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Abstract:

Objectives: Mild traumatic brain injury (mTBI) is a controversial and under-researched area, despite most traumatic brain injuries being classed as mild. A number of different treatment approaches are described to treat this condition. Our objective was to review the evidence underpinning these approaches to treat mTBI including educational, psychological, rehabilitative and pharmacological approaches and discuss their efficacy.
Methods: A systematic review of literature was carried out using Web of science, Scopus, Medline, Pubmed, Cinahl, and PsychInfo databases. Randomised Controlled Trials (RCTs) looking at treatment outcome in mTBI for adults were included, published between 1980 and 2019. A review of the methodological quality of the studies was conducted using the Scottish Intercollegiate Guideline Network (SIGN) checklist for RCTs to evaluate the risk of bias, and a synthesis of studies was conducted. 
Results: Searches identified 3993 studies, of which 25 met inclusion criteria, and a total number of participants of 3213. Mean age was 35, and 59% male. Ten studies had <100 participants, 15 studies 100-395. Studies were grouped into education and early intervention (9), rehabilitation (8), psychological interventions (4), and pharmacotherapy (4). Ten studies were assessed as being at low, 7 moderate, and 8 high/unacceptable risk of bias. Inconsistency of definitions and outcome measures used precluded meta-analysis. 
Conclusions: Although the number of RCTs in this field has expanded, unfortunately there are still significant methodological problems which means that no particular approach can be recommended based on good scientific evidence. However, traditional  education and reassurance can no longer be recommended as having the best evidence base for efficacy as compared to psychological and rehabilitative approaches, and guidelines should begin to reflect this.






Introduction
Traumatic brain injury (TBI) is common. Its incidence in Europe has been estimated at 262 per 100,000, while each year in the United States 1.7 million people across all age groups suffer some degree of TBI. One third of trauma-related deaths in the United States are due to TBI (1), and it is one of  the most important causes of disability in the world (2). Indeed, it has been found that brain injuries are the most likely type of injury to result in death or disability (2). 

Mild traumatic brain injury (mTBI) occurs in the absence of readily detectable neurological damage (3). It accounts for 70-90% of brain injuries (4), and is a common complaint in patients attending Accident and Emergency departments, where patients may present with a complicated pattern of symptoms (5). The American Congress of Rehabilitation Medicine suggested a practical definition in 1993 in an attempt to resolve disputes concerning the diagnosis and treatment of mild traumatic brain injury (6).  In addition, there is a 2004 definition of mTBI by the WHO Collaborating Centre Task Force (5). Both definitions have in common the presence of: confusion or disorientation at the time of the accident; loss of consciousness <30 minutes; an initial Glasgow Coma Scale of ≥13 30 minutes after injury; post traumatic amnesia of no more than 24 hours; and other neurological abnormalities so long as they are transient (5,6). 

In patients with mTBI, early cognitive problems after the initial event are common, and despite expectation of good outcome complete recovery may be delayed (7). Indeed, patients with mTBI may suffer from chronic memory and concentration difficulties, affecting their daily activities (8). In addition to the cognitive symptoms, patients suffer from a variety of neurological, audiovestibular and neuropsychiatric symptoms such as headache, dizziness, tinnitus, fatigue, anxiety, depression, irritability and sleep disturbance (8). Despite the raised prevalence of these symptoms after TBI, many patients do not receive effective treatment for them, and most do not understand their difficulties (9). Likewise, there is evidence that professionals often do not fully appreciate the extent of the patients’ complaints or know how best to treat them. (10)

Various pharmacological and psychotherapeutic interventions have nevertheless been proposed. While some approaches appear promising in research studies, their clinical effectiveness remains uncertain (11). Due to the impact of these symptoms on functioning, an effective treatment is required in order to reduce the risk of prolonged disability.

There have been a handful of systematic reviews in treatment of symptoms of mTBIs as a whole. The first, by Borg et al (12) in 2004 reviewing non-surgical interventions, proposed that the heterogeneity of mTBI and the diversity of symptoms makes it difficult to produce high quality research and recommendations in this area. However, on the basis of the, albeit limited, evidence available, psycho-educational approaches were recommended while rehabilitation was not. Following this, Comper et al (13) in 2005 reviewed pharmacotherapy, cognitive rehabilitation, patient education, and other interventions and also noted that the limited number of studies of mTBI treatment and the variability in defining mTBI rendered it difficult to form definitive conclusions. Nevertheless, they also suggested that psychoeducation had the strongest evidence of effectiveness in mTBI treatments in comparison with pharmacotherapy and rehabilitation. 

Snell et al in 2009, in their review of psychological treatments for mTBI (14), assessed new studies published between 2004 and 2006, which provided some continuity with previous reviews. This review drew attention to the small sample sizes used in studies and inconsistent evaluation methods. The authors suggested that sub-groups at risk of developing chronic symptoms should be identified and offered preventative interventions. Although they found psychoeducational approaches to have some efficacy, they again commented on the lack of randomization and blinding in the current evidence base (14).

Carroll et al, writing in 2014, evaluated the evidence base from 2001 to 2012 regarding persistent symptoms following mTBI (15). Their conclusions favoured one study of telephone-based psychoeducation over an evaluation of bed rest, and therefore recommended (on the weak evidence available) physical activity and psychoeducation. They found only 2 studies out of 7 were at low risk of bias, and therefore recommended future randomised controlled trials to apply the Consolidated Standards of Reporting Trials (CONSORT) protocol (16).  Furthermore, they commented on the use of unvalidated outcome scales, the lack of studies regarding prognostic factors in mTBI, and the conceptual problem of the overlap between symptoms of mTBI, back injury and whiplash. 

The review by Thomas et al in 2017 (17) assessed RCTs of therapies for mTBI. However, this did not provide a synthesis of all literature, and was focused on cognitive behavioural therapy, digital assistant therapy, and physical therapy. It was again found that there was a significant problem with different studies using different definitions, multiple types of outcome measures, and a high rate of attrition. 

Most recently, Sullivan et al in 2019 (45) published a systematic review of psychological treatments of persistent postconcussion symptoms after mTBI. They, however, grouped together CBT and counselling evidence with education and reassurance approaches as psychological interventions, and concluded counselling and CBT have most support. In our opinion, it is unhelpful to merge educational interventions, which are commonly used, with less frequently employed psychotherapeutic approaches into the same category.

As there has not been a broad-based systematic review covering the whole range of treatment options studied in recent years, specifically examining randomized controlled trials in mild traumatic brain injury, we conducted this systematic review to provide an update and synthesis of all RCTs investigating educational, psychological, rehabilitative and pharmacological treatments and ascertain the most effective methods to manage mTBI.

Method
A systematic review of all randomized controlled trials looking into treatment outcome of mTBI in adults was undertaken. The databases Web of Science, Scopus, Medline, Pubmed, Cinahl,  PsychInfo, and Google Scholar grey literature were reviewed in order to find studies on the outcomes  of treatments in mild traumatic brain injury (mTBI) from 1980 to 2019. References of existing articles were cross checked to reveal further studies. The systematic review was conducted in accordance with guidelines described by the Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) (46) at all stages of review including  search strategy, identification of studies, screening for relevancy, eligibility assessment and qualitative synthesis (44).  

Search strategy
The search strategy included injury terms: ‘mild traumatic brain injury’, ‘concussion’, ‘brain concussion’, ‘commotio cerebri’, ‘intermediate concussion’, ‘severe concussion’, and ‘mild concussion’ united by the Boolean operator ‘OR’. In addition, the Boolean operator ‘AND’ combined the injury terms with treatment terms: ‘treat’, ‘treating’, ‘treatment’, treatment/prevention’, ‘management’, ‘managing’, ‘psychotherapy’, ‘psychotherapeutic’, ‘intervention’, ‘interventional’, ‘rehabilitation’, ‘clinical effectiveness’, ‘effectiveness’, and ‘efficacy’. Another Boolean operator ‘AND’ was then combined with the injury and treatment groups to also search for outcome terms which were themselves combined with the Boolean operator ‘OR’: ‘outcome’, ‘consequence’, ‘disability’, ‘disabilities’, ‘function(al)’, ‘functional’, ‘patient-relevant outcome’, or ‘rehabilitation outcome(s)’ 

Inclusion and exclusion criteria
The inclusion criteria were: cases of mild traumatic brain injury or concussion; unaccompanied by encephalitis/stroke/bullet shots; with a mean or median age over 18; randomized controlled trials (RCTs) exclusively; in English; and published in peer-reviewed journals, and for which the full text could be sourced. Studies that focused on a single post brain injury symptom, such as headache, or where the sample did not explicitly include mTBI populations, were excluded.

The abstracts were reviewed by two authors (MA and PB). Disagreement between these two was resolved by a third author (NA). The Scottish Intercollegiate Guidelines Network Tool (SIGNtool) (18) was used to measure the risk of study bias, and produce a rating of very high, high, moderate or low risk. This tool considers the appropriateness and focus of  the research question and includes evaluative items concerning key methodological aspects of Randomised Clinical Trial, including randomisation, treatment concealment, allocation blindness, outcome measures and analysis(18).

Results
The initial database search identified 6081 records, which was reduced to 3993 after removal of duplicates. Assessment of the abstracts on the basis of inclusion and exclusion criteria left 408 full text articles for evaluation. The examination of bibliographies produced two additional articles. A total of 383 full text articles were found not to meet the inclusion and exclusion criteria, leaving 25 articles for inclusion in this systematic review. Please see Figure 1 for details of article selection in this review. There were four categories of intervention: education and early intervention (19-27); rehabilitation (28-35); psychological interventions (36-39); and pharmacotherapy (40-43). 

Please insert Figure 1. here

Study characteristics
There were 3213 patients in total, across 25 articles, broken down into 1653 subjects who underwent an intervention and 1560 controls. Three articles were follow-up studies of previous trials (23, 25, 32); and two were studies of all severities of TBI but with an mTBI subgroup analysis (19, 20). Education and early intervention comprised 1154 patients; rehabilitation comprised 1055 patients, psychological therapy comprised 859 patients, and pharmacotherapy 145 patients. 

The age range overall was from 15 to 76 years, but in twelve studies was not reported (19-24, 33-37, 42). Mean age was not clear in two studies (19-20), but in the rest it was between ages 24 and 49, and overall was 35. Sex ratios ranged from 93% male (39) to 39% male (25-26), but overall was 59% male. Patients were recruited by consecutive admissions to hospital (19-29, 34, 36-38, 41-42), via direct mailing of healthcare professionals (30, 43), via automatic enrolment from a military TBI clinic (39), consecutive referrals from a military TBI clinic (33, 35), medical record review (35), via letters sent to patients discharged from civilian TBI or head injury clinics (30, 43) flyers (30, 35), and contacting the local brain injury association and advertising in their online and print newsletters (30). In two cases, recruitment was inadequately described (31-32), and in one case not described at all (40). There is likely to be a significant selection bias in studies, given that most mTBI is likely to be unreported to medical professionals and unstudied (13).

The cause of mTBI varied from motor vehicle/road traffic accident/motor vehicle collision/traffic/vehicle/vehicular (19-28, 30-31, 34, 36-37, 39), fall (21-23, 25-27, 30-31, 34, 36-37, 39), fall downwards vs fall on ground (31), thrown (39), assault/violence/blow (19-23, 25-28, 31, 34, 37, 39), riding (19-20, 25-26), sports (19-23, 25-28, 30, 34, 37), bicycle (21-23, 25-26, 34), domestic accident (19-20, 28), work accident (19-20, 28), falling object (30), blunt object/struck/fragment (36, 39), blast (39), pedestrian in motor vehicle collision (30), and other (19-23, 25-28, 34, 36-37). In nine cases it was not reported (29, 32-33, 35, 38, 40-43).

The various definitions used for mTBI can be seen in Table 1. Ten studies used the consensus definition put forward by the American College of Rehabilitation Medicine (22-24, 30-32, 38, 41-43), with the rest employed their own criteria, based on a variety of factors including post traumatic amnesia, loss of consciousness, and the Glasgow Coma Scale. The US Department of Defence criteria were used in one study (33), a retrospective screening questionnaire in another (35), and one used the cursory definition “clinically confirmed TBI” (39). Importantly, most studies did not explain how parameters such as duration of post traumatic amnesia (PTA) were measured. However, it was possible to determine the time/setting where it was assessed in all except six studies (22-23, 33, 40-42). It was assessed at the emergency department contemporaneously in eleven (21, 25-26, 28-9, 31-32, 34, 36-38), and retrospectively in eight (19-20, 24, 27, 30, 35, 39, 43).

Please insert Table 1 here

Exclusion criteria
Exclusion criteria apart from TBI severity markers were utilized in all bar two studies (19-20). These included: surgery requiring general anaesthesia/multiple trauma/other injuries requiring admission (21, 28-29, 33, 36-37, 39), pre-existing (major) psychiatric disorder (22-23, 25-27, 28, 31-32, 37-38, 41-43), psychosis/mania/bipolar disorder/schizophrenia specifically (30, 33, 35, 39), alcohol or substance misuse/abuse (28-32, 35, 37, 38, 41-43), pre-existing mental retardation or cognitive impairment (31-32, 34, 22-23), previous TBI (22-23, 26-8, 31-33), major medical or somatic or neurological illness or disease (22-23, 27, 30-33, 37-38, 41-43), not speaking the relevant language (22-23, 30-32, 34, 38), sensory impairment (33, 35), pregnancy (22-23), use of daily narcotic pain medications (33), mTBI from sexual assault (37), unemployment (27), incarceration (37), participation in intensive treatment for other conditions (33), not having a telephone (34), and homelessness (38). The one study of homeopathy had a variety of other exclusion criteria including use of all medications except insulin, thyroid hormones, NSAIDs, and vitamins; use of “energy therapies”; use of oral contraception; and inability to discontinue coffee, camphor, menthol and eucalyptus (43). One study reported that a variety of inclusion and exclusion criteria were employed, other than what they had discussed, but did not report what they were (40). It is likely that studies with multiple exclusion criteria will have a very homogeneous population which is not reflective of clinical practice, thus limiting the generalizability of results. 

Outcomes measures
There were a wide variety of outcome measures used, as detailed in Table 2. The most frequently used was the Rivermead Post-Concussion Questionnaire (RPQ), or its derivative the Head Injury Symptom Checklist (HISC), which was employed in nine studies (as cited in 19-20, 24-27, 37-39). The Rivermead Head Injury Follow-Up Questionnaire (RHFUQ) was used in four (as cited in 19, 20, 24, 26). Other commonly used measures included the 36-Item Short Form Health Survey (SF-36) used in six (as cited in 22-23, 26, 28, 31-32), the Paced Auditory Serial Addition Test (PASAT) used in five (as cited in 21, 24, 30, 33, 40) and the Symptom Checklist-90R (SCL-90R) used in three (as cited in 21, 30, 33). 

Ongoing compensation litigation is likely to be a factor associated with poor recovery from mTBI (44); however only six studies directly assessed this (22-23, 26, 29, 33, 36), with two mentioning the lack of the assessment as a limitation to the study (31, 32).

Please insert Table 2 here

Study duration and time since mTBI
The mean duration of study was 302 days or around 43 weeks, and median duration was 126 days or 18 weeks. The shortest study period was 4 days (40), and longest 10 years (32). The time since mTBI is important as symptoms may disappear shortly after injury, affecting the validity of the treatment in question, and it is estimated that most patients recovery fully by 3 months to one year (15). The range of time since mTBI that patients were recruited varied from 0-6 hours in one study (28) to 1-20 years with a mean of 6.5 years in another study (30). Time since mTBI was unclear in six studies (29, 31-32, 35-6, 38). 

Description of Education and Early Intervention studies
This group comprised most RCTs published and was the largest group in this review with 9 studies. These are summarised in Table 3. Overall this group comprised educational interventions ranging from booklets (21) to extensive neuropsychological and personality assessment (22-23). There were single sessions (21-23, 25-26) and also individual and group psychoeducational programmes (24, 27). The control groups appeared to vary between no particular intervention (19-21, 24), to educational intervention (22-23, 25-27). In primary outcomes studied, only two studies reported a significant difference between intervention and control groups at follow up (20, 21). However, both of these studies had a high attrition rate and were (consecutively) acceptable or at high risk of bias according to SIGN criteria. The two studies at the lowest risk of bias in this group (26-27) both reported no significant difference between groups at follow up. The remaining studies were at moderate (19, 25) or high (22-24) risk of bias.

Please insert Table 3 here.

Description of Rehabilitation studies
This group comprised 8 studies and are summarized in Table 4. Interventions ranged from bed-rest (28), inpatient admission (29) and neuropsychological or cognitive rehabilitation/training (30, 33-35) to an admixture of rehabilitation specialist assessment, followed by personalized education, occupational therapy, and assessment for pharmacotherapy (31-32). Three studies in this group were considered high quality, all three of which demonstrated significant differences between control and intervention groups at follow up (30, 33, 35). The remaining six studies demonstrated no effect of the intervention tested, with two at moderate  risk of bias (28, 34), and three at high risk (29, 31-32). 

Please insert Table 4 here

Description of Psychological interventions
There were four studies included in this group, summarized in Table 5.  Interventions included telephone counselling (37), telephone problem solving (39), and one (36) or up to five CBT sessions (38). Three of the four studies were considered low risk of bias, and one moderate. Two out of three studies at low risk of bias showed positive early improvements at 6 months but the effects were not sustained at 12 months.

Please insert Table 5 here

Description of Pharmacological interventions
The four studies comprising pharmacological interventions, summarized in Table 6, were all of very short duration, except one which was four months follow up (43). However, this intervention had a very high risk of bias as it was actually randomizing patients to eighteen different homeopathic compounds vs placebo, rather than one, and was not adequately powered to do this. We included the homeopathy study here as this is an external chemical agent though it is not a pharmacological intervention in traditional sense. The other studies consisted of 4 days of administration of the experimental medicine (40), or one-off administrations of placebo or the experimental medicine (41 and 42), after one week, in a cross-over randomization design. Overall, most interventions in this group (except 43), examined very specific symptoms of mTBI, and the overall functional outcome or total symptom scores, were not assessed.

Please insert Table 6

Methodological quality assessment 
According to SIGN criteria for internal validity, fourteen articles were at a low risk of bias, seven articles were at an acceptable risk of bias, seven articles were at a high risk of bias, and one was at a very high risk of bias. Please see Table 7 for a full breakdown of SIGN methodological analysis of trial internal validity. Criticisms of internal validity could unfortunately be directed at many studies. Nine of 25 studies failed to adequately describe the randomization process, and only eight studies concealed allocation. True blinding of subjects and assessors was not possible in the non-pharmacological studies, but even in pharmacological studies where true blinding is possible, it was unclear whether it took place from the authors’ descriptions. 

Fifteen studies had comparable treatment and control groups at baseline, but in four this was not possible to confirm as it was inadequately described. All primary outcomes were reliably and validly measured except in one study that used an unvalidated unpublished questionnaire specifically designed for the study (43).  Attrition rates varied from 0% in some of the pharmacological studies to 61.5% in one study (29). In the 22 studies where it was needed, an intention to treat analysis was only performed in nine. The studies involving multiple recruitment sites did not assess between-site differences, except one (39). 

Please insert Table 7 here

Discussion: 
Since the first systematic review published in 2004, there has been progress investigating interventions for mTBI despite the various challenges. Certainly, the number of relevant RCTs published has increased from eight in Borg et al., 2004, to the 25 in our review. However, increasing the number of trials has not solved (ongoing) methodological problems including inconsistency in defining mTBI or the diversity of outcome measures. Earlier criticisms of weak internal and external validity of published trials are, unfortunately, still warranted. The  heterogeneous nature of studies currently precludes meta-analysis. Indeed, this heterogeneity is likely a consequence of  the multifarious factors known to be involved in recovery from mTBI, which may not be related to the injury itself. For example, personality and coping style, psychiatric illness, substance misuse, chronic pain, poor effort, and compensation and litigation effects are all factors known to influence long-term outcomes (14).

Regarding education and early intervention, there is insufficient evidence to support the use of these approaches of which education forms the most common clinical management approach in everyday practice in mTBI (45) in helping people recover from mTBI symptoms. The majority of studies, which had a high risk of bias, did not show any difference between control and intervention, on the primary outcome of mTBI symptoms. The only two studies that did show difference between intervention and control group, had significant problems with inadequate descriptions of participants, high loss to follow up and non-standard definitions used for mTBI (20, 21). Hence, there is little evidence to suggest these commonly used approaches are effective on their own.

For rehabilitation type interventions, again, the evidence is currently insufficient to recommend this approach in the management of mTBI. Overall, three (30, 33, 35) of the nine studies found that the intervention was effective in primary outcomes compared to the controls. However, two of these were military studies on US veterans, and  extrapolation to the civilian population may be problematic. The sole civilian study of rehabilitation, while commendable for its use of a standardized diagnostic process (the ARCM definition of mTBI) and intention to treat analysis, included only 20 subjects (30). A rehabilitation approach therefore shows potential but cannot be recommended on its own for routine clinical use based on the current level of evidence and further robust studies are required.. 

In terms of psychological interventions, this is a relatively under-published area with only four studies, of low or moderate size, but mostly at low risk of bias. There are seemingly varied findings; for example, a one-off CBT session, quiz and manual appeared effective in lowering the duration and number of mTBI symptoms, but five CBT sessions were no better than telephone counselling in helping people to return to work (38). This is one of only two studies (27, 38) that primarily assessed  real-life outcomes (i.e. returning to work). This suggests that while CBT may be a useful intervention for symptom reduction, it might not help sufferers return to work when used without additional interventions.  Indeed, this study found that telephone counselling patients had significantly fewer complaints and showed more evidence of recovery by 12 months, than those randomized to CBT. 

It is important to note that psychological intervention studies overall involved quite active control groups; for instance, the provision of call-in numbers, regular nurse meetings, and telephone counselling. Despite this, in three studies, there were improvements at six months in the intervention group compared to controls, although in the one study that repeated this at 12 months, it was not maintained. Overall, psychological interventions, especially telephonic counselling, show promise but there is a dearth of data about the long term sustainability of treatment effects. Given that a vast majority of patients with mTBI show a (natural) trajectory towards improvement, long term studies may not be practical or necessary. On the basis of the included studies, psychological interventions cannot be unequivocally recommended and further robust studies are warranted. However, current evidence points to probable efficacy of brief psychological interventions in the early stage, primarily for symptom reduction.

The four studies of pharmacological interventions are disappointing in terms of their methodological quality. Of all intervention groups, this was amongst the easiest in which to design studies to minimize the risk of bias, but numbers were very low and the methodology almost universally poorly described. Three of the four studies employed only memory tests and used no other symptom measure or measure of functional outcome. The study of homeopathy, although blinded and well described in terms of randomization, used a completely untested and unvalidated outcome measure. Furthermore, as previously mentioned, it actually tested eighteen different ‘treatments’ versus placebo, but lumping all the treatments together for statistical analysis, which defied credibility.  Hence, based on the current evidence, pharmacological interventions cannot be recommended in mTBI. 

Educational interventions based on the early trial evidence, supported by its face value and plausibility, were introduced as a proposed solution (15) and were commonly adopted into routine clinical practice. However, accumulation of evidence since highlights the limitations of traditional educational approach alone.  Whilst the evidence base currently remains weak, there are indications that psychological and rehabilitative approaches may be of potential value either alone or in combination. Future large multi-centric trial with robust methodology and clinical meaningful and consistent outcome measures are needed to establish the best clinical approach in patients with mTBI.

Although this review used valid and reliable methodologies, including the use of standardized measure to assess risk of bias, it is not without limitations. Firstly, whether studies were included or not could have been subject to human error. Second, whether a study was reported at low, acceptable or high risk of bias was based on the authors’ judgement albeit using a well validated and designed tool. Time constraints limited our ability to seek clarification and elaboration about missing information from authors, meaning that a well conducted study may have been pronounced at high risk of bias. A failure to describe procedures such as randomization method, intention to treat analysis, and comparison of groups across sites, does not necessarily mean they were not undertaken (13). Publication bias could be inherent in this review as only published articles were included, and only those published in peer-reviewed journals, and it is well known that there is a tendency of journals to selectively report positive results. All other forms of articles were excluded.

Conclusion:
There is currently a dearth of good quality evidence to conclusively recommend the best approach to treat patients with mTBI. Despite this, the most commonly used treatment intervention in mTBI remains educational and reassurance approaches often centred on the provision of an information leaflet about head injury. Based on the currently available RCT evidence, this approach to mTBI has not been shown to be effective, however. The current evidence base suggests psychological and rehabilitative strategies may provide additional benefits. It is yet unclear whether a combination of interventions is superior to any of these approaches alone.  However, no single currently published treatment intervention can be unequivocally recommended based on sound scientific evidence. The quest continues for large-scale well-designed prospective RCTs, utilising internationally agreed criteria and outcome measures, for this large and diverse population. 
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