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Abstract: Mindfulness-based interventions (MBIs) are emerging non-pharmacological treatments for mild traumatic brain injury (mTBI). In this systematic review, the authors aimed to evaluate the potential efficacy of MBIs to provide recommendations for treating patients with mTBI. We searched of the English literature on MBIs for patients with mTBI as of 01 September, 2023, using the PubMed, Web of Science, PsycINFO, and Scopus databases. One author performed data extraction and quality scoring of the included literature according to the proposed protocol, and another conducted the review. The review was not registered. A total of 11 studies met the final inclusion criteria, 5 of which involved military personnel (veterans). MBIs covered in this review include goal-oriented attention self-regulation (GOALS), mindfulness-based stress reduction (MBSR), acceptance and commitment therapy (ACT), and so on. Research shows that MBSR mainly reduces mental fatigue symptoms in mTBI patients, and GOALS tend to improve their cognitive function. The effect of MBIs on psychological symptoms needs further exploration. Other studies, such as mindfulness-based group therapy and intervention studies targeting mTBI military personnel, are relatively sparse. MBIs have specific effects on mental fatigue and cognitive dysfunction in patients with mTBI. However, the effect on psychological distress and the sustained effectiveness across all symptoms still need further exploration. Considering the particularity of military personnel suffering from mTBI, researchers need to do more intervention studies targeting mTBI military personnel. Therefore, the design of future MBIs trials for mTBI patients’ needs to take into account all the factors, such as different populations and severity of traumatic brain injury, to verify the effectiveness of MBIs in alleviating mTBI symptoms and explore the mechanism of intervention.
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Introduction

Traumatic brain injury (TBI) causes more deaths and disability worldwide than any other traumatic injury, of which mild traumatic brain injury (mTBI) accounts for 81.02% [1]. The American Congress of Rehabilitation Medicine (ACRM) [2] defines mTBI as follows: A traumatically induced physiological disruption of brain function, as manifested by at least one of the following: 1. any loss of consciousness; 2. any loss of memory for events immediately before or after the accident; 3. any alteration in mental state at the time of the accident (e.g., feeling dazed, disoriented, or confused); and 4. focal neurological deficit (s) that may or may not be transient; but where the severity of the injury does not exceed the following: (1) loss of consciousness of approximately 30 min or less; (2) after 30 min, an initial Glasgow Coma Scale (GCS) of 13–15; (3) and posttraumatic amnesia (PTA) not greater than 24 h”. In 2019, the ACRM Brain Injury Special Interest Group Mild TBI Task Force began to undertake an update of the 1993 ACRM definition of mTBI. It is undeniable that mTBI is also a prevalent injury in war [3]. It is common among soldiers after being exposed to blast [4], as evidenced by data from the Defense and Veterans Brain Injury Center (DVBIC), which showed that more than 80% of the approximately 379,519 TBI service members from 2000 to 2018 were classified as mTBI [5,6]. One of the TBI symptoms is cognitive impairment. In a study of people after brain injury in the chronic phase, the most common cognitive symptoms were memory impairment, attention disorder, and executive function impairment [7,8]. During the acute phase, mental fatigue is one of the complaints after mTBI [9]. Cognitive impairment and mental fatigue are both main complaints of patients with mTBI. In addition, mTBI patients also suffer from depression and anxiety [10,11]. Moreover, the rates of depression and anxiety remain high beyond the first year after injury [12–14]. One study found that five years post-deployment, veterans with a history of combat-related blast mTBI had significantly worse neurobehavioral and psychiatric symptom severity, overall disability, and sleep [15]. The symptoms of mTBI will prevent soldiers from concentrating highly during battle and make them unable to perform tasks quickly, significantly affecting the troops’ combat effectiveness.

Mindfulness-based interventions (MBIs) mainly include mindfulness-based stress reduction training (MBSR), mindfulness-based cognitive training (MBCT), acceptance and commitment therapy (ACT), and goal-oriented attention self-regulation (GOALS). MBIs were first used in medical clinical treatment. Kabat-Zinn applied MBSR to medical patients with chronic pain to relieve patients’ pain and improve their quality of life [16]. MBIs can be applied across multiple symptom and functional domains [17,18] and may be beneficial in addressing mTBI patients’ clinical presentation [19,20]. Several studies have demonstrated the effectiveness of MBIs on mental fatigue, quality of life, and aggression in various medical and psychological conditions [21,22], with the potential to improve attention, memory, and other cognitive functions [23]. After most studies focused on evaluating the effectiveness of MBIs, the structure of mindfulness in psychology has received attention. The psychological training of mindfulness consists of three elements: intention, attention, and attitude. It cultivates the ability of recognition or re-perception of personal experiences [24].

The purpose of this article is to systematically review randomized controlled trials (RCTs) of MBIs for patients with mTBI and objectively evaluate the effects of MBIs on cognitive deficits, memory, attention, executive function, mental fatigue, and psychological symptoms in mTBI patients, providing support for their recovery.

Materials and Methods

Literature search strategy

We conducted online searches in English literature until 01 September, 2023, utilizing multiple databases, including PubMed, Web of Science, PsycINFO, and Scopus. We used the following search string: (“mindfulness*” OR “goal-oriented attention self-regulation” OR “GOALS” OR “acceptance and commitment therapy” OR “ACT” OR “dialectical behavior therapy” OR “DBT” OR “MBSR” OR “MBCT”) AND (“traumatic brain injur*” OR “brain injur*” OR “TBI”) AND (“RCT” OR “randomized*” OR “controlled trial” OR “clinical trial”). We used varied search element settings based on the database’s specific retrieval requirements and features. The retrieved literature was screened by title and abstract, and then the complete text was extracted for evaluation. Following screening, we assessed the full-text articles for eligibility. The systematic review was conducted according to PRISMA guidelines (Supplementary Checklist). The literature search and inclusion process are shown in Fig. 1.
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Figure 1: Study flow diagram.

Study selection

Two authors independently reviewed all potential studies for inclusion criteria. We first screened the titles and abstracts of the articles and finally reviewed the full text of the studies to assess whether they met the inclusion criteria. If there was a dispute about study inclusion, the third author made the final decision on eligibility. We included RCTs of MBIs for mTBI rehabilitation or training. Included studies were required to reflect primary outcomes: cognitive function (e.g., attention, executive function and memory) [25,26], level of mental fatigue [27,28], and psychological symptoms (e.g., depression, anxiety, somatization) [29]. Secondary outcomes are also considered: stress, aggression, and pain.

Since MBIs are emerging non-pharmacological rehabilitation treatments for mTBI, the included research subjects only need to include mTBI patients. The time from the subject’s brain injury to the experiment and the duration of the trials are not limited. Regarding the exclusion criteria, we decided not to include (1) studies with inconsistent topics; (2) studies in which the severity of brain injury was not assessed or unspecified whether the research subjects included mTBI patients; (3) studies that lacked pre-specified primary and/or secondary outcomes; (4) animal or cytology experiments; (5) trial protocols, retrospective studies, case reports, conference abstracts, reviews, thesis and books.

Study extraction

Two authors independently used standard forms to extract study characteristics and outcome data from the studies and discussed the inconsistencies. The third author made the final decision if agreement could not be reached. Data extracted from each study included the first author, year of publication, sample size, participant information, time between post-injury and treatment, study design, intervention modality, outcome measures, and results. We contacted an author of a study via email to verify the number of participants in their study, but we are still waiting for a reply.

Methodological quality

Based on the topic of this review and the description of randomization, blinding, and subject loss, we chose the Physiotherapy Evidence Database (PEDro) scoring system [30] to assess the methodological quality of our selected studies. PEDro is widely used in systematic evaluations in the field of rehabilitation. Research shows that PEDro has been used in more than 46,000 RCTs in 14 fields of physical therapy, including quite a few in neurological rehabilitation [31]. The PEDro scale evaluates the quality of RCTs through 11 scales. The first item is a measure of external validity, and its score is not included in the total score, so the full score is ten points. Randomized controlled trials rated 5 on the PEDro scale were of moderate quality, and more than 5 were of high quality. The literature quality evaluation was completed independently by two authors. After completion, two authors compared the results of evaluation and discussed inconsistencies. If the results could not reach an agreement, the authors negotiated with a third author. The average quality score of the studies that were finally included was about 8. The quality of this evidence was judged to be high overall. See Table 1.
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Results

Study selection

After removing duplicates, we identified 630 records. We excluded 615 records after screening titles and abstracts for studies that did not choose MBIs, and the studies were animal and cytology experiments, experimental protocols, retrospective studies, case reports, conference abstracts, reviews, and completely unrelated articles. The remaining studies (n = 15) were reviewed in full text. One study did not use RCTs design [32]. The severity of brain injury was unclear or unspecified whether the participants included mTBI patients in three studies [33–35]. The number of experiments in the two studies [36,37] was once. In one study, the researchers identified practical barriers to conducting multiple, long-term rehabilitation interventions, including time constraints and things that the participants needed to take priority over the experiment [36]. In the other study, the researchers wanted to explore whether a short period of mindfulness training before completing a decision-making task could produce positive changes [37]. Although the number and the time of these two experiments were small, we still decided to include them for review together with the remaining night studies [25,27–29,38–42]. Therefore, 11 RCTs of MBIs for mTBI patients’ rehabilitation were finally included, and 5 studies were conducted on veterans [25,36,39,40,42].

Study characteristics

Most of the ten studies included in this article were conducted in the United States or some European countries, and only one study was conducted in an Asian country [27]. Five studies used veterans as participants, while six used civilians as subjects [27–29,37,38,41], and no studies chose active military personnel as the research subjects. A total of 517 participants were involved, 265 of whom were veterans, and the sample size in each study ranged from 25 to 129. Regarding the severity of TBI, only four studies focused on mTBI [25,27,36,42], and seven studies paid attention to TBI patients with different severities, including mTBI [28,29,37–41]. All literature related to the topic is RCTs. Two studies did not report the average age of the participants [27,38] but gave the age range criteria for participant selection. In the other nine studies [25,28,29,36,37,39–42], the average age of participants ranged from 29 to 60 years. The average time from mTBI to intervention ranged from 9 months to 17 years in seven studies [25,28,29,37,38,41,42]. One study only reported a median time of 6 years after injury [39], and three studies did not disclose [27,36,40] (Table 1).

Outcomes

Table 2 shows the included studies’ intervention characteristics, outcome measures, and results. There are three studies on ACT [29,36,40] and MBSR [27,28,41], respectively, and three studies on GOALS [25,39,42]. There was one each from positive focused mindfulness group therapy (PFM-GT) [38] and an intervention [37] developed based on related research by Arch and Craske [43]. The majority of studies (9 studies) conducted continuous interventions [25,27–29,38–42] with a total duration of 5 to 12 weeks, and two were one-time brief trials [36,37]. Three RCTs were blank controls [27,28,37]. Two RCTs used conventional treatment [29,36], and three used brain health education (BHE) intervention [25,39,42]. The control groups of the three studies included arranging patients to walk in a natural environment and implementing face-to-face MBSR [41], present centered therapy (PCT) [40] and active control group therapy (AG-CT) [38]. Among the control groups in these studies, five groups were active [25,38–41].
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Nine studies [25,29,36–42] assessed cognitive functions (e.g., attention, memory, working memory, executive function, acceptance, and psychological flexibility), and eight [25,29,36,38–42] assessed psychological symptoms (e.g., depression, anxiety). There were two studies on the assessment of mental fatigue [27,41], aggression [27,41], stress [36,38], and pain [29,36].

In a study of ACT intervention for mTBI patients, Sander et al. [29] used mTBI civilians as trial subjects. They found that ACT can significantly reduce pain, somatization, and anxiety symptoms and have significant improvements in acceptance and psychological flexibility. Symptoms improved and stabilized in the follow-up after three months. However, there was no significant improvement in the level of depression. There are two ACT studies on veterans. Dindo et al. [36] found that ACT showed a positive trend in reducing anxiety, depression, and stress and improving psychological flexibility. However, they found that ACT could not effectively reduce pain. A 12-week trial conducted by Bomyea et al. [40] concluded that there was no significant difference in improvement for veterans on psychological and post-concussion symptoms after brain injury after ACT.

In the included MBSR studies, the intervention program developed by Kabat-Zinn [27,28,41], and all conducted 8-week interventions in civilian patients with mTBI. Shirvani et al. [27] found that compared with transcranial direct current stimulation (tDCS) and the control group, MBSR showed significantly reduced mental fatigue after treatment and follow-up. Patients treated with MBSR reported a significant increase in average quality of life and a decrease in aggressive behavior after treatment and at follow-up. Johansson et al. [28] demonstrated that participants who completed MBSR had significantly reduced mental fatigue and improved cognitive executive functions. However, there were no significant changes in depression, anxiety, working memory, visual scanning and movement speed, and reading speed. Then, Johansson et al. [41] further studied the effects of face-to-face MBSR and live online MBSR. They found that live online MBSR can reduce patients’ mental fatigue, especially depression and anxiety. Also, it can speed up patients’ information processing (encoding) and improve their attention. But there was no difference in score changes on the self-compassion scale between face-to-face MBSR and live online MBSR.

All GOALS intervention trials were conducted on mTBI veterans, and the intervention periods were five weeks. Novakovic-Agopian et al. [39] conducted a study on veterans with chronic TBI. Participants in the GOALS group significantly improved overall attention or executive function, working memory and attention, daily functioning, and psychological distress. Nevertheless, GOALS did not significantly reduce symptoms of depression and posttraumatic stress disorder (PTSD) in mTBI veterans. Their team [25] also conducted a study on veterans with PTSD and mTBI and found that veterans who completed the GOALS intervention had more significant improvements in overall attention/executive function composite, working memory, sustained attention and cognitive inhibition, learning, memory, and daily living abilities, better overcoming psychological distress. Kryza-Lacombe et al. [42] conducted a GOALS intervention for veterans with a history of mTBI injuries of more than six months. They found that GOALS is effective for patients probably because it works through synchronization of communication between task-negative and-positive networks underlying attention and executive processes [42].

After eight weeks of PFM-GT, researchers found that it significantly impacted the scores of depression, stress, and TBI symptoms in civilian patients with TBI (including mTBI) at post-treatment and follow-up three months [38]. Louise McHugh et al. [37] used an intervention task based on the development of Arch and Craske. They found that attention in civilian patients with TBI (including mTBI) was significantly improved, but there was no remarkable change in visual scanning and movement speed.

Discussion

We conducted a systematic review of the effects on MBIs for mTBI patients. There are three main MBIs for mTBI: ACT, MBSR, and GOALS. Fewer studies exist on interventions based on tasks developed by Arch and Craske and mindfulness-based group therapy.

Summary of main results

ACT is efficacious in improving the anxiety symptoms of mTBI patients. However, researchers had inconsistent results in the improvement of post-brain injury pain and depression. The ACT studies only measured psychological flexibility and lacked measurement of overall cognitive function, which cannot sufficiently reflect whether the cognitive deficits of mTBI patients have changed. Although a single session of ACT can improve the emotional function and reintegration into civilian society of veterans suffering from mTBI, the effect is poor. ACT intervention has not been performed in mTBI civilians, so the effect on this population is unknown.

Regarding the included studies on the effect of MBSR on TBI (including mTBI), we all found that the mental fatigue of civilian patients with mTBI can be reduced [27,28,41]. In terms of mental fatigue relief, a study has found that MBSR is even better than tDCS [27], while live online MBSR is more effective than face-to-face MBSR [41]. A study performed MBSR on patients with chronic fatigue syndrome. After intervention, researchers found that patients’ fatigue was reduced [44]. It confirmed that MBSR is effective in treating mental fatigue in mTBI civilians. After MBSR treatment, the aggression of mTBI civilians can be lowered to a certain extent [27], and some cognitive functions are improved [28,41], but there was no noticeable effect on working memory, visual scanning and movement speed, and reading speed [28,41]. The effectiveness of MBSR in treating depression and anxiety in mTBI civilians is still controversial. The study by Johansson’s team in 2012 showed that MBSR did not significantly reduce patients’ anxiety and depression [28]. However, in 2015, their team found a significant effect of live online MBSR on the above two symptoms [41]. Therefore, it is necessary to increase the sample size and repeat the trial to clarify whether the change in the live online and offline forms of MBSR leads to improving symptoms. Regarding the included MBSR studies, there is a lack of targeting of mTBI military personnel. The effect of face-to-face MBSR or live online MBSR on the rehabilitation of military personnel with mTBI is unclear.

GOALS can effectively improve the cognitive functions (e.g., overall attention or executive function, working memory) and psychological symptoms (e.g., depression) of mTBI veterans. However, GOALS has no significant effect on improving the anxiety and fatigue symptoms of mTBI veterans. The effect of GOALS on cognitive function in mTBI civilians is unknown.

Mindfulness-based group therapy [38] is effective for mTBI civilians in terms of psychological symptoms (e.g., depression, stress) and TBI symptoms. Conducting a single-session intervention based on the development of Arch and Craske can improve the attention of TBI (including mTBI) civilian patients [37]. However, it only has minor improvements in visual scanning and movement speed, and improvements in attention may last only a short time. Neither PFM-GT nor the intervention developed by Arch and Craske involve research on mTBI military personnel. The efficacy of these two therapies on mTBI military personnel in terms of psychological symptoms, TBI symptoms, and attention needs further exploration.

Overall, research shows that MBSR is more effective in relieving mental fatigue symptoms in mTBI civilians, but it has little effect on improving psychological symptoms. Its effect on military personnel with mTBI is unclear. The effectiveness of different forms of MBSR on post-mTBI symptoms in military personnel still needs to be proven experimentally. GOALS is efficacious in improving the cognitive functions and depressive symptoms of veterans with TBI (including mTBI), but its effect on mental fatigue and some psychological symptoms (such as anxiety) is weak, and further research on mTBI military personnel is still needed. ACT has potential effects on psychological symptoms, but there are no relevant studies on its improvement in mental fatigue and cognitive deficits. Regarding the poor effectiveness of PFM-GT as a single intervention in patients with mTBI, more relevant trials are needed to verify its effectiveness in treating other symptoms.

Limitations

While the findings suggest that MBIs have some promising clinical benefits for mTBI symptoms, we must also acknowledge that there are certain limitations to the included studies. In terms of study subjects, the number of subjects in three studies was less than 30, indicating a small sample size. Studies should recruit a large enough number of mTBI participants to test statistical differences in results. Research on MBIs has yet to cover the population comprehensively. The researchers of the seven trials mixed patients with different TBI severities into the study. There needed to be more comparison of outcome measures among patients with different TBI severities to show whether the therapy was more effective in patients with mTBI. The average time between patients’ injury and the start of intervention is more than nine months. We have not found research implementing MBIs in the short term (e.g., several weeks or less than three months) after mTBI. It is impossible to provide recommendations for patients to implement MBIs in that phase. As for the follow-up time after the intervention, some studies lacked follow-up, or the time was not clear, resulting in unclear persistence of the intervention effect. MBIs may have a positive trend in improving anxiety, depression, and pain, but the effect size of the evidence is relatively small or medium. The existing evidence has inconsistent results on anxiety, depression, and pain. Further research is needed. The included studies lack comparative trials between different interventions (e.g., RCTs between MBSR and ACT), as well as the application of some potential MBIs, such as the Mantram Repetition Program (MRP) [45] to mTBI.

This systematic review may have been limited by higher literature inclusion criteria, which resulted in a smaller number of articles being included. In addition, some of the literature has been studied in patients with TBI of other severities in addition to mTBI. There may be a lack of relevance to the evidence-based results, but we still included this part of the literature because we considered that the application of MBIs in patients with mTBI is still in a novel stage.

Implications and future directions

This review points out the potential effectiveness of MBIs in improving symptoms of mTBI. However, some key factors still need to be considered in future work. In terms of subject selection, trials should focus solely on mTBI patients and classify them as civilians or military personnel to explore the effects of MBIs on different mTBI populations. If the included participants encompass TBI patients of different severities, the patients should be divided according to the severity of TBI. Then, the researchers should compare the effect of MBIs on TBI patients of different severities to explore the effect of MBIs on mTBI patients and whether the intervention has the best effect in the mTBI stage. Research should also consider the greater need for MBIs for mTBI rehabilitation among active-duty service members than among veterans. Because active-duty soldiers are prone to mental fatigue and cognitive deficits after mTBI, which affects their decision-making and execution during combat, and they need to recover in time to return to the battlefield and reduce errors in the field. It would have been a long time if MBIs had been performed after the military had been discharged and mTBI has changed from acute to chronic at that time. Based on this, subsequent pilot studies of MBIs in the acute phase of mTBI should be increased.

Regarding the intervention time, further research can be conducted on continuous intervention of MBSR, ACT, and PFM-GT for more than eight weeks or GOALS for more than five weeks to verify whether the effect will be better [46]. Follow-up between 1 and 3 years after the 8-week MBSR showed potential long-term benefits of mindfulness interventions in diverse patient populations [47–52]. We suggest that researchers follow up with participants for a more extended period and increase the follow-up time to 6 or 12 months to evaluate the long-term impact of the intervention on mTBI patients and explore the duration of the effect. In outcome measures, patient complaints should be considered (e.g., cognitive deficits, mental fatigue). Researchers can consider conducting trials comparing various MBIs (e.g., MBSR and ACT) and validating the effects of some potential interventions (e.g., MBCT, MRP, BrainACT [53,54]). The included studies mainly conducted face-to-face intervention. Future studies can implement different forms of intervention like teleintervention [55] (e.g., telephone and Internet intervention) or virtual reality (VR) for mTBI patients to explore which form is more effective, as well as to make the interventions easier to carry out and reduce subject shedding. In addition, it is also essential to explore the mechanism of the effect of MBIs on mTBI symptoms. Research shows mindfulness intervention can increase telomerase activity [56], thereby reducing cortisol levels [57,58]. Lower cortisol levels may be associated with less stressful experiences and fewer symptoms of anxiety and depression [58–60]. Some researchers believe that mindfulness interventions can affect telomere length [61], and shorter telomere length is associated with conditions such as psychiatric disorders, experience of stress, and poor immune functioning [58,60]. Researchers can also focus on neuroimaging outcomes, using magnetic resonance imaging (MRI) to explore the impact of MBIs on patients’ neural networks [62]. Mindfulness-based intervention is a process of focused attention that may be well connected to specific brain areas [63]. Future research can reveal the mechanism of MBIs on mTBI symptoms from aspects such as telomerase activity, telomere length, and specific brain regions.

Conclusions

MBIs have specific effects on mental fatigue and cognitive deficits in patients with mTBI. However, the effect on psychological symptoms and the sustained effectiveness across all symptoms still need further exploration. Considering the particularity of military personnel suffering from mTBI, more studies targeting mTBI military personnel should be conducted. Therefore, it is necessary to continue to verify the effectiveness of intervention measures such as MBSR, ACT, and GOALS on mTBI patients in the future and to explore their mechanism. The design of future MBIs trials for mTBI patients needs to consider all factors, such as different populations and severity of TBI, to provide high-quality evidence that will better evaluate the rehabilitation effect of MBIs on mTBI patients.
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TABLE 2

Intervention characteristics, assessments and outcomes

Study Trial Interventions description  Outcomes assessed Results

duration
Tatjana 5 weeks IG: GOALS (n = 19) Auditory consonant trigram, IG demonstrated more improvement in overall
Novakovic- WAIS-III, D-KEFS, TMT B,  attention/executive function composite (p <
Agopian DVT, HVLT-R, BVMT-R, 0.001), working memory (p < 0.05), sustained
et al. (2021), GPS, MPAI-4, GPQ, POMS,  attention (p < 0.001), and inhibition (p < 0.01)
USA [25] BDI-II, PCL-M compared with CG (post-treatment).

CG: BHE (n = 19) In the learning and memory measure, IG

improved more (p < 0.05) than CG.

IG showed significant improvement in daily
living ability compared with CG (p < 0.05)
(post-treatment).

In mood disturbance and depression, IG
reported more symptoms decrease than CG.

Sheida 8 weeks IG I: MBSR (n = 16) MFS, WHOQOL-BREEF, IG I significantly reduced mental fatigue
Shirvani BPAQ compared to IG II and CG (p < 0.01) (post-
et al. (2021), treatment and follow-up).

Iran [27] IG II: tDCS (n = 16) A significant increase in the mean change in

quality of life (p < 0.01) and a decrease in
aggression (p < 0.001) in the IG I (post-
treatment and follow-up).

CG: no-intervention (n = 16)

Birgitta 8 weeks IG: MBSR (n = 12) MEFS, CPRS, WAIS-IIIL, FAS IG showed a decline in their self-assessment of

Johansson CG: waitlist (n = 14) test, TMT A and B, new TMT mental fatigue (p < 0.004), while CG was

et al. (2012), (C, D), unchanged.

Sweden [28] Dyslexia screening test IG performed TMT B and TMT C faster than
CG.

Depression and anxiety were not changed when
comparing IG and CG on pre-and post-tests.

No significant changes were found in working
memory, TMT A, D, and reading speed in the

two groups.
Angelle M. 8 weeks IG: ACT (n = 44) BSI 18, AAQ-II, PART-O IG showed a greater reduction in distress and
Sander et al. symptoms of somatization and anxiety and more
(2021), USA remarkable progress toward acceptance and
[29] action than CG (p < 0.05 ) (post-treatment). The

degree of change in each group remained stable
(3-month post-treatment).

CG: devised usual care No difference in depression and community
(n =49) participation levels between two groups.
Lilian Dindo one time IG: ACT workshop (n =20) PCL-C, DASS-21, M2 C-Q, IG showed positive trends in reduction of
et al. (2020), WHODAS-2, BPI, AAQ-II anxiety, depression and/or stress (ES = 0.68, p =
USA [36] 0.09) and self-reported posttraumatic symptoms
(ES =0.33, p = 0.39) compared to CG (3-month
follow-up).
CG: TAU group (standard IG showed positive trends towards decreases in
care through the VHA disability (ES = 0.30, p = 0.44) and difficulties of
system) (n = 12) military-to-civilian reintegration (ES = 0.47, p =

0.23) compared to CG (3-month follow-up).

IG improved psychological flexibility compared
to CG (ES = 0.56, p = 0.16) (3-month follow-up).
No meaningful differences between IG and CG
in pain severity (ES = 0.10, p = 0.50) (3-month

follow-up).
Louise one time IG: the intervention task was Over-selectivity task No significant difference between the two groups
McHugh based on one developed by on trails A.
et al. (2013), Arch and Craske and used a
Ireland [37] dictaphone to instruct
(n=11)
CG: no instruction (n = 14) IG showed a significant reduction in stimulus

over-selectivity compared to CG.
Esther Bay 8 weeks IG: PEM-GT curriculum CES-D scale, RPQ, PSS-10 IG significantly showed more significant change

et al. (2019), (n=14) scores for depression, stress, and symptoms of
USA [38] CG: AC-GT curriculum TBI (p < 0.05) compared with CG (3-month
(n=11) follow-up).
Tatjana 5 weeks IG: GOALS (n = 20) Auditory consonant trigram, IG demonstrated more improvement in overall
Novakovic- WAIS-IIL, D-KEFS, TMT B,  attention/executive function (p = 0.01), working
Agopian memory (p = 0.02), and sequencing switching of
et al. (2018), attention(p = 0.048) compared with CG.
USA [39] CG: BHE (n = 13) DVT, HVLT-R, BVMT-R, IG indicated significantly more improvement in
GPS, MPAI-4, GPQ, POMS,  daily functioning (p = 0.048) and POMS
BDI-II, PCL-M confusion (p = 0.02) than CG.
Jessica 8 weeks IG: ACT (n = 62) BSI-18, SF-12, RPQ, SDS No significant difference in improvement of
Bomyea CG: PCT (n = 67) psychological and post concussive symptoms,
et al. (2017), functional impairment, or health-related
USA [40] functioning between IG and CG.
Birgitta 8 weeks  IG: live online MBSR meeting MFS, CPRS, SCS, WAIS-III  IG significantly reduced mental fatigue
Johansson (n=13) compared with ACG and CG.
et al. (2015), ACG: MBSR face-to-face IG greatly decreased symptoms of depression
Sweden [41] (n=12) and anxiety.
CG: peaceful walking (n = 9) No differences in self-compassion scale between

the three groups.

Improved processing speed (coding) in IG and

CG.
Maria 5 weeks IG: GOALS (n = 19) Number sequencing, Auditory Connectivity between right lateral pre-frontal
Kryza- consonant trigrams, DVT, D-  connectivity, right frontal pole and right middle
Lacombe KEFS, DFS, VFS trails B, D-  temporal gyrus significantly increased in IG over
et al. (2023), KEFS color-word interference time (p < 0.001). CG demonstrated no change in
USA [42] inhibition/switching—time and right lateral pre-frontal connectivity over time
errors, Mayo-Portland with the right frontal pole cluster and a decrease

adaptability inventory, BDI-II, over time with the right middle temporal gyrus
PCL-M, 3.0 Tesla Siemens cluster (p < 0.05).

CG: BHE (n = 14) Skyra scanner Connectivity between right rostral pre-frontal
connectivity, right precuneus and left rostral
pre-frontal connectivity and right frontal pole
significantly decreased in IG over time (right
precuneus: p < 0.001; right frontal pole: p < 0.01),
whereas CG demonstrated an increase in
connectivity between these areas over time (p <
0.01).

Connectivity between posterior cingulate and
right pre-central gyrus significantly increased in
IG over time (p < 0.01). CG demonstrated a
decrease in connectivity between these areas
over time (p < 0.01).

Note: Abbreviations: IG, Intervention Group; CG, Control Group; ACT, Acceptance and Commitment Therapy; TAU, Treatment as Usual; BSI 18, Brief
Symptom Inventory 18; AAQ-II, Acceptance and Action Questionnaire-II; PART-O, Participation Assessment with Recombined Tools-Objective; VHA,
Veterans Health Administration; PCL-C, PTSD Checklist-Civilian Version; DASS-21, Depression Anxiety and Stress Scale; M2 C-Q, Military to Civilian
Questionnaire; WHODAS-2, World Health Organization-Disability Assessment Schedule 2.0; BPI, Brief Pain Inventory; ES, Effect Size; PCT, Present
Centered Therapy; SF-12, Short Form 12 Health Survey; RPQ, Rivermead Post Concussion Symptoms Questionnaire; SDS, Sheehan Disability Scale;
MBSR, Mindfulness-Based Stress Reduction; tDCS, transcranial Direct Current Stimulation; MFS, Mental Fatigue Scale;, WHOQOL-BREF, World
Health Organization Quality of Life-BREF (short version); BPAQ, Buss-Perry Aggression Questionnaire; ACG, Active Control Group; CPRS,
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TABLE 1

Study characteristics

Study TBI characteristics TBI group Time since TBI PEDro
demographics
Tatjana Novakovic-Agopian et al. (2021), Mild (n = 38) n = 38 (Veterans) M = 16.6 years 8
USA [25] M Age = 45.3 years
Sheida Shirvani et al. (2021), Iran [27] Mild (n = 48) n = 48 Undisclosed 8
Age: 18-50 years
Birgitta Johansson et al. (2012), Sweden [28] TBI (n = 10, include n=26 M = 6.55 years 8
mTBI)
Stroke (n = 16) M Age = 554 years
Angelle M. Sander et al. (2021), USA [29] Severe (n = 36) n=93 M = 52.2 months 9
Moderate (n = 16) M Age = 38 years
Complicated mild
(n = 41)
Lilian Dindo et al. (2020), USA [36] Mild (n = 32) n = 32 (Veterans) Undisclosed 7
M Age = 36.2 years
Louise McHugh et al. (2013), Ireland [37] Severe (n = 1) n=26 M = 722.6 days 10
Moderate (n = 18) M Age = 29.5 years
Mild (n = 7)
Esther Bay et al. (2019), USA [38] Moderate (n = 8) n=25 M = 9.45 months 7
Mild (n = 17) Age: 18-85 years
Tatjana Novakovic-Agopian et al. (2018), Severe (n = 7) n = 33 (Veterans) >1 year (median = 6 9
USA [39] Moderate (n = 7) M Age = 43.3 years years)
Mild (n = 19)
Jessica Bomyea et al. (2017), USA [40] TBI (n = 83, include n = 129 (Veterans) Undisclosed 8
mTBI)
Without TBI (n = 46) M Age = 34.6 years
Birgitta Johansson et al. (2015), Sweden [41] TBI (n = 16, include n=34 M = 82.3 months 8
mTBI) M Age = 48.5 years
Stroke (n = 18)
Maria Kryza-Lacombe et al. (2023), USA [42] Mild (n = 33) n = 33 (Veterans) Mean~12 years 7

M Age = 44.6 years

Note: Abbreviation: TBI. brain traumatic iniurv: mTBI. mild brain traumatic iniurv: M. mean.
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