B, C, D
	A, D
	A, D
	A, B, C
	<0.001



	M (SD)
	17.23 (14.00)
	22.60 (17.21)
	21.81 (15.57)
	26.77 (14.95)
	



	Brain Injury Score (AIS)
	B, C, D
	A, D
	A, D
	A, B, C
	<0.001



	M (SD)
	2.88 (1.32)
	3.26 (1.37)
	3.34 (1.27)
	3.75 (1.33)
	



	TBI severity
	B, C, D
	A
	A
	A
	<0.001



	Uncomplicated mild
	764 (42.7%)
	130 (31.9%)
	21 (26.6%)
	20 (25.3%)
	



	Complicated mild
	635 (35.5%)
	142 (34.8%)
	30 (38.0%)
	22 (27.8%)
	



	Moderate
	127 (7.1%)
	38 (9.3%)
	7 (8.9%)
	11 (13.9%)
	



	Severe
	265 (14.8%)
	98 (24.0%)
	21 (26.6%)
	26 (32.9%)
	



	GOSE
	B, C, D
	A, C, D
	A, B, D
	A, B, C
	<0.001



	(2) VS/(3) Lower SD
	76 (3.9%)
	93 (21.0%)
	12 (14.0%)
	23 (27.7%)
	



	(4) Upper SD
	140 (7.2%)
	110 (24.9%)
	12 (14.0%)
	12 (14.5%)
	



	(5) Lower MD
	142 (7.3%)
	62 (14.0%)
	9 (10.5%)
	13 (15.7%)
	



	(6) Upper MD
	286 (14.7%)
	76 (17.2%)
	16 (18.6%)
	20 (24.1%)
	



	(7) Lower GR
	444 (22.8%)
	58 (13.1%)
	14 (16.3%)
	13 (15.7%)
	



	(8) Upper GR
	856 (44.0%)
	43 (9.7%)
	23 (26.7%)
	2 (2.4%)
	







Note. 1 Mean (SD); n (% valid); 2 Kruskal-Wallis rank sum test used for all continuous variables due to non-normal distribution; χ2-tests and permutation-based χ2-tests (<5 observations per cell; n = 5000 permutations) used for categorical data. SD = Severe disability, MD = moderate disability, GR = good recovery. Letters (A–D) indicate group differences significant at p < 0.05 (Benjamini-Hochberg correction for multiple testing); ns = non-significant.
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Table A13. Descriptive sociodemographic statistics for the four classes of symptom trajectories.
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	Characteristic
	(A)

Stable Good Health Status

(n = 1963) 1
	(B)

Persistent Health Impairments (n = 179) 1
	(C)

Deteriorating Health Status

(n = 170) 1
	(D)

Improving Health Status

(n = 243) 1
	p-Value 2





	Age (in years)
	B
	A
	ns
	ns
	<0.001



	M (SD)
	49.59 (19.89)
	44.20 (17.71)
	46.86 (17.62)
	47.76 (18.18)
	



	Sex
	ns
	ns
	ns
	ns
	0.139



	Male
	1306 (66.5%)
	109 (60.9%)
	104 (61.2%)
	150 (61.7%)
	



	Education level
	B
	A
	ns
	ns
	0.004



	None/primary school
	231 (13.2%)
	36 (22.6%)
	20 (13.2%)
	40 (18.2%)
	



	At least secondary/high school
	651 (37.3%)
	66 (41.5%)
	58 (38.4%)
	77 (35.0%)
	



	Post-high school training
	354 (20.3%)
	26 (16.4%)
	39 (25.8%)
	50 (22.7%)
	



	College/University
	508 (29.1%)
	31 (19.5%)
	34 (22.5%)
	53 (24.1%)
	



	Employment status
	B, C, D
	A
	A
	A
	<0.001



	Full-time employed
	822 (44.5%)
	74 (46.0%)
	69 (44.2%)
	107 (46.3%)
	



	Part-time employed
	200 (10.8%)
	15 (9.3%)
	29 (18.6%)
	25 (10.8%)
	



	In training
	192 (10.4%)
	14 (8.7%)
	16 (10.3%)
	19 (8.2%)
	



	Unemployed
	134 (7.3%)
	31 (19.3%)
	19 (12.2%)
	32 (13.9%)
	



	Retired
	500 (27.1%)
	27 (16.8%)
	23 (14.7%)
	48 (20.8%)
	



	Marital status
	ns
	ns
	ns
	ns
	0.082



	Never been married
	576 (31.1%)
	59 (35.1%)
	46 (28.9%)
	75 (32.1%)
	



	Married
	846 (45.7%)
	60 (35.7%)
	69 (43.4%)
	98 (41.9%)
	



	Living together/common law
	167 (9.0%)
	18 (10.7%)
	17 (10.7%)
	19 (8.1%)
	



	Divorced/separated
	155 (8.4%)
	25 (14.9%)
	20 (12.6%)
	29 (12.4%)
	



	Widowed
	108 (5.8%)
	6 (3.6%)
	7 (4.4%)
	13 (5.6%)
	



	Living alone
	ns
	ns
	ns
	ns
	0.783



	Yes
	406 (20.7%)
	38 (21.3%)
	30 (17.6%)
	52 (21.4%)
	







Note. 1 Mean (SD); n (% valid); 2 Kruskal-Wallis rank sum test used for all continuous variables due to non-normal distribution; χ2-tests and permutation-based χ2-tests (<5 observations per cell; n = 5000 permutations) used for categorical data. SD = Severe disability, MD = moderate disability, GR = good recovery. Letters (A–D) indicate group differences significant at p < 0.05 (Benjamini-Hochberg correction for multiple testing); ns = non-significant.
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Table A14. Descriptive injury-related statistics for the four classes of symptom trajectories.
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	Characteristic
	(A)

Stable Good Health Status

(n = 1963) 1
	(B)

Persistent Health Impairments (n = 179) 1
	(C)

Deteriorating Health Status

(n = 170) 1
	(D)

Improving Health Status

(n = 243) 1
	p-Value 2





	Physical health Status (ASA)
	ns
	ns
	ns
	ns
	0.482



	Normal healthy
	1183 (60.9%)
	101 (57.4%)
	96 (57.5%)
	130 (54.2%)
	



	Mild disease
	605 (31.2%)
	58 (33.0%)
	55 (32.9%)
	87 (36.2%)
	



	Severe disease
	153 (7.9%)
	17 (9.7%)
	16 (9.6%)
	23 (9.6%)
	



	Psychological problems
	B, C, D
	A
	A
	A
	<0.001



	Yes
	173 (8.9%)
	48 (27.1%)
	33 (19.9%)
	50 (21.0%)
	



	TBI history
	ns
	ns
	ns
	ns
	0.895



	Yes
	187 (10.0%)
	19 (10.9%)
	17 (10.6%)
	26 (11.4%)
	



	Developmental problems
	ns
	ns
	ns
	ns
	0.157



	Yes
	20 (1.0%)
	1 (0.6%)
	0 (0.0%)
	5 (2.1%)
	



	Cause of injury
	ns
	ns
	ns
	ns
	0.001



	Road traffic incident
	750 (38.9%)
	85 (48.9%)
	80 (48.8%)
	111 (46.6%)
	



	Incidental fall
	898 (46.6%)
	57 (32.8%)
	59 (36.0%)
	99 (41.6%)
	



	Other
	278 (14.4%)
	32 (18.4%)
	25 (15.2%)
	28 (11.8%)
	



	Clinical care pathways
	C, D
	C
	A, B, D
	A, C
	<0.001



	ER
	437 (22.3%)
	32 (17.9%)
	14 (8.2%)
	47 (19.3%)
	



	Admission
	785 (40.0%)
	68 (38.0%)
	47 (27.6%)
	74 (30.5%)
	



	ICU
	741 (37.7%)
	79 (44.1%)
	109 (64.1%)
	122 (50.2%)
	



	Length of hospital stay (days)
	B, C, D
	A, C
	A, B, D
	A, C
	<0.001



	M (SD)
	10.24 (18.46)
	12.49 (16.39)
	19.10 (22.83)
	15.02 (19.10)
	



	Injury Severity Score (ISS)
	C, D
	C
	A, B
	A
	<0.001



	M (SD)
	17.56 (14.26)
	19.86 (15.17)
	23.72 (15.70)
	22.78 (17.55)
	



	Brain Injury Score (AIS)
	C, D
	C
	A, B
	A
	<0.001



	M (SD)
	2.89 (1.34)
	3.09 (1.32)
	3.56 (1.22)
	3.26 (1.39)
	



	TBI Severity Classification
	C, D
	ns
	A
	A
	<0.001



	Uncomplicated mild
	763 (42.4%)
	51 (31.1%)
	38 (23.2%)
	83 (36.2%)
	



	Complicated mild
	631 (35.1%)
	65 (39.6%)
	62 (37.8%)
	71 (31.0%)
	



	Moderate
	132 (7.3%)
	16 (9.8%)
	16 (9.8%)
	19 (8.3%)
	



	Severe
	274 (15.2%)
	32 (19.5%)
	48 (29.3%)
	56 (24.5%)
	



	GOSE
	B, C, D
	A
	A
	A
	<0.001



	(2) VS/(3) Lower SD
	120 (6.1%)
	25 (14.0%)
	21 (12.4%)
	38 (15.6%)
	



	(4) Upper SD
	156 (7.9%)
	45 (25.1%)
	34 (20.0%)
	39 (16.0%)
	



	(5) Lower MD
	131 (6.7%)
	31 (17.3%)
	29 (17.1%)
	35 (14.4%)
	



	(6) Upper MD
	264 (13.4%)
	35 (19.6%)
	37 (21.8%)
	62 (25.5%)
	



	(7) Lower GR
	425 (21.7%)
	33 (18.4%)
	26 (15.3%)
	45 (18.5%)
	



	(8) Upper GR
	867 (44.2%)
	10 (5.6%)
	23 (13.5%)
	24 (9.9%)
	







Note. 1 Mean (SD); n (% valid); 2 Kruskal-Wallis rank sum test used for all continuous variables due to non-normal distribution; χ2-tests and permutation-based χ2-tests (<5 observations per cell; n = 5000 permutations) used for categorical data. SD = Severe disability, MD = moderate disability, GR = good recovery. Letters (A–D) indicate group differences significant at p < 0.05 (Benjamini-Hochberg correction for multiple testing); ns = non-significant.
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Figure 1. Flow chart of sample selection. 
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Figure 2. Generic and disease-specific HRQoL trajectories (QOLIBRI-OS, SF-12 v2 MCS/PCS) for the four-class solution. Solid, colored lines indicate predicted trajectories, dashed lines the observed values. Shaded areas around lines indicate 95% confidence intervals for predicted values. Gray lines mark cut-off for unfavorable values for the QOLIBRI-OS (<53) as well as mean (=50) and standard deviation (+/−10) for the SF-12v2 MCS/PCS. Gray area marks values below the cut-off for unfavorable levels of quality of life (QOLIBRI-OS < 52, SF-12v2 MCS/PCS < 50). 
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Figure 3. Symptom trajectories (GAD-7, PHQ-9, PCL-5 and RPQ) for the four-class solution. Solid, colored lines indicate predicted trajectories, dashed lines the observed values. Shaded areas around lines indicate 95% confidence intervals for predicted values. Gray lines mark cut-off values for categorical classification of outcomes (GAD-7: 5 = mild, 10 = moderate, 15 = severe; PHQ-9: 5 = mild, 10 = moderate, 15 = severe; RPQ: 13 = mild, 25 = moderate, 33 = severe; PCL-5 ≥ 31: PTBS screening). Gray areas mark values above the cut-offs for clinical relevance (GAD-7 ≥ 10; PHQ-9 ≥ 10; PCL-5 ≥ 31; RPQ ≥ 13). 
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Figure 4. GOSE-levels at three, six, and twelve months after TBI for each generic and disease-specific HRQoL trajectory class. Decreasing sample sizes due to death of participants. Percentages < 3% not displayed. 
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Figure 5. GOSE-levels at three, six, and twelve months after TBI for each symptom trajectory class. Decreasing sample sizes due to death of participants. Percentages < 3% not displayed. 






Figure 5. GOSE-levels at three, six, and twelve months after TBI for each symptom trajectory class. Decreasing sample sizes due to death of participants. Percentages < 3% not displayed.



[image: Jcm 12 02246 g005]







[image: Jcm 12 02246 g006 550] 





Figure 6. HRQoL trajectories (QOLIBRI-OS, SF-12 MCS, SF-12 PCS) for the four-class solution of model 1 (random intercept, fixed slope). Stable good health status class is used as the reference group. Odds ratios and 95%-confidence intervals depicted. Reference group for each categorical variable listed after vertical line. SD = severe disability, MD = moderate disability, GR = good recovery. Values below 1 indicate lower probability of belonging to the non-reference group (i.e., persistent health impairment, deteriorating health, or improving health) compared to the stable good health group. 
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Figure 7. Symptom trajectories (PHQ-9, GAD-7, PCL-5, RPQ) for the four-class solution of model 1 (random intercept, fixed slope). Low stable health status class is used as the reference group. Odds ratios and 95%-confidence intervals depicted. Reference group for each categorical variable listed after vertical line. SD = severe disability, MD = moderate disability, GR = good recovery, ISS = Injury Severity Score, AIS = Brain Injury Score. Values below 1 indicate lower probability of belonging to the non-reference group (i.e., persistent health impairment, deteriorating health status, or improving health status) compared to the stable good health status group. 






Figure 7. Symptom trajectories (PHQ-9, GAD-7, PCL-5, RPQ) for the four-class solution of model 1 (random intercept, fixed slope). Low stable health status class is used as the reference group. Odds ratios and 95%-confidence intervals depicted. Reference group for each categorical variable listed after vertical line. SD = severe disability, MD = moderate disability, GR = good recovery, ISS = Injury Severity Score, AIS = Brain Injury Score. Values below 1 indicate lower probability of belonging to the non-reference group (i.e., persistent health impairment, deteriorating health status, or improving health status) compared to the stable good health status group.



[image: Jcm 12 02246 g007]







[image: Table] 





Table 1. Sociodemographic, premorbid, and injury-related characteristics of the sample (N = 2555).
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N (Valid %)

	
Missing, N (%)






	
Sociodemographic characteristics

	
Age (in years)

	
M (SD)

	
48.86 (19.49)

	
0 (0.0)




	
Median

	
50.00

	




	
Range

	
16.00–95.00

	




	
Sex, N (%)

	
Female

	
886 (34.7%)

	
0 (0.0)




	
Male

	
1669 (65.3%)

	




	
Education level, N (%)

	
None/primary school

	
327 (14.4)

	
281 (11.0)




	
At least secondary/high school

	
852 (37.5)

	




	
Post-high school training

	
469 (20.6)

	




	
College/university

	
626 (27.5)

	




	
Employment status

	
Full-time employed

	
1072 (44.7)

	
159 (6.2)




	
Part-time employed

	
269 (11.2)

	




	
In training

	
241 (10.1)

	




	
Unemployed

	
216 (9.0)

	




	
Retired

	
598 (25.0)

	




	
Marital status

	
Never been married

	
756 (31.3)

	
142 (5.6)




	
Married

	
1073 (44.5)

	




	
Living together/common law

	
221 (9.2)

	




	
Divorced/separated

	
229 (9.5)

	




	
Widowed

	
134 (5.6)

	




	
Living alone

	
No

	
2026 (79.4)

	
3 (0.1)




	
Yes

	
526 (20.6)




	
Premorbid health status

	
Physical health Status (ASA) a

	
Normal healthy

	
1510 (59.8)

	
31 (1.2)




	
Mild disease

	
805 (31.9)




	
Severe disease

	
209 (8.3)




	
Psychological problems

	
No

	
2212 (87.9)

	
39 (1.5)




	
Yes

	
304 (12.1)




	
TBI history

	
No

	
2190 (89.8)

	
116 (4.5)




	
Yes

	
249 (10.2)




	
Developmental problems

	
No

	
2483 (99.0)

	
46 (1.8)




	
Yes

	
26 (1.0)

	




	
Injury-related factors

	
Cause of injury

	
Road traffic incident

	
1026 (41.0)

	
53 (2.1)




	
Incidental fall

	
1113 (44.5)

	




	
Other a

	
363 (14.5)

	




	
Clinical care pathways

	
ER

	
530 (20.7)

	
0 (0.0)




	
Admission

	
974 (38.1)

	




	
ICU

	
1051 (41.1)

	




	
Length of hospital stay (days)

	
M (SD)

	
11.44 (18.86)

	
58 (2.3)




	
Median

	
4.22

	




	
Range

	
0.00–370.50

	




	
Injury Severity Score (ISS)

	
M (SD)

	
18.62 (14.90)

	
33 (1.3)




	
Median

	
14.00

	




	
Range

	
1.00–75.00

	




	
Brain Injury Score (AIS)

	
M (SD)

	
2.99 (1.35)

	
34 (1.3)




	
Median

	
3.00

	




	
Range

	
0.00– 6.00

	




	
TBI severity

	
Uncomplicated mild

	
935 (39.7)

	
198 (7.7)




	
Complicated mild

	
829 (35.2)

	




	
Moderate

	
183 (7.8)

	




	
Severe

	
410 (17.4)

	




	
GOSE (3 months)

	
Vegetative State/Lower Severe Disability

	
204 (8.0)

	
0 (0.0)




	
Upper Severe Disability

	
274 (10.7)

	




	
Lower Moderate Disability

	
226 (8.9)

	




	
Upper Moderate Disability

	
398 (15.6)

	




	
Lower Good Recovery

	
529 (20.7)

	




	
Upper Good Recovery

	
924 (36.2)

	








a Category ‘Other’ includes ‘Other non-intentional injury’, ‘Violence/assault’, ‘Act of mass violence’, ‘Suicide attempt’, and ‘Other’. Note. Reference group of categorical predictors in italic. GOSE levels 7 (‘lower good recovery’) and 8 (‘upper good recovery’) were merged for the multinomial logistic regressions. N = absolute frequencies, % = relative frequencies, M = mean, SD = standard deviation, ER = emergency room, Admission = admission to a hospital ward, ICU = intensive care unit.
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Table 2. Mean values for each outcome at the three time points.
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3 Months

(N = 2309)

	
6 Months

(N = 2281)

	
12 Months

(N = 1802)

	
Number of Observations

N (%)






	
SF-12v2 MCS

	
M (SD)

	
47.05 (11.17)

	
47.72 (11.30)

	
47.44 (11.18)

	
1

	
518 (20.3%)




	
Median

	
48.76

	
49.84

	
49.64

	
2

	
918 (35.9%)




	
Range

	
9.71–72.86

	
7.56–71.98

	
10.16–73.80

	
3

	
1119 (43.8%)




	
Missing

	
417 (16.5%)

	
367 (14.7%)

	
495 (25.4%)

	

	




	
SF-12v2 PCS

	
M (SD)

	
43.65 (11.29)

	
45.73 (10.78)

	
46.43 (10.20)

	
1

	
506 (19.8%)




	
Median

	
45.34

	
48.33

	
49.39

	
2

	
946 (37.0%)




	
Range

	
11.63–69.52

	
9.86–65.11

	
12.28–65.49

	
3

	
1103 (43.2%)




	
Missing

	
417 (16.5%)

	
367 (14.7%)

	
495 (25.4%)

	

	




	
QoLIBRI-OS

	
M (SD)

	
67.39 (22.37)

	
68.62 (21.59)

	
68.27 (22.04)

	
1

	
506 (19.8%)




	
Median

	
71.00

	
71.00

	
71.00

	
2

	
946 (37.0%)




	
Range

	
0.00–100.00

	
0.00–100.00

	
0.00–100.00

	
3

	
1103 (43.2%)




	
Missing

	
409 (16.1%)

	
373 (14.9%)

	
493 (25.3%)

	

	




	
GAD-7

	
M (SD)

	
3.71 (4.57)

	
3.58 (4.49)

	
3.50 (4.38)

	
1

	
626 (24.5%)




	
Median

	
2.00

	
2.00

	
2.00

	
2

	
903 (35.3%)




	
Range

	
0.00–21.00

	
0.00–21.00

	
0.00–21.00

	
3

	
1026 (40.2%)




	
Missing

	
524 (20.7%)

	
412 (16.5%)

	
540 (27.7%)

	

	




	
PHQ-9

	
M (SD)

	
5.29 (5.40)

	
5.01 (5.31)

	
4.97 (5.38)

	
1

	
625 (24.5%)




	
Median

	
4.00

	
3.00

	
3.00

	
2

	
905 (35.4%)




	
Range

	
0.00–27.00

	
0.00–27.00

	
0.00–27.00

	
3

	
1025 (40.1%)




	
Missing

	
519 (20.5%)

	
409 (16.3%)

	
548 (28.1%)

	

	




	
PCL-5

	
M (SD)

	
13.12 (13.97)

	
12.20 (13.64)

	
12.30 (13.77)

	
1

	
632 (24.7%)




	
Median

	
8.00

	
8.00

	
7.00

	
2

	
902 (35.3%)




	
Range

	
0.00–79.00

	
0.00–80.00

	
0.00–79.00

	
3

	
1021 (40.0%)




	
Missing

	
516 (20.4%)

	
414 (16.5%)

	
557 (28.6%)

	

	




	
RPQ

	
M (SD)

	
11.29 (12.57)

	
10.96 (12.39)

	
11.00 (12.25)

	
1

	
587 (23.0%)




	
Median

	
7.00

	
6.00

	
7.00

	
2

	
925 (36.2%)




	
Range

	
0.00–61.00

	
0.00–64.00

	
0.00–57.00

	
3

	
1043 (40.8%)




	
Missing

	
497 (19.6%)

	
391 (15.6%)

	
532 (27.3%)

	

	








Note. N = absolute frequencies, % = relative frequencies, M = mean, SD = standard deviation.
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