Table A4
Summary of evidence for psychometric properties of instruments identified in the systematic review
	Instrument
	Instrument development and content validity
	Other psychometric properties

	Historical, Clinical, Risk – 20 (HCR-20) Version 3

	The Historical, Clinical, Risk – 20 (HCR-20) Version 3 is the latest of the well-established HCR tools, following on from version 1 (1995) and version 2 (1997) [1]. The authors developed a draft of the third version of the HCR-20 in 2008, in order to incorporate the latest research since the previous versions and improve its clinical utility. This combined literature reviews, feedback at conferences, beta testing with small groups of clinicians on three sites in different countries, followed by piloting in six different countries. It was not clear if the literature reviews were systematic or otherwise structured. There is some limited evidence that users find version 3 an improvement over previous versions, but no structured qualitative evidence for the content validity of HCR 20 as an outcome measure was identified [2, 3].

	A total of 18 studies contained relevant evidence for other psychometric properties, including 2340 participants (see Table A3, Supplementary Material 4).   No studies were identified that consider the structural validity of the HCR-20. Evidence for internal consistency was derived from 4 studies, at least 3 of which were of good quality [2, 4-6]. The values of Cronbach α were very variable, ranging from 0.33 to 0.87.  Reliability was examined in 10 studies, including 8 of adequate quality [5, 7-15]. Only interrater reliability was considered. Despite some variability, overall the intra-class correlation (ICC) scores were adequate (0.76-0.94 for the total HCR-20 score). Testing hypotheses for construct validity was carried out in all but 1 study [5], including the difference between subgroups, such as level of security and sex, correlation with other measures, such as the START, and prediction of a range of outcomes, including violence. A total of 682 relevant hypotheses were identified, of which 341 (50%) were supported. Responsiveness was studied in 3 papers, all of good quality [5, 13, 16]. Clinical and risk scales showed evidence of change in 2 out of the 3 studies [13, 16].

	Short Term Assessment of Risk and Treatability (START)

	The Short Term Assessment of Risk and Treatability (START) was developed by a team based in Canada, with overlaps with the authorship of the HCR-20. It was based on an earlier tool called the Short-Term Assessment of Risk (STAR) [17]. The development of the STAR and subsequent versions of the START involved self-reflection by the authors, unstructured consultation with colleagues to select items and reviews of the literature [18]. A study of 12 staff members in a medium secure unit in the UK found that several participants felt START was useful to organise information about a patient, but raised concerns about uncertainty of the timeframe and the subjectivity of assessments [19]. A systematic review of the START identified seven studies that considered feasibility and utility [20]. 
	A total of 28 studies were identified, which contained information on the START’s other psychometric properties (see Table A3, Supplementary Material 4). These studies contained up to 4740 participants, although it was unclear in one study if the number referred to participants or assessments [21]. One study used an earlier version of the START, which contained the same items as later versions, but was rated on a continuous six point scale from a very high risk to very high strength, rather than two separate scales for strengths and vulnerabilities [22].  There were no studies that explored the structural validity of the START. There were 5 high quality studies that considered internal consistency, with Cronbach’s α score consistently >0.70, indicating a high consistency [4, 22-25].  A total of 10 studies were identified that contained information about reliability [4, 16, 24-31]. Most focused on inter-rater reliability, but 1 did consider test-retest reliability [29].  There was considerable variability in both the quality and results of the studies, with ICC values ranging from 0.30-0.95. All 28 studies testing hypotheses for construct validity, including difference between subgroups, such as level of security and sex, correlation with other measures, such as HoNOS-Secure and HCR-20, and prediction of a range of outcomes, including violence, self-harm and victimisation. The results were highly variable between studies.  A total of 1256 hypotheses for construct validity were tested, with 601 (48%) being supported.  Only 2 studies considered responsiveness, with one of poor quality [23]. The second study was of good quality and concluded that the START showed adequate responsiveness [16].

	Camberwell Assessment of Need – Forensic Version (CANFOR)

	The Camberwell Assessment of Need – Forensic Version (CANFOR) is part of a family of needs assessment instruments designed to be used with different populations of mental health service users.  The original version, the Camberwell Assessment of Need (CAN) was developed in the 1990s by a team at the Institute of Psychiatry at King’s College London [32].  The CAN was used as a template to develop the CANFOR [33]. The authors reworded original items and additional domains were added. This process was carried out by a team of five professionals from different disciplines.  This draft was then piloted with 20 service users and 17 staff members and revisions were made based on the feedback obtained. Content validity was then investigated by interviewing 60 services users, who were asked to rate the relevance of each item on a four point scale. Two additional items were suggested, but these referred to intervention, not needs, so were not further considered.  Fifty professionals were also surveyed to ascertain their views on the need for the CANFOR, the relevance of the ratings, the length of the scale and its comprehensiveness.  Comprehensibility was investigated through the application of the Flesch ease of reading scale, on which the CANFOR scored 59, indicating that it was at the appropriate level for most readers.
	A total of 10 studies were identified considering other psychometric properties, involving 794 patient participants (see Table A3, Supplementary Material 4). Reliability was investigated in four studies, which all examined both inter-rater and test retest reliabilities [33-36].  Overall the methods appear appropriate and the values of ICCs and Cohen’s κ indicate adequate reliability, at least at the level of aggregate scale scores. Testing hypotheses for construct validity occurs in all studies and covers difference between subgroups, such as patients in decreasingly secure settings and correlation with other measures, such as the Global Assessment of Functioning (GAF) and Brief Psychiatric Rating Scale (BPRS).  There were no studies that look at the predictive ability of CANFOR.  In total 59 out of 96 (61%) hypotheses were supported.


	Dangerousness Understanding, Recovery and Urgency Manual (DUNDRUM)
	The Dangerousness Understanding, Recovery and Urgency Manual (DUNDRUM) is a linked toolkit of rating scales designed to be used at different stages of the forensic mental health pathway [37]. DUNDRUM 3 and 4 are designed to guide moves along the recovery pathway, to make decisions about readiness for a move to less secure inpatient setting or discharge to the community. Patient reported versions of DUNDRUM 3 and 4 were subsequently developed, which mirror the items in the original clinician version [38]. The DUNDRUM quartet was developed by a team at the Central Mental Hospital in the Republic of Ireland. The items in the scale are reportedly drafted based on a number of previously developed assessment criteria, decision algorithms and structured professional judgements along with the authors’ own experience and research. The DUNDRUM 3 and 4 are also based on existing scales such as the HCR-20, CANFOR and HoNOS and a number of theoretical models, including engagement, recovery, Maslow’s hierarchy of need, and the trans-theoretical stages of change [39, 40]. The authors explain that professional colleagues contributed to the DUNDRUM manual through comments, criticisms and feedback, although this process is not described in further detail. The content of the patient reported scales of the DUNDRUM 3 and 4 are described as being developed in consultation with one service user, in order to allow ease of interpretation, while ensuring fidelity to the clinician rated items [38].  The process of this consultation is not described in detail. The self-rated scales have been published in a later edition of the DUNDRUM manual [41].

	In total 8 studies were identified, involving 967 participants (see Table A3, Supplementary Material 4). Structural validity was examined in 1 study through a principal components factor analysis [42]. The results support the unidimensionality of the DUNDRUM 3 and 4 scales. No confirmatory factor analysis was performed and the analysis of 95 participants is less than the minimum sample size of 100 recommended by COSMIN [43].  Internal consistency is examined in four studies and the evidence demonstrates high values of Cronbach’s α for both the clinician and patient rated versions of DUNDRUM 3 and 4. Evidence for the reliability of the DUNDRUM 3 and 4 is limited, with only 1 study reporting values for inter-rater reliability [42]. There is no evidence of test-retest reliability. For the DUNDRUM 3, only 1 study of measurement error was identified, which calculated a reliable change index using statistical methods [44]. This study compared this to a measure of clinically meaningful change, which was based on the theoretical basis of the instrument linked to levels of security, rather than empirical qualitative methods. There was extensive testing of hypotheses for construct validity in all but one study [44], including the difference between subgroups such as those with leave and those without leave, correlation with a range of other instruments, such as the HCR-20, CANFOR and SAPROF and prediction of violence, self-harm and moves within the patient pathway. In total 145 out of 192 (76%) of hypotheses identified were supported. There is one study of responsiveness, which considers the DUNDRUM 3 scale only [44]. Overall the total sample shows change, however there is a mixed picture when this is broken down into two subgroups of longer and shorter stay patients. The proportion of patients showing change greater that the reliable change index (RCI) and clinically significant change are also calculated. No evidence for the responsiveness of the DUNDRUM 4 or the two patient self-reported scale was identified.

	Health of the Nation Outcomes Scales – Secure (HoNOS-Secure)

	The Health of the Nation Outcome Scales –Secure is part of the HoNOS family of outcome measurement instruments. The authors of the original HoNOS tested and modified it during a four-stage process, considering acceptability, structure and sensitivity to change [45].  The first version of the HoNOS for forensic services was developed in 2002 within a group of independent hospitals, now called St. Andrew’s Healthcare. This was initially known at the Mentally Disordered Offender (MDO) scale. It constituted an additional 7 items, which formed a security scale, rated alongside modified versions of the original 12 items from the original HoNOS [46]. This new scale was reported to correlate highly with the original HoNOS in an unpublished study in 5 secure units [47].  The second version was subsequently developed using ‘qualitative consultation and case vignettes in order to establish face and consensual validity’ and was published in 2004 [48].  

	A total of 21 studies were identified involving 2440 participants (see Table A3, Supplementary Material 4).  Two studies examined the internal consistency of the two HoNOS subscales [48, 49]. The values of Cronbach’s α suggest good internal validity, however given the absence of evidence for structural validity, these results were assumed to be of indeterminate quality [43]. Only one study examined the interrater reliability of the HoNOS Secure [48]. Despite being of adequate methodological quality, the study only examined individual items and not the reliability for the total or subscale scores.  The values of the ICC were highly variable, with some items demonstrating good reliability and other poor reliability. Only one study considers measurement error and this is calculated by statistical methods [50]. Testing of hypotheses for construct validity was undertaken in 14 studies and includes prediction of violence, difference between subgroups such as gender, security level and legal status and correlation with other measures, including risk assessments, neuropsychological measures and measures of social functioning [47, 49, 51-62]. Overall 103 out of 268 hypotheses (38%) tested are substantiated.  Prediction was only tested in one of these studies, but the AUCs suggest good predictive abilities, with the AUC for interpersonal violence at 1, 3 and 6 months 0.89, 0.78 and 0.78 [61].  Responsiveness was examined in 11 studies [47, 49, 50, 54, 62-68]. The resultant picture was mixed, with a total of 58 out of 120 pairings (48%) showing significant change.  This was supported by the mixture of improvement and deterioration observed in the two studies considering clinically important change [49, 50].

	Level of Service: Case Management Inventory (LS/CMI)

	The Level of Service: Case Management Inventory is the most recent iteration of a series of tools in the Level of Service Inventory family. The LS/CMI is an evolution of earlier tools, such as the Level of Service Inventory-Revised and incorporates many elements of its predecessors [69].  The LS/CMI is not explicitly developed for use in healthcare settings, such as forensic mental health hospitals or community services. Mental health is only considered in section 4 ‘other client issues’, which does not contribute to the overall score, but can be used for administrative override purposes and to inform case management [70]. There is no evidence for the involvement of relevant stakeholders from forensic mental health services in the development of the LS/CMI.

	There was limited published evidence identified for the use of the LS/CMI in a forensic mental health setting. In total only three studies were identified and all of these only considered the general scales in section 1 (see Table A3, Supplementary Material 4).  Two of the studies were set in an outpatient psychiatric facility involving participants who were offenders referred for psychiatric assessment [71, 72].  Evidence was only available for internal consistency and testing hypotheses for construct validity.  Internal consistency was only considered in one study and only 6 out of the 8 subscales of the general risk/needs scale were calculated101 [71]. Internal consistency varied considerably between subscales from 0.80 for Criminal History to 0.07 for Antisocial Orientation.  Testing hypotheses for construct validity was conducted in all three included studies, but was limited to correlations with other measures, including the CANFOR, HoNOS Secure and HCR-20.  Out of 193 [55] hypotheses tested, 63 (35%) were supported with significant correlations. 

	Violence Risk Scale (VRS)

	The Violence Risk Scale (VRS) was designed to be a generic risk assessment for ‘forensic clients’, in particular those that were ‘being considered for release from institutions to the community after a period of treatment’ [73]. The VRS is explicitly designed to measure change in an individual’s risk of violence over time, and therefore to provide an assessment of the effectiveness of treatment in reducing this risk. The VRS is based on the Transtheoretical Model of Change [40] and the psychology of criminal conduct and the principles of effective correctional treatment [74]. No specific evidence for content validity as an outcome measure was identified.

	There were 13 studies identified containing evidence on other psychometric properties, involving at least 1852 participants (see Table A3, Supplementary Material 4).  There appeared to be at least some overlap in the samples of two of the studies [75, 76]. Evidence for structural validity is limited to exploratory factor analyses performed by the tool’s authors [74].  The results suggest that the static variables lack unidimensionality, which may account for the internal consistency of these variables. There was no confirmatory factor analysis identified.  The same study is the only evidence of internal consistency, which appears to be good for the total and dynamic scores. Evidence of good interrater reliability is directly available from 6 studies [16, 75, 77-80]. It is also reported from a previously unpublished source by Wong and Gordon [74]. Four studies consider the measurement error of the instrument [79, 81-83]. Only one uses a clinical, rather than just statistical, methodology [82] and none meet COSMIN criteria for adequate evidence [84].  Hypotheses for construct validity are tested in 11 different studies, including difference between subgroups, prediction of outcomes and correlation with other measures [16, 74-78, 80, 83, 85-87]. In total 223 out of 334 (67 %) hypotheses were supported. There was evidence regarding responsiveness from 8 studies, which give a mixed picture [16, 75, 76, 79-83].  Some suggested statistically significant change [16, 80, 81], but those considering change indices found either limited or no improvement [79, 82]. One study did show significant change that was also reliable for a majority of participants [83].

	Structured Assessment of Protective Factors for risk of violence (SAPROF)

	[bookmark: _GoBack]The SAPROF was first published in Dutch in 2007 [88]. It was subsequently translated in to English and several other languages. The included items were based on literature reviews of protective factors and contextual factors. Clinical input consisted of asking a range of mental health professionals who participated in 60 case conferences to suggest factors that may be protective against a relapse in to violent behaviour. Items in the prototype version were reduced by field testing [89]. 

	Twelve studies were identified that contained information about the psychometric properties of SAPROF in a forensic psychiatric context (see Table A3, Supplementary Material 4). There was no evidence to support good structural validity and the three subscales did not appear to have been empirically validated. There are two studies of adequate quality that indicate good internal consistency for the overall scale [4, 90]. There is evidence from 8 studies for inter-rater reliability [4, 9, 10, 12, 90-93] . Despite some inconsistency, overall there is strong evidence for adequate reliability, especially of the total score.  No studies were identified that examined test-retest reliability.  Testing hypotheses for construct validity was conducted in all of the included studies, including predictive validity (mainly for violence), difference between subgroups and correlation with a number of other measures, particularly the HCR-20. In total 199 out of 321 (62%) results were in line with the hypotheses. Responsiveness was considered by two studies which compared pre and post treatment scores over a variable period of follow up [91, 93]. In total 14 out of 14 (100%) scores showed significant change after treatment.  

	Sexual Violence Risk 20 (SVR-20)

	The SVR-20 is developed based on risk factors for sexual violence [94]. No specific evidence to support its content validity as an outcome measure was identified.  
	Five studies were identified containing information on other psychometric properties that involved forensic psychiatric assessment (see Table A3, Supplementary Material 4). There was some evidence for interrater reliability, which was acceptable for individual subscales and total score, but inadequate for the overall risk rating [10, 95].  Testing hypotheses for construct validity included differences between subgroups, correlation with other risk assessment tools and predictive abilities relative to a range of violent and sexually violent outcomes [10, 95-98] with 32 out of 74 (43%) hypotheses supported.

	Behavioural Status Index (BEST)

	The BEST Index is a clinician rated instrument, which was designed to provide an assessment of behaviour.  Evidence is available about the process of its development and content validity from a number of sources. There is limited information about the numbers of participants and the exact methods of data collection or analysis [99-101].
	Evidence for other psychometric properties was identified in 4 studies, although some of these were reported in multiple papers (see Table A3, Supplementary Material 4). Evidence for structural validity provides a mixed picture and is limited to only three of the full six subscales, with confirmatory factor analysis of a three factor model identifying an inadequate level of fit [102, 103].  Good internal consistency is well supported by high Cronbach’s alpha scores, but there is some question about how to interpret these in light of the evidence of inadequate structural validity [103-105]. Reliability results are variable, with many scores suggestive of inadequate agreement [104-106]. Testing hypotheses for construct validity occurred in all 4 studies, including differences between subgroups, such as level of security, and correlation with other measures, such as the HCR-20. 202 out of 319 (63%) hypotheses are supported. The evidence for responsiveness from two studies is equivocal, with some subscales demonstrating significant change, although these subscales are not consistent between studies [104, 105].



Notes
Other psychometric properties include structural validity, internal consistency, measurement invariance, reliability, measurement error, hypothesis testing and responsiveness.
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