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Background. Self-harm is a common reason for Emergency Department (ED) attendance. We aimed to develop a

clinical tool to help identify patients at higher risk of repeat self-harm, or suicide, within 6 months of an ED self-harm

presentation.

Method. The tool, the ReACT Self-Harm Rule, was derived using multicentre data from a prospective cohort study.

Binary recursive partitioning was applied to data from two centres, and data from a separate centre were used to test

the tool. There were 29 571 self-harm presentations to five hospital EDs between January 2003 and June 2007,

involving 18 680 adults aged o16 years. We estimated sensitivity, specificity and positive and negative predictive

values to measure the performance of the tool.

Results. A self-harm presentation was classified as higher risk if at least one of the following factors was present :

recent self-harm (in the past year), living alone or homelessness, cutting as a method of harm and treatment for a

current psychiatric disorder. The rule performed with 95% sensitivity [95% confidence interval (CI) 94–95] and 21%

specificity (95% CI 21–22), and had a positive predictive value of 30% (95% CI 30–31) and a negative predictive value

of 91% (95% CI 90–92) in the derivation centres ; it identified 83/92 of all subsequent suicides.

Conclusions. The ReACT Self-Harm Rule might be used as a screening tool to inform the process of assessing self-

harm presentations to ED. The four risk factors could also be used as an adjunct to in-depth psychosocial assessment

to help guide risk formulation. The use of multicentre data helped to maximize the generalizability of the tool, but

we need to further verify its external validity in other localities.
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Introduction

National strategies aimed at reducing suicide rates

have been developed in several European countries,

including England (Department of Health, 2002) and

Scotland (Scottish Executive, 2002). Self-harm is a

strong predictor of suicide (Owens et al. 2002 ;

Hawton et al. 2003) and was found to occur in 0.6% of

self-harm patients within 6 months of an Emergency

Department (ED) presentation (Cooper et al. 2005).

People who repeat self-harm have a twofold increase

in the risk of suicide compared to those with a single

episode (Zahl & Hawton, 2004). It has been estimated

that annually there are approximately 220 000 hospital

presentations of self-harm to EDs in England (Hawton

et al. 2007). Such high incidence places considerable

pressure on mental health and other health-care ser-

vices, but also provides an opportunity for suicide

prevention (Kapur, 2009). Current guidance in the UK

on the management of self-harm recommends that

psychosocial assessment is carried out for each self-

harm presentation (NICE, 2011). A key element of this

involves assessment of the risks of further self-harm

and suicide.

Predicting suicide is difficult because of the rarity of

the event and risk factors that are associated with

completed suicide co-occur commonly in people who

self-harm (Kapur, 2006). Established clinical tools have

been developed using data collected around 20 years

ago and were not designed specifically for use in the

ED (Patterson et al. 1983 ; Kreitman & Foster, 1991).
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The characteristics of people who repeat self-harm

vary over time (Kreitman & Foster, 1991 ; Cochrane-

Brink et al. 2000), highlighting the importance of

updating clinical tools. It has been recognized that

some of the more detailed scoring systems are not

suitable for use in a busy ED setting (Hockberger &

Rothstein, 1988). McMillan et al. (2007) assessed the

ability of the Beck Hopelessness Scale (BHS) to predict

self-harm and suicide. Application of the BHS resulted

in more false positives than would be feasible for

guiding decisions about where treatment aimed at

reducing repetition should be directed. They did

acknowledge, however, that a tool with a higher sen-

sitivity could be used as a preliminary guide to help

identify those who need a more intensive psychosocial

assessment. Previously published clinical tools, used

both in non-psychiatric medical specialties (Camp &

Slattery, 2002 ; Wadsworth et al. 2004 ; Scheet et al.

2009) and in psychiatry (Monahan et al. 2000 ; Walters

et al. 2007), have applied classification tree techniques

to identify high-risk subgroups, helping to inform

appropriate clinical management. These techniques

are particularly well suited to clinical scenarios that

require a high level of sensitivity, and to ED settings,

where it is often the priority to rule out potentially

life-threatening outcomes (Stiell & Wells, 1999). We

derived a previous rule, the Manchester Self-Harm

Rule (Cooper et al. 2006), on information from pre-

sentations receiving psychosocial assessment, esti-

mated to be just over two-thirds of all self-harm

presentations (Hawton et al. 2007). The characteristics

of presentations resulting in an assessment are known

to differ from non-assessed episodes (Kapur et al.

2008 ; Lilley et al. 2008).

The aim of this study was to develop a clinical

screening tool using self-harm data from three cities in

England. We sought to develop a simple three- to five-

element tool with high sensitivity (at least 95%)

for predicting repetition of self-harm within 6 months,

while identifying the maximum number of sub-

sequent suicides. With data available for both assessed

and non-assessed ED presentations from three centres,

there was an opportunity to develop a new, multi-

centre clinical screening tool.

Method

Study design and setting

The study data were collected prospectively through

the Multicentre Study of Self-Harm in England

(Bergen et al. 2010), a collaboration between three

centres in Manchester, Oxford and Derby. Data were

available for self-harm presentations to five EDs in

total : three in Manchester and one each in Oxford and

Derby. Each centre has an established monitoring

system to collect data on episodes of self-harm pre-

senting to EDs. Information was collected from

psychosocial assessments carried out by psychiatric

and/or ED staff. Data included sociodemographics,

current and previous psychiatric treatment, pre-

cipitating problems preceding the self-harm act and

details of the self-harm episode, such as method of

harm (Table 1). Limited data were available from

hospital records for non-assessed episodes. Although

the method of data collection differed somewhat

across the three centres, standardized definitions of

self-harm are used (Hawton et al. 2007) and previous

research using these multicentre data has indicated

that they are effective at uncovering trends across the

centres (Bergen et al. 2010).

The City of Manchester is located in the north

west of England and has a population of 464 000

(ONS, 2009a). The city has a large student population

(HESA, 2007) and a large proportion of adult residents

are aged under 30 years compared to England overall

(ONS, 2009a). Manchester has high levels of unem-

ployment (ONS, 2009b) and is ranked fourth most

deprived out of 354 local authority areas in England

according to the Index of Multiple Deprivation (IMD;

Department for Communities and Local Government,

2008). The proportion of residents from an ethnic

group other than white is around double that for

England as a whole (ONS, 2009e). The City of Oxford,

located in the south of England, has a population of

153 000 (ONS, 2009a). A high proportion of working-

age residents of Oxford are full-time students

(HESA, 2007), with the proportion aged 15–24 years

around twice that of the national level (ONS, 2009a).

Oxford has a slightly higher proportion of non-white

residents than England overall (ONS, 2009 f ). The un-

employment rate is relatively low (ONS, 2009c) and

Oxford was ranked 155th in the IMD. Derby is a

city in the East Midlands region of England, with a

population of 239 000 (ONS, 2009a). The proportion

of non-white residents in Derby is comparable to

the population nationally (ONS, 2009g). Derby was

ranked 69th in the IMD and has an unemployment

rate slightly higher than the national rate (ONS,

2009d).

Participants

Data included patient episodes presenting to the par-

ticipating EDs between January 2003 and June 2007.

Multiple episodes by the same individuals were in-

cluded because, in an ED setting, each attendance is

likely to be considered as an isolated case. Outcomes

were monitored until the end of 2007 to allow all epi-

sodes a follow-up period of at least 6 months. Both
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assessed and non-assessed presentations, including

those where the patient left hospital before assessment

or refused treatment, were included. Episodes were

excluded for patients aged <16 years at the time of

harm because service configuration for this group

differs from adult services.

Table 1. Descriptive analyses of the potential predictors examined

Explanatory variable (n)

Data incomplete

for n (%)

episodes

Repeat within

6 months

n (%)

Suicide within

6 months

n (%)

All episodes : 29 571 8110 (26.7) 92 (0.3)

Sociodemographic characteristics

Male (11 999) 18 (0.06) 2984 (24.9) 56 (0.5)

Female (17 554) 5125 (29.2) 36 (0.2)

Age <35 years (16 633) 88 (0.3) 4272 (25.7) 31 (0.2)

Age o35 years (12 850) 3835 (29.8) 57 (0.4)

Unemployed (6422) 10 000 (33.8) 2040 (31.8) 17 (0.3)

Not unemployed (13 149) 3340 (25.4) 39 (0.3)

Widowed (433) 8449 (28.6) 109 (25.2) 5 (1.2)

Lives alone or homelessa (5653) 11 244 (38.0) 2090 (37.0) 24 (0.4)

No partner (15 378) 8342 (28.2) 4915 (32.0) 52 (0.3)

Clinical characteristics

Previous self-harm in the past year (10 447) 8991 (30.4) 4883 (46.7) 27 (0.3)

Previous self-harm more than a year ago (4552) 8991 (30.4) 794 (17.4) 18 (0.4)

Current psychiatric treatmentb (10 859) 8411 (28.4) 4373 (40.3) 44 (0.4)

Previous psychiatric treatment (13 099) 8918 (30.1) 4939 (37.7) 47 (0.4)

Details of the self-harm act

Alcohol involved in the self-harm act (12 631) 8126 (27.5) 3267 (25.9) 34 (0.3)

Method of harm included :

Self-poisoning (24 135) 0 6138 (25.4) 62 (0.3)

Self-injury : cutting or stabbing (5548) 0 2084 (37.6) 27 (0.5)

Self-injury : other methodc (1019) 0 307 (30.1) 10 (1.0)

Drugs used in overdose

Benzodiazepine (3472) 1182 (4.0) 1205 (34.7) 11 (0.3)

Paracetamol (10 011) 1182 (4.0) 2392 (23.9) 24 (0.2)

Antidepressant (5746) 1182 (4.0) 1523 (26.5) 12 (0.2)

Antipsychotic (1482) 1182 (4.0) 570 (38.5) 7 (0.5)

Precipitants to the self-harm act

Alcohol misuse (3375) 13 398 (45.3) 1110 (32.9) 7 (0.2)

Abuse (physical/sexual/mental) (1276) 8158 (27.6) 408 (32.0) 4 (0.3)

Bereavement (1538) 8210 (27.8) 366 (23.8) 8 (0.5)

Drug misuse (843) 13 505 (45.7) 184 (21.8) 3 (0.4)

Employment or study problems (2520) 8167 (27.6) 492 (19.5) 9 (0.3)

Financial problems (2309) 8168 (27.6) 514 (22.3) 7 (0.3)

Housing problems (2287) 8152 (27.6) 663 (29.0) 5 (0.2)

Legal problems (725) 8177 (27.7) 177 (24.4) 4 (0.6)

Response to mental symptoms (4472) 7997 (27.0) 1607 (35.9) 19 (0.4)

Physical health problems (1954) 8169 (27.6) 477 (24.4) 8 (0.4)

Relationship problems with partner (7429) 8038 (27.2) 1324 (17.8) 18 (0.2)

Relationship problems with family (4277) 8135 (27.5) 1016 (23.8) 8 (0.2)

Relationship problems with others (1692) 8179 (27.7) 406 (24.0) 7 (0.4)

a ‘Homeless ’ refers to instances where the individual was street homeless or staying in temporary hostel accommodation at the

time of the self-harm episode.
b ‘Current psychiatric treatment ’ includes general practitioner (GP), out-patient and in-patient treatment.
c ‘Other self-injury ’ includes predominantly violent methods such as jumping from a height, hanging, traffic-related acts and

drowning.

Data on analgesics other than paracetamol (and compounds) used in self-poisoning were not available because of differences in

data recording between the three centres.
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Definitions of variables

Repetition was defined as any episode of self-harm

that was followed by a repeat episode, or suicide,

within 6 months. ‘Self-harm’ episodes included all

acts of ‘ intentional self-poisoning or self-injury, irres-

pective of motivation’ (Hawton et al. 2007). Repeat

episodes of self-harm were identified from subsequent

presentations to the study hospitals, with multiple

episodes matched to individuals by the centrally allo-

cated National Health Service (NHS) number (where

available), or name and date of birth. Loss to follow-up

may have occurred if an individual repeated self-harm

but presented to an ED outside of the study area.

However, recent audits have estimated the incidence

of this to be minimal. Individuals who had self-

harmed during the study period were matched to re-

cords held by the Medical Research Information

Service (MRIS ; NHS Information Centre, 2010). These

records provided current information on the status

of each patient, including information on mortality

and coroners’ verdicts, allowing the identification of

deaths by suicide.

The International Classification of Diseases, tenth

revision (ICD-10), was used to identify deaths by

suicide (codes X60–X84) and undetermined cause

(Y10–Y34, excluding Y33.9). These were combined as

‘suicides ’ in this study, as has become customary

practice in the UK (Adelstein & Mardon, 1975).

This information was continuously updated until

September 2010, allowing all episodes of self-harm a

minimum follow-up period of 38 months. Episodes

with no repeat self-harm presentations to any of the

participating hospitals, or suicide, within 6 months

were defined as ‘non-repeaters ’.

Data analysis

Developing the clinical screening tool

The clinical screening tool was derived from a classi-

fication tree, grown using CART (Classification and

Regression Trees) version 6.0 (Salford Systems, 2007),

designed to identify high-risk subgroups and to ex-

plore how risk factors interact (Stiell & Wells, 1999).

Factors relating to the self-harm episode or to the

individual were examined as potential predictors of

repetition of self-harm within the next 6 months. The

classification tree was developed using binary recur-

sive partitioning (Breiman et al. 1984) to split the data ;

it is recursive because once the optimal split is ident-

ified, a subgroup is partitioned off and the process

repeats with the new set of data. Splits in the classifi-

cation trees were generated using a technique known

as the Gini splitting rule (Breiman et al. 1984). At each

stage of the tree, mutually exclusive groups were

classified as either low risk (non-repeaters) or high

to moderate (hereafter referred to as ‘higher ’) risk

(repeaters). The results for this stage of the analysis are

presented as a diagram showing the split in the data at

each level.

A 3-to-1 weight was applied so that splits that cor-

rectly classified repeaters as higher risk were prior-

itized, enabling the tree to be grown with a high

sensitivity and minimizing the misclassification of re-

peaters. Incomplete data were handled by ‘surrogate ’

splitters (Twala, 2009 ; Steinberg, 2011) ; in some in-

stances, cases within one of the binary risk categories

determined by the primary splitter can be predicted by

another variable. Where data are missing for the pri-

mary splitter, a variable that places a sufficiently high

number of cases into the correct risk category can be

used as a surrogate. Furthermore, because it can be

easier to partition the data when there are a smaller

number of records, variables are penalized according

to the proportion of data that are missing, ensuring all

predictor variables have an equal chance of being

selected as splitters. Predictors with higher propor-

tions of missing data are deferred further down the

tree, until the proportion of complete data has in-

creased.

The rule was derived using data from Manchester

and Derby combined, and tested using data from

Oxford. To begin with, the entire set of variables was

entered into the model (Table 1). Factors that per-

formed poorly were excluded and the analysis was

repeated with the remaining set of predictors. ‘Poor ’

performance meant that the predictor either (i) in-

itially classified a large proportion of episodes as high

risk, including many non-repeaters (reducing specifi-

city), or (ii) performed weakly for correctly predicting

suicide outcomes. This process was continued until

the rule correctly predicted the greatest number of re-

petitions and misclassified as few suicides as possible,

while also balancing the need for the correct classifi-

cation of non-repeaters. The predictive ability of the

rule was assessed using the following measures : sen-

sitivity (the proportion of repetitions by persons that

were initially identified as higher risk), specificity (the

proportion of non-repetitions that were correctly

classified as low risk), positive predictive value (the

proportion classified as higher risk that went on to

repeat), negative predictive value (the proportion

classified as lower risk that did not repeat) and the

total proportion classified as higher risk. Confidence

intervals (CIs) for these proportions were calculated

using the Wilson method (Altman et al. 2000). We also

present values for the positive likelihood ratio (LR)

(how many times less likely it is that non-repeats will

be identified as low risk than those that repeat) and the

negative LR (how many times more likely it is that
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repeat episodes will be identified as higher risk than

those that do not repeat) (Deeks & Altman, 2004).

A sensitivity analysis was performed to explore the

effect of repeat presentations on the tool, first by

selecting each individual’s first presentation during

the study period and second by curtailing the data at a

maximum of 10 presentations for each individual.

Assessing independence using multivariate modelling

Univariate log binomial regression models were fitted

using the statistical software package Stata version 10

(Stata Corporation, USA) to examine the effect of the

predictor variables on 6-month repetition as a risk

ratio (RR). Multivariate modelling was then carried

out, using the predictors of the new rule. The purpose

of this supplementary analysis was to enable explo-

ration of the independence of each of the predictors

and to provide an additional measure of the strength

of the risk factors (Lemon et al. 2003).

Results

Descriptive statistics

In total there were 29 571 episodes of self-harm by

18 680 individuals aged o16 years (range 16–97 years,

median 32 years). Of these, 8110 episodes (27.4%)

were followed by a repeat episode within 6 months,

including 92 suicides. The proportion of suicides

within 6 months of a hospital presentation of self-

harm did not differ significantly between the three

centres (p=0.6). However, the 6-month repetition was

lower in Manchester, where 24.1% of patient episodes

were repeated compared to 29.8% in Oxford and

31.2% in Derby (p<0.001).

The overall assessment rate (completed assess-

ments/total number of episodes) for the period of

study was 68.3%. The likelihood of receiving an as-

sessment did not vary greatly by age or gender. Self-

harm episodes involving cutting were significantly

less likely (p<0.001) to receive an assessment (59.7%

assessed versus 71.1% of self-poisonings and 69.2%

of those involving other methods of self-injury).

Individuals whose episodes did not receive an as-

sessment were more likely to repeat (30.5% v. 26.0%

that were assessed p<0.001) but there were no differ-

ences in the proportions completing suicide within

6 months (0.3% for both non-assessed and assessed).

Developing the clinical screening tool

For the development of the clinical prediction tool, the

data were split into two groups. A total of 22 532 epi-

sodes from the study hospitals in Manchester and

Derby were used to derive the rule, and 7039 episodes

from Oxford were used separately to test it (Fig. 1).

Certain variables were removed during the analysis

because their specificity was too low (age, gender,

previous psychiatric treatment and any history of self-

harm) or because they did not adequately predict

suicide (unemployment). The optimal classification

tree for the derivation data identified four predictors

for repetition within 6 months : recent self-harm (in the

past year, self-reported), living alone or homelessness

(including street homeless and hostel accom-

modation), cutting as a method of harm (including

stabbing/piercing), and treatment for a current psy-

chiatric disorder [including general practitioner (GP)

treatment]. This was summarized as the ReACT Self-

Harm Rule (Fig. 2). The presence of one or more of

these factors in the presenting episode classifies the

patient as being at higher risk of further self-harm

within 6 months.

The new rule successfully predicted 95% (95% CI

94–95) of repeat episodes in the derivation sample

(Table 2) and correctly classified 21% (95% CI 21–22)

of the non-repeat episodes as low risk. When tested

on the Oxford data, the rule performed with a

lower sensitivity (p<0.001) of 90% (95% CI 89–91)

and a specificity of 34% (95% CI 32–35). Within the

All episodes 
29 571 

Derivation set: Manchester and 
Derby 

22 532 episodes

External test data: Oxford 
7039 episodes 

Repeat within 6 months: 6014 
(26.7%) 

Suicide within 6 months: 66 (0.29%) 

Repeat within 6 months: 2096 
(29.8%) 

Suicide within 6 months: 26 (0.37%) 

Fig. 1. Recruitment flowchart.
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derivation set, the rule performed with a positive LR

of 1.20 (95% CI 1.18–1.21) and a negative LR of 0.26

(95% CI 0.23–0.29), with respective values of 1.36 (95%

CI 1.33–1.40) and 0.29 (95% CI 0.25–0.33) in the test

centre. In the derivation data there were 66 suicides

within 6 months of the self-harm episode; 60 (91%)

were predicted by the rule. In the test data, 23 out of

the 26 (88%) suicides were predicted. The rule per-

formed similarly in both genders (sensitivity 96%

females versus 94% males). It also had similar levels of

sensitivity for those aged<35 ando35 years (96% for

both), but more accurately discriminated those aged

<35 years who were low risk (specificity 24% v. 17%

o35, p<0.001). Post-hoc analysis was carried out to

see if the level of sensitivity in the test centre could

be improved by allowing the tree to continue to split

the data. A fifth predictor, self-harm in response to

alcohol misuse, increased sensitivity (p<0.001) in the

Oxford data to 94% (95% CI 93–95) and lowered

the specificity to 25% (95% CI 24–26). Selecting the

first presentation for each individual produced three

of the predictors found in the ReACT Self-Harm Rule,

the exception being self-cutting. When using a maxi-

mum of 10 episodes for each individual, the same four

predictors as the ReACT Self-Harm Rule emerged.

There were a total of nine self-harm episodes that

were followed by suicide within 6 months and were

not correctly identified by the rule. In all these cases

self-poisoning was the only method of harm, with five

involving paracetamol. The age of the patients ranged

from 19 to 77 years, with five aged <35 years and five

being male. Only one patient had ever received psy-

chiatric treatment. There were six episodes resulting in

a psychosocial assessment ; of these, two received a

psychiatric out-patient referral and the only clinical

management outcome in the remaining four was a

letter sent to the patient’s GP.

Univariate and multivariate log-binomial modelling

to estimate relative risk

Univariate RRs for 6-month repetition of self-harm

were initially estimated for each variable identified for

inclusion in the new rule (Table 3). The four elements

Self-harm patients
26.7% (6014) repeat, 66 suicides

Recent self-harm (in the past year) 

Alone or homeless (living status) 

Cutting used as a method of harm 

Treatment for a current psychiatric disorder  

Yes 
High to moderate risk 

34.7% (5088) R, 40 suicides

No
Cutting used as a method of harm? 

Recent self-harm (in the past year)? 

Yes 
High to moderate risk 

16.8% (157) R, 9 suicides

No
Lives alone or homeless? 

Yes
High to moderate risk 

15.1% (203) R, 4 suicides

No 
Treatment for psychiatric disorder (current)? 

Yes
High to moderate risk 

13.1% (240) R, 7 suicides

No
Low risk 

8.7% (326)R, 
6 suicides

Test centre: 
42.4% (1618) R, 15 suicides

Test centre: 
20.1% (83) R, 5 suicides

Test centre: 
18.7% (108) R, 2 suicides

Test centre: 
23.2% (83) R, 1 suicide

Test centre: 
10.9% (204) R, 3 suicides

Test centre: 29.8% (2096) repeat,  26 suicides

Fig. 2. The ReACT Self-Harm Rule : repetition within 6 months – derivation dataset. There were 22 532 episodes of self-harm,

6014 repeaters (R) and 16 518 non-repeaters.
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of the new rule were each found to be significant pre-

dictors of repetition : recent self-harm (in the past year)

(RR 3.9, 95% CI 3.6–4.2, p<0.001), treatment for a

current psychiatric disorder (RR 2.4, 95% CI 2.2–2.6,

p<0.001), living alone or homelessness (RR 1.6, 95%

CI 1.4–1.8, p<0.001) and cutting as a method of harm

(RR 1.5, 95% CI 1.3–1.7, p<0.001). Several other factors

were also found to be significant univariate predictors

of repetition, including not having a partner, benzo-

diazepine taken in self-poisoning, antipsychotic taken

in self-poisoning and self-harm in response to both

abuse and mental symptoms. These results are also

shown in Table 3. Multivariate models were then fitted

to examine the relative risks of the four predictors

emerging from the new rule (Table 4). Recent self-

harm (in the past year), living alone or homelessness

and treatment for a current psychiatric disorder

were found to independently predict self-harm, with

highly significant relative RRs. Cutting as a method

of self-harm was not a significant predictor in the

multivariable model (RR 1.1, 95% CI 1.0–1.2, p=0.08).

Self-cutting was tested for association with the

three remaining predictors and was found to be most

associated with recent self-harm (in the past year).

Comparison with the Manchester Self-Harm Rule

A previous clinical prediction tool for self-harm,

the Manchester Self-Harm Rule (Cooper et al. 2006),

was originally derived from assessed presentations

only. The Manchester Self-Harm Rule consisted of

four predictors : any history of self-harm, previous

psychiatric treatment, benzodiazepine used in self-

poisoning and current psychiatric treatment. We

applied the Manchester Rule to the multicentre data,

regardless of assessment status, to consider its per-

formance. There were sufficient data for the rule to be

applied for 24 779 out of 29 571 (84%) episodes, in-

cluding 7606 (30.7%) followed by a repetition within

6 months. Where data on the presence or absence of

the four questions were missing, a risk category could

not be assigned. The Manchester Self-Harm Rule was

98% (95% CI 98–99) sensitive and 17% (95% CI 16–17)

specific in the derivation centres, with a sensitivity

of 97% (95%CI 96–98) and a specificity of 20% (95%CI

18–21) in the test centre. Sensitivity was high across all

centres individually and specificity was significantly

lower in Derby (11%, 95% CI 11–12). In total, appli-

cation of the Manchester Rule resulted in 87% (95% CI

87–88) of episodes classified as higher risk. Where sui-

cide occurred within 6 months, 65/76 were identified

as higher risk by the Manchester Self-Harm Rule.

Discussion

Using contemporary prospective data from five EDs

within three centres in England, we have developed a

clinical screening tool based on information from all

self-harm presentations to the study EDs. Thus we

have identified four predictors of repetition or suicide

within 6 months in this patient group: recent self-

harm (in the past year), living alone or homelessness,

cutting as a method of self-harm and treatment for a

Table 2. Prediction performance of the ReACT Self-Harm Rule : (i) any repetition within

6 months ; (ii) suicide within 6 months

Performance

Derivation dataa

% (95% CI)

External test datab

% (95% CI)

(i) Any repetition

Sensitivity 95 (94–95) 90 (89–91)

Specificity 21 (21–22) 34 (32–35)

Positive predictive value 30 (30–31) 37 (35–38)

Negative predictive value 91 (90–92) 89 (88–90)

Proportion high/moderate risk 83 (83–84) 73 (72–74)

(ii) Suicide only

Sensitivity 91 (81–97) 88 (70–98)

Specificity 15 (15–16) 24 (23–25)

Positive predictive value 0.4 (0.3–0.5) 0.5 (0.3–0.7)

Negative predictive value 99.8 (99.6–99.9) 99.6 (99.5–99.7)

CI, Confidence interval.
aManchester and Derby.
b Oxford.

The ReACT Self-Harm Rule correctly identified as higher risk 83/92 suicides

occurring within 6 months.
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current psychiatric disorder. This was summarized as

the ReACT Self-Harm Rule. The presence of one or

more of these risk factors places the patient episode

into the higher risk category, and in so doing correctly

predicts at least nine out of 10 episodes where repeat

self-harm, or suicide, will occur within 6 months.

Our previous clinical tool, the Manchester Self-

Harm Rule (Cooper et al. 2006), included ED self-harm

attendances to a single centre, and was derived

from presentations receiving psychosocial assessment.

When we compared its performance to that of the

ReACT Rule, we found that although the Manchester

Rule performed with high sensitivity in the multi-

centre data, the ReACT Rule was better at identifying

low risk. The inclusion of non-assessed episodes in the

ReACT Self-Harm Rule has resulted in a rule that best

reflects ED attendance and is therefore more likely

to be applicable to actual practice (Gaddis, 2006).

Incomplete data resulting from the inclusion of non-

assessed presentations may have resulted in bias

in favour of assessed episodes. To minimize this, sur-

rogate variables (Twala, 2009; Steinberg, 2011) were

used to predict values where data were missing.

The ReACT Self-Harm Rule performed with a lower

Table 3. Univariate log binomial regression : repetition within 6 months

Variablea

Repetition

within

6 months

n (%) RR (95% CI) p value

Sociodemographic characteristics

Widowed 109 (25.2) 0.8 (0.5–1.3) 0.5

Lives alone or homeless 2087 (36.9) 1.6 (1.4–1.8) <0.001

No partner 4884 (31.8) 1.4 (1.2–1.6) <0.001

Clinical characteristics

Self-harm in the past year 4768 (45.6) 3.9 (3.6–4.2) <0.001

Current psychiatric treatment 4278 (39.4) 2.4 (2.2–2.6) <0.001

Details of the self-harm act

Alcohol involved in act 3180 (25.2) 1.0 (0.9–1.1) 0.9

Method of harm

Self-poisoning 5982 (24.8) 0.7 (0.6–0.8) <0.001

Self-injury : cutting or stabbing 2033 (36.6) 1.5 (1.3–1.7) <0.001

Self-injury : other method 299 (29.3) 1.1 (1.0–1.3) 0.16

Drugs taken in overdose

Benzodiazepine 1178 (33.9) 1.3 (1.2–1.4) <0.001

Paracetamol 2333 (23.3) 0.08 (0.7–0.9) <0.001

Antidepressant 1483 (25.8) 1.0 (0.9–1.0) 0.27

Antipsychotic 556 (37.5) 1.4 (1.3–1.6) <0.001

Precipitants to the self-harm act

Alcohol misuse 1076 (31.9) 1.2 (1.1–1.4) 0.001

Abuse (physical/sexual/mental) 393 (30.8) 1.2 (1.0–1.3) 0.01

Bereavement 361 (23.1) 0.9 (0.8–1.0) 0.02

Drug misuse 178 (21.1) 0.8 (0.6–0.9) 0.002

Employment or study problems 485 (19.1) 0.7 (0.6–0.8) <0.001

Financial problems 502 (21.7) 0.8 (0.7–0.9) 0.002

Housing problems 647 (28.3) 1.1 (1.0–1.2) 0.06

Legal problems 174 (24.0) 0.9 (0.8–1.1) 0.2

Response to mental symptoms 1577 (35.3) 1.5 (1.4–1.6) <0.001

Physical health problems 468 (24.0) 0.9 (0.8–1.0) 0.09

Relationship problems with partner 1292 (17.4) 0.6 (0.5–0.6) <0.001

Relationship problems with family 991 (23.2) 0.9 (0.8–0.9) 0.001

Relationship problems with others 396 (23.4) 0.9 (0.8–1.0) 0.03

RR, Risk ratio ; CI, confidence interval.

Bold text denotes statistically significant RRs.
a Only variables selected for inclusion in the classification tree analysis were

examined.
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sensitivity in the test centre, Oxford. The inclusion of

alcohol problems precipitating self-harm as a risk fac-

tor was found to increase the sensitivity of the rule in

the Oxford data. This indicates that certain predictors

may reflect the characteristics of individual centres,

suggesting that there is likely to be geographical vari-

ation in the performance of the rule. However, by

testing the rule using the centre with the most dis-

similar sociodemographic characteristics, we indi-

cated that it was more likely to be generalizable to

other areas (Muller & Möckel, 2008). Multiple repeat

episodes for all individuals were included in the

analysis as this reflected real-life clinical scenarios

and helped to take account of the fluctuation of risk

over time in individuals. This could potentially result

in high volume repeaters being over-represented in

the rule. A rule derived using each individual’s first

presentation produced three of the same predictors

found in the ReACT Self-Harm Rule, the exception

being self-cutting, whereas using a maximum of

10 episodes for each individual resulted in the same

four predictors. Although this may reflect the higher

repetition rate among those who self-cut, it indicates

that this predictor is not over-represented by the rela-

tively small number of high volume repeaters.

Living alone or homelessness (Cooper et al. 2005 ;

Haw et al. 2006) and cutting as a method of harm have

previously been identified as risk factors for repetition

of self-harm and suicide. The presence of self-cutting

as a predictor in the ReACT Self-Harm Rule corrobo-

rates previous findings (Kapur et al. 2006 ; Lilley et al.

2008) and may be an indication that this is an emerg-

ing risk factor. Multivariate analysis showed an inde-

pendent association between self-cutting and previous

self-harm in the past year. However, the classification

tree predicted 14/92 suicides within 6 months among

those who presented with self-cutting but had no his-

tory of self-harm in the previous year, suggesting

that this method of harm may be an important pre-

dictor of suicide despite it not reaching significance

as an independent predictor of repeat self-harm in

the multivariable regression. The association between

self-cutting and subsequent suicide has been demon-

strated in previous research (Cooper et al. 2005). We

did not differentiate between types or medical severity

of self-cutting, which is a potential limitation in our

study. A recent Swedish study (Bilén et al. 2010) aimed

to stratify ED self-harm patients according to risk of

repetition. Two of the risk factors, current psychiatric

treatment and self-cutting, correspond to those ident-

ified in the ReACT Self-Harm Rule, in addition to the

broader ‘any previous self-harm’ variable, which was

the subject of one of the four questions in our previous

self-harm prediction tool, the Manchester Self-Harm

Rule (Cooper et al. 2006). Previous research reliably

demonstrates a link between a history of self-harm

and repetition (Kapur et al. 2006 ; Beghi & Rosenbaum,

2010), with suicide rate at its highest in the 6-month

period following the self-harm episode (Cooper et al.

2005). The ReACT Rule highlights the importance

of focusing on a relatively recent history of self-harm

by including previous self-harm in the past year only,

a more narrowly defined predictor than in the earlier

rule. The presence of treatment for a current psychi-

atric disorder also appeared in both the Manchester

Self-Harm Rule and the ReACT Rule, indicating

that, although certain predictors persist, some risk

factors may reflect changing patterns of behaviour

over time. The use of benzodiazepines in the self-

poisoning act formed part of the Manchester

Self-Harm Rule but not the ReACT Rule. The RR for

self-poisoning using benzodiazepines showed a sig-

nificant association with repetition in this study,

although the proportion using benzodiazepines had

decreased compared to our earlier study. There is

evidence that the prescribing of benzodiazepines is

declining in the UK (NICE, 2004).

The ReACT Self-Harm Rule is intended to facilitate

clinicians’ decision making on the urgency and type

of aftercare offered. We acknowledge that the ReACT

Self-Harm Rule sacrifices a degree of specificity

for improved sensitivity. We suggest that this may

Table 4. Multivariate log binomial regression : repetition within 6 months

Variable

Repetition within

6 months

n (%) RR (95% CI) p value

Self-harm in the past year 4768 (45.6) 3.1 (2.9–3.4) <0.001

Self-injury : cutting or stabbing 2033 (36.6) 1.1 (1.0–1.2) 0.08

Lives alone or homeless 2087 (36.9) 1.2 (1.1–1.4) <0.001

Current psychiatric treatment 4278 (39.4) 1.6 (1.5–1.8) <0.001

RR, Risk ratio ; CI, Confidence interval.

Bold text denotes statistically significant RRs.
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be suited to the ED setting, where the priority is to

identify potentially life-threatening outcomes. It has

been recognized (McMillan et al. 2007) that tools with

high sensitivity but moderate/low specificity may be

useful for the initial screening stage of the assessment

process. It has also been suggested that tools for as-

sessing self-harm risk should be integrated into the ED

system rather than used in isolation (Randall et al.

2011). The decision on whether to carry out a psycho-

social assessment should not be based on the results

of the ReACT Self-Harm Rule. All self-harm patients

presenting to EDs in England and Wales should re-

ceive a psychosocial assessment (NICE, 2011) and it is

widely agreed that this is central to their clinical man-

agement (Royal College of Psychiatrists, 2004). The

latest guidance on the use of clinical tools in the man-

agement of self-harm (NICE, 2011), suggests that tools

may be used as a guide or adjunct to the wider assess-

ment of risk and needs. They should not replace the

assessment itself. The guidance recognizes that no risk

assessment measure can be accurate enough to assume

a patient assessed as low risk will not repeat self-harm

or complete suicide. It may be appropriate, however,

for some patients classed by the rule as low risk to be

followed up for an assessment at a more convenient

time and place, perhaps in the community, depending

on available service provision. The care offered, how-

ever, should not be decided solely on the assessed

risk of repetition, but on consideration of the whole

psychosocial assessment, which is an essential means

of identifying the needs of self-harm patients and is not

limited to the assessment of risk (Kapur, 2006).

Considering the high prevalence of self-harm pre-

sentations to EDs, a tool that helps to rule out even

a modest proportion of attendees as higher risk of

repetition could identify a significant number of such

patients. The ReACT Self-Harm Rule accurately

identifies one in six self-harm episodes as being at low

risk for repetition, a higher proportion than when

the Manchester Self-Harm Rule was applied, so im-

proving its practicability. It may be particularly useful

to clinicians treating self-harm patients at an early

stage of the hospital presentation, such as during

triage, where most presentations will initially be as-

sessed for their level of urgency (NICE, 2011). For

example, the rule could assist in the streamlining of

referrals and help to inform a graded response to

subsequent management. Screening tools are not in-

tended to identify appropriate specific treatments

(McMillan et al. 2007) but could be used early on in the

care pathway to help identify those with a more ur-

gent need for a detailed assessment, which could then

inform appropriate management. If those most likely

to repeat can be identified by the ReACT Self-Harm

Rule, these patients may then be prioritized for urgent

psychosocial assessment. Furthermore, the four risk

factors included in the ReACT Self-Harm Rule could

be used as an adjunct to the more in-depth risk as-

sessment to help inform management and guide risk

formulation. A comparison between our previous

rule, the Manchester Self-Harm Rule, and clinicians’

assessment of risk (Cooper et al. 2007) suggested that

use of the rule, when incorporated into assessments,

could help to improve the accuracy of predicting

6-month repetition. An evaluation of previously pub-

lished clinical rating scales for suicide risk concluded

that such tools may be most suited to clinicians

without psychiatric expertise, and most useful for

aiding identification of high-risk patients in the ED

(Cochrane-Brink et al. 2000).

There were nine suicides that were not classed as

higher risk by the rule, demonstrating the difficulty in

predicting this outcome and possibly reflecting the

impulsive nature of some of these deaths. Although it

is important to appreciate the limitations of screening

tools, they can provide an evidence base for the im-

portance of certain risk factors. The ease with which

the tool can be interpreted and applied by clinicians

should be considered (Cochrane-Brink et al. 2000).

Reliable interpretation of the ReACT Self-Harm Rule

depends to some extent on the information disclosed

by the patient. However, the four elements of the rule

are simple questions with dichotomous answers, some

of which may be available from hospital records, and

are appropriate for a triage consultation. The rule

performed with high sensitivity in both genders and

in older and younger age groups, although it more

accurately identified low risk in those aged<35 years.

The next challenge involves demonstrating further

its external validity in other areas of the UK and

in other countries, and evaluating the effect of im-

plementing the tool in clinical practice (Stiell & Wells,

1999). Further research could also focus on the devel-

opment of prediction tools for particular age and sex

groups.
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