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Abstract

Background: Non-fatal self-harm is one of the most frequent reasons for emergency hospital admission and the strongest
risk factor for subsequent suicide. Repeat self-harm and suicide are key clinical outcomes of the hospital management of
self-harm. We have undertaken a comprehensive review of the international literature on the incidence of fatal and non-
fatal repeat self-harm and investigated factors influencing variation in these estimates as well as changes in the incidence of
repeat self-harm and suicide over the last 30 years.

Methods and Findings: Medline, EMBASE, PsycINFO, Google Scholar, article reference lists and personal paper collections of
the authors were searched for studies describing rates of fatal and non-fatal self-harm amongst people who presented to
health care services for deliberate self-harm. Heterogeneity in pooled estimates of repeat self-harm incidence was
investigated using stratified meta-analysis and meta-regression. The search identified 177 relevant papers. The risk of
suicide in the 12 months after an index attempt was 1.6% (CI 1.2–2.4) and 3.9% (CI 3.2–4.8) after 5 years. The estimated 1
year rate of non-fatal repeat self-harm was 16.3% (CI 15.1–17.7). This proportion was considerably lower in Asian countries
(10.0%, CI 7.3–13.6%) and varies between studies identifying repeat episodes using hospital admission data (13.7%, CI 12.3–
15.3) and studies using patient report (21.9%, CI 14.3–32.2). There was no evidence that the incidence of repeat self-harm
was lower in more recent (post 2000) studies compared to those from the 1980s and 1990s.

Conclusions: One in 25 patients presenting to hospital for self-harm will kill themselves in the next 5 years. The incidence of
repeat self-harm and suicide in this population has not changed in over 10 years. Different methods of identifying repeat
episodes of self-harm produce varying estimates of incidence and this heterogeneity should be considered when evaluating
interventions aimed at reducing non-fatal repeat self-harm.
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Introduction

Approximately half of all people who die by suicide have

previously self-harmed [1] and within the UK, 15–20% visit a

hospital for self-harm in the year prior to their death [2]. The rate

of suicide in the self-harm patient population is up to 100 times

higher than that of the general population [3]. Therefore self-harm

presentations to hospital represent an important opportunity for

suicide prevention.

A key indicator of the effectiveness of hospital management of

such patients is the incidence of repeat self-harm, both fatal and

non-fatal, following discharge from hospital. Non-fatal repeat self-

harm is a negative outcome for both the patient and in terms of

health care cost [4]. Repeat self-harm has also been associated

with a further increased risk of suicide. Patients who present to

hospital for self-harm more than once have approximately double

the risk of subsequent suicide compared to those presenting only

once [5].

In a systematic review published in 2002 the risk of non-fatal

repetition in the year after an initial episode of self-harm was

previously estimated to occur in 16% of hospital presenting cases

[6]. Since this review the literature on the risk of repeat self-harm

has expanded greatly including studies based on ever larger

cohorts with many years of follow-up. Furthermore, there has been

a growing body of research from Asia [7–10], as well as other

continents. Some of the data from Asia suggest the incidence of

repeat self-harm may be lower than in other parts of the world

[11–13]. Investigating variation in the incidence of repeat self-

harm internationally could lead to important insights into the

optimal configuration of health care services.

Furthermore, there is growing recognition that estimates of

repeat self-harm are influenced by the method of recording the

repeat event. Different methods of recording repeat self-harm

include specialist research databases, national hospital admissions

data, as well as patient report. In a recent trial both patient

reported and hospital attendance data were used to identify repeat

self-harm [14]. In the control arm of the trail, hospital records

indicated that 11% of patients had a repeat self-harm episode

within a year after an initial presentation, this compared to an

18% repeat self-harm rate based on patient report. The impact of
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these different methods of data collection and their influence on

estimates of repeat self-harm has not previously been assessed

systematically.

This systematic review and meta-analysis aims to update

previous estimates of the incidence of fatal and non-fatal repeat

self-harm [6]. Furthermore, we investigate study characteristics

and cohort characteristics and their impact on these estimates by

using sensitivity analysis based on stratified meta-analysis and

univariable meta-regression.

Methods

Search criteria
Medline, Embase and PsychInfo databases were searched (see

search strategy in Appendix S1) using OvidSP to identify all papers

published between 2000 and 2012 with no restrictions on the

language of publication. A medical librarian was not involved in

the development of the strategy. Papers identified in an earlier

review (1970–1999, n= 90) were combined with those returned by

our search. The current analysis therefore included papers

published from 1970–2012. Citation searches of key papers

[3,6,15] were undertaken using Google Scholar. The reference

sections of included papers and personal paper collections of the

authors’ were also searched.

Inclusion and exclusion criteria
The search was designed to identify papers describing people

who presented to health care services (primary or acute care) for

deliberate self-harm, with or without suicidal intent, that reported

the rate of subsequent fatal or non-fatal repeat self-harm. We

restricted the review to cohort studies and randomised controlled

trials (RCTs). In the case of RCTs, information was only recorded

from the control arm of the trial. Papers that included a cohort or

control arm consisting of less than 50 participants, prior to any loss

to follow-up, were excluded. Papers focusing on patients with

specific disorders, such as schizophrenia or depression, or patients

within a specific age group, were also excluded.

Where a single paper reported on data from different centres or

time periods, each centre/time period was treated as an individual

record. In some instances, multiple papers were published

regarding the same cohort of patients with the same outcome.

When duplicate publications were found, the papers that reported

the most in-depth description of the characteristics of the cohort

were selected for inclusion.

Data extraction
All three authors reviewed the papers, with data extraction of each

paper being undertaken by at least two of the authors to confirm

continuity in data collection practices. Any discrepancies between

the data extraction were discussed and agreed by consensus.

Statistical analysis
The incidence of self-harm was recorded as the number of

people who repeated after an index attempt in a certain time

frame e.g. one year. In some studies the duration of follow-up

varied depending on the time a patient was entered into the study.

Where patients were recruited and followed-up over different

periods of time (e.g. at any point between Jan 2000 and Dec 2002)

a constant rate of recruitment was assumed and average follow-up

calculated from the mid-point of recruitment to the end of follow-

up. Follow-up time (whether equal for all patients or varied) and its

association with estimated risk of repetition was investigated.

Estimates of repetition could also vary depending on the

method used to calculate incidence. Some studies reported a crude

number of patients repeating within a mean follow-up time while

others used rate-based approaches or survival analysis which

removed individuals from the risk set once they had experienced

an event. In some instances, the raw data on number of repeat

events was not reported; where possible the estimates were taken

from survival plots. The impact of these different methodologies

on estimates of repetition was investigated.

As well as recording the outcome, information on cohort and

study characteristics that could influence repetition were recorded.

Cohort characteristics studied included cohort gender and age,

methods of self-harm (% self-poisoning) and previous self-harm.

Study characteristics included year of publication, study design

(RCT vs. Cohort study), outcome ascertainment (i.e patient report,

A&E attendance, hospital admission), and continent (i.e. Europe,

Asia, Americas). Outcome ascertainment for non-fatal repetition

included repeat hospital admission, hospital attendance or patient

report. All three methods of outcome ascertainment could be used

by a single study. For the purposes of the analysis, studies were

categorised according to the most comprehensive method they

used, with admissions data considered as the least comprehensive

and patient report being most comprehensive.

Pooled estimates of repetition were calculated using random

effects meta-analysis. Meta-analyses estimated the incidence of

non-fatal repeat self-harm at 1, 2 and 5 years and the same periods

applied to fatal repetition, as well as 10 years. Between study

heterogeneity was assessed using Tau2 which has been suggested to

be a more appropriate measure than I
2 when both the number of

studies included and their respective sample sizes are large [16].

Figure 1. Literature review flow chart.
doi:10.1371/journal.pone.0089944.g001
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The proportion of patients repeating was recorded for each study.

A numerator of 0.5 was used for studies reporting 0 repeat events

during follow-up. Estimates of repetition were converted to logits

for the meta-analyses, as these are unbounded and so allow easier

calculation of confidence intervals [17].

The associations of study characteristics with estimates of

repetition were investigated using meta-analysis stratified by the

relevant study characteristic. Univariable meta-regression was

used to obtain p-values and assess the statistical evidence of

individual study characteristic’s association with estimates of

repetition. Statistical analyses were performed using Stata version

12.1 (Stata Corp, College Station TX, 2011).

Results

A total of 9801 papers were identified (Figure 1). The title and

abstract of each paper was reviewed and the reason for exclusions

noted. Of 384 papers highlighted as possibly relevant that had the

full text reviewed, 82 did not report on the outcome of interest, 9

focused on a specific psychiatric disorder, 26 had a sample size less

than 50, and 60 focused on a specific age group; these papers were

therefore excluded. A total of 177 papers were identified as being

eligible for inclusion (see Appendix S2).

Studies included
Some studies reported an estimate of repeat self-harm at

numerous points in time, for instance 1, 2 and 5 year repeat rates

for one cohort, or reported on two or more separate cohorts in one

paper. There were over 600 different estimates of repeat self-harm

reported in the 177 papers. Almost half of the papers included

either came from the UK (28.8%, 51/177), Sweden (10.2%, 18/

177), or Norway (7.3%, 13/177). Altogether 78.5% (139/177)

were from Europe, 7.9% (14/177) were from Australia and New

Table 1. Meta-analysis estimates of the 1-year incidence of fatal and non-fatal repeat self-harm by cohort and study
characteristics.

% Non-fatal repetition % Fatal repetition

1 year 95 CI p

no. of

studies 1 year 95 CI p

no. of

studies

Estimated Incidence 16.3 15.1–17.7 - 78 1.6 1.2–2.1 - 40

Gender

Male 16.9 13.6–20.8 0.815 23 2.7 1.8–4.0 0.001 14

Female 16.4 13.1–20.4 23 1.2 0.7–1.9 14

Age

Above median 17.9 14.2–22.2 0.533 17 2.4 1.9–2.9 ,0.001 15

Below median 16.5 14.7–18.5 32 1.1 0.7–1.5 10

Year published

.= 2000 17.2 15.5–19.1 0.800 49 1.4 0.9–2.2 0.492 17

,2000 14.9 13.5–16.3 29 1.7 1.4–2.1 23

Proportion self-poisoning

Above median 15.3 13.8–16.9 0.926 28 1.1 0.9–1.4 0.020 12

Below median 16.9 14.4–19.8 29 2.0 1.2–3.2 15

Previous self-harm

Above median 19.6 17.3–22.2 0.021 26 1.9 1.1–3.1 0.943 11

Below median 15.2 13.2–17.5 23 1.7 1.1–2.5 10

Study design

RCT 15.5 11.6–20.3 0.609 15 1.0 0.5–2.0 0.055 7

Cohort 16.5 15.1–18.0 63 1.7 1.3–2.3 33

Inclusion criteria

ED attendance 17.3 15.5–19.2 0.325 38 1.4 1.1–1.8 0.390 18

Hospital admission 15.5 14.1–17.0 41 1.6 1.3–2.1 19

Outcome measure

Repeat attendance 17.0 15.2–18.8 0.011 38 - - - -

Repeat admission 13.7 12.3–15.3 24 - - -

Patient Report 21.9 14.3–32.2 13 - - -

Continent

Europe 17.1 15.9–18.4 0.076 62 1.6 1.2–2.2 0.986 33

Asia 10.0 7.3–13.6 6 1.7 0.9–3.0 3

New Zealand & Australia 16.3 14.5–18.4 7 1.4 1.1–1.7 3

North & South America 15.1 4.9–38.0 3 1.8 1.5–2.0 1

doi:10.1371/journal.pone.0089944.t001
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Figure 2. Forest plot of 1 year non-fatal repetition rates (%). Where findings were reported for several different centres/time periods/cohorts
within one publication, results from each centre/time period/cohort appear separately.
doi:10.1371/journal.pone.0089944.g002
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Zealand, 8.5% (15/177) were from Asia, and 5.1% (9/177) were

from North and South America. There were no studies identified

from Africa.

The median sample size of studies included was 394 individuals

(range 50-50891) with a median follow-up time of 2 years (range

0.1–37.0 yrs). The included papers were predominantly cohort

studies (87.5%, 155/177) and the remainder were based on

control arms of RCTs (13.0%, 23/177). Cohorts on average

consisted of 40% males (range 17.5–78.0%) and the median age of

patients was 34 (range 10–99).

Self-poisoning was most often reported as the method of self-

harm used. In studies that reported the proportion of patients

using this method, the median was 90% (range 46.8–100.0%). The

median proportion of patients presenting with self-injury (cutting)

was 10.5% (range 0.0–27.2%) and for other methods of self-injury

(e.g. hanging, jumping, burning and others) it was 6.2% (range

0.0–100.0%).

Incidence of non-fatal repeat self-harm
The pooled estimated incidence of repeat non-fatal self-harm

was 16.3% (95% CI 15.1–17.7) at 1 year (Table 1, Figure 2),

16.8% (95% CI 14.7–19.2) at 2 years and 22.4% (95% CI 17.0–

28.9) at 5 years (Figure 3). Focusing on 1 year repetition,

Tau2=0.1798 and a heterogeneity chi-squared test (x2=34543,

df = 79, p,0.001) suggested there was evidence of heterogeneity

between studies greater than that expected by chance (I2.90%).

This heterogeneity between studies was investigated by patient

characteristics, country/region of the study, and the method of

reporting used to record the outcome. There was some evidence to

suggest the proportion of patients with a history of previous self-

harm in a cohort was positively associated with risk of non-fatal

repeat self-harm within 1 year. Those cohorts with an above

median proportion of patients previously self-harming (.43.7%)

had an estimated 1 year repetition rate of 19.6% (95% CI 17.3–

22.2), compared to 15.2% (95% CI 13.2–17.5) in those cohorts

below the median (p = 0.021, Table 1).

Meta-analysis stratified by method of follow-up suggested the

rate of non-fatal repeat self-harm was 17.0% (95% CI 15.2–18.7)

in studies based on repeat hospital attendances, 13.7% (95% CI

12.3–15.3) in studies based on repeat hospital admissions

(admission to a hospital bed) and 21.9% (95% CI 14.3–32.2) in

those based on repeat self-harm reported by patients. Univariable

meta-regression revealed evidence (p= 0.011) that the method

used to record repetition explained 9.3% of the between study

variability in estimated 1 yr non-fatal repeat self-harm (Table 1).

By continent, the 1 year non-fatal repetition rate in European

studies was estimated as 17.1% (95% CI 15.9–18.4) while there

was weak evidence the rate was considerably lower in Asia (10.0%,

95% CI 7.3–13.6, p = 0.075; Table 1). The statistical evidence for

this difference was strengthened when continent was dichotomised

to Asian vs non-Asian estimates of repetition (p= 0.009).

Univariable meta-regression suggested study location explained

5.3% of the between study variance in estimates. In a multivar-

iable meta-regression, study location and follow-up type combined

explained nearly a quarter (22.7%) of between study variation in

estimated repetition rates.

In a stratified meta-analysis, there was no evidence (p= 0.118)

to suggest the rate of repeat self-harm differed between studies

based on follow-up time periods that were equal for all patients

(17.1%, 95%CI 15.8–18.4) and studies based on cohorts that

included patients with uneven follow-up time (14.0%, 95%CI

13.6–14.4). When comparing studies publish before and after the

year 2000, there was no evidence to suggest the incidence of repeat

self-harm had changed (Table 1) and this remained after

controlling for the country the study was undertaken in and

method of follow-up. Furthermore, while survival analysis is the

most appropriate methodology for analysis of time to event data,

there was weak evidence (p= 0.075) to suggest estimates of

repetition differed between the studies that used survival analysis

(13.9%, 95%CI 11.4–16.8) compared to studies that did not

(17.3%, 95%CI 15.9–18.7).

Figure 3. Individual study estimates of non-fatal repeat self-harm by duration of follow-up weighted by cohort size with overall
pooled 1, 2 and 5 year estimates highlighted. Studies with follow-up over 10 years (n = 3) are not visible in this graph. Larger studies are
indicated by larger circles.
doi:10.1371/journal.pone.0089944.g003
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Figure 4. Forest plot of 1 year fatal repetition rates. Where findings were reported for several different centres/time periods/cohorts within
one publication, results from each centre/time period/cohort appear separately.
doi:10.1371/journal.pone.0089944.g004
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Incidence of fatal repeat self-harm
The pooled estimated incidence rate of subsequent fatal self-

harm was 1.6% (95% CI 1.2–2.1) at 1 year (Table 1, Figure 4),

2.1% (95% CI 1.6–2.8) at 2 years, 3.9% (95% CI 3.2–4.8) at 5

years and 4.2% (95% CI 3.1–5.6%) at 10 years (Figure 5).

One year fatal repetition rates appeared to differ between males

and females with a male estimate of 2.7% (95% CI 1.8–4.0)

compared to 1.2% (95% CI 0.7–1.9%) in females (Table 1,

p = 0.001).

Estimates of fatal repetition of self-harm were greater in cohorts

where participants mean age was higher than average (Table 1,

p,0.001). Those cohorts with average age above the median had

an estimated 1 year repetition rate of 2.4% (95% CI 1.9–2.9)

compared to 1.1% (95% CI 0.7–1.5) in those cohorts below the

median. Age explained 40.1% of between study variation in

estimates of fatal repetition and when sex was included, 69.4% of

between study variation was explained. There was also some

evidence that the proportion of a cohort using self-poisoning as a

method at their index episode was inversely associated with risk of

suicide. In cohorts with greater (above the median) proportions of

patients self-poisoning, the 1 year fatal repetition rate was 1.1%

(95%CI 0.9–1.4%) compared to 2.0% (95%CI 1.2–3.2) in those

cohorts with less self-poisoning (Table 1, p= 0.035). Whether a

study was an RCT or cohort study also appeared to have an

impact on estimates of subsequent suicide, however controlling for

cohort characteristics, including cohort age, weakened the

evidence of this association. Other study characteristics, including

year of publication, inclusion criteria, study location, and previous

self-harm, did not appear to explain any of the between study

variation in fatal repeat self-harm (Table 1).

Discussion

Over 170 publications have investigated the incidence of repeat

self-harm and suicide following hospital presentation for self-harm.

The number of studies included in this meta-analysis is almost

double that of the previous review in this area [6]. Estimates of

repetition vary considerably. The key factors influencing these

estimates are the country the study is undertaken in, the method

used to collect the outcome data and the incidence of previous self-

harm within the cohort. Studies based in Asian countries reported

lower rates compared to estimates based on studies from different

geographic regions. The overall 1 year rate of repeat self-harm was

estimated as 16.3% but this varied from 13.7% when studies were

based on hospital admissions data to 21.9% when data were based

on patient report. Age, gender and method of self-harm explained

a large proportion of the between study variation in estimates of

suicide following self-harm. Fatal repeat self-harm was estimated

to occur in 1.6% of people within 1 year after their index attempt

and incidence was almost doubled in males compared to females

(2.7% vs. 1.2%). This incidence of repeat self-harm and suicide is

no lower in more recent published cohorts than in studies

conducted over 14 years ago.

Strengths and limitations
This meta-analysis updates the previous review in this area

undertaken over a decade ago, drawing on a broad international

literature. The review systematically investigated the impact of

cohort level characteristics on estimates of the incidence of repeat

self-harm and suicide. The number of studies in this review was

large, adding power to subsequent analysis. Meta-regression can

be prone to type I error when analyses are based on a small

number of studies [18], the large dataset included in this study

avoided the risk of such bias.

However, meta-analysis of observational studies comes with

challenges inherent in the combination of a large number of

studies with differing characteristics. There was a large amount of

between study variation in estimates of repeat self-harm, and while

up to 69.4% of this was explained, a large amount of heterogeneity

remained unexplained. Heterogeneity in itself should not deter one

from a meta-analysis [19]. While there were high levels of

heterogeneity in estimates and study characteristics did vary, all

cohorts were focused on hospital presenting self-harm and the

incidence of subsequent repetition.

Figure 5. Individual study estimates of fatal repeat self-harm by years of follow-up weighted by cohort size with overall 1, 2, 5 and
10 year estimates. Larger studies are indicated by larger circles.
doi:10.1371/journal.pone.0089944.g005
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The ability to investigate heterogeneity within the meta-analysis

was dependent on the reporting of study characteristics. A large

number of studies included in this analysis did not report key

information regarding the study cohort, reducing the power of our

analysis and making it difficult to identify sources of heterogeneity

between study estimates. None the less, study characteristics that

could be ascertained from all cohorts gave important insight into

how estimates of repeat self-harm differ, for instance, by country.

A final limitation is that some included studies only reported

repeat self-harm based on data from one centre; therefore repeat

attendances made at other centres within the study catchment area

may have been missed.

Relation to other studies
The overall incidence of 1 year repetition in self-harm patients

(16.3%) is in keeping with previous estimates [6]. The considerable

variation in levels of repetition across studies appears to be related

in part to the method of collecting information on repeat

presentations. One of the most common and easily accessible

sources of information on hospital presenting self-harm is national

hospital admissions data (e.g. Inpatient Hospital Episode Statistics

(HES) data in the UK). However, such data currently do not

capture information on patients who present to the emergency

department but are discharged without being admitted to a

hospital bed. Admitted patients have been estimated to comprise

approximately half of the hospital presenting self-harm population

[20], however this proportion has been shown to vary considerably

between institutions [21]. Studies that relied on admissions data

therefore produced lower estimates of repeat self-harm than

studies using other measures such as patient report.

The country a study was undertaken in also impacted on the

incidence of repetition. Studies undertaken in Asia had consider-

ably lower incidence of repeat non-fatal self-harm at 1 year

compared to European studies (10.0% vs. 17.1%). The use of

different measures of repeat self-harm did not explain the lower

observed rate. The marked differences between rates of repetition

may be due to patient characteristics as well as variations in

hospital management. Pesticide self-poisoning in Asia is common

and the case fatality is greater than 10% in some studies [22,23].

This high case fatality may lead to fewer patients at risk of

repetition [24]. Furthermore, the length of stay of patients

admitted to a hospital in some Asian countries is greater compared

to Europe, due to the high toxicity of methods commonly

employed [24]. Risk of repetition is greatest immediately after an

index episode [25] and this prolonged hospital stay may inhibit

further suicidal behaviour during this high risk period.

As well as country and method of outcome ascertainment,

previous self-harm was identified as a characteristic of study

cohorts that explained variation in non-fatal repeat self-harm.

Levels of previous self-harm within cohorts varied from 0% to

100% across studies. Previous self-harm has a well established

association with risk of subsequent self-harm and it was identified

as an important factor in the current analysis.

The incidence of repeat fatal self-harm in one year was 1.6%,

increasing to 3.9% (95% CI 3.2–4.8) by 5 years and 4.2% (95% CI

3.1–5.7%) at 10 years. The few studies with follow-up extending

beyond these time periods suggested risk continued to increase

(Figure 5). These findings suggest risk of suicide persists well after

the index self-harm episode. Between study heterogeneity in

estimates of fatal repeat self-harm was explained in large part by

two well documented risk factors for suicide; age and gender.

Males have been consistently shown to be at elevated risk of

suicide compared to females. Age was also identified as explaining

between study heterogeneity with the average age of a cohort

being positively associated to estimates of fatal repetition. Older

patients presenting for self-harm have been previously identified as

a high risk group for subsequent suicide [3].

Self-poisoning is the most common method used in hospital

presenting self-harm and patients using this method are more

likely to receive specialist psychosocial assessment and aftercare

than those using self-injury [26]. However, patients presenting for

self-harm, that use self-injury as a method, may represent a higher

risk population for fatal repetition. A number of cohort studies

have estimated greater risk of subsequent suicide in people who

present initially with self-injury compared to those self-poisoning

[27,28]. This association was confirmed across studies included in

the current analysis, with risk of suicide doubled in cohorts where

the proportion of patients self-poisoning was below the median

compared to those cohorts above the median.

Conclusions
We estimate 1 of every 25 self-harm patients will go on to die by

suicide in the 10 years after their index presentation. This risk is

greater in older patients, males and those using methods other

than self-poisoning. Suicide prevention efforts might usefully focus

on these high risk groups. Estimates of the incidence of non-fatal

repeat self-harm vary according to the country the study is

undertaken and by the method used to collect data on repetition.

The overall rate of non-fatal repetition of self-harm within 1 yr

was 16.3%. Estimates of repetition based on hospital admissions

data were lower, as not all patients require admission to a hospital

bed. A higher rate of repetition was estimated from studies using

patient report. This likely reflects the greater burden of disease

within the community and is an important measure from a public

health perspective. Future studies aimed at reducing non-fatal

repetition of self-harm need to consider the best measure of repeat

self-harm (self-report/hospital attendance/hospital admission) in

order to accurately evaluate the impact of any intervention.

Despite over 30 years of research in the area, the incidence of non-

fatal repeat self-harm has not changed and this highlights the need

for new approaches.
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