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Abstract

Background: Individuals with autism spectrum disorder (ASD) are at particularly high risk of suicide and suicide
attempts. Presentation to a hospital with self-harm is one of the strongest risk factors for later suicide. We describe the
use of a novel data linkage between routinely collected education data and child and adolescent mental health data
to examine whether adolescents with ASD are at higher risk than the general population of presenting to emergency

care with self-harm.

Methods: A retrospective cohort study was conducted on the population aged 11-17 resident in four South London
boroughs between January 2009 and March 2013, attending state secondary schools, identified in the National Pupil
Database (NPD). Exposure data on ASD status were derived from the NPD. We used Cox regression to model time to
first self-harm presentation to the Emergency Department (ED).

Results: One thousand twenty adolescents presented to the ED with self-harm, and 763 matched to the NPD.
The sample for analysis included 113,286 adolescents (2.2% with ASD). For boys only, there was an increased risk of
self-harm associated with ASD (adjusted hazard ratio 2-79, 95% Cl 1-40-5-57, P<0-01). Several other factors includ-
ing school absence, exclusion from school and having been in foster care were also associated with a higher risk of

self-harm.

Conclusions: This study provides evidence that ASD in boys, and other educational, social and clinical factors, are risk
factors for emergency presentation with self-harm in adolescents. These findings are an important step in developing

early recognition and prevention programmes.
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Background

Self-harm is common in adolescents with approximately
18% reporting having self-harmed before the age of 18
[1]. Only one in eight adolescent self-harming episodes
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involve hospital presentations, [2—4] generally when the
incident is too severe to be self-managed [5]. Presenta-
tions to hospitals with self-harm represent one of the
strongest risk factors for future suicide [6]. Within the
UK, a study of serious case reviews found 10-20% of
young people who die by suicide visit a hospital for self-
harm in the year prior to their death [7, 8].

The definition of self-harm used in this study is ‘any
act of self-poisoning or self-injury carried out by an
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individual regardless of motivation’ [9]. This definition
(rather than a distinction between non-suicidal self-
injury and suicide attempts) is often used, particularly
in adolescents, due to the mixed motivation that is often
involved, the difficulties in determining intent and the
fact that self-harm, regardless of the presence or absence
of suicidal intent, is strongly associated with a greater
risk of subsequent suicide [10, 11].

Population surveys of adolescents show prevalence of
self-harm in the past year differs between genders: 11%
of girls compared to 3—-6% of boys [12—14]. Depression
and anxiety, low self-esteem, impulsivity, attention and
conduct difficulties are the most replicated risk factors
for self-harm [4, 13, 15]. Victims of maltreatment, those
with lower socio-economic status, those excluded from
school, or those with prolonged absence from school are
also potentially more at risk [16—19].

Findings emerging from recent epidemiological studies
on suicidal behaviour in adulthood support the hypoth-
esis that higher rates of self-harm could be expected in
adolescents with ASD. 66% of adults newly diagnosed
with ASD in a clinical sample reported that they had
contemplated suicide (UK general population prevalence
17%) while 35% had planned or attempted suicide [20].
The risk of suicide attempts has also been reported as five
times higher in adults with ASD compared to non-ASD
controls [21].

In adolescents, from the limited research conducted,
findings show those with ASD are also at a greater risk
of suicidal behaviours [22]. For example, one clinical
study found over one in six young people with ASD con-
templated or attempted suicide during childhood, mak-
ing them 30 times more at risk than typically developing
children [23]. However, the practical implications of
these studies are difficult to judge, as qualitatively diverse
events (e.g. suicidal ideation vs. suicide attempt) have
been aggregated into binary outcomes. Furthermore,
the methodological approaches of these studies, includ-
ing cross-sectional designs, small, selective and mostly
clinical samples, as well as lack of adequate adjustment
for possible confounding factors or comparable control
groups, [22-25] further limit the interpretation and gen-
eralisability of these findings.

To our knowledge, there have been no population-
based cohort studies which have tested the hypothesis
that the risk of presentation with self-harm to emergency
care is raised in young people with ASD. Furthermore,
to improve long-term outcomes for adolescents and
reduce risks of self-harm, robust data is needed as a ref-
erence for health and educational authorities to use for
targeted policy development. Therefore, our main aim
was to address limitations of previous work, test the
hypothesis that ASD is associated with raised self-harm

Page 2 of 14

risk in adolescence and quantify the extent of the poten-
tial risk. A secondary aim was to examine the associa-
tions between self-harm and a number of other potential
socio-demographic, economic, health and educational
risk factors. To meet these aims, we conducted a histori-
cal cohort data linkage study using routinely collected
data from school census records matched to psychiatric
records. We examined population rates of self-harm out-
comes by age and gender and ensured that our analysis
generalised to mainstream secondary schools.

Methods

Study population

The inclusion criteria were adolescents aged 11-17 who
were enrolled in a state-maintained school and resident
in one of four South London Boroughs (Southwark, Lew-
isham, Lambeth and Croydon). No exclusion criteria
were applied based on diagnosis or any other individual
characteristics. Individuals were followed-up from their
11th birthday or on 1 April 2009, whichever was later,
until first presentation to the Emergency Department
(ED) with an act of self-harm, their 18th birthday or on
31 March 2013, whichever occurred sooner.

Sources of data

Data were derived from the National Pupil Database
(NPD), an anonymised dataset managed by the Depart-
ment for Education (DfE). The DfE provided whole
region individual level data for the four boroughs. Pupils’
data were linked to electronic child and adolescent men-
tal health records within the Clinical Record Interactive
Search (CRIS) [26, 27] system for any individuals who
had a history of contact with South London and Mauds-
ley NHS Foundation Trust (SLaM) [28]. CRIS comprises
data derived from the electronic health record system
(ePJS) used to record all clinical contacts within SLaM.
Data were linked by the DfE by matching personal identi-
fiers (name, date of birth and postcode) using fuzzy and
deterministic approaches, under robust governance pro-
tocols [28]. CRIS data were separately linked to Hospital
Episodes Statistics (HES), which provides information on
all ED attendances (HES Accident and Emergency (A&E)
data) and admissions (HES Admitted Patient Care (APC)
data) to National Health Service (NHS) hospitals. This
study does not include any data linkage between HES and
NPD.

Outcome data

The primary outcome was first attendance to acute
hospital ED with self-harm as defined by the National
Institute for Health and Care Excellence (NICE) [29] as
interpreted and recorded by the assessing mental health
professional. Cases described as self-injurious behaviour
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typically associated with intellectual disability and devel-
opmental disorders were excluded.

During the study period, SLaM provided psychiatric
liaison services within the local catchment’s four main
NHS EDs. The EDs refer all attendees with self-harm for
a SLaM psychiatric assessment, and liaison teams record
all referrals using eP]S (therefore data available within
CRIS) [30]. Data on self-harm were ascertained from
free-text records within CRIS using methods described
in a previous ED self-harm study involving identifying
the date and time of any ED attendances using HES [30].

ICD-10 diagnosis data were extracted from CRIS to
provide further descriptive characteristics of adolescents
who had attended ED with self-harm. Low frequency
psychiatric diagnoses were collapsed into a single cat-
egory labelled ‘Other’

Exposure data

The NPD special education needs (SEN) register was
used to identify all ASD diagnoses and other SEN includ-
ing learning difficulties, behavioural, emotional and
social (BES) problems, speech, language or communi-
cation needs or hearing, vision or physical disabilities.
The ASD SEN category was only applied if a formal
diagnosis of ASD had been made by health profession-
als, either within mental health or paediatric health
services, according to the UK government SEN code of
practice [31]. To reduce the potential for reverse cau-
sality between self-harm and BES problems (i.e. where
self-harm or associated mental health difficulties are the
reason for assigning this category of need), this SEN cat-
egory was only coded before the start of follow-up for
each individual. An individual can be assigned up to two
SEN categories, primary and secondary. Attention deficit
hyperactivity disorder (ADHD or hyperkinetic disorder)
was not classified as a SEN category in the NPD, but is
a highly prevalent neurodevelopmental disorder and
important to characterise alongside ASD and learning
disabilities. Diagnoses of ADHD captured within CRIS
provided a good approximation of population prevalence,
given that almost all ADHD diagnostic services within
the four boroughs were provided by SLaM. Therefore,
any diagnoses of ADHD were extracted from CRIS using
methodology described in previous studies [32-34]. It
has been longstanding diagnostic practice in UK clinics
that ASD is recognised as co-occurring with other neu-
rodevelopmental and mental health conditions, including
ADHD, a practice now codified in ICD-11 and DSM-5
and diagnostic guidance. A review of co-morbidity pat-
terns in children with ASD from the same clinical catch-
ment area as the study sample, found over 54% received
an additional psychiatric diagnosis, with the majority
coded with co-occurring ADHD [32].

Page 3 of 14

NPD census data were used to provide details on gen-
der, ethnicity and English as a second language (via
parental report) with missing data replaced by linked
health data. Additional baseline characteristics including
socio-economic status using free school meal eligibility
(based on means testing) as a proxy as well as neighbour-
hood deprivation (by home address) [35] and whether
children were under care of the local authority were
extracted from the NPD for the academic year prior to
start of follow-up. Summer birth (May-Aug) was derived
from date of birth. This variable was included due to evi-
dence that individuals who are the youngest in the school
year are at increased risk of a range of mental health
problems [36, 37].

Educational attainment data was retrieved from Key
Stage 2 (KS2) Standardised Attainment Tests (SATs).
SATs are school assessments that measure children’s
educational achievement and are taken by children
aged 10-11. Ranked z-scores were created from average
total test marks across English, Maths and Science. This
ranked score was then divided into five quintiles. SAT
data was missing for pupils with a KS2 level ‘B’ (working
below test levels); anyone assigned ‘B’ is therefore within
the lowest quintile. Binary outcome markers were created
for poor attendance (< 80%) for the academic year before
start of follow-up and for pupils with a prior record of
exclusion (fixed term or permanent) up to the point of
study entry.

Statistical analysis

Due to established differential risks for self-harm
according to gender [38], all analyses were conducted
separately for girls and boys. Statistical disclosure
rules (a condition of NPD and CRIS use) required us
not to publish counts of less than ten. Exact numbers
for certain groups are therefore not presented. Using
NPD data to provide the regional population denomi-
nator, incidents of self-harm following study entry
were derived, by gender and each year of ages 11-17.
Having checked proportional hazards assumptions,
potential risk factors for hospital presentation with
self-harm were assessed separately in unadjusted Cox
regression analyses and then together in an adjusted
model. Baseline (time zero) was set at the date of
11th birthday or 1 April 2009 (whichever was later),
and data was censored at first ED presentation with
self-harm, 18th birthday or 31 March 2013 (which-
ever occurred sooner). Sensitivity analyses included a
restricted sample of pupils attending only mainstream
secondary schools (as special schools or pupil refer-
ral units are likely to have populations with greater
psychiatric morbidity) and pupils who entered the
study at age 11. Multiple imputation was conducted
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as a sensitivity analysis to examine whether missing
data, including that related to non-matching between
the NPD and CRIS, caused substantial changes in the
effect estimate of any association between ASD and
self-harm. Data were assumed missing at random due
to availability of complete outcome data and a consid-
erable number of predictor variables relating to non-
linkage [39]. Following recent recommendations [40],
ten imputed data sets were created (m=10). All analy-
ses were completed in STATA version 14-0.

Results

Figure 1 shows how the adolescent population sample,
and self-harm cases were ascertained. Using census data
from the NPD for the four boroughs served by SLaM,
113,286 adolescents were eligible for study entry. Mean
follow-up was 2.71 years (SD 1-25, range 0-3-3-99).
Total follow-up time was 308,246-2 person-years. Dur-
ing follow-up, 1020 adolescents (0.9%) attended ED or
were admitted to hospital with at least one episode of
self-harm. Of these, 763 adolescents (75%) were suc-
cessfully matched to the NPD and therefore included
in the main analysis, providing a self-harm incidence
rate of 33 ED self-harm events per 10 000 persons/year
(95% CI 31-35). An additional 257 cases were identified
(from CRIS self-harm data and HES APC data) who were
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not matched to the NPD resulting in a total sample of
113,543 after imputation of missing data (conducted as a
sensitivity analysis).

Characteristics of adolescents presenting with self-harm
Of the 1020 adolescents (834 girls, 186 boys) presenting
with self-harm, the mean age of the first presentation
was 15-9 and 15-6 years for boys and girls, respectively
(Table 1). At the time of self-harm presentation, fewer
than 50% had prior history of contact with SLaM. The
most common reason for presentation was self-poison-
ing/overdose (boys 51%, girls 74%), followed by cutting
and other forms of self-injury. In terms of ICD-10 disor-
ders, the most prevalent were depressive disorders (boys
29%, girls 33%), anxiety (22%) and childhood onset emo-
tional and behavioural disorders (boys 18%, girls 15%).
Multiple diagnoses for one individual were possible.

Characteristics of the whole sample and subsample

with ASD

Table 2 provides a breakdown of characteristics of the
sample, by gender and ASD status, provided by NPD
(omitting non-matched self-harm data, n=257). There
was considerable ethnic, socio-economic and cul-
tural diversity within the sample, with non-white eth-
nic groups making up approximately two thirds of the
study population and over 25% reporting English as

National Pupil Database

Matched
Adolescents aged between self-harm Non-matched
11-17 resident in local area cases self-harm cases
(n =113,286) (n=763) (n=257)

CAMHS CRIS and HES Data

v

Total sample for analysis
(n=1+13,543)

Self-harm cases
(n=1020)

!

Complete case analysis (n=106,151)
Including self-harm cases (n=711)

Only those aged 11 at study start (n=53,133)
Including self-harm cases (n=151)

Only those in mainstream school (n=101,220)
Including self-harm cases (n=696)

Imputed analysis for missing NPD variables (n=113,543)
Including self-harm cases (n=1020)

Fig. 1 Data sources, linkage and sample sizes for complete case analysis and sensitivity analyses
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Table 1 Characteristics of 1020 adolescents aged 11-17 living in the SLaM catchment area presenting to the 4 local EDs with self-

harm between March 2009 and March 2013

Characteristics

Self-harm presentations (n, %)

Male (n=186) Female (n=834)
Mean age at first self-harm presentation (SD) 159(1.9) 15.6 (1.4)
Known to MH services prior to self-harm 83 (44.6) 407 (48.8)
Ethnicity
White 88 (47.3) 357 (42.8)
Black 28(15.0) 212 (254)
Asian 12 (6.5) 47 (5.7)
Mixed 16 (8.6) 102 (12.2)
Other 12 (6.5) 29(3.5)
Not disclosed/unknown 30(16.1) 87 (104)
National neighbourhood deprivation
Most deprived quintile 63 (33.9) 320 (38.4)
2nd 79 (42.5) 330(39.5)
3rd 32(17.2) 120 (14.4)
4th <10 (<5.4) 44 (5.3)
Least deprived quintile <10 (<54) 20(2.4)
Type of self-harm
Self-poisoning or overdose 95 (51.1) 617 (74.0)
Self-injury (cutting, stabbing, self-battery) 74 (39.8) 171 (20.5)
Both self-poisoning and self-injury <10 (<5.4) 29 (3.5)
Other (hanging, jumping from a height, immersion in water) 14.(7.5) 17 (2.0)
ICD-10 Axis 1b(pre- or post-first self-harm) No. and prevalence of disorders (%)*
Substance misuse disorders (F10-19) 10(54) 13(1.5)
Depressive disorder (F32) 53(28.5) 277 (33.2)
Psychotic disorders (F20-29,31,32-3, F33.3) <10 (<5.4) <10 (<1.2)
Anxiety disorder (F40-42, F43-F48) 42 (22.5) 186 (22.3)
Eating disorder <10 (<5.4) 17 (2.0)
Autism spectrum disorders (F84) 18(9.7) 21 (2.5)
Hyperkinetic disorder (F90) 19(10.2) 15(1.7)
Child-onset emotional and behavioural disorders (F91-F98) 33(17.7) 127 (15.2)
No diagnosis 41 (22.0) 249 (29.9)
Other <10 (<5.4) 21 (2.5)
Axis 3 intellectual disability <10 (<54) <10 (<1.2)

@ Multiple morbidities could be counted for each individual

b Axis I: Clinical syndromes (psychiatric disorders including personality disorders and somatic diseases)

their second language. Approximately, 80% of the sam-
ple resided in neighbourhoods within the highest 40% for
national deprivation, with over 25% of adolescents from
families eligible for free school meals [41].

There were 2463 (2-2%) adolescents with ASD recorded
as a SEN in the NPD. The majority of adolescents with
ASD were being taught within mainstream schools
(>75%), but 59-70% were in the lowest 20% for KS2
attainment. Twelve to 15% were recognised as having
severe or profound learning difficulties (0.7-1.1% in the
non-ASD group). For the ASD group, the mean age was

12 at study entry, with similar length of follow-up (mean
2.7 years). Around 12% of boys and 6% of girls with ASD
had received at least one exclusion. Between 5 and 6% did
not attend school for more than 80% of available lessons
in the year before study entry. Approximately, 7% of boys
and 5% girls with ASD had co-morbid hyperkinetic disor-
der recorded in CRIS.

Self-harm incidence rates by age
Both genders show low incidence rates of self-harm pres-
entation to ED at age 11, with a substantial increase in
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Table 2 Socio-demographic, educational and clinical characteristics of the population resident in South London by gender and ASD

status

Sample characteristics*

Male (n=56,578)

Female (n=56,708)

No ASD (n=54,552) ASD (n=2026) No ASD (n=56,271) ASD (n=437)
Self-harm presentation to ED 107 (0.2) 1 (O 5) 635-645" (1.1-1.1) <10 (<2-3)
Mean age at baseline (SD) 12.8(2.0) 3(1.7) 12.8 (2.0) 22(1.6)
Mean duration of follow-up (SD) 2.74(13) 2.73(13) 2.72(13) 2.80(1.3)
Ethnicity (n, %) (n, %) (n, %) (n, %)
White 20,238 (37.1) 770 (38.0) 20,651 (36.7) 176 (40.3)
Black 20,012 (36.7) 850 (42.0) 21,099 (37.5) 174 (39.8)
Asian 4788 (8.8) 78 (3.9) 4869 (8.7) 24 (5.5)
Mixed 6013 (11.0) 237 (11.7) 6275(11.2) 45(10.3)
Other 1928 (3.5) 42 (2.1) 91 (3.4) <10(<2.3)
Not disclosed/unknown 1575 (2.9) 49 (2.4) 1486 (2.6) 2(28)
National neighbourhood deprivation
Most deprived quintile 19,805 (36.3) 824 (40.8) 20,222 (40.0) 73 (39.6)
2nd 22,100 (40.5) 804 (39.8) 22,794 (40.5) 79 (40.1)
3rd 7759 (14.2) 251 (124) 8227 (14.6) 550( 6)
4th 3283 (6.0) 99 (4.9) 3322(5.9) 24(5.5)
Least deprived quintile 1579 (2.9) 42 (2.1) 1688 (3.0) <10 (<2.3)
Special education needs®
Learning Difficulties (specific/moderate) 8898 (16.3) 548 (27.1) 6085 (10.8) 133 (304)
Learning Difficulties (severe/ profound) 591 (1.1) 250(12.3) 381(0.7) 65 (14.9)
Behavioural, Emotional, Social problems 6726 (12.3) 548 (27.1) 3548 (6.3) 89 (20.4)
Speech, language and communication 4291 (7.9) 806 (39.8) 2134 (3.8) 161 (36.8)
Hearing, vision or physical disability 795 (1.5) 69 (3.4) 735(1.3) 16 (3.4)
First language®
English 39,920 (73.2) 1661 (82.0) 40,815 (72.5) 344 (78.7)
Other 13,612 (25.0) 341 (16.8) 14,541 (25.9) 89 (20.4)
Not disclosed 1022 (1.9) 24.(1.2) 915(1.6) <10(<2.3)
School type
Mainstream 53,868 (98.7) 1597 (78.8) 56,024 (99.6) 333(76.2)
Special school 579 (1.1) 418 (20.6) 237(04) 104 (23.8)
Pupil referral units 107 (0.2) 1(0.5) 10 (0.02) 0(0)
Educational attainment (key stage two)®
Lowest quintile 12,220 (23.1) 1146 (59.0) 10,461 (19.2) 296 (69.7)
Second 10,461 (19.8) 277 (14.3) 10,750 (19.7) 55(12.9)
Third 10,301(19.5) 224 (11.5) 11,141 (20.4) 29 (6.8)
Fourth 10,283 (19.5) 168 (8.6) 10,078 (20.3) 22(5.2)
Highest quintile 9577 (18.1) 128 (6.6) 11,172 (20.4) 23 (54)
Less than 80% attendance® 2587 (4.9) 118 (6.0) 2538 (4.7) 22(5.2)
Fixed term exclusions® 5847 (10.7) 239 (11.8) 2790 (5.0) 26 (6.0)
Other social factors
Summer birth (May-Aug) 18,941 (34.7) 720 (35.5) 19,185 (34.1) 140 (32.0)
Free school meals * 13,105 (24.0) 696 (34.5) 13,391 (23.8) 167 (38.2)
Looked after child status @ 420 (0.8) 30(1.5) 397 (0.7) 12
ICD-10 hyperkinetic disorder 670(1.2) 131 (6.5) 168 (0.3) 23 (

* Missing = 257 non-matched self-harm cases

" Range presented to avoid statistical disclosure in the ASD group

Missing values. 2257, 3731, 4049, and 94547
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incidence of self-harm throughout later adolescence Association between ASD and self-harm
(Fig. 2). Incidence rates increased more than two-fold for =~ Tables 3 and 4 present the results of unadjusted Cox
girls from age 14 to 17 and nearly four-fold for boys. regression models for the association between ASD and

Incidence of Self Harm Presentations to Accident and Emergency by Age in South

London Hospitals
Rates per 10,000

120
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60 T

40 Nk

” ] i
..-' J. .‘...
X WUTEL 1
-.-'J_ T ........01
T o.o' T ;I'...........!_.o
0 \'0%‘........-__..-...----0_
11 12 13 1 . e T

Age (years)

Male Female
Age (years)
n/pop at risk per 10,000 95% C-I- n/pop at risk per 10,000 95% C-I-
11 3/33430 0-90 (0-29-2-78) 9/32679 275 (1-43-5-29)
12 7/33148 2-11 (1-:01-4-42) 23/32247 10-23 (7-28-14-39)
13 10/32665 3:06 (1-64-5-68) 61/32028 19-05 (14-82-24-47)
14 23/32055 7-17 (4-68-10-80) 128/31617 40-49 (34:06-48-12)
15 38/31244 12:16 (8-85-16-71) 170/31047 54-76 (47-13-63-61)
16 50/28722 17-41 (13-20-22-96) 205/28904 70-92 (61-88-81-29)
17 67/24338 27-53 (21:67-34-97) 215/25025 85-91 (75-20-98-14)

The numerator were adolescents who first presented within the age category with self-harm, the denominator was the population within that
age band who were at risk.

Fig. 2 Self-harm incidence rates of adolescents presenting to ED according to age and gender, with 95% confidence intervals
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Table 3 An analysis of socio-demographic risk factors for emergency presentations with self-harm amongst 113,543 adolescents
residing in South London using crude and multivariable cox-regression analyses

Socio- Male (n=56,648)

Female (n=56,897)

demographic

characteristics No self- Self-harm Unadjusted  Adjusted No self- Self-harm Unadjusted  Adjusted
harm (n=186) hazardratio  hazard ratio® harm (n=834) hazard ratio  hazard ratio®
(n=56,462) (n=56,063)
Mean age at 12.8(2.1) 14.1(1.8) 1.70 (1.55- 138 (1.22- 12.8 (2.0) 13.9(1.8) 148 (1.42- 128 (1.21-
baseline (SD) 1.86)** 1.57)%* 1.54)** 1.35)**
Mean duration  2.73(1.3) 1.89(1.2) - - 2.70(1.3) 1.86 (1.1) - -
of follow-up
(SD)
Ethnicity (n, %) (n, %) (n, %) (n, %)
White 20,943 (37.1) 88(47.3) Reference Reference 20,534 (36.6) 357 (42.8) Reference Reference
Black 20,842 (36.9) 28(15.0) 0.32(0.21- 0.38 (0.23- 21,106 (37.7) 212 (254) 0.57 (0.48- 0.58 (0.78-
0.48)** 0.65)** 0.68)** 0.71)**
Asian 4860 (8.6) 12 (6.5) 0.60 (0.33- 0.87 (0.35- 4865 (8.7) 47 (5.7) 0.58 (0.43- 0.61 (0.40-0.94)*
1.10) 2.14) 0.78)**
Mixed 6234 (11.0) 16 (8.6) 0.62 (0.36- 0.69 (0.37- 6218 (11.1) 102 (12.2) 097 (0.77- 1.12 (0.88-141)
1.04) 1.26) 1.20)
Other 1968 (3.5) 12 (6.5) 142 (0.78- 0.64 (0.14- 1880 (3.3) 29 (3.5) 0.88 (0.60- 0.78 (0.46-1.31)
2.60) 2.69) 1.28)
Not disclosed 1615 (2.9) 30(16.1) 49 (3.3-7.5** 074(0.17- 1460 (2.6) 87 (104) 4.0 (3.16— 0.94 (0.54-1.61)
3.04) 5.04)**
National neighbourhood deprivation®
Most 20,586 (36.5) 63 (33.9) Reference Reference 20,144 (35.9) 320(384) Reference Reference
deprived
quintile
2nd 22,855(40.5) 78(42.5) 1.14 (0.82- 0.98 (0.63- 22,720 (40.6) 330(39.5) 0.92 (0.79- 0.98 (0.81-1.17)
1.58) 1.53) 1.08)
3rd 7989 (14.2) 32(17.2) 1.31(0.86- 1.40(0.81- 8193 (14.6) 120 (14.4) 0.95 (0.77- 0.88 (0.67-1.15)
2.20) 242) 1.17)
4th 3378 (6.0) <10 (<5.4) 0.78 (0.38- 0.74 (0.28- 3311(5.9) 44 (5.3) 0.85 (0.62— 0.80 (0.55-1.18)
1.64) 1.88) 1.16)
Least 1620 (2.9) <10(<54) 0.81(0.29- 0.27 (0.04- 1677 (3.0) 20 (2.4) 0.75 (0.48- 0.79 (0.46-1.3)
deprived 221) 2.01) 1.18)

" P<0.05, "P<0-01; ®missing values = 52. ’Adjusted for all other factors listed in Tables 3 and 4

self-harm stratified by gender and models adjusted for
a range of social, educational and clinical risk factors/
confounders.

Eleven boys (0.5%) and fewer than 10 girls (<2.3%)
with ASD presented with self-harm at a mean age of 15
(Table 2) [statistical disclosure rules prevent actual num-
bers being provided]. ASD was associated with nearly a
three-fold increase in risk of self-harm in boys, showing
little change after adjustment for a range of confounders
(aHR 2-79, P<0-01); however, ASD was not a significant
risk for girls.

In view of small numbers of individuals with both ASD
and self-harm, we conducted an additional sensitivity
analysis by performing penalised Cox regression [42].
Results were very similar to the main analysis for both
boys: aHR 2.89 95% CI 1.39-5.45 and girls aHR 0.60, 95%
CI 0.17-1.51. Full results for the penalised regressions
can be found in Additional file 1: Table Sla and S1b.

Association between other sociodemographic, clinical
and educational factors and self-harm
Cox regression models (Tables 3 and 4) indicated, for
both boys and girls, a strong inverse association between
black ethnicity (relative to white ethnicity) and risk of
presenting with self-harm. This association remained
significant, and the effect estimate is consistent, after
adjustment for a range of potential confounders. Asian
ethnicity was associated with significantly reduced risks
of self-harm presentation only amongst girls. English as a
second language was associated with a decreased risk for
both genders. Levels of neighbourhood deprivation were
not found to be significantly associated with risk of self-
harm. For girls specifically, being from a family eligible
for free school meals was a significant predictive factor.
In terms of school-related factors, poor attendance
at school was associated with self-harm for both boys
and girls with and without ASD, and this association
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Table 4 An analysis of educational and clinical risk factors for emergency presentations with self-harm (n=1020) amongst 113,543
adolescents aged 11-17 residing in South London using crude and multivariable cox-regression analyses

Educational Male (n=56,581) Female (n=56,709)
and clinical
characteristics No self- Self-harm Unadjusted  Adjusted No self- Self-harm Unadjusted  Adjusted
harm (n=120) hazard ratio hazard ratio® harm (n=646) hazard ratio hazard ratio®
(n=56,460) (n=56,063)
(n, %) (n, %) (n, %) (n, %)
Special education needs®
Autism spec- 2015 (3.5) 1109.2) 273 (147~ 2.79 (1.40- 434 (0.8) <10 (<1-5) 0.57(0.18-1.78) 0.52(0.16-1.63)
trum disorders 5.09)** 5.57)**
Learning diffi- 9418 (16.7) 28(23.3) 144(0.95-2.20) 1.07 (0.62- 6113 (10.9) 105 (16-3) 1.50 (1.22- 0.99 (0.77-1.27)
culties (specific/ 1.76) 1.85)**
moderate)
Learning diffi- 840 (1.5) <10 (<8.3) 0.55(0.08-3.92) 0.39 (0.05- 444 (0.8) <10(<1-5) 0.38(0.09-1.52) 0.40(0.10-1-67)
culties (severe/ 2.98)
profound)
Behavioural, 7235 (12.8) 39(32.5) 3.14 (2.19- 1.66 (1.02- 3494 (6.2) 143 (22-1) 420 (3.48- 2.31(1.84-
emotional, 4.70)%* 2.73)* 5.05)%* 2.88)%*
social
Speech, 5086 (9.0) 119.2) 1.06(0.57-1.98) 0.99 (0.51- 2269 (4.1) 26 (4-0) 1.01 (0.68-1.50) 1.13(0.74-1.72)
language and 1.95)
communication
Hearing, 860 (1.5) <10 (<83) 2.17(0.80-5.89) 2.13(0.77- 746 (1.3) 5(0-8) 0.56 (0.23-1.34) 0.59(0.25-1.42)
vision or physi- 5.85)
cal disability
First language®
English 41,482 (73.5) 100 (83.3) Reference Reference 40,652 (72.5) 508 (78.6) Reference Reference
Other 13,942 (24.7) 11 (9.2) 0.33(0.18- 0.50 (0.25- 14,529 (25.9) 101 (15.6) 0.57 (0.46- 0.77 (0.61-0.98)*
0.62)** 0.98)* 0.70)**
Not disclosed 1038 (1.8) <10 (<83) 4.14 (2.10- n/a 882 (1.6) 37(5.7) 3.82 (274~ 1.72(0.91-3.02)
8.2)** 5.35)**
Educational attainment (key stage two)”
Lowest 13,328 (24.4) 40 (33.3) reference Reference 10,586 (19.5) 174 (26.9) Reference Reference
quintile
Second 10,713 (19.6) 26 (21.6) 0.80(0.40-1.32) 1.07 (0.60- 10,672 (19.6)  135(20.9) 0.78 (0.62— 1.01 (0.78-1.29)
1.90) 0.97)*
Third 10,501 (19.2) 24 (20.0) 0.82 (0.49-136) 1.56 (0.87- 11,046 (20.3) 126 (19.5) 0.73 (0.58- 1.18 (0.90-1.52)
2.78) 0.92)**
Fourth 10437 (19.1) 14(11.7) 0.50(0.27- 1.01 (0.50- 10,974 (20.2) 127 (19.7) 0.77 (0.61- 1.35(1.04-1.77)*
0.92)* 2.09) 0.97)*
Highest 99689 (17.7) 16 (13.3) 0.73(041-131) 1.75(0.85- 11,112 (204) 84 (13.0) 0.55 (0.44- 1.15 (0.85-1.57)
quintile 3.55) 0.75)**
Less than 80% 2676 (4.9) 29 (24.2) 6.50 (4.24- 350 (2.16- 2430 (4.5) 130 (20.1) 542 (4.50- 2.84(2.70-
attendance® 9.92)** 5.70)** 6.58)** 3.57)**
Fixed term 6054 (10.7) 32(26.7) 2.88(1.92- 1.30 (0.78- 2696 (4.8) 120 (18.6) 441 (3.61- 1.69 (1.32—
exclusions?® 431)%* 2.15) 5.37)** 2.15)**
Other social factors
Summer 19,615 (34.7) 47 (39-1) 1.21(0.84-1.75) 1.23(0.83- 19,104 (34.1) 222 (34-4) 1.02 (0.87-1.20) 1.02(0.86-1.21)
birth (May-Aug) 1.83)
Free school 13,764 (24.4) 37 (30-8) 140 (0.95-2.05) 1.35(0.87- 13,369 (22.1) 189 (29-3) 1.32(1.01- 122 (1.02-1.48)*
meals @ 2.10) 1.56)%*
Looked after 443 (0.8) <10 (<8-3) 8.04 (3.75- 3.18(1.14- 382(0.7) 27 (4-3) 6.20 (4.22- 3.16 (2.07-
Child status @ 17.3)** 8.91)* 9.12)** 4.84)%*
ICD-10 788 (1.4) 19 (15-8) 8.0 (5.0-12.8)** 436 (2.20- 177 (0.3) 15(1-8) 5.70 (3.42- 3.58 (2.03-
Hyperkinetic 8.68)** 9.50)** 6.29)**
disorder

" P<0.05, "P<0-01; missing values. 2257, P3731, ©4049, %4547, and ®Adjusted for all other factors listed in Tables 3 and 4
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remained significant, although attenuated, after adjust-
ment for confounders. For girls, those with the highest
levels of academic attainment had a lower risk of self-
harm in unadjusted analysis; however, after adjustment
for confounders, being in the second from top academic
quintile was associated with a higher risk. This associa-
tion was not observed for boys. Finally, exclusion from
school was associated with a higher risk of self-harm in
both boys and girls, with the association remaining sig-
nificant after adjustment for confounders in girls only.

Other significant predictors for self-harm in both gen-
ders included BES SEN, being a looked-after child and
hyperkinetic disorder.

Sensitivity analyses

Restricting the analyses to adolescents joining the study
aged 11 showed that ASD in boys remained a signifi-
cant risk factor (aHR 3-43, 95% CI 1-05-11.3, p<0-04).
Restricting to those enrolled in mainstream school
produced similar results (aHR 3-28, 95% CI 1-64—6-6,
p<0-01). The final analyses used an imputed dataset,
which replaced missing NPD variables that were either
not supplied to DfE or missed matches between NPD and
CRIS data. Additional file 2: Table S2 shows the distribu-
tion of key variables before and after multiple imputa-
tion, which was checked to establish the validity of this
imputed dataset. Observed values of complete cases with
imputed values showed similar distributions, with the
exception of an increase in the proportion of adolescents
who did not disclose their language status. Additional
file 3: Table S3 shows fully adjusted effect estimates are
similar to the complete case analyses (Tables 3 and 4) but
with some gains in precision.

Discussion

In this retrospective cohort study of 113,543 adolescents,
we found that ASD was associated with nearly a three-
fold increased risk of self-harm among boys. This asso-
ciation persisted after controlling for a range of potential
confounders and was robust to multiple sensitivity
analyses. Previous studies have reported an association
between ASD and suicidal behaviours in adolescents;
however, these have methodological weaknesses such as
lack of appropriate comparison groups and have used
measures of self-harm assessment such as parent report.
These studies have also largely relied on clinical popula-
tions [22, 23] and therefore have not provided evidence
that ASD is a risk factor for self-harm in a general popu-
lation sample.

In addition to the association between ASD and self-
harm, there were several other findings of note. Consist-
ent with a number of studies examining socio-economic
risk factors for self-harm [43, 44], free-school meal
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eligibility was significantly associated with self-harm in
girls. The absence of an association between neighbour-
hood deprivation and self-harm is at odds with much
previous research [45-47], however is consistent with
recent findings that some deprived inner-city areas
had paradoxically low rates of self-harm [48] possibly
explained by complex social and behavioural factors in
some communities [49]. Again consistent with previous
evidence [50], we found looked after children were at a
significant risk for self-harm..

In both boys and girls, there was an approximately
three-fold increase in self-harm for those with persistent
absence from school at baseline. As far as we are aware,
this is the first population-based longitudinal study
describing such an effect. These findings do not show
that absenteeism causes self-harm but do suggest that
is an important group to target for preventive interven-
tions. Study findings of school exclusion predicting later
self-harm were consistent with a small scale cross-sec-
tional study showing significantly higher rates (22%) of
self-harm amongst adolescents with a history of exclu-
sion [51].

ADHD was a strong predictor of self-harm with
approximately a four-fold increased risk for both genders,
addressing a gap in the evidence with very few UK-based
prospective studies exploring the association between
ADHD and self-harm, particularly in girls [52]. Behav-
ioural, emotional and social SEN were associated with a
3—4 times increased risk of self-harm on unadjusted anal-
ysis, which remained significant after adjusting for poten-
tial confounders. These results should be interpreted
with some caution, as reverse causality could be driving
these findings where self-harm, yet to present for emer-
gency care, has led to allocation of this SEN status.

The fact that ASD was found to be a significant risk fac-
tor for boys only should not be taken to imply that boys
with ASD are at a greater absolute risk of self-harm than
girls with ASD. The absolute risk of self-harm amongst
girls with ASD was similar to boys, and self-harm inci-
dence rates in the whole population studied were far
higher amongst girls (1.5% compared to 0.3% in boys).
The gender discrepancy found in this study may be seen
as inconsistent with recent findings suggesting adult
women with ASD were 13 times more likely to die from
suicide, compared to a 6-fold risk in males [53]. A pos-
sible explanation for this gender discrepancy is that sev-
eral girls who self-harmed within this study may have
had undiagnosed ASD and were included within gen-
eral population rates, producing an underestimate of the
true effect of ASD on self-harm due to misclassification.
Under recognition and barriers to ASD diagnosis in girls
has been more widely discussed within recent literature
[54, 55].
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Strengths and limitations

Our use of routinely collected data from schools allowed
for longitudinal follow-up on a very large population-
based sample, with participation and retention of many
individuals who would be at risk of attrition in traditional
cohort designs [56]. The data linkage and extraction
strategies using free text from electronic health records,
provided detailed clinical information, reduced recall and
observer bias and improved on the conventional health
database studies of self-harm by detecting school-based
risk factors. Consistent with other hospital-based stud-
ies, the rates presented are likely to represent a fraction
of self-harm within the adolescent community. However,
using free text extraction from mental health records
at the time of presentation, consistent with previous
research [57], far higher rates were found using this type
of data in comparison to published figures of self-harm
inpatient admission rates in HES.

However, our findings need to be interpreted in view
of some limitations. The first is that although the over-
all sample used in the analysis is large, both the exposure
(ASD) and the outcome (self-harm) were relatively rare.
There is a potential risk of sparse-data bias [58] which
could have resulted in inflated effect-size estimates. In
view of this, we conducted a sensitivity analysis using
Firth’s penalised regression approach which validated
that our main findings were consistent following statisti-
cal mitigation.

In terms of other limitations, it is possible that those
with ASD without associated learning difficulties are
less likely to be identified and therefore will not receive a
SEN ASD code. This may have led to an underestimation
of the true association between ASD and self-harm and
could mean that findings are less relevant for those with
less severe ASD. Although we had information on learn-
ing difficulties which gave us some indication of ASD
severity, we did not have specific ASD severity which is
an important aspect to explore in future research. Addi-
tionally, due to the inability to capture exposure variables
for the whole population at risk, biases may have arisen
within the complete case analyses; however, subsequent
analyses using imputed data were consistent, suggest-
ing that possible biases did not significantly affect the
study findings. As mentioned in the methods section, a
potential source of bias when using linked data is that
non-matching between datasets is more likely to be asso-
ciated with certain characteristics, most often affecting
disadvantaged groups [59]. Previous work using these
data, found little impact of linkage bias on the association
between education and health outcomes. The governance
and methodological challenges of linking and analysing
these health and educational data sources have been pre-
viously discussed in detail by Downs and colleagues [28]
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It should also be noted that the data used for this
study is for the years 2009-2013. Although the associa-
tion between ASD and self-harm, as well as other factors
included in this analysis, are not likely to vary signifi-
cantly over relatively short periods of time, it is possi-
ble that any advances in diagnosis and management of
ASD could have an impact on findings over time. How-
ever, the potential number of ‘missed’ ASD cases in our
2009-2013 cohort is likely to have a created an underes-
timate of the association between ASD and self-harm. No
comparable recent data are currently available to explore
this association beyond 2013; however, once such data
do become available, further research could examine any
changes over time.

In view of these strengths and limitations, there is
much to be learned in order to develop and refine
research methods using large, linked health and admin-
istrative datasets. We report a novel resource and meth-
odology for answering important public health research
questions in child and adolescent mental health and
education. As we have highlighted, these data come with
their own specific challenges, but the scale and richness
of these linked data offer a wealth of opportunities to
researchers and policy makers.

Our finding of an association between ASD and self-
harm has several implications for policy and practice.
The finding of an association before adjusting for con-
founders has importance from a policy perspective when
identifying groups who may benefit from targeted self-
harm prevention strategies. The fact that this association
persists after adjusting for a range of confounders sug-
gests that ASD itself may increase the risk of self-harm;
however, the mechanism by which this occurs remains
unclear. This may be explained by a combination of dif-
ficulties: delayed identification of needs, higher rates of
psychopathology and a limited understanding of effec-
tive treatment targets for psychiatric co-morbidity in this
group, relative to the general population [60, 61]. This
however is largely theoretical, and further research into
the mechanisms behind self-harm within adolescent ASD
is warranted.

Conclusions

To our knowledge, this is the first longitudinal investi-
gation in a non-clinical population to examine the risk
of hospital presentation with self-harm for adolescents
with ASD. By using linked school census and routinely
collected mental health data, this study included the
whole population of four boroughs of South London,
thus reducing the impact of selection bias often seen
within traditional cohort studies. This study found
that boys with ASD had a nearly three-fold increased
risk of self-harm compared to boys without ASD. This
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association was not observed for girls. Several other
clinical, social and educational factors were also found
to be associated with increased risk including poor
attendance at school and a history of being in foster
care both associated with an approximately three-fold
increase in risk, and exclusion from school with an
approximately 50% increased risk. These findings are
an important step in the development of strategies to
prevent self-harm through the identification of vulner-
able groups, but should be considered in light of the
study’s limitations, particularly confounding variables
that we were unable to adjust for. Further studies are
needed to replicate these findings, including in other
settings. This study also provides an example of how
routinely collected public service data linkage can be
used to tackle important public health issues and how
large-scale epidemiological approaches to examining
self-harm risk in adolescence can be enhanced.
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