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ABSTRACT

Objectives

Of adolescents in the general population in England, we aimed to determine
1) the proportion that has an emergency admission to hospital for injury
related to adversity (victimisation, self-harm or drug or alcohol misuse) and 2)
the risk of recurrent emergency admissions for injury in adolescents admitted
with adversity-related injury compared with those admitted with accident-
related injury only.

Design

We used hospital administrative data (Hospital Episode Statistics) to identify
10-19 year olds with emergency admissions for injury in England in 1998-
2011. We used Office for National Statistics mid-year estimates for
population denominators.

Results

Approximately 4.3% of adolescents in the general population had one or more
emergency admissions for adversity-related injury (140 512/3 254 046; girls
4.6%, boys 4.1%), accounting for 59.9% of all emergency admissions for
injury in girls and 29.6% in boys. Admissions for self-harm or drug or alcohol
misuse commonly occurred in the same girls and boys. Recurrent emergency
admissions for injury were more common in adolescents with adversity-
related injury (girls 17%; boys 17%) than in those with accident-related injury
only (girls 5%; boys 7%), particularly for adolescents with adversity-related
injury related to multiple types of adversity (girls 21%; boys 24%).

Conclusion
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49  Hospital-based interventions should be developed to reduce the risk of future

50 injury in adolescents admitted for adversity-related injury.
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What is already known on this subject

Adolescents exposed to adversity (victimisation, self-harm or drug or
alcohol misuse) often use health services, and repetitively.
Many adolescents in the general population are exposed to multiple

types of adversity during their adolescence.

What this study adds

One in 20 adolescents in England have an emergency admission to
hospital for adversity-related injury between 10 and 19 years old.
Many adolescents admitted with adversity-related injury (particularly
girls) are admitted with multiple types of adversity, self-harm and drug
or alcohol misuse being the most common combination.

Readmission is more common in these adolescents than those

admitted with accident-related injury only.

Strengths and limitations of this study

Hospital Episodes Statistics (HES) captured data on all admissions to
National Health Service hospitals in England at 10-19 years old in this
study’s cohort.

The longitudinal link between admissions for each individual in HES
data allowed us to study the burden of multiple emergency admissions
for injury over time.

However, victimisation, self-harm and drug or alcohol misuse are not

always recognised at an admission, or consistently recorded, and
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75 therefore this study’s estimates of prevalence of adversity are likely to

76 be underestimates.
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INTRODUCTION

Many adolescents exposed to adversity such as victimisation (maltreatment or
assault), self-harm, or drug or alcohol misuse use secondary health
services,[1 2] often repetitively.[3 4] For example, in a self-report survey of
15-16 year olds in England, 12.6% of those who had self-harmed had
presented to hospital.[2] It is also estimated that approximately one-third of
patients attending a hospital in England for self-harm re-attend for self-harm in
the following year.[4] Improved management of adolescents exposed to
adversity could reduce risk of repetition as well as the burden on secondary
care.[5-7]

An admission to hospital provides the ‘teachable moment’,[8] where
both adolescents and their families may be more likely to engage an
intervention than if they had received it elsewhere. Hospital-based
interventions to reduce the risk of future harm could benefit these adolescents
by reducing episodes of injury, and may reduce recurrent emergency (i.e.,
acute or unplanned) admissions for injury.

To-date, there is a lack of evidence on how different types of adversity
related injury occur in the same adolescents, over time. In addition, policy
makers and service providers need know how many adolescents have an
emergency admission to hospital for adversity-related injury, their
characteristics and their specific rates of re-admission if they are to be
feasibly targeted for intervention.

In this study we used administrative hospital data and Office for
National Statistics (ONS) mid-year population estimates to estimate the

number of adolescents in the general population who ever have an
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emergency admission to hospital for injury. We then estimated the
prevalence of emergency admissions for injury related to victimisation, self-
harm and drug or alcohol misuse (alone and co-occurring) in the general
population. Finally we determined the risk of recurrent emergency admissions
for injury in adolescents who had at least one admission between 10 and 19
years for adversity-related injury compared with adolescents only ever

admitted for accidental injury during the same period.
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METHODS

Study population

Using administrative data from all admissions to National Health Service
hospitals in England (Hospital Episode Statistics [HES]) in 1998-2011,[9] we
derived a retrospective cohort of adolescents who turned 10 years old in
1998-2002, who could be observed throughout adolescence until 19 years old
(Supplementary Table 1).[10] Each individual also had to have at least one

emergency admission for injury between 10 and 19 years old.

Admission data

The Health and Social Care Information Centre provided pseudonymised data
on hospital admissions, use of which did not require Research Ethics
Committee approval.[11] We analysed any hospital transfers or admissions
within one day after discharge as the same admission, as previously
described.[12] We used the variable for method of admission (‘admimeth’) to
define an emergency admission. We used all International Classification of
Diseases-10 (ICD-10) diagnosis codes recorded during an admission to
categorise admissions as being for injury related to adversity, an accident or

other causes (Supplementary Table 2).[13]

Types of injury and age at emergency admission

We defined an emergency admission for injury as being for related to
adversity, comprising victimisation (maltreatment/assault), self-harm or drug
or alcohol misuse, using mutually exclusive clusters of ICD-10 codes

(Supplementary Table 2). Victimisation was defined by previously validated
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codes, which would trigger consideration of maltreatment by carers or of
assault.[12 14 15] We defined self-harm using codes that mentioned either
‘self-harm’ or ‘self-poisoning’, and excluded ‘undetermined intent’. Drug or
alcohol misuse was defined by codes that mentioned ‘alcohol’, ‘drugs’,
‘noxious substance’ or ‘solvent’. We considered alcohol use (Z72.1) to be
misuse only in adolescents younger than 18. We defined an injury as being
related to accidents only if no adversity codes were present but there were
codes from the ICD-10 Accidents subchapter (V01-X59).[13]

We grouped age at each admission as 10-14 years, 15-17 years and
18-19 years, to reflect age of onset of puberty (10-14 years), age of sitting
secondary school exams (15-18 years) and the legal age for buying alcohol

(18 years).[16-19]

Classification of adolescents according to types of injury and age at
emergency admissions

We classed adolescents into groups according to all of their emergency
admissions for injury between 10 and 19 years old. Adolescents were
classed as belonging to the ‘AdvRI’ group (any adversity-related injury
between 10 and 19 years old), ‘AccRI Only’ group (no adversity-related injury
but one or more accident-related injuries) or ‘Other Causes’ group (no
adversity-related or accident-related injuries) (Supplementary Figure 1).
Among adolescents in the AdvRI group, we determined the proportion
exposed to victimisation-, self-harm- and drug or alcohol misuse-related injury
at age 10-19, respectively. We further classified the AdvRI group into seven
mutually exclusive sub-groups: Victimisation Only, Self-harm Only, Drug or

Alcohol Misuse Only (DA Only), Victimisation and Self-harm (V+SH),
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Victimisation and Drug or Alcohol Misuse (V+DA), Self-harm and Drug or
Alcohol Misuse (SH+ DA) and Victimisation, Self-harm and Drug or Alcohol
Misuse (V+SH+DA).

We also grouped adolescents as above, according to their emergency
admissions for injury at 10-14 years only, 15-17 years only and 18-19 years

only (Supplementary Figure 2).

Defining an adolescent as having a chronic condition
We used a previously validated cluster of ICD-10 codes to identify
adolescents who had been affected by a chronic condition in any admission

between 10 and 19 years old (Supplementary Table 2).

Population denominators
We used ONS mid-year population estimates to derive population
denominators.[20 21] These data are freely available online broken down by

sex and year of age.

Analyses

We estimated the proportion of adolescents in the general population who had
an emergency admission for injury between 10 and 19 years old, by using the
number of adolescents in our derived retrospective cohort as the numerator
and ONS mid-year estimates for 10 year olds in 1998-2002 as the population
denominator. We then calculated these proportions by types of injury at 10-
19 years old (adversity-related [AdvRI group and seven mutually exclusive
subgroups] and accidents only [AccRI Only group]) and by age group, as

described above.

10
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We calculated the proportion of adolescents in the AdvRI group (and
subgroups) and in the AccRI Only group, who had an emergency admission
for injury twice and three or more times between 10 and 19 years old. We
also calculated the proportions of adolescents with two or three or more
admissions of any type (including non-emergency and non-injury).

We reported all results separately for girls and boys, since differences
between girls and boys have been reported for prevalence of adversity in the
general population.[1 22-24] We calculated 95% confidence intervals for all
proportions but did not present them as they were all too narrow to convey
any useful information (within one unit of the sample estimate). Analyses

were carried out in StataSE 12.

11
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RESULTS

There were 1 033 702 adolescents in HES admissions data in 1998-2011, of
which 402 916 formed the study cohort (462 476 emergency admission for
injury, 802 682 admissions of any type [including non-emergency and non-
injury]) (Table 1), representing 12.4% (402 916/3 254 046) of the adolescent
population. Twice as many boys as girls had an emergency admission for
injury during adolescence (144 158/1 588 942 qirls in the population [8.7%];

258 503/1 665 104 boys [16.3%]).

12
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1
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6

7 199  Table 1. Characteristics of adolescents* between 10 and 19 years old

8

9 Adolescent Adolescents with emergency admission(s) for injury between 10 and 19
ig Populationt years old, n (row %)

12 Characteristics Total Total AdvRI AccRI Only Other Causes
13

14 All 3,254,046 402,916 (100.0) 140,512 (34.9) 234,665 (58.2) 27,739 (6.9)
ig Age**

17 Girls 1,588,942 144,158 (100.0) 72,768 (50.5) 59,528 (41.3) 11,862 (8.2)
ig 10-14 years 65,208 (100.0) 23,289 (35.7) 37,303 (57.2) 4,616 (7.1)
20 15-17 years 48,286 (100.0) 31,620 (65.5) 12,882 (26.7) 3,784 (7.8)
21

22 18-19 years 30,664 (100.0) 17,859 (58.2) 9,343 (30.5) 3,462 (11.3)
gi Boys 1,665,104 258,503 (100.0) 67,704 (26.2) 174,962 (67.7) 15,837 (6.1)
gg 10-14 years 121,821 (100.0) 17,660 (14.5) 97,511 (80.0) 6,650 (5.5)
27 15-17 years 79,223 (100.0) 25,004 (31.6) 49,366 (62.3) 4,853 (6.1)
28

29 18-19 years 57,459 (100.0) 25,040 (43.6) 28,085 (48.9) 4,334 (7.5)
32 Missing (Sex) 255 (100.0) 40 (15.7) 175 (68.6) 40 (15.7)
32 Adolescents with emergency admission(s) for injury between 10 and 19
gi years old, n (column %)

35 Total AdvRI AccRI Only Other Causes
36

37 All 3,254,046 402,916 (100.0) 140,512 (100.0) 234,665 (100.0) 27,739 (100.0)
gg Chronic Condition 117,190 (29.0) 47,001 (33.4) 52,509 (22.4) 16,706 (60.0)
40
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200  AdvRI = Adversity-related Injury, AccRI Only = Accident-related Injury Only.

201  *Adolescents whose entire ten years of adolescence (ages 10-19) occurred in 1998-2011.
202  tBased on ONS mid-year England statistics for 10 year olds in 1998-2002.[20]

203  **Atfirst emergency admission for injury

14
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Types of injury and age at emergency admission

One-third of the cohort (140 152, 4.3% of the population) had a record of an
emergency admission for adversity-related injury between 10 and 19 years
old (the AdvRI group; 153 633 emergency admissions for adversity-related
injury) (Table 1), with similar rates between sexes (72 768, 4.3% girls in the
population; 67 704, 4.1% boys).

The remaining two-thirds of the cohort (262 404, 8.1% of the
adolescent population) had emergency admissions for injury which were
never related to adversity (Table 1). Among these adolescents, 234 665
(89.4%) had an accident-related injury (the AccRI Only group, 7.2% of the
population) and 27 739 (10.6%) had no accident-related injury (Other Causes
group, 0.9% of the population). A higher proportion of the Other Causes
group were affected by a chronic condition between 10 and 19 years old (16
706/27 739, 60%), compared with the AdvRI group (47 001/140 512, 33%) or
AccRI Only group (52 509/234 665, 22%).

These groupings (AdvRI [and subgroups], AccRI, Other Causes) are
provided in Supplementary Table 3, as proportions of adolescents in the

general population and within individual age groups.

Types of adversity-related injury

Among adolescents in the AdvRI group (girls 72 768, boys 67,704) (Figure 1),
the most common type of adversity was drug or alcohol misuse (girls 91.1%,
boys 58.0%). A higher proportion of boys than girls were exposed to
victimisation (girls 17.5%, boys 51.7%), but a higher proportion of girls than

boys were exposed to self-harm (girls 74.6%; boys 31.0%).

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

BMJ Open

Girls in the AdvRI group were most likely to be exposed to multiple
types of adversity between 10 and 19 years old (73.6%) (Figure 1), especially
SH+DA (61.7%, i.e., most of the 73.6%). Fewer boys in the AdvRI group
were exposed to multiple types of adversity (36.2%), the most common
combination also being SH+DA (22.7%).

For most of the adolescents who exposed to multiple types of
adversity, the combination of types was recorded at the same admission. For
example, among the 352 adolescent girls who were exposed to victimisation
and self-harm between 10 and 19 years old (Figure 1), 85.3% had both
victimisation and self-harm codes present simultaneously at at least one
emergency admission for injury (V+DA 86.1%, SH+ DA 99.7%, V+ SH+ DA
83.2%; boys: V+SH 63.2%, V+DA 84.5%, SH+DA 99.0%, V+SH+DA 59.1%)

(data not shown).

Emergency readmissions for injury
Adolescent girls in the AdvRI group (50.5% of all girls in the cohort) accounted
for 59.9% of the total number of emergency admissions for injury coming from
girls (data not shown), compared with girls in the AccRI Only group (41.3% of
all girls) who accounted for 15.1%. Boys in the AdvRI group (26.2% of all
boys in the cohort) accounted for 29.6% compared with 61.7% contributed by
boys in the AccRI Only group (67.7% of all boys).

More adolescents in the AdvRI group were readmitted for injury (i.e.,
had two or more emergency admissions for injury) between 10 and 19 years
old (both girls and boys 17%) (Figure 2), than in the AccRI Only group (girls

5%; boys 7%). Among adolescents admitted for AdvRlIs related to multiple

16
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types of adversity (Table 2), the proportion readmitted was even higher

(multiple types: girls 21%, boys 24%; single type: girls 7%, boys 12%).
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254  Table 2. Proportion of adolescent girls and boys with 1, 2 or 3+ emergency admission(s) for injury or 1, 2 or 3+ admissions of any

255  type, by types of adversity between 10 and 19 years old*

Girls (%) Boys (%)
Emergency Admission(s) Emergency Admission(s)
admission(s) for injury of any type admission(s) for injury of any type

Adolescent group* No. girls 1 2 3+ 1 2 3+ No. boys 1 2 3+ 1 2 3+
All 144,158 88.6 8.3 31 57.6 20.5 22.0 258,503 90.3 8.0 1.8 68.5 18.7 129
AdvRI 72,768 82.6 12.0 5.3 53.8 21.0 25.2 67,704 834 125 4.1 64.7 194 159

Any V 12,710 73.1 15.7 11.2 46.7 21.0 323 35,003 826 129 4.5 649 194 157

Any SH 54,315 79.3 13.9 6.8 51.2 215 273 21,087 76.7 15.8 7.5 57.0 20.7 223

Any DA 66,255 81.8 125 5.7 53.5 21.1 254 39,264 80.9 137 54 626 196 17.8

Single adversity 19,194 92.9 6.1 1.0 61.2 19.6 19.2 43,214 87.6 10.2 2.2 68.5 18.8 12.8

V Only 4,047 91.8 6.7 1.5 57.6 202 222 25,908 87.0 10.7 2.3 68.1 19.2 127

SH Only 2,114 90.8 7.7 1.5 544 20.8 24.8 2,188 87.6 10.0 24 62.8 19.6 17.6

DA Only 13,033 93.5 5.7 0.8 63.4 193 17.3 15,118 88.5 9.4 21 699 179 122
18
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1

2

3

4

5

6

7 Girls (%) Boys (%)

8

9 Emergency Admission(s) Emergency Admission(s)
ig admission(s) for injury of any type admission(s) for injury of any type

ig Adolescent group* No. girls 1 2 3+ 1 2 3+ No. boys 1 2 3+ 1 2 3+
14 Multiple adversity 53,574 79.0 142 6.9 511 215 273 24,490 76.1 16.5 7.5 58.0 20.7 21.4
15

16 V + SH 352 80.4 1438 4.8 49.7 23.0 27.3 344 718 218 6.4 53.8 244 21.8
g V + DA 1,373 84.6 13.0 2.3 54.0 224 23.6 5,591 783 164 5.3 634 201 16.5
19 SH + DA 44,911 81.8 13.1 5.1 529 21.6 255 15,395 79.7 148 5.5 59.1 21.0 19.8
20

21 V + SH + DA 6,938 595 215 19.0 38.7 21.2 40.2 3,160 548 242 21.0 43.0 195 374
22

2

22 No adversity 71,390 94.7 4.5 0.8 61.4 199 18.7 190,799 92.7 6.4 0.9 69.8 184 11.8
gg AccRI Only 59,528 95.3 41 0.6 66.6 18.7 14.7 174,962 92.6 6.5 0.9 714 181 105
27 Other Causes 11,862 91.6 6.3 21 35.4 258 38.7 15,837 93.4 5.0 1.6 51.7 221 26.2
gg 256 V = Victimisation, SH = Self-harm, DA = Drug or Alcohol Misuse, AdvRI = Adversity-related Injury, AccRI Only = Accident-related

30 257  Injury Only.
31 258 * Each adolescent classified by all adversities/accidents seen at any emergency admission(s) for injury between 10 and 19 years
32 259 old.

42 19
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Similarly, a higher proportion of adolescents in the AdvRI group had
two more admissions of any type (including non-emergency and non-injury)
between 10 and 19 years old (girls 36.2%; boys 35.3%; Table 2) compared
with adolescents in the AccRI Only group (girls 33.4%; boys 28.6%). This
proportion was even higher for adolescents in the AdvRI group who were
admitted with multiple types of adversity (multiple types: girls 48.8%, boys

42.1%; single type: girls 38.8%, boys 31.6%).

20
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DISCUSSION

More than one in 20 adolescents in England had at least one emergency
admission for adversity-related injury between 10 and 19 years old. These
adolescents accounted for a third of all adolescents with emergency
admissions for injury and for a disproportionate number of re-admissions for
injury, particularly adolescents admitted with multiple types of adversity-
related injury. Targeting adolescents admitted with adversity-related injury
could reduce their risk of future harm and the rate of re-admissions to
hospital, which are some of the most expensive types of healthcare and the
UK government is keen to reduce.[25]

Longitudinally-linked admissions allowed us to study the entire ten
years of adolescence in 402 916 adolescents, to distinguish between types of
adversity that co-occurred during adolescence or at the same admission, and
to study re-admissions.

One weakness of this study was our reliance on diagnostic codes
recorded in administrative data. Maltreatment and drug or alcohol misuse
have been shown to be under-recorded using ICD-10,[26 27] but false
positives are rare.[15] To address under-recording, we used what we
considered to be sensitive clusters of codes for adversity. Other factors
related to recording or coding practices,[12 14 15 27 28] for example, new
guidelines for defining maltreatment,[14] can also affect ascertainment.
Because of the relative insensitivity but good specificity of the coding clusters,
some adolescents who were classified in the AccRI group may in fact belong
to the AdvRI group, but did not have their adversity recognised or recorded.

Consequently, our prevalence estimates of admission for different types of

21
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adversity-related injury are likely to provide a lower bound for the true
prevalence.

Our prevalence estimates of admission for injury related to individual
types of adversity from the general adolescent population are consistent with
previous reports for emergency admissions for assault-related injury in 2004-
2009 and for all admissions (emergency and non-emergency) for self-harm
and drug or alcohol misuse.[1 2 24 29] Previous studies have reported higher
rates of drug or alcohol misuse in boys than in girls in the general adolescent
population.[24] We found higher rates in girls. This difference could indicate
that girls exposed to drug or alcohol misuse are more likely to be injured,
present to hospital, or be admitted after presenting to hospital, as a result.
Our estimated rates of re-admission of any type (including non-emergency
and non-injury) for victimisation (girls 53.3%, boys 35.1%) (Table 2) and self-
harm (girls 48.8%, boys 43.0%) were higher than previously reported (11% for
victimisation, 33% for self-harm).[3 4] These discrepancies are likely to be
because we considered the whole ten years of adolescence and re-admission
of any type, whereas previous studies looked at re-attendance up to the
following year and for the same type of adversity-related injury.[3 4]

The results of this study should inform policy initiatives and national
guidelines. Firstly, a substantial proportion of adolescents are affected by
adversity and they account for a large proportion (29.6-59.9%) of all
emergency admissions to hospital for injury in this age group. Secondly, we
show the large burden of injury admission for all three types of adversity, yet
there are currently no national clinical guidelines for managing assault.

Finally, these results show that adolescents often present with multiple types
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of adversity (especially in girls), even though guidelines exist only for
managing individual problems.[30-32]

In addition, policy makers need to be aware of the widely varying
aetiological pathways to admission with adversity-related injury. Our
approach to defining this group of adolescents is not designed to reflect the
complexity or severity of these cases. For example, admission for multiple
types of adversity-related injury is a poor proxy indicator of severity. Effective
interventions will need to be tailored to the individual, based on specialist
clinical assessment. However, all three types of adversity are likely to reflect
a combination of underlying psychosocial need and environmental and social
stressors. This intervention may reduce the risk of future harm including the
incidence of other types of harm not seen in hospital, e.g., further adversity-
related injury not leading to admission, that are likely to be more frequent in
these adolescents, and which the hospital administrative data we used does
not capture. Further work in admissions data linked to other administrative
datasets, e.g., accident and emergency data, could tell us if the risk of these
other types of harm is also increased in adolescents admitted with adversity-

related injury.
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Supplementary Table 2. Definitions and International Classification of
Diseases (ICD-10) diagnostic codes used to classify emergency admissions

for injury, chronic conditions and types of adversity*

ADMISSIONS AND ADMISSION TYPES

Admission

Admissions were defined by linked episodes of inpatient care, including day cases (any
case > 4 hours stay). Any admission which occurred within one day or was a hospital
transfer from a previous admission was considered to be the same admission. An
episode may have up to 20 diagnosis codes entered, but 88% of admissions in this
cohort had episodes with four or less diagnoses recorded (data not shown).
Emergency (acute; unplanned) admission

An admission was considered to be an emergency if the method of admission variable
(‘admimeth’) was 21-24 or 28.(1)

Injury

An admission was considered to be for injury if any of the diagnosis codes in the first

episode of the admission were S or T codes (Chapter XIX of the ICD -10).

CHRONIC CONDITIONS

ICD-10 codes as per Hardelid et al, 2013,(2) excluding E24.4, F10-F19, G31.2, G40.5,
G62.1, G72.1, K29.2, K70, K85.2, K86.0, 035.4, R78.1-R78.5, Z50.2, Z50.3, Z86.4,
X64-X84, Y10-Y34, Z91.5, F30.0-F30.2, F30.8-F32.3, F32.8-F334, F33.8-F34.1, F34.8-

F34.9, F38.0-F38.1, F38.8, F39-F40.2, F40.8- F41.3, F41.8-F41.9.

ADVERSITY CLUSTERS AND DESCRIPTIONS* ICD-10 CODES

Victimisation
Maltreatment

Maltreatment syndromes T74
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1

2

3 Effects of other deprivation (extreme neglect) T73

4

g Perpetrator of neglect and other maltreatment syndromes Y06, Y07

7

8 Assault

9

10 Assault by bodily force and sexual assault Y04, Y05

11

12 Other types of assault X85 -Y03, YO8 - Y09

13

14 Undetermined cause

15

12 Events of undetermined intent Y20 -Y34

ig Examination and observation following other inflicted injury 204.5

20

21 Examination and observation for other reasons: request

22 204.8

23 for expert evidence

24

gg Adverse social circumstances

% Neonatal withdrawal symptoms from maternal use of

29 P96.1

30 drugs of addiction

31

32 Other problems related to physical environment Z58.8

33

24 Problem related to physical environment, unspecified Z58.9
5

2? Homelessness Z59.0

gg Inadequate housing Z59.1

40

41 Lack of adequate food Z59.4

42

43 Extreme poverty Z59.5

44

jg Insufficient social insurance and welfare support Z259.7

j; Problem related to housing and economic circumstances,

49 Z59.9

50 unspecified

51

52 Problems related to social environment Z60

53

gg Problems related to negative life events in childhood Z61

g? Other problems related to upbringing 762

58

59

60
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Other problems related to primary support group

Discord with counsellors

Problems related to other legal circumstances

Other specified problems related to psychosocial
circumstances

Problem related to unspecified psychosocial
circumstances

Problems related to lifestyle

Problems related to care-provider dependency

Health supervision and care of foundling

Health supervision and care of other healthy infant and
child

Family history of mental and behavioural disorders

Personal history of other specified risk-factors, not

elsewhere classified

Self-harm
Intentional self-poisoning by and exposure to...

...drugs

...other and unspecified drugs, medicaments and
biological substances

...alcohol

...organic solvents and halogenated hydrocarbons and
their vapours

...other gases and vapours

Page 34 of 46

Z63
Z64.4

Z65.3

Z65.8

Z65.9

272.3-7272.9
Z74

2761

Z76.2

Z81

Z91.8

X60-X63

X64

X65

X66

X67
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...pesticides

...other and unspecified chemicals and noxious
substances

Intentional self-harm by...

...hanging, strangulation and suffocation

...drowning and submersion

...firearm discharge

...explosive material

...smoke, fire and flames, or steam, hot vapours and hot
objects

...sharp/blunt objects

...jumping from a high place

...jumping or lying before a moving object, or crashing a
motor vehicle

...other specified means

...unspecified means

Personal history of self-harm

Alcohol/drug misuse
Alcohol
Alcohol-induced pseudo-Cushing's syndrome
Mental and behavioural disorders due to use of alcohol
Degeneration of nervous system due to alcohol
Alcoholic polyneuropathy

Alcoholic myopathy

X68

X69

X70

X71

X72-X74

X75

X76-X77

X78-X79

X80

X81-82

X83

X84

Z91.5

E24.4

F10

G31.2

G62.1

G721
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Alcoholic cardiomyopathy

Alcoholic gastritis

Alcoholic liver disease

Alcohol-induced acute pancreatitis

Alcohol-induced chronic pancreatitis

Maternal care for (suspected) damage to fetus from
alcohol

Fetus-and-newborn-affected by maternal use-of alechel’

Fetal-alcohol-syndrome-{dysmorphic)'

Finding of alcohol in blood

Poisoning: antidotes and chelating agents, not elsewhere
classsified

Toxic effect of alcohol

Accidental poisoning by exposure to alcohol

. If-poisonina] I to-alcohol**

Poisoning by exposure to alcohol, undetermined intent

Evidence of alcohol involvement determined by blood
alcohol level

Evidence of alcohol involvement determined by level of
intoxication*

Alcohol rehabilitation

Alcohol abuse counselling and surveillance

Alcohol uset

Drugs, medicaments and biological substances (illicit drugs)

Mental and behavioural disorders due to psychoactive

142.1
K29.2
K70
K85.2

K86.0

035.4

R78.0

T50.6

T51

X45

Y15

Y90

Y91

Z50.2
Z71.4

Z721

F11-F17, F19
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1

2

3 substance use

4

S Maternal-care-for{suspected)-damage-to-fetus by-drugs’ 035.5

6

7 N i oo d I , ittod £

o P58.4
: T

10 mother-or-given-to-newborn

11

12 Neonatal withdrawal symptoms from maternal use of

13 P96.1

14 drugs-of-addiction’

15

12 Finding of drugs not normally found in blood R78.1 - R78.5

ig Poisoning by drugs, medicaments and biological T36 - T50

20

21 substances (not inc. T50.6)

22

3 Intentional self-noisoning by_and iepileptic.

24

27 £ ol | | ified”

28

29 . . .

30 intentional-self-poisoning-by-and-exposure-to-other-drugs

31 4 X63

32 acting-on-the-autonomic-nervous-system

33

34 | ional self-poisoning.l I I I

35 X84

36 unspecified-drugs,-medicaments-and-biological substances

37 ’

38 , o 5

39 Assauit-by-drugs,-medicaments-and-biological substances X85

40

a1 Poisoning, undetermined intent Y10-Y14

42

43 Drug rehabilitation Z50.3

44

jg Drug abuse counselling and surveillance Z71.5

47

48 Drug use 272.2

49

50 Environmental/ Domestic substances

51

52 Mental and behavioural disorders due to use of volatile

53 F18

54 solvents

55

g? Accidental poisoning by and exposure to noxious X40 — X44, X46 - X49

58

59

60
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substances

Intentional self-poisoning by and exposure to noxious

substances
: It | ifiod chemical . I §
Poisoning by chemical or noxious substance,
undetermined intent
Codes mentioning both alcohol and drugs
Special epileptic syndromes - (related to alcohol, drugs,
etc.)

Blood-alcohol and blood-drug test

*kk

(alcohol, drug, tobacco)

Accidents
Transport accidents
Falls
Exposure to inanimate mechanical forces
Exposure to animate mechanical forces
Accidental drowning and submersion
Other accidental threats to breathing
Exposure to electric current, radiation and extreme
ambient air temperature and pressure

Exposure to smoke, fire and flames
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X69

%90

Y16 - Y19

G40.5

Z04.0

V01 - V99
W00 - W19
W20 - W49
W50 - W64
W65 - W74

W75 -\W84

W85 - W99

X00 - X09
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Contact with heat and hot substances X10 - X19
Contact with venomous animals and plants X20 - X29

Exposure to forces of nature X30 - X39

©CoO~NOUTA,WNPE

10 Accidental poisoning by and exposure to noxious

11 X40 - X49
12 substances

14 Overexertion, travel and privation X50 - X57

Accidental exposure to other and unspecified factors X58 - X59

19 * ‘Strikethrough’ (Phrase, eode) indicates that this was not included in the
20 adversity definition.

21 T Codes relating to foetuses or neonates (P04.3, Q86.0, P58.4 and P96) were
22 not expected in adolescent presentations; this was checked and did not

23 appear.

24 ** Formed part of the self-harm cluster only; self-poisoning considered most
egregious element of diagnosis.

T If subject under 18 years old.

o8 § Formed part of the victimisation cluster only; assault considered most

29 egregious element of the diagnosis.

30 ***Not possible to distinguish whether for drugs, alcohol or tobacco

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 40 of 46

Supplementary Table 3. Population prevalence* of emergency admission(s) for injury, by types of adversity within age periodst

and sex
All girls All boys Girls Boys

Adolescent groupt 10-19y 10-19y 10-14y 15-17y 18-19y 10-14y 1517y 18-19y
All 8.66 16.27% 3.92 312§ 211§ 7.67f 5.291§ 0.40%1§
AdvRI 4.37 4.26% 1.31 2.04§ 1.27§ 0.72+ 1.531§ 1.741§
Any Victimisation 0.76 2.20% 0.25 0.31§ 0.19§ 0.33t 0.801§ 0.901§
Any Self-harm 3.26 1.33% 090 1.58§ 0.97§ 0.22f 0.471§ 0.551§
Any Drug or Alcohol Misuse 3.98 247% 116  1.87§ 1.15§ 0.39t 0.841§ 1.011§
Single adversity 1.15 2.72% 0.44 0.49§ 0.32§ 0.53t 0.991§ 1.08%1§
Victimisation Only 0.24 1.63% 0.09 0.10§ 0.08§ 0.28t 0.641§ 0.691§
Self-harm Only 0.13 0.14 0.05 0.06§ 0.03§ 0.05 0.041§ 0.04%
Drug or Alcohol Misuse Only 0.78 0.95% 0.29 0.33§ 0.21§ 0.21 0.313§ 0.351§
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Adolescent groupt 10-19y 10-19y 10-14y 15-17y 18-19y 10-14y 1517y 18-19y
11 Multiple adversity 3.22 1.54% 0.88 1.55§ 0.95§ 0.19f 0.541§ 0.661§
13 V+SH 0.02 0.02 0.01 0.01 0.004§  0.005f 0.01§ 0.01%
15 V+DA 0.08 0.35% 0.03 0.03 0.02§ 0.02t 0.11%§ 0.151§
16 SH+DA 2.70 0.97% 0.72 1.34§ 0.84§ 0.14f 0.37t§ 0.451§
18 V+SH+DA 0.42 0.20% 0.12 0.17§ 0.09§ 0.02+ 0.05t§ 0.061§

No adversity 4.29 12.01% 279 1.08§ 0.84§ 6.95F 3.761§ 2.261§
23 AccRI Only 0.71 1.00% 0.32 0.26§ 0.24§ 0.47f 0.361§ 0.31%1§
25 Other Causes 3.58 11.01% 2.47 0.82§ 0.60§ 6.48% 3.401f§ 1.95%1§

V = Victimisation, SH = Self-harm, DA = Drug or Alcohol Misuse, AdvRI = Adversity-related Injury, AccRI Only = Accident-related
o8 Injury Only

29 *Due to large denominators, confidence intervals for population prevalence were too narrow to provide any meaningful

30 interpretation and so are not shown.

31 TEach adolescent classified by all adversity/accidents seen at any emergency injury admission(s) at 10-19 years, 10-14 years, 15-
32 17 years and 18-19 years, respectively.

33 FStatistically significantly different from girls of the same age (according to 95% confidence intervals).

34 §Statistically significantly different from 10-14 year olds of the same sex (according to 95% confidence intervals).
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Supplementary Figure 2. Example of classification of groups of adolescents within age groups and across
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1 i i
Introduction
Background/rationale 2
Objectives
Methods
Study design 4
Setting 5
Participants 6
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed. N/A
Case-control study—For matched studies, give matching criteria and the number of
controls per case
Variables 7 ¢
medifiers: Give diagnostic criteria, if applicable
Data sources/ 8* For-each-variable ofinterestgive sources-of data-and-details ofmethodso
measurement assessment-{measurement): Describe comparability of assessment methods if there
is more than one group
Bias 9 Deseribe-any-efforts-to-address-potential sourees-of bias. We only analysed those
who could be observed between ages 10 and 19, so no bias due to different lengths
of admission trajectories.
Study size 10 Explain-how-thestudy size-was-arrived-at. All available administrative data.
Quantitative variables 11 Explain-how-quantitative-variables-were-handled-inthe-analyses—Ifapplicable
Statistical methods 12

only analysed those who could be observed between ages 10 and 19.

Case-control study—If applicable, explain how matching of cases and controls was
addressed
Cross-sectional study—TIf applicable, describe analytical methods taking account of

sampling strategy

(e) Describe any sensitivity analyses. N/A
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Results

Participants 13*
(b) Give reasons for non-participation at each stage. N/A
(c) Consider use of a flow diagram. We didn’t use a flow diagram as eligibility could be
described using one sentence.

Descriptive 14*

data

Outcome data 15% ; wely—F ytcome-even HRRATY-HHeasy ver-time: We state
how many emergency admissions for adversity-related injury the AdvRI group had. We also
provide a table indicating the number of emergency admissions for injury and admissions (of
any type) during ages 10-19.
Case-control study—Report numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 z e djusted-estimate d-if apphicable,confounder-adjusted-estimate

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period. N/A

Other analyses 17 and sensitivity

Discussion

Key results 18
Limitations 19
Interpretation 20

Generalisability 21

Other information

Funding 22

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.
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ABSTRACT

Objectives

Of adolescents in the general population in England, we aimed to determine
1) the proportion that has an emergency admission to hospital for injury
related to adversity (violence, self-harm or drug or alcohol misuse) and 2) the
risk of recurrent emergency admissions for injury in adolescents admitted with
adversity-related injury compared with those admitted with accident-related
injury only.

Design

We used longitudinally-linked administrative hospital data (Hospital Episode
Statistics) to identify 10-19 year olds with emergency admissions for injury
(including day cases lasting more than four hours), in England in 1998-2011.
We used Office for National Statistics mid-year estimates for population
denominators.

Results

Approximately 4.3% (n=141 248) of adolescents in the general population
(n=8 254 046) had one or more emergency admissions for adversity-related
injury (girls 4.6%, boys 4.1%), accounting for 50.0% of all emergency
admissions for injury in girls and 29.1% in boys. Admissions for self-harm or
drug or alcohol misuse commonly occurred in the same girls and boys.
Recurrent emergency admissions for injury were more common in
adolescents with adversity-related injury (girls 17.3%; boys 16.5%) than in

those with accident-related injury only (girls 4.7%:; boys 7.4%), particularly for
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adolescents with adversity-related injury related to multiple types of adversity
(girls 21.1%; boys 24.2%).

Conclusion

Hospital-based interventions should be developed to reduce the risk of future

injury in adolescents admitted for adversity-related injury.
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What is already known on this subject

Adolescents exposed to adversity (violence, self-harm or drug or
alcohol misuse) often use health services, and repetitively.
Many adolescents in the general population are exposed to multiple

types of adversity during their adolescence.

What this study adds

One in 20 adolescents in England has an emergency admission to
hospital for adversity-related injury between 10 and 19 years old.
Many adolescents admitted with adversity-related injury (particularly
girls) are admitted with multiple types of adversity, self-harm and drug
or alcohol misuse being the most common combination.
Re-admission is more common in these adolescents than those

admitted with accident-related injury only.

Strengths and limitations of this study

Hospital Episodes Statistics (HES) captured data on all admissions to
National Health Service hospitals in England at 10-19 years old in this
study’s cohort.

The longitudinal link between admissions for each individual in HES
data allowed us to study the burden of multiple emergency admissions
for injury over time.

However, violence, self-harm and drug or alcohol misuse are not

always recognised at an admission, or consistently recorded, and
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77 therefore this study’s estimates of prevalence of adversity are likely to

78 be underestimates.
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INTRODUCTION

Many adolescents exposed to adversity such as violence, self-harm, or drug
or alcohol misuse use secondary health services,[1 2] often repetitively.[3 4]
For example, in a self-report survey of 15-16 year olds in England, 12.6% of
those who had self-harmed had presented to hospital.[2] It is also estimated
that approximately one-third of patients attending a hospital in England for
self-harm re-attend for self-harm in the following year.[4] Improved
management of adolescents exposed to adversity could reduce risk of
repetition as well as the burden on secondary care.[5-7]

An admission to hospital provides the ‘teachable moment’.[8] That is,
both adolescents and their families may be more likely to engage with an
intervention than if they had received it elsewhere. Hospital-based
interventions to reduce the risk of future harm could benefit these adolescents
by reducing episodes of injury, and may reduce recurrent emergency (i.e.,
acute or unplanned) admissions for injury.

To date, there is a lack of evidence on how different types of adversity-
related injury occur in the same adolescents over time. In addition, policy
makers and service providers need to know how many adolescents have an
emergency admission to hospital for adversity-related injury, their
characteristics and their specific rates of re-admission if they are to be
feasibly targeted for intervention.

In this study we used administrative hospital data and Office for
National Statistics (ONS) mid-year population estimates to estimate the
number of adolescents in the general population who have ever had an

emergency admission to hospital for injury. We then estimated the
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prevalence of emergency admissions for injury related to violence, self-harm
and drug or alcohol misuse (alone and co-occurring) in the general
population. Finally, we determined the risk of recurrent emergency
admissions for injury in adolescents who had at least one admission between
10 and 19 years for adversity-related injury compared with adolescents only

ever admitted for accidental injury during the same period.
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METHODS

Study population

Using administrative data from all admissions to National Health Service
hospitals in England (Hospital Episode Statistics [HES]) in 1998-2011,[9] we
derived a retrospective cohort of adolescents who turned 10 years old in
1998-2002, who could be observed throughout adolescence until 19 years old
(Supplementary Table 1).[10] Each individual also had to have at least one

emergency admission for injury between 10 and 19 years old.

Admission data

The Health and Social Care Information Centre provided pseudonymised data
on hospital admissions, use of which did not require Research Ethics
Committee approval.[11] An admission is defined by the National Health
Service as any hospital case lasting longer than four hours, and so includes
long day cases as well as overnight stays. We analysed any hospital
transfers or admissions within one day after discharge as the same
admission, as previously described.[12] We used the variable for method of
admission (‘fadmimeth’) to define an emergency admission. We used all
International Classification of Diseases-10 (ICD-10) diagnosis codes recorded
during an admission to categorise admissions as being for injury related to

adversity or an accident (Supplementary Table 2).[13]

Types of injury and age at emergency admission
We defined an emergency admission for injury as being related to adversity,

comprising violence (maltreatment/assault/undetermined causes of injury),
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self-harm or drug or alcohol misuse, using mutually exclusive clusters of ICD-
10 codes (Supplementary Table 2). Violence was defined by previously-
validated codes, which would trigger consideration of violence by carers,
peers or strangers.[12 14 15] We defined self-harm using codes that
mentioned either ‘self-harm’ or ‘self-poisoning’. Drug or alcohol misuse was
defined by codes that mentioned ‘alcohol’, ‘drugs’, ‘noxious substance’ or
‘solvent’. We defined an injury as being related to accidents only if no
adversity codes were present but there were codes from the ICD-10
Accidents subchapter (V01-X59).[13]

We grouped age at each admission to reflect age of onset of puberty
(10-14 years), age of sitting secondary school exams (15-17 years) and the

legal age for buying alcohol (18-19 years).[16-19]

Classification of adolescents according to types of injury and age at
emergency admissions

We classed adolescents into groups according to all of their emergency
admissions for injury between 10 and 19 years old. Adolescents were
classed as belonging to the ‘adversity’ group (any adversity-related injury
between 10 and 19 years old), ‘accidents only’ group (no adversity-related
injury but one or more accident-related injuries) or ‘other causes’ group (no
adversity-related or accident-related injuries) (Supplementary Figure 1).
Among adolescents in the adversity group, we determined the proportion
exposed to violence-, self-harm- and drug or alcohol misuse-related injury at
age 10-19, respectively. We further classified the adversity group into seven
mutually exclusive sub-groups: violence only, self-harm only, drug or alcohol

misuse only, violence and self-harm, violence and drug or alcohol misuse,
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self-harm and drug or alcohol misuse, and violence, self-harm and drug or
alcohol misuse.

We also grouped adolescents as above, according to their emergency
admissions for injury at 10-14 years only, 15-17 years only and 18-19 years

only (Supplementary Figure 2).

Population denominators
We used ONS mid-year population estimates to derive population
denominators.[20 21] These data are freely available online broken down by

sex and year of age.

Analyses

We estimated the proportion of adolescents in the general population who had
an emergency admission for injury between 10 and 19 years old. We used
the number of adolescents in our derived retrospective cohort as the
numerator and ONS mid-year estimates for 10 year olds in 1998-2002 as the
population denominator. We then calculated these proportions by types of
injury at 10-19 years old (adversity-related [adversity group and seven
mutually exclusive subgroups] and accidents only [accidents only group]) and
by age group, as described above.

We calculated the proportion of adolescents in the adversity group (and
subgroups) and in the accidents only group who had an emergency admission
for injury twice and three or more times between 10 and 19 years old. We
also calculated the proportions of adolescents with two or three or more
admissions of any type (including non-emergency and non-injury).

We reported all results separately for girls and boys since differences

between girls and boys have been reported for prevalence of adversity in the

10
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general population.[1 22-24] We calculated 95% confidence intervals for all
proportions but did not present them here as they were all too narrow to
convey any useful information (within one unit of the sample estimate).

Analyses were carried out in StataSE 12.
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RESULTS

There were 1 033 702 adolescents in HES admissions data in 1998-2011, of
which 402 916 formed the study cohort (462 476 emergency admission for
injury when considering multiple presentations from the same adolescent, 802
682 admissions of any type [including non-emergency and non-injury, 662
727 of which were overnight stays]) (Table 1), representing 12.4% (402 916/3
254 046) of the adolescent population. Twice as many boys as girls had an
emergency admission for injury during adolescence (144 158/1 588 942 girls

in the population [8.7%]; 258 503/1 665 104 boys [16.3%)]).

12
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196  Table 1. Characteristics of adolescents whose entire ten years of adolescence (ages 10-19) occurred in 1998-2011.
197
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Adolescent

population* Adolescents with emergency admission(s) for injury between 10 and 19 years old, n (row %)

13 Characteristics Total Total Adversity Accidents only Other causes

15 All 3,254,046 402,916 (100.0) 141,248 (35.1) 233,907 (58.1) 27,761 (6.9)
Age™

18 Girls 1,588,942 144,158 (100.0) 72,805 (50.5) 59,528 (41.3) 11,888 (8.2)
10-14 years . 65,208 (100.0) 23,178 (35.5) 37,388 (57.3) 4,642 (7.1)
21 15-17 years . 48,286 (100.0) 31,573 (65.4) 12,922 (26.8) 3,791 (7.9)
23 18-19 years . 30,664 (100.0) 18,054 (58.9) 9,155 (29.9) 3,455 (11.3)
- Boys 1,665,104 258,503 (100.0) 68,403 (26.5) 174,267 (67.4) 15,833 (6.1)
10-14 years . 121,821 (100.0) 17,667 (14.5) 97,478 (80.0) 6,676 (5.5)
28 15-17 years . 79,223 (100.0) 25,014 (31.6) 49,345 (62.3) 4,864 (6.1)
30 18-19 years . 57,459 (100.0) 25,722 (44.8) 27,444 (47.8) 4,293 (7.5)

Missing (Sex) 255 (100.0) 40 (15.7) 175 (68.6) 0 (15.7)

33 198 *Based on ONS mid-year England statistics for 10 year olds in 1998-2002.[20]
34 199  **Atfirst emergency admission for injury

42 13
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Types of injury and age at emergency admission

One-third of the cohort (141 248, 4.3% of the population) had a record of an
emergency admission for adversity-related injury between 10 and 19 years
old (the adversity group; 157 004 emergency admissions for adversity-related
injury in total) (Table 1), with similar rates between sexes (72 805, 4.6% girls
in the population; 68 403, 4.1% boys).

The remaining two-thirds of the cohort (261 668, 8.1% of the
adolescent population) had emergency admissions for injury which were
never related to adversity (Table 1). Among these adolescents, 233 907
(89.4%) had an accident-related injury (the accidents only group, 7.2% of the
population) and 27 761 (10.6%) had no accident-related injury (other causes
group, 0.9% of the population). A high proportion of the other causes group
were affected by a chronic condition’ between 10 and 19 years old (11 221/27
761, 40.4%), compared with the adversity group (45 321/141 248, 32.1%) or
accidents only group (49 434/233 907, 21.1%).

Proportions of adolescents in the general population and within
individual age groups by adversity [and subgroups], accidents only, and other

causes groups are provided in Supplementary Table 3.

Types of adversity-related injury
Among adolescents in the adversity group (girls 72 805, boys 68 403) (Figure
1), the most common type of adversity was drug or alcohol misuse (girls

91.5%, boys 60.0%). A higher proportion of boys than girls were exposed to

' Defined by ICD-10 codes (Supplementary Table 2)

14
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violence (qgirls 8.5%, boys 47.6%), but a higher proportion of girls than boys
were exposed to self-harm (girls 74.6%; boys 32.9%).

Girls in the adversity group were most likely to be exposed to multiple
types of adversity between 10 and 19 years old (69.2% + 2.0% + 1.2% + 0.2%
= 72.6%) (Figure 1), especially self-harm and drug or alcohol misuse (69.2%
of the entire adversity group, i.e., most of the 72.6%). Fewer boys in the
adversity group were exposed to multiple types of adversity (38.4%), the most
common combination also being self-harm and drug or alcohol misuse
(24.8%).

For most of the adolescents who were exposed to multiple types of
adversity, the combination of types was recorded at the same admission. For
example, among the 130 adolescent girls who were exposed to violence and
self-harm between 10 and 19 years old (Table 2), 64.6% had both violence
and self-harm codes present simultaneously in at least one emergency
admission for injury (violence and drug or alcohol misuse 78.8%, self-harm
and drug or alcohol misuse 99.7%, violence, self-harm and drug or alcohol
misuse 33.9%; boys: violence and self-harm 40.1%, violence and drug or
alcohol misuse 84.1%, self-harm and drug or alcohol misuse 99.1%, violence,

self-harm and drug or alcohol misuse 20.0%) (data not shown).
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Table 2. Proportion of adolescents with 1, 2 or 3+ emergency admission(s) for injury or 1, 2 or 3+ admission(s) of any type, by

types of adversity between 10 and 19 years old*

Page 16 of 81

Girls (%) Boys (%)
Emergency Admission(s) Emergency Admission(s)
admission(s) for injury of any type admission(s) for injury of any type
Adolescent group* No. girls 1 2 3+ 1 2 3+ No. boys 1 2 3+ 1 2 3+
All 144,158 88.6 8.3 3.1 57.6 20.5 22.0 258,503 90.3 8.0 1.8 68.5 18.7 12.9
Adversity 72,805 82.7 12.0 53 53.8 211 25.1 68,403 83.5 124 41 648 19.4 158
Any violence 6,211 77.2 13.9 8.9 49.1 20.7 30.1 32,799 83.2 128 4.0 656 19.6 14.8
Any self-harm 54,315 79.3 13.9 6.8 51.2 21.5 27.3 21,087 76.7 158 75 57.0 20.7 223
Any drug or alcohol misuse 66,645 81.9 12.5 5.6 53.6 211 253 41,014 81.1 136 53 629 195 176
Single adversity 19,924 92.8 6.2 1.0 61.2 19.8 19.0 43,563 71.3 8.3 1.8 558 15.2 103
Violence only 3,734 92.4 6.3 1.3 58.1 20.4 21.6 24,912 87.1 106 22 683 19.2 126
Self-harm only 2,296 90.3 8.1 1.6 54.4 20.7 24.9 2,260 87.3 104 23 623 19.8 179
Drug or alcohol misuse only 13,894 93.3 5.9 0.8 63.2 19.5 17.4 16,391 88.5 9.5 21 699 179 122
Multiple adversity 52,881 78.9 14.2 6.9 51.0 21.6 27.4 24,840 77.3 16.7 7.5 59.0 210 21.5
V + SH 130 70.0 20.8 9.2 42.3 26.2 31.5 217 41.6 154 6.1 328 16.0 142
16
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V + DA 862 81.9 15.1 3.0 52.2 22.9 24.9 6,013 84.6 175 54 684 218 173
SH + DA 50,404 80.1 13.7 6.3 51.8 21.6 26.6 16,953 86.7 164 6.9 646 227 229
V + SH + DA 1,485 36.8 31.6 31.5 255 19.9 54.5 1,657 22.0 164 1441 179 11.7 2238
No adversity 71,353 94.7 45 0.8 61.4 19.9 18.7 190,100 92.4 6.3 0.9 695 183 11.8
Accidents only 59,465 95.3 41 0.6 66.5 18.7 14.7 174,267 92.3 6.5 09 711 18.0 10.5
Other causes 11,888 91.5 6.3 21 35.5 25.8 38.8 15,833 93.4 5.0 1.6 515 221 26.3
243 V= Violence, SH = Self-harm, DA = Drug or Alcohol Misuse
244  * Each adolescent classified by all adversity/accidents seen at any emergency admission(s) for injury between 10 and 19 years old.
17
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Emergency re-admissions for injury

Adolescent girls in the adversity group (50.5% of all girls in the cohort)
accounted for 50.0% of the total number of emergency admissions for injury
coming from girls (data not shown), compared with girls in the accidents only
group (41.3% of all girls) who accounted for 36.6%. Boys in the adversity
group (26.2% of all boys in the cohort) accounted for 29.1% compared with
65.0% contributed by boys in the accidents only group (67.7% of all boys).

More adolescents in the adversity group were re-admitted for injury
(i.e., had two or more emergency admissions for injury) between 10 and 19
years old (girls 17.3%, boys 16.5%) (Figure 2), than in the accidents only
group (girls 4.7%; boys 7.4%). Among adolescents admitted for injuries
related to multiple types of adversity (Table 2), the proportion re-admitted was
even higher (multiple types: girls 21.1%, boys 24.2%; single type: girls 7.2%,
boys 10.1%).

Similarly, a higher proportion of adolescents in the adversity group had
two more admissions of any type (including non-emergency and non-injury)
between 10 and 19 years old (girls 46.2%; boys 35.2%) (Table 2) compared
with adolescents in the accidents only group (girls 33.4%; boys 28.5%). This
proportion was even higher for adolescents in the adversity group who were
admitted with multiple types of adversity (multiple types: girls 49.0%, boys

42.5%:; single type: girls 38.8%, boys 25.5%).
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DISCUSSION

More than one in 20 adolescents in England had at least one emergency
admission for adversity-related injury between 10 and 19 years old. These
adolescents accounted for a third of all adolescents with emergency
admissions for injury and for a disproportionate number of re-admissions for
injury, particularly adolescents admitted with multiple types of adversity-
related injury. Targeting adolescents admitted with adversity-related injury
could reduce their risk of future harm, the rate of re-admissions to hospital,
and health care costs .[25]

Longitudinally-linked admissions allowed us to study the entire ten
years of adolescence in 402 916 individuals. We were able, to distinguish
between types of adversity that co-occurred during adolescence or at the
same admission, and to study re-admissions. One weakness of this study was
our reliance on diagnostic codes recorded in administrative data. Violence by
carers, which could be coded under maltreatment, and drug or alcohol misuse
have been shown to be under-recorded using ICD-10,[26 27] but false
positives are rare.[15] To address under-recording, we used what we
considered to be sensitive clusters of codes for adversity. Other factors
related to recording or coding practices,[12 14 15 27 28] for example, new
guidelines for defining maltreatment,[14] can also affect ascertainment.
Because of the relative insensitivity but good specificity of the coding clusters,
some adolescents who were classified in the accidents only group may in fact
belong to the adversity group, but did not have their adversity recognised or

recorded. Consequently, our prevalence estimates of admission for different
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types of adversity-related injury are likely to provide a lower bound for the true
prevalence.

Our prevalence estimates of admission for injury related to individual
types of adversity from the general adolescent population are consistent with
previous reports for emergency admissions for assault-related injury in 2004-
2009 and for all admissions (emergency and non-emergency) for self-harm
and drug or alcohol misuse.[1 2 24 29] Previous studies have reported higher
rates of drug or alcohol misuse in boys than in girls in the general adolescent
population.[24] We found higher rates in girls. This difference could indicate
that girls exposed to drug or alcohol misuse are more likely to be injured, to
present to hospital, or to be admitted after a hospital presentation, than boys.

Our estimated rates of re-admission of any type (including non-
emergency and non-injury) for violence (girls 50.8%, boys 34.4%) (Table 2)
and self-harm (girls 48.8%, boys 43.0%) were higher than previously reported
(11% for violence, 33% for self-harm).[3 4] These discrepancies are likely to
be because we considered the whole ten years of adolescence and re-
admission of any type, whereas previous studies looked at re-attendance up
to the following year and for the same type of adversity-related injury.[3 4]

The results of this study should inform policy initiatives and national
guidelines. Firstly, a substantial proportion of adolescents are affected by
adversity and they account for a large proportion (29.1 to 50.0%) of all
emergency admissions to hospital for injury in this age group. Secondly, we
show the large burden of injury admission for all three types of adversity, yet
there are currently no national clinical guidelines for managing cases of

violence, other than responding to violence by caregivers.[30] Finally, these
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results show that adolescents often present with multiple types of adversity
(especially in girls), even though guidelines exist only for managing individual
problems.[31-33]

In addition, policy makers need to be aware of the widely varying
aetiological pathways to admission with adversity-related injury. Our
approach to defining this group of adolescents is not designed to reflect the
complexity or severity of these cases. For example, admission for multiple
types of adversity-related injury is a poor proxy indicator of severity. Effective
interventions will need to be tailored to the individual based on specialist
clinical assessment. However, all three types of adversity are likely to reflect
a combination of underlying psychosocial need and environmental and social
stressors.[34]

Hospital interventions may reduce the risk of future harm, including the
incidence of other types of harm not seen in hospital, e.g., further adversity-
related injury not leading to admission. Further research using linked data
from health care sectors such as accident and emergency, could shed light on
the overall burden of adversity-related injury on hospitals. Such analyses are
limited by the quality of accident and emergency data in England (available
since 2007) and the resulting problems with identifying reasons for
presentation and accurately linking individuals to long-term outcomes.[35]
However, longitudinally-linked datasets in other countries could provide

insights into long-term outcomes for this vulnerable group of adolescents.
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ABSTRACT

Objectives

Of adolescents in the general population in England, we aimed to determine
1) the proportion that has an emergency admission to hospital for injury
related to adversity (vietimisationviolence, self-harm or drug or alcohol
misuse) and 2) the risk of recurrent emergency admissions for injury in
adolescents admitted with adversity-related injury compared with those
admitted with accident-related injury only.

Design

We used_longitudinally-linked hespitat-administrative hospital data (Hospital
Episode Statistics) to identify 10-19 year olds with emergency admissions for

injury (including day cases lasting more than four hours), in England in 1998-

2011. We used Office for National Statistics mid-year estimates for
population denominators.

Results

Approximately 4.3% (n=141 248) of adolescents in the general population
(n=3 254 046) had one or more emergency admissions for adversity-related
injury (440-542/3-254-046:girls 4.6%, boys 4.1%), accounting for §9-950.0%
of all emergency admissions for injury in girls and 29.61% in boys.
Admissions for self-harm or drug or alcohol misuse commonly occurred in the
same girls and boys. Recurrent emergency admissions for injury were more
common in adolescents with adversity-related injury (girls 17.3%; boys

16.57%) than in those with accident-related injury only (girls 54.7%; boys
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7.4%), particularly for adolescents with adversity-related injury related to
multiple types of adversity (girls 21.1%; boys 24.2%).

Conclusion

Hospital-based interventions should be developed to reduce the risk of future

injury in adolescents admitted for adversity-related injury.
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53  What is already known on this subject

54 e Adolescents exposed to adversity (victimisationviolence, self-harm or

©CoO~NOUTA,WNPE

10 55 drug or alcohol misuse) often use health services, and repetitively.

12 56 e Many adolescents in the general population are exposed to multiple
14 57 types of adversity during their adolescence.

16 58

18 59  What this study adds

20 60 e One in 20 adolescents in England hasve an emergency admission to
22 61 hospital for adversity-related injury between 10 and 19 years old.

24 62 e Many adolescents admitted with adversity-related injury (particularly
26 63 girls) are admitted with multiple types of adversity, self-harm and drug
28 64 or alcohol misuse being the most common combination.

30 65 ¢ Re-admission is more common in these adolescents than those

32 66 admitted with accident-related injury only.

34 67

36 68  Strengths and limitations of this study

38 69 ¢ Hospital Episodes Statistics (HES) captured data on all admissions to
40 70 National Health Service hospitals in England at 10-19 years old in this
42 71 study’s cohort.

44 72 e The longitudinal link between admissions for each individual in HES
46 73 data allowed us to study the burden of multiple emergency admissions
48 74 for injury over time.

50 75 e However, victimisationviolence, self-harm and drug or alcohol misuse

52 76 are not always recognised at an admission, or consistently recorded,
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and therefore this study’s estimates of prevalence of adversity are

likely to be underestimates.
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79  INTRODUCTION

80 | Many adolescents exposed to adversity such as victimisation

10 81 | violence{malireatment-orassault), self-harm, or drug or alcohol misuse use

12 82  secondary health services,[1 2] often repetitively.[3 4] For example, in a self-

©CoO~NOUTA,WNPE

14 83  report survey of 15-16 year olds in England, 12.6% of those who had self-

16 84  harmed had presented to hospital.[2] It is also estimated that approximately
18 85  one-third of patients attending a hospital in England for self-harm re-attend for
20 86  self-harm in the following year.[4] Improved management of adolescents

22 87  exposed to adversity could reduce risk of repetition as well as the burden on
24 88  secondary care.[5-7]

26 89 An admission to hospital- provides the ‘teachable moment’;[81.[8] where

28 90 | Thatis, both adolescents and their families may be more likely to engage with

30 91 anintervention than if they had received it elsewhere. Hospital-based

32 92 interventions to reduce the risk of future harm could benefit these adolescents
34 93 by reducing episodes of injury, and may reduce recurrent emergency (i.e.,

36 94  acute or unplanned) admissions for injury.

38 95 To -date, there is a lack of evidence on how different types of

40 96 | adversity--related injury occur in the same adolescents; over time. In addition,
42 97 | policy makers and service providers need_to know how many adolescents

44 98 have an emergency admission to hospital for adversity-related injury, their

46 99 characteristics and their specific rates of re-admission if they are to be

48 100 feasibly targeted for intervention.

50 101 In this study we used administrative hospital data and Office for

52 102  National Statistics (ONS) mid-year population estimates to estimate the

54 103 | number of adolescents in the general population who have ever hadve an

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

104

105

106

107

108

109

110

111

BMJ Open

emergency admission to hospital for injury. We then estimated the
prevalence of emergency admissions for injury related to
vietimisationviolence, self-harm and drug or alcohol misuse (alone and co-
occurring) in the general population. Finally, we determined the risk of
recurrent emergency admissions for injury in adolescents who had at least
one admission between 10 and 19 years for adversity-related injury compared
with adolescents only ever admitted for accidental injury during the same

period.
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112 METHODS
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113 Study population

114  Using administrative data from all admissions to National Health Service

115 hospitals in England (Hospital Episode Statistics [HES]) in 1998-2011,[9] we
116  derived a retrospective cohort of adolescents who turned 10 years old in

117 1998-2002, who could be observed throughout adolescence until 19 years old

20 118  (Supplementary Table 1).[10] Each individual also had to have at least one

22 119  emergency admission for injury between 10 and 19 years old.

25 120 Admission data
27 121 The Health and Social Care Information Centre provided pseudonymised data
29 122 on hospital admissions, use of which did not require Research Ethics

31 123 | Committee approval.[11] An admission is defined by the National Health

33 124 | Service as any hospital case lasting longer than four hours, and so includes

35 125 | long day cases as well as overnight stays. We analysed any hospital

37 126  transfers or admissions within one day after discharge as the same

39 127 | admission, as previously described.[12] We used the variable for method of

41 128  admission (‘admimeth’) to define an emergency admission. We used all
43 129 International Classification of Diseases-10 (ICD-10) diagnosis codes recorded
45 130  during an admission to categorise admissions as being for injury related to

a7 131 | adversity or; an accident_er-othercauses-(Supplementary Table 2).[13]

132 Types of injury and age at emergency admission
133 | We defined an emergency admission for injury as being forrelated to

134 | adversity, comprising vietimisation-violence
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(maltreatment/assault/undetermined causes of injury), self-harm or drug or

alcohol misuse, using mutually exclusive clusters of ICD-10 codes
(Supplementary Table 2). Violencectimisation was defined by previously-
validated codes, which would trigger consideration of maltreatmentviolence

by carers-eref-assaulf, peers or strangers.[12 14 15] We defined self-harm

using codes that mentioned either ‘self-harm’ or ‘self-poisoning’-and-excluded
‘undetermined-intent. Drug or alcohol misuse was defined by codes that
mentioned ‘alcohol’, ‘drugs’, ‘noxious substance’ or ‘solvent’. \We-considered
alcoholuse(Z72.1)to-be-misuse-only-in-adolescents youngerthan-18—-We
defined an injury as being related to accidents only if no adversity codes were
present but there were codes from the ICD-10 Accidents subchapter (VO1-
X59).[13]

We grouped age at each admission as40-14-years;15-17yearsand
48-19-years-to reflect age of onset of puberty (10-14 years), age of sitting
secondary school exams (45-1815-17 years) and the legal age for buying

alcohol (18-19 years).[16-19]

Classification of adolescents according to types of injury and age at
emergency admissions

We classed adolescents into groups according to all of their emergency
admissions for injury between 10 and 19 years old. Adolescents were
classed as belonging to the ‘AdvRFadversity’ group (any adversity-related
injury between 10 and 19 years old), ‘AceRlaccidents Orhy~only’ group (no
adversity-related injury but one or more accident-related injuries) or ‘0Other
Ccauses’ group (no adversity-related or accident-related injuries)

(Supplementary Figure 1). Among adolescents in the AdvRladversity group,
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1

2

3

4

5

6 160 | we determined the proportion exposed to vietimisation-violence-, self-harm-
7

8 161  and drug or alcohol misuse-related injury at age 10-19, respectively. We

9

10 162 | further classified the AdvRladversity group into seven mutually exclusive sub-
11

12 163 | groups: Victimisation-violence Onlyonly, Selfself-harm Onlyonly, Drug-drug or

14 164 | Aleshelalcohol Misuse-misuse Oonly-(BA-Only, Vietimisation-violence and
16 165 | Selfself-harm-(V+SH), Vietimisation-violence and Brug-drug or Aleehel-alcohol
18 166 | Mmisuse-(V/+DA), Selfself-harm and Brug-drug or Aleechel-alcohol Misuse

20 167 | misuse, (SH+DA)and-Viectimisation violence, Selfself-harm and Drug-drug or

22 168 | Alechelalcohol Mmisuse-/+SH+DA).

24 169 We also grouped adolescents as above, according to their emergency
26 170  admissions for injury at 10-14 years only, 15-17 years only and 18-19 years

28 171  only (Supplementary Figure 2).

172
173

174

175

39 176  Population denominators
41 177 We used ONS mid-year population estimates to derive population
43 178 denominators.[20 21] These data are freely available online broken down by

45 179  sex and year of age.

48 180  Analyses
50 181  We estimated the proportion of adolescents in the general population who had
52 182 | an emergency admission for injury between 10 and 19 years old. We; by

54 183 | useding the number of adolescents in our derived retrospective cohort as the

57 10
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numerator and ONS mid-year estimates for 10 year olds in 1998-2002 as the
population denominator. We then calculated these proportions by types of
injury at 10-19 years old (adversity-related [AdvRladversity group and seven

mutually exclusive subgroups] and accidents only [AceRlaccidents Onhronly

group]) and by age group, as described above.
We calculated the proportion of adolescents in the AdvRladversity

group (and subgroups) and in the AeeRlaccidents Orly-only group; who had

an emergency admission for injury twice and three or more times between 10
and 19 years old. We also calculated the proportions of adolescents with two
or three or more admissions of any type (including non-emergency and non-
injury).

We reported all results separately for girls and boys; since differences
between girls and boys have been reported for prevalence of adversity in the
general population.[1 22-24] We calculated 95% confidence intervals for all
proportions but did not present them here as they were all too narrow to
convey any useful information (within one unit of the sample estimate).

Analyses were carried out in StataSE 12.

11
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RESULTS
There were 1 033 702 adolescents in HES admissions data in 1998-2011, of
which 402 916 formed the study cohort (462 476 emergency admission for

injury when considering multiple presentations from the same adolescent, 802

682 admissions of any type [including non-emergency and non-injury}, 662

727 of which were overnight stays]) (Table 1), representing 12.4% (402 916/3

254 046) of the adolescent population. Twice as many boys as girls had an
emergency admission for injury during adolescence (144 158/1 588 942 girls

in the population [8.7%]; 258 503/1 665 104 boys [16.3%]).

12
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Table 1. Characteristics of adolescents*between10-and-19-years-old whose entire ten years of adolescence (ages 10-19)
occurred in 1998-2011.
Adolescent
Pesylationp Adolescents with emergency admission(s) for injury between 10 and 19 years old, n (row %)
opulation*
| Characteristics Total Total AdvRIAdversity AecRIAccidents Onlyonly Other Causescauses

| Al
| Age**

Girls
10-14 years
15-17 years
18-19 years
Boys
10-14 years
15-17 years
18-19 years
Missing (Sex)

3,254,046 402,916 (100.0) 141,248440;512 (35.1134-9) 233,907234;665 (58.1)(68-2) 27,76127739 (6.9)(6:9)

Page 40 of 81

1,588,942 144,158 (100.0) 72,80572,768 (50.5)(50.5) 59,52859,528 (41.3)(41.3)  11,88811,862 (8.2)(8.2)
65,208 (100.0) 23,17823,289 (35.5)(35-F) 37,38837:303 (57.3)}(6%2) 4,6424:616 (7.1)(FH
48,286 (100.0) 31,57334:620 (65.4)(65:5) 12,92212.882 (26.8)(26-F) 3,7913;784 (7.9)(7-8)
30,664 (100.0) 18,05417.859 (58.9)(58.2) 9.1559,343 (29.9)(30.5) 3.4553.462 (11.3)(11.3)
1,665,104 258,503 (100.0) 68.40367.704 (26.5)(26.2)  174.267174,962 (67.4)(67.7)  15.83315,837 (6.1)(6.1)
121,821 (100.0) 17,66747660 (14.5)(14-5) 97,47897:544 (80.0)(80:0) 6,6766;650 (5.5)(5-5)
79,223 (100.0) 25,01425:004 (31.6)(31-6) 49,34549.:366 (62.3)(62-3) 4,8644:;853 (6.1)(6-H
57,459 (100.0) 25,72225.040 (44.8)(43.6) 27.44428.085 (47.8)(48.9) 4,293 Formatted Table
255(100.0) 4046 (15.7)16-F) 175175 (68.6)(68:6) 4046 (15.7)}46-H

13
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214
215
216

*Based on ONS mid-year England statistics for 10 year olds in 1998-2002.[20]
**At first emergency admission for injury
14
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Types of injury and age at emergency admission
One-third of the cohort (440452141 248, 4.3% of the population) had a record
of an emergency admission for adversity-related injury between 10 and 19
years old (the AdvRladversity group; 1537 633-004 emergency admissions for
adversity-related injury_in total) (Table 1), with similar rates between sexes (72
768805, 4.36% girls in the population; 6770468 403, 4.1% boys).

The remaining two-thirds of the cohort (2621 404,668, 8.1% of the
adolescent population) had emergency admissions for injury which were
never related to adversity (Table 1). Among these adolescents, 2343 665-907

(89.4%) had an accident-related injury (the AecRlaccidents Only-only group,

7.2% of the population) and 27 739-761 (10.6%) had no accident-related

injury (Otherother Causes-causes group, 0.9% of the population). A higher

proportion of the Other-other Causes-causes group were affected by a chronic
condition! between 10 and 19 years old (1670611 221/27 739761, 6040.4%),
compared with the AdvRladversity group (47-004+140-54245 321/141 248,

32.13%) or AceRlaccidents Only-only group (5250949 434/234-665233 907,

2221.1%).

Proportions of adolescents in the general population and within
individual age groups by FThese-groupings{AdvRladversity [and subgroups],
AeeRlaccidents only, Otherand other Causescauses groups) are provided in
Supplementary Table 3.-as-propertions-of-adeolescentsin-the-general

| ' Defined by ICD-10 codes (Supplementary Table 2)

15
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Types of adversity-related injury

Among adolescents in the AdvRladversity group (girls 72 768805, boys
6770468 403) (Figure 1), the most common type of adversity was drug or
alcohol misuse (girls 91.54%, boys 5860.0%). A higher proportion of boys
than girls were exposed to vietimisation-violence (girls 478.5%, boys
54-747.6%), but a higher proportion of girls than boys were exposed to self-

harm (girls 74.6%; boys 34:632.9%).

16
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Girls in the AdvRladversity group were most likely to be exposed to

multiple types of adversity between 10 and 19 years old (69.2% + 2.0% +

1.2% + 0.2% = 723.6%) (Figure 1), especially SH+BAself-harm and drug or

alcohol misuse (64-769.2% of the entire adversity group, i.e., most of the

732.6%). Fewer boys in the AdvRladversity group were exposed to multiple
types of adversity (36-238.4%), the most common combination also being

SH+DAself-harm and drug or alcohol misuse (22-724.8%).

For most of the adolescents who were exposed to multiple types of
adversity, the combination of types was recorded at the same admission. For
example, among the 352-130 adolescent girls who were exposed to
vietimisation-violence and self-harm between 10 and 19 years old (Figure

4Table 2), 85-:364.6% had both violencectimisation and self-harm codes

present simultaneously inat at least one emergency admission for injury

(violence and drug or alcohol misuseV+DA 86-178.8%, SH+DAself-harm and

drug or alcohol misuse 99.7%, +SH=+DAviolence, self-harm and drug or

alcohol misuse 83.233.9%; boys: V+SHyviolence and self-harm 63-240.1%,

violence and drug or alcohol misuseV/+BA 84.51%, self-harm and drug or

alcohol misuseSH+DA 99.10%, violence, self-harm and drug or alcohol

misuse ¥+SH+DBA-59.120.0%) (data not shown).

17
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1
2
3
4
5
6
7
8
9 278 | Table 2. Proportion of adolescents girls-and-boeys-with 1, 2 or 3+ emergency admission(s) for injury or 1, 2 or 3+ admission(s) of
10
11 279 any type, by types of adversity between 10 and 19 years old*
12
13 Girls (%) Boys (°
o oys (%)
14
15 Emergency admission(s) Admission(s) Emergency Admission(s)
16 for injury of any type admission(s) for injury of any type
17
L7
Afglescent group* No. girls 1 2 3+ 1 2 3+ No. boys 1 2 3+ 1 2 3+
AlB | 144,158 88.688.6 8.38.3 3.13.4 57.657.6 20.520.5 22.022.0 258,503  90.390.3 8.08.0 1.84.8 68.568.5 18.718.7 12.912.9
20
%MAdvergity 72,80572,768 82.782.6 12.042.0 5.35.3 53.853.8 21.124.0 25.125.2 68,40367,704 83.583.4 12.4125 4.14.4 64.864.7 19.419.4 15.815.9
2y Wiolethce 6.21142740  77.2734 13.945.7 8.94+2 49.146.7 20.72+0 30.132.3 3279935003 83.282.6 12.8429 4.04.5 65.664.9 19.619.4 14.845.7
2y sself-HarmH 54,.31554,315 79.379.3 13.913.9 6.86.8 51.25%.2 21.521.5 27.327.3 21,08724.087 76.776.7 15.845.8 7.57.5 57.057.0 20.720.7 22.322.3
ég‘gﬁg;“ r alcohol 66.64566,255 81.981.8 12.5125 5657 53.653.5 21.121.1 25.3254 41,01439,264 81.180.9 13.613.7 5.354 62.962.6 19.519.6 17.617.8
27
Sikgle advelsity 19,92419,194 92.892.9 6.26.4 1.04.0 61.261.2 19.849.6 19.049.2 43,56343.214 71.387.6 8.310.2 1.82.2 55.868.5 15.248.8 10.312.8
29
3fiolence Ohiyonly 3,7344.047 924918 6.367 1.34.5 58.157.6 204202 21.622.2 2491225908 87.187.0 10.610-7 2.22.3  68.368-1 19.219.2 12.612.7
%elf—harmh‘@nlym 22962414 90.390.8 8.177 1.64.5 54.454.4 20.720.8 24.924.8 22602188 87.387.6 10.410.0 2.324  62.362.8 19.849:6- 1{F0rmatted Table
@%ﬁr#«a cohol misuse 13,89413,033 93.393.5 5.957 0.80-8 63.263.4 19.510.3 17.4473 16,39145418 88.5885 9.59.4 2.124 _69.969.9 17.947.9 12.212.2
34
35
36
37
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39 19
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41
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1
2
3
4
5
6
7
8
9 GIFIS (04) Beys (04,
10
12 fosdaioes cfomperines celeniocionle) for fatnes R
13
14delesee4a¥gfeu|} No. girls 4 2 3+ 4 2 3+ No.boys 4 2 3+ 4 2 3+
1§Iultiple afversity 52,88153,574 78.979.0 14.214.2 6.96.9 51.05141 21.621.5 27.427.3 24,84024,490 77.376-1 16.716.:5 7.57.5 59.058.0 21.020.-7 21.5214
17V +SH | 130352 70.0804 20.844-8 9.24.8 42.349.7 26.223.0 31.5273 217344 41.6748 154248 6.16:4  32.853.8 16.024-4 14.2214.8
18V+ DA | 8624373 81.984.6 15.143-:0 3.02.3 52.254.0 22.922.4 24.923.6 6,0135,594 84.678.3 17.516.4 5.453 68.4634 21.8204 17.3165
20 SH + DA{ 50,40444.914 80.1848 13.7434+ 6.354 51.852.9 21.6246 26.625:5 16,953145;395 86.779-7 16.414.8 6.955 64.6594 22.724.0 22.919.8
21v +sH «+ DA 1,4856,938  36.859.5 31.624-5 31.519.0 25.538.7 19.924-2 54.540.2 1,6573,160 22.054.8 16.4242 14.1240 17.943.0 11.749:5 22.8374
22

ﬁo advers|ty 71,35374,390 94.7947 4.545 0.80.8 61.4614 19.919.9 18.748.7 190,100490,799 92.492.7 6.364 0.90.9 69.569.8 18.3184 11.8148
25 | nlp—me 59,46559,528 95.395.3 4.144 0.60.6 66.566.6 18.748.7 14.744.7 -174,2671474,962 92.392.6 6.56.5 0.90.9 71.1744 18.0484 10.510-5

Other(;{;usescauses 11,88814,862 _ 91.591.6 6.36-3 124 35.535.4 25.825.8 38.838.7 _ 15,83345,837 _93.493.4 5.050 1.64-6 _51.554-7 22.122.14 26.326-2

5 - 241 ; 38.8 ; 3.0 16 i e

280
28 731

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
47

48
10

V = VietimisationViolence, SH = Self-harm, DA = Drug or Alcohol Misuse; = } } =
* Each adolescent classified by all adversitiesadversity/accidents seen at any emergency admission(s) for injury between 10 and 19 years old.
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Emergency re-admissions for injury

Adolescent girls in the adversity group (50.5% of all girls in the cohort)

accounted for 50.0% of the total number of emergency admissions for injury

coming from girls (data not shown), compared with girls in the accidents only

group (41.3% of all girls) who accounted for 36.6%. Boys in the adversity

group (26.2% of all boys in the cohort) accounted for 29.1% compared with

65.0% contributed by boys in the accidents only group (67.7% of all boys).

More adolescents in the adversity group were re-admitted for injury

(i.e., had two or more emergency admissions for injury) between 10 and 19

years old (girls 17.3%, boys 16.5%) (Figure 2), than in the accidents only

group (qirls 4.7%; boys 7.4%). Among adolescents admitted for injuries

related to multiple types of adversity (Table 2), the proportion re-admitted was

even higher (multiple types: qgirls 21.1%, boys 24.2%:; single type: girls 7.2%,

boys 10.1%).
Similarly, a higher proportion of adolescents in the AdvRladversity

group had two more admissions of any type (including non-emergency and
non-injury) between 10 and 19 years old (girls 436.2%; boys 35.23%); (Table

2) compared with adolescents in the AeeRlaccidents Onrhy-only group (girls

33.4%; boys 28.56%). This proportion was even higher for adolescents in the
AdvRladversity group who were admitted with multiple types of adversity
(multiple types: girls 48-849.0%, boys 42.51%; single type: girls 38.8%, boys

31.625.5%).

21
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1

2

3

4

5

6 304 DISCUSSION

7

8 305 More than one in 20 adolescents in England had at least one emergency
9

10 306 admission for adversity-related injury between 10 and 19 years old. These
11

12 307 adolescents accounted for a third of all adolescents with emergency

13

14 308 admissions for injury and for a disproportionate number of re-admissions for
15

16 309 injury, particularly adolescents admitted with multiple types of adversity-
17

18 310 related injury. Targeting adolescents admitted with adversity-related injury
19

20 311 | could reduce their risk of future harm,-and the rate of re-admissions to

21

22 312 | hospital, and ;-which-could reduce- health care-some-of the-most-expensive

24 313 | typesotrhealhcareandihe Ul governmentiskeentoreduce cosis .[25]

26 314 Longitudinally-linked admissions allowed us to study the entire ten

28 315 | years of adolescence in 402 916 adeleseentsindividuals. We were able, to

30 316  distinguish between types of adversity that co-occurred during adolescence or
g; 317 | at the same admission, and to study re-admissions.

gi 318 One weakness of this study was our reliance on diagnostic codes

32 319 | recorded in administrative data. Violence by carers, which could be coded

37

38 320 | under maltreatment, Maltreatment-and drug or alcohol misuse have been

40 321  shown to be under-recorded using ICD-10,[26 27] but false positives are

42 322 rare.[15] To address under-recording, we used what we considered to be

43

44 323  sensitive clusters of codes for adversity. Other factors related to recording or
45

46 324  coding practices,[12 14 15 27 28] for example, new guidelines for defining

48 325 maltreatment,[14] can also affect ascertainment. Because of the relative

49

50 326 insensitivity but good specificity of the coding clusters, some adolescents who
51

52 327 | were classified in the AeeRlaccidents only group may in fact belong to the

53

54 328 | AdvRladversity group, but did not have their adversity recognised or recorded.
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Consequently, our prevalence estimates of admission for different types of
adversity-related injury are likely to provide a lower bound for the true
prevalence.

Our prevalence estimates of admission for injury related to individual
types of adversity from the general adolescent population are consistent with
previous reports for emergency admissions for assault-related injury in 2004-
2009 and for all admissions (emergency and non-emergency) for self-harm
and drug or alcohol misuse.[1 2 24 29] Previous studies have reported higher
rates of drug or alcohol misuse in boys than in girls in the general adolescent
population.[24] We found higher rates in girls. This difference could indicate
that girls exposed to drug or alcohol misuse are more likely to be injured,; to
present to hospital, or to be admitted after a hospital presentation, than boys

(e : . | ital "

Our estimated rates of re-admission of any type (including non-

emergency and non-injury) for vietimisatien-violence (girls 53-350.8%, boys
35-134.4%) (Table 2) and self-harm (girls 48.8%, boys 43.0%) were higher
than previously reported (11% for vietimisationviolence, 33% for self-harm).[3
4] These discrepancies are likely to be because we considered the whole ten
years of adolescence and re-admission of any type, whereas previous studies
looked at re-attendance up to the following year and for the same type of
adversity-related injury.[3 4]

The results of this study should inform policy initiatives and national
guidelines. Firstly, a substantial proportion of adolescents are affected by
adversity and they account for a large proportion (29.6-1 to -509.09%) of all

emergency admissions to hospital for injury in this age group. Secondly, we
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show the large burden of injury admission for all three types of adversity, yet
there are currently no national clinical guidelines for managing cases of

assaultviolence, other than responding to violence by caregivers.[30] Finally,

these results show that adolescents often present with multiple types of
adversity (especially in girls), even though guidelines exist only for managing
individual problems.[31-33]

In addition, policy makers need to be aware of the widely varying
aetiological pathways to admission with adversity-related injury. Our
approach to defining this group of adolescents is not designed to reflect the
complexity or severity of these cases. For example, admission for multiple
types of adversity-related injury is a poor proxy indicator of severity. Effective
interventions will need to be tailored to the individual; based on specialist
clinical assessment. However, all three types of adversity are likely to reflect
a combination of underlying psychosocial need and environmental and social
stressors.[34] Thisintervention

Hospital interventions may reduce the risk of future harm, including the

incidence of other types of harm not seen in hospital, e.g., further adversity-

related injury not leading to admission;-that-are-likehrto-be-more frequentin

notecapture. Further research using werk-in-admissions-linked data linked

from to-cther-administrative-datasets;-e-health care sectors such asg-

accident and emergency-data, could-telus-ifthe risk-of these othertypes-of
is also.| in ad . i . lated

irfurycould shed light on the overall burden of adversity-related injury on

hospitals-this;as-well-as—tellus-whetherthe risk-of future- harm-is-increased-in
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admitted. Such analyses are limited by the quality of Such-workinEngland

would-be-challengingas-accident and emergency data in England (available

since 2007) and the resulting problems with identifying reasons for

presentation and accurately linking individuals to long-term outcomes.are

sinee-2007[35] However, Existing-longitudinally-linked datasets in other

countries could provide insights into long-term outcomes for this vulnerable

group of adolescents.
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Supplementary Table 2. Definitions and International Classification of
Diseases (ICD-10) diagnostic codes used to classify emergency admissions

for injury, chronic conditions and types of adversity*

ADMISSIONS AND ADMISSION TYPES

Admission

Admissions were defined by linked episodes of inpatient care, including day cases (any
case > 4 hours stay). Any admission which occurred within one day or was a hospital
transfer from a previous admission was considered to be the same admission. An
episode may have up to 20 diagnosis codes entered, but 88% of admissions in this
cohort had episodes with four or less diagnoses recorded (data not shown).
Emergency (acute; unplanned) admission

An admission was considered to be an emergency if the method of admission variable
(‘admimeth’) was 21-24 or 28.(1)

Injury

An admission was considered to be for injury if any of the diagnosis codes in the first
episode of the admission were S or T codes (Chapter XIX of the ICD -10).

CHRONIC CONDITIONS

ICD-10 codes as per Hardelid et al, 2013,(2) excluding E24.4, F10-F19, G31.2, G40.5,
G62.1, G72.1, K29.2, K70, K85.2, K86.0, 035.4, R78.1-R78.5, Z50.2, Z50.3, Z86.4,
X64-X84, Y10-Y34, Z91.5, F30.0-F30.2, F30.8-F32.3, F32.8-F334, F33.8-F34.1, F34.8-
F34.9, F38.0-F38.1, F38.8, F39-F40.2, F40.8- F41.3, F41.8-F41.9.

ADVERSITY CLUSTERS AND DESCRIPTIONS* ICD-10 CODES
Violence
Maltreatment
Maltreatment syndromes T74
Effects of other deprivation (extreme neglect) T73
Perpetrator of neglect and other maltreatment syndromes Y06, YO7
Assault
Assault by bodily force and sexual assault Y04, YO5
Other types of assault X85 - Y03, YO8 - Y09
Undetermined cause
Events of undetermined intent Y20 -Y34

Examination and observation following other inflicted injury Z04.5
Examination and observation for other reasons: request

for expert evidence fFo4.8
Self-harm
Intentional self-poisoning by and exposure to...
...drugs X60-X63
...other and unspecified drugs, medicaments and X64

biological substances
...alcohol X65
...organic solvents and halogenated hydrocarbons and

, X66
their vapours

...other gases and vapours X67

...pesticides X68

...other and unspecified chemicals and noxious X69
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substances
Intentional self-harm by...
...hanging, strangulation and suffocation
...drowning and submersion
...firearm discharge
...explosive material
...smoke, fire and flames, or steam, hot vapours and hot
objects
...sharp/blunt objects
...jumping from a high place
...jumping or lying before a moving object, or crashing a
motor vehicle
...other specified means
...unspecified means
Personal history of self-harm

Drug or alcohol misuse

Drugs, medicaments and biological substances (illicit drugs)

Mental and behavioural disorders due to psychoactive
substance use
Finding of drugs not normally found in blood
Poisoning by drugs, medicaments and biological
substances
Poisoning, undetermined intent
Drug rehabilitation
Drug abuse counselling and surveillance
Drug use
Environmental/ Domestic substances
Mental and behavioural disorders due to use of volatile
solvents
Accidental poisoning by and exposure to noxious
substances
Intentional self-poisoning by and exposure to noxious
substances
Poisoning by chemical or noxious substance,
undetermined intent
Codes mentioning both alcohol and drugs
Special epileptic syndromes - (related to alcohol, drugs,
etc.)
Blood-alcohol and blood-drug test
Alcohol
Alcohol-induced pseudo-Cushing's syndrome
Mental and behavioural disorders due to use of alcohol
Degeneration of nervous system due to alcohol
Alcoholic polyneuropathy
Alcoholic myopathy
Alcoholic cardiomyopathy
Alcoholic gastritis
Alcoholic liver disease
Alcohol-induced acute pancreatitis

X70
X71
X72-X74
X75

X76-X77

X78-X79
X80

X81-82

X83
X84
Z91.5

F11-F17, F19

R78.1 - R78.5

T36 - T50

(not including T50.6)
Y10 -Y14

Z50.3

Z71.5

Z72.2

F18
X40 — X44, X46 - X49
X69

Y16 - Y19

G40.5
Z04.0

E24.4
F10
G31.2
G62.1
G721
142.1
K29.2
K70
K85.2
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Alcohol-induced chronic pancreatitis
Maternal care for (suspected) damage to fetus from
alcohol

Finding of alcohol in blood

Poisoning: antidotes and chelating agents, not elsewhere
classified

Toxic effect of alcohol

Accidental poisoning by exposure to alcohol

Poisoning by exposure to alcohol, undetermined intent

Evidence of alcohol involvement determined by blood
alcohol level

Evidence of alcohol involvement determined by level of
intoxication

Alcohol rehabilitation

Alcohol abuse counselling and surveillance

Alcohol use

Accidents

Transport accidents

Falls

Exposure to inanimate mechanical forces

Exposure to animate mechanical forces

Accidental drowning and submersion

Other accidental threats to breathing

Exposure to electric current, radiation and extreme
ambient air temperature and pressure

Exposure to smoke, fire and flames

Contact with heat and hot substances

Contact with venomous animals and plants

Exposure to forces of nature

Accidental poisoning by and exposure to noxious
substances

Overexertion, travel and privation

Accidental exposure to other and unspecified factors

K86.0
035.4
R78.0
150.6

151

X45

Y15

Y90

Y91

Z50.2
Z71.4
Z721

V01 - V99
W00 - W19
W20 - W49
W50 - W64
W65 - W74
W75 - W84
W85 - W99
X00 - X09
X10 - X19
X20 - X29
X30 - X39
X40 - X49
X50 - X57
X58 - X59
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1

2

3

4

5

6

7 Supplementary Table 3. Population prevalence* (per 100,000) of emergency admission(s) for injury, by types of adversity within
8

9 age periods** and sex

10

i All girls  All boys Girls Boys

ﬁ: Adolescent group** 10-19y 10-19y 10-14y 15-17y 18-19y 10-14y 15-17y 18-19y
15 All 9,073 16,333F 4,104 3,260§ 2,189§ 7,316% 5,0691§ 3,8521§
16

17 Adversity 4,582 4,108% 1,240 2,124§ 1,329§ 669% 1,4581§ 1,7481§
18 Any violence 391 1,970% 103 152§ 110 277t 731§ 833%1§
19 Any self-harm 3,418 1,266% 777  1,463§ 923§ 170 3931§ 478%§
3(1) Any drug or alcohol misuse 4,194 2,463% 1,112 1,959§ 1,221§ 375% 8071§ 1,0771§
22

23 Single adversity 1,254 26161 495 687§ 412§ 516 99118 1,1141§
24 Violence only 235 1,4961 77 99§ 75 256 609§ 6351§
25 Self-harm only 144 136 48 63§ 318§ 37t 39 34
g? Drug or alcohol misuse only 874 9841 369 525§ 305§ 2241 3421§  445%§
28

29 Multiple adversity 3,328 1,4921 745 1,436§ 917§ 153F 4671§ 6341§
30 V+SH 8 13% 3 3 1§ 1% 2 2
31 V+DA 54 3611 17 378§ 26§ 19 114§  190%§
gg SH+DA 3,172 1,018t 720 1,384§ 882§ 1311 3451§ 4361§
34 V+SH+DA 93 100% 6 13§ 8 2t 51§ 6§

35

36 No adversity 4,491 11,417t 2,676 1,136§ 860§ 6,648% 3,611Ff 2,171%§
37 Accidents only 748 10,466% 2,221 804§ 580§ 5,8871 3,109% 1,784%§
gg Other causes 3,742 9511 455 332§ 279§ 7611t 503t 3881§
40

41

42

43

44

45
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V = Violence, SH = Self-harm, DA = Drug or Alcohol Misuse

*Due to large denominators, confidence intervals for population prevalence were too narrow to provide any meaningful
interpretation and so are not shown.

**Each adolescent classified by all adversity/accidents seen at any emergency injury admission(s) at 10-19 years, 10-14 years, 15-
17 years and 18-19 years, respectively.

FStatistically significantly different from girls of the same age (according to 95% confidence intervals).

§Statistically significantly different from 10-14 year olds of the same sex (according to 95% confidence intervals).
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Number of adolescents with any V,
any SH and any DA codes present at
any emergency admission for injury*,

each calculated

admission for injury*

V, SH or DA codes present
> atat least one emergency >

Classed as
‘adversity’

No V, SH or DA codes
present at any emergency
admissions for injury*

Classed as one of the following
according to all codes present at all
emergency admissions for injury*:

Single adversity

1) Victimisation only

2) Self-harm only

3) Drug or alcohol misuse only

Multiple adversity
4) V+SH

5) V+DA

6) SH+DA

7) V+SH+DA

V = Violence

SH = Self-harm

DA = Drug/Alcohol Misuse
*between ages 10 and 19

Accident codes present at
——> at least one emergency
admission for injury*

Classed as

] ‘accidents only’

No accident codes
present at any Classed as

admissions for injury*
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V+SH+DA at age 10-19
|

V+SH at age 10-14
A

Emergency admissions
forinjury

O Ce= i o] el o]
S s T

Adolescence

10 12 14 16 18 20 Age(years)

Supplementary Figure 2. Example of classification of groups of adolescents within age groups and across
adolescence (ages 10-19).

V = victimisation, SH = self-harm, DA = drug or alcohol misuse.
254x102mm (96 x 96 DPI)
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Supplementary Table 1. Cohort (shaded) who have at least one emergency

admission for injury between 10 and 19 years old in 1998-2011 (N = 402,916)

1998 1999 2000 2001 2002 ... 2007 2008 2009 2010 2011

°\

///////////////M///// .

... B E 2 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 70 of 81



Page 71 of 81 BMJ Open

1

2

3

4

5

6 Supplementary Table 2. Definitions and International Classification of

7

8 Diseases (ICD-10) diagnostic codes used to classify emergency admissions

9

10 for injury, chronic conditions and types of adversity*

11

12 ADMISSIONS AND ADMISSION TYPES

13 Admission

14 Admissions were defined by linked episodes of inpatient care, including day cases (any
15 case > 4 hours stay). Any admission which occurred within one day or was a hospital
16 transfer from a previous admission was considered to be the same admission. An

17 episode may have up to 20 diagnosis codes entered, but 88% of admissions in this
18 cohort had episodes with four or less diagnoses recorded (data not shown).

19 Emergency (acute; unplanned) admission

20 An admission was considered to be an emergency if the method of admission variable
21 (‘fadmimeth’) was 21-24 or 28.(1)

22 Injury

23 An admission was considered to be for injury if any of the diagnosis codes in the first
24 episode of the admission were S or T codes (Chapter XIX of the ICD -10).

25 CHRONIC CONDITIONS

26 ICD-10 codes as per Hardelid et al, 2013,(2) excluding E24.4, F10-F19, G31.2, G40.5,
27 G62.1, G72.1, K29.2, K70, K85.2, K86.0, 035.4, R78.1-R78.5, Z50.2, Z50.3, Z86.4,
28 X64-X84, Y10-Y34, 291.5, F30.0-F30.2, F30.8-F32.3, F32.8-F334, F33.8-F34.1, F34.8-
29 F34.9, F38.0-F38.1, F38.8, F39-F40.2, F40.8- F41.3, F41.8-F41.9.

30 ADVERSITY CLUSTERS AND DESCRIPTIONS* ICD-10 CODES

31 | VietimisationViolence

32 Maltreatment

33 Maltreatment syndromes T74

34 Effects of other deprivation (extreme neglect) T73

35 Perpetrator of neglect and other maltreatment syndromes Y06, Y07

36 Assault

37 Assault by bodily force and sexual assault Y04, Y05

38 Other types of assault X85 - Y03, YO8 - Y09
39 Undetermined cause

40 Events of undetermined intent Y20 - Y34

41 Examination and observation following other inflicted injury Z04.5

42 Examination and observation for other reasons: request

43 for expert evidence 204.8

44 — s esoainloirsrsn s non s

45 —Neonatal withdrawal symptoms from maternal use of P96.1

46 encoeroddisien

47 —Cihoromeblomerelatodde shcical cmddioncnt ZESE

48 ——Problem-related-to-physical-environmentunspecified Z58.9

49 ——smtleeenees ZE0-0

50 —lrssosueiohoraine LEO—L

51 —lecltetadocnainfood Z59:4

52 -~ Extreme poverty Z59.5

53 —Insufficient social insurance-and welfare support 2597

54 ——~Problemrelated-to-housing-and-economic-circumstances; 259.9

55 unspecified

56

57

58

59

60
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Self-harm
Intentional self-poisoning by and exposure to...

...drugs

...other and unspecified drugs, medicaments and
biological substances

...alcohol

...organic solvents and halogenated hydrocarbons and
their vapours

...other gases and vapours

...pesticides

...other and unspecified chemicals and noxious
substances

Intentional self-harm by...

...hanging, strangulation and suffocation

...drowning and submersion

...firearm discharge

...explosive material

...smoke, fire and flames, or steam, hot vapours and hot
objects

...sharp/blunt objects

...jumping from a high place

...jumping or lying before a moving object, or crashing a
motor vehicle

...other specified means

...unspecified means
Personal history of self-harm

Alcohol/dDrug_or alcohol misuse
—eebel

Mcoholindused pseudo-Cushing's syndrome
M ! oural dicord f alool

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

X60-X63
X64
X65
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X68
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X70
X71
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X75

X76-X77

X78-X79
X80

X81-82

X83
X84
Z291.5
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1

2

3

4

5

6 B e

7 Aeoholi | 562

8 ——Alcoholic-myopathy G721

9 —-Aleecholic-cardiemyopathy 1424

10 —flechelisoastdds K29.2

11 —Adechelislhordiccass e

12 —flechelinduccd aonin sonennoitic eED

13 —Fleshelindiead cheonie conooontitie eel

14 ——eiemseses e oo aalnd connson fo m e o

15 aleohel 0354

16 —Fetus-and-newborn-affected by maternal-use-of alcohol’ 2042

17 —Eetaialeehelsynd#emeu{dysmemhie}* Q86.0

18 —Findingeialechelintlosd ren

19 -~ Poisoning: antidotes and chelating agents, not elsewhere 1506

20 cslecesiisd

21 ——eteosbealealel 51

22 —-Accidental-poisening-by-expesure-te-alcchel X45

23 —Intentional-self-poisoning-by-and-exposure-to-aleohel™ X65

24 ——Peoisoning-by-expesure-to-alcohol-undetermined-intent Y45

25 ——Evidence-of-alcohelinvelvement-determined-by-bloed

26 alcohoHevel vo0

27 ——=Evidence-of-aleohelinvolvement-determined-by-level-of

28 . D Mo

29 —~Aleoholrehabilitation £50-2

30 —-Alcohol-abuse-counselling-and-surveillance ZH-4

31 —fecheloocs Z72.1

32 Drugs, medicaments and biological substances (illicit drugs)

33 Mental and behavioural disorders due to psychoactive F11-F17, F19

34 substance use

35 — Maternal-care-for (suspected) damage-to-fetus-by drugs’ 035.5

36 Neonatal jaundice-due to-drugs-or foxins transmitied-from oo 4

37 WW%H@W

gg %MW etiont s6-0f P96.4

40 Finding of drugs not normally found in blood R78.1 - R78.5

41 Poisoning by drugs, medicaments and biological T36 -T50

42 substances (not inc:luding T50.6)

43 lntsndenslesliosioonine e rondsmcons fe ol enflestes ///{Formatted:French(France)

a4 sedaﬂve—hypneh&anﬂpeﬁensemm—aﬂd—psyekmtmp{c—dmg& SLed

45 mbeisewher&elass#&ed _

46 “ntentional seli-poisoning by and exposure-to-otherarigs o

47 aeting 9”,“‘6 autor IOAHERErvous system

48 thientionalseli-poisoning by ana exposure-to-otherand o)
unspecified-drugs,medicaments-and-biclogical-substances

gg —Assault by drugs,-medicaments-and-biological-substances® X85

51 Poisoning, undetermined intent Y10 - Y14

52 Drug rehabilitation Z50.3

53 Drug abuse counselling and surveillance Z71.5

54 Drug use 272.2

55 Environmental/ Domestic substances

56

57

58

59

60
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Mental and behavioural disorders due to use of volatile
solvents

Accidental poisoning by and exposure to noxious
substances

| | solf-noisoning byv.and .

substances s
Poisoning by chemical or noxious substance,
undetermined intent
Codes mentioning both alcohol and drugs
Special epileptic syndromes - (related to alcohol, drugs,
etc.)
Blood-alcohol and blood-drug test

—Pomenalhictencetsovehenciiin cnlbalones obies

Hekk

{alcohol-drug;-tobacco)

Alcohol
Alcohol-induced pseudo-Cushing's syndrome
Mental and behavioural disorders due to use of alcohol
Degeneration of nervous system due to alcohol
Alcoholic polyneuropathy
Alcoholic myopathy
Alcoholic cardiomyopathy
Alcoholic gastritis
Alcoholic liver disease
Alcohol-induced acute pancreatitis
Alcohol-induced chronic pancreatitis
Maternal care for (suspected) damage to fetus from
alcohol

Finding of alcohol in blood
Poisoning: antidotes and chelating agents, not elsewhere

classified
Toxic effect of alcohol
Accidental poisoning by exposure to alcohol

Poisoning by exposure to alcohol, undetermined intent

Evidence of alcohol involvement determined by blood
alcohol level

Evidence of alcohol involvement determined by level of
intoxication

Alcohol rehabilitation

Alcohol abuse counselling and surveillance

Alcohol use

Accidents
Transport accidents
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F18

X40 — X44, X46 - X49

Yo1

Z50.2
Z71.4
Z72.1

V01 - Va9
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Falls W00 - W19
Exposure to inanimate mechanical forces W20 - W49
Exposure to animate mechanical forces W50 - W64
Accidental drowning and submersion W65 - W74
10 Other accidental threats to breathing W75 - W84
11 Exposure to electric current, radiation and extreme W85 - W99
12 ambient air temperature and pressure

13 Exposure to smoke, fire and flames X00 - X09
14 Contact with heat and hot substances X10-X19
15 Contact with venomous animals and plants X20 - X29
16 Exposure to forces of nature X30 - X39
17 Accidental poisoning by and exposure to noxious X40 - X49
18 substances

19 Overexertion, travel and privation X50 - X57
20 Accidental exposure to other and unspecified factors X58 - X59
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Supplementary Table 3. Population prevalence* (per 100,000) of emergency admission(s) for injury, by types of adversity within

age periods+** and sex

All girls All boys Girls Boys
| Adolescent group**+ 10-19y 10-19y 10-14y 15-17y 18-19y 10-14y 15-17y 18-19y
| Al 9,0738-66 16,333116:27+ 4,1043.92 3,26083-12§ 2,189§241§ 7,3163767+ 5,06918§5-29+§ 3,8521§0-40+§
AdvRIAdversity 4,5824.37 4,10814-26% 1,2404.31 2,124§2.04§ 1,32981-27§ 66910-72f 1,4581§1.53%+§ 1,74818§1-74%§
Any Vietimisationviolence 391676  1,97012.20f 103625 15280318 1100-19§ 2771033+ 7311§0.80+§ 83318§6-90%§
Any sSelf-harm 3418326 1,2661+33% 777090 1,46381-58§ 9238§6.97§  17016-22+ 3931§0-47+§ 478186-55%§
Any dBrug or Aalcohol mMisuse 4,1943.98 24631247+ 1,112446 195981878 1,2218+45§ 3751039+ 807180-84%§ 1,07718§1-04F§
Single adversity 1,254415 26161272 495044 6878§0-49§ 412§80-32§ 5160-53+ 9911§0.991§ 1,1141§1.08%§
Vietimisation-Violence oOnly 235024  1,49611-63% 77609 9980-10§ 756088 25610-28+% 6091§0-64+§ 635180-69%§
Self-harm oOnly 144643 1360144 480-05 638§0-06§  318§6-03§ 3716-65 390-04%§ 340:04%
Drug or aAlcohol mMisuse 0Only 874678 984106-95% 369629 52580-33§ 30580218  22410-24F 342180-31k§ 445180-35%+§
Multiple adversity 3,3283.22 1,49211.54+ 7450.88 1,43681.55§ 9178§0-95§  15310-19% 4671§0.54+§ 6341§0.661§
V+SH 80:02 1316-02 Jelener Jelener 186-004§ 110-005% 20-:018§ 20-04%
V+DA 54668 36110-35% 17603 3780:03 2680-02§ 196.02% 114186-+4%£8  190186-15%§
SH+DA 3172270  1,01816-.97+ 720072 1,38481-34§ 8828§0.84§ 1311044+ 3451§0-37+§ 436186-45%§
V+SH+DA 93642 10010-20% 6612 13861478 80-09§ 210-02% 518§6-05%§ 68§0-06%§
No adversity 4,4914-29 1141711264 2,676279 1,136§1.08§ 86080-84§ 6,64816-95% 3.61113-76%§ 2,17118§2.26%+§
AccidentsRl oOnly 7480-74 10,46611-00f 2,2210.32 804§0.26§ 580§0-24§ 5,88710-47% 3,10910-36%§ 1,7841§0-31%§
Other cCauses 3,7423.58 951111-04F 455247 3328§0.82§ 27980-60§ 76116-48% 50313.40+§ 38818§1-95%§
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V = MietimisationViolence, SH = Self-harm, DA = Drug or Alcohol Misuse;-AdvRI-=~Adversity-related-tnjury-AceRI-Only=-~Accident-

*Due to large denominators, confidence intervals for population prevalence were too narrow to provide any meaningful
interpretation and so are not shown.

| +**Each adolescent classified by all adversity/accidents seen at any emergency injury admission(s) at 10-19 years, 10-14 years,
15-17 years and 18-19 years, respectively.
FStatistically significantly different from girls of the same age (according to 95% confidence intervals).
§Statistically significantly different from 10-14 year olds of the same sex (according to 95% confidence intervals).
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1 i i
Introduction
Background/rationale 2
Objectives
Methods
Study design 4
Setting 5
Participants 6
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed. N/A
Case-control study—For matched studies, give matching criteria and the number of
controls per case
Variables 7 ¢
medifiers: Give diagnostic criteria, if applicable
Data sources/ 8* For-each-variable ofinterestgive sources-of data-and-details ofmethodso
measurement assessment-{measurement): Describe comparability of assessment methods if there
is more than one group
Bias 9 Deseribe-any-efforts-to-address-potential sourees-of bias. We only analysed those
who could be observed between ages 10 and 19, so no bias due to different lengths
of admission trajectories.
Study size 10 Explain-how-thestudy size-was-arrived-at. All available administrative data.
Quantitative variables 11 Explain-how-quantitative-variables-were-handled-inthe-analyses—Ifapplicable
Statistical methods 12

only analysed those who could be observed between ages 10 and 19.

Case-control study—If applicable, explain how matching of cases and controls was
addressed
Cross-sectional study—TIf applicable, describe analytical methods taking account of

sampling strategy

(e) Describe any sensitivity analyses. N/A

Continued on next page
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Results

Participants 13*
(b) Give reasons for non-participation at each stage. N/A
(c) Consider use of a flow diagram. We didn’t use a flow diagram as eligibility could be
described using one sentence.

Descriptive 14*

data

Outcome data

15%

ime: We state
how many emergency admissions for adversity-related injury the adversity group had. We
also provide a table indicating the number of emergency admissions for injury and admissions

(of any type) during ages 10-19.

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 a)-Give djusted-e e d; pplicableconfounder-adjusted-e e
(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period. N/A

Other analyses 17 and sensitivity

Discussion

Key results 18

Limitations 19

Interpretation 20

Generalisability 21

Other information

Funding

22

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objectives

Of adolescents in the general population in England, we aimed to determine
1) the proportion that has an emergency admission to hospital for injury
related to adversity (violence, self-harm or drug or alcohol misuse) and 2) the
risk of recurrent emergency admissions for injury in adolescents admitted with
adversity-related injury compared with those admitted with accident-related
injury only.

Design

We used longitudinally-linked administrative hospital data (Hospital Episode
Statistics) to identify 10-19 year olds with emergency admissions for injury
(including day cases lasting more than four hours), in England in 1998-2011.
We used Office for National Statistics mid-year estimates for population
denominators.

Results

Approximately 4.3% (n=141 248) of adolescents in the general population
(n=3 254 046) had one or more emergency admissions for adversity-related
injury (girls 4.6%, boys 4.1%), accounting for 50.0% of all emergency
admissions for injury in girls and 29.1% in boys. Admissions for self-harm or
drug or alcohol misuse commonly occurred in the same girls and boys.
Recurrent emergency admissions for injury were more common in
adolescents with adversity-related injury (girls 17.3%; boys 16.5%) than in
those with accident-related injury only (girls 4.7%; boys 7.4%), particularly for
adolescents with adversity-related injury related to multiple types of adversity

(girls 21.1%; boys 24.2%).
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49  Conclusion
50 Hospital-based interventions should be developed to reduce the risk of future

51 injury in adolescents admitted for adversity-related injury.
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What is already known on this subject

Adolescents exposed to adversity (violence, self-harm or drug or
alcohol misuse) often use health services, and repetitively.
Many adolescents in the general population are exposed to multiple

types of adversity during their adolescence.

What this study adds

One in 20 adolescents in England has an emergency admission to
hospital for adversity-related injury between 10 and 19 years old.
Many adolescents admitted with adversity-related injury (particularly
girls) are admitted with multiple types of adversity, self-harm and drug
or alcohol misuse being the most common combination.
Re-admission is more common in these adolescents than those

admitted with accident-related injury only.

Strengths and limitations of this study

Hospital Episodes Statistics (HES) captured data on all admissions to
National Health Service hospitals in England at 10-19 years old in this
study’s cohort.

The longitudinal link between admissions for each individual in HES
data allowed us to study the burden of multiple emergency admissions
for injury over time.

However, violence, self-harm and drug or alcohol misuse are not

always recognised at an admission, or consistently recorded, and

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 5 of 68 BMJ Open

76 therefore this study’s estimates of prevalence of adversity are likely to
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INTRODUCTION

Many adolescents exposed to adversity such as violence, self-harm, or drug
or alcohol misuse use secondary health services,[1 2] often repetitively.[3 4]
For example, in a self-report survey of 15-16 year olds in England, 12.6% of
those who had self-harmed had presented to hospital.[2] It is also estimated
that approximately one-third of patients attending a hospital in England for
self-harm re-attend for self-harm in the following year.[4] Improved
management of adolescents exposed to adversity could reduce risk of
repetition as well as the burden on secondary care.[5-7]

An admission to hospital provides the ‘teachable moment’.[8] That is,
both adolescents and their families may be more likely to engage with an
intervention than if they had received it elsewhere. Hospital-based
interventions to reduce the risk of future harm could benefit these adolescents
by reducing episodes of injury, and may reduce recurrent emergency (i.e.,
acute or unplanned) admissions for injury.

To date, there is a lack of evidence on how different types of adversity-
related injury occur in the same adolescents over time. In addition, policy
makers and service providers need to know how many adolescents have an
emergency admission to hospital for adversity-related injury, their
characteristics and their specific rates of re-admission if they are to be
feasibly targeted for intervention.

In this study we used administrative hospital data and Office for
National Statistics (ONS) mid-year population estimates to estimate the
number of adolescents in the general population who have ever had an

emergency admission to hospital for injury. We then estimated the
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prevalence of emergency admissions for injury related to violence, self-harm
and drug or alcohol misuse (alone and co-occurring) in the general
population. Finally, we determined the risk of recurrent emergency
admissions for injury in adolescents who had at least one admission between
10 and 19 years for adversity-related injury compared with adolescents only

ever admitted for accidental injury during the same period.
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METHODS

Study population

Using administrative data from all admissions to National Health Service
hospitals in England (Hospital Episode Statistics [HES]) in 1998-2011,[9] we
derived a retrospective cohort of adolescents who turned 10 years old in
1998-2002, who could be observed throughout adolescence until 19 years old
(Supplementary Table 1).[10] Each individual also had to have at least one

emergency admission for injury between 10 and 19 years old.

Admission data

The Health and Social Care Information Centre provided pseudonymised data
on hospital admissions, use of which did not require Research Ethics
Committee approval.[11] An admission is defined by the National Health
Service as any hospital case lasting longer than four hours, and so includes
long day cases as well as overnight stays. We analysed any hospital
transfers or admissions within one day after discharge as the same
admission, as previously described.[12] We used the variable for method of
admission (‘admimeth’) to define an emergency admission. We used all
International Classification of Diseases-10 (ICD-10) diagnosis codes recorded
during an admission to categorise admissions as being for injury related to

adversity or an accident (Supplementary Table 2).[13]

Types of injury and age at emergency admission
We defined an emergency admission for injury as being related to adversity,

comprising violence (maltreatment/assault/undetermined causes of injury),
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self-harm or drug or alcohol misuse, using mutually exclusive clusters of ICD-
10 codes (Supplementary Table 2). Violence was defined by previously-
validated codes, which would trigger consideration of violence by carers,
peers or strangers.[12 14 15] We defined self-harm using codes that
mentioned either ‘self-harm’ or ‘self-poisoning’. Drug or alcohol misuse was
defined by codes that mentioned ‘alcohol’, ‘drugs’, ‘noxious substance’ or
‘solvent’. We defined an injury as being related to accidents only if no
adversity codes were present but there were codes from the ICD-10
Accidents subchapter (V01-X59).[13]

We grouped age at each admission to reflect age of onset of puberty
(10-14 years), age of sitting secondary school exams (15-17 years) and the

legal age for buying alcohol (18-19 years).[16-19]

Classification of adolescents according to types of injury and age at
emergency admissions

We classed adolescents into groups according to all of their emergency
admissions for injury between 10 and 19 years old. Adolescents were
classed as belonging to the ‘adversity’ group (any adversity-related injury
between 10 and 19 years old), ‘accidents only’ group (no adversity-related
injury but one or more accident-related injuries) or ‘other causes’ group (no
adversity-related or accident-related injuries) (Supplementary Figure 1).
Among adolescents in the adversity group, we determined the proportion
exposed to violence-, self-harm- and drug or alcohol misuse-related injury at
age 10-19, respectively. We further classified the adversity group into seven
mutually exclusive sub-groups: violence only, self-harm only, drug or alcohol

misuse only, violence and self-harm, violence and drug or alcohol misuse,
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self-harm and drug or alcohol misuse, and violence, self-harm and drug or
alcohol misuse.

We also grouped adolescents as above, according to their emergency
admissions for injury at 10-14 years only, 15-17 years only and 18-19 years

only (Supplementary Figure 2).

Population denominators
We used ONS mid-year population estimates to derive population
denominators.[20 21] These data are freely available online broken down by

sex and year of age.

Analyses

We estimated the proportion of adolescents in the general population who had
an emergency admission for injury between 10 and 19 years old. We used
the number of adolescents in our derived retrospective cohort as the
numerator and ONS mid-year estimates for 10 year olds in 1998-2002 as the
population denominator. We then calculated these proportions by types of
injury at 10-19 years old (adversity-related [adversity group and seven
mutually exclusive subgroups] and accidents only [accidents only group]) and
by age group, as described above.

We calculated the proportion of adolescents in the adversity group (and
subgroups) and in the accidents only group who had an emergency admission
for injury twice and three or more times between 10 and 19 years old. We
also calculated the proportions of adolescents with two or three or more
admissions of any type (including non-emergency and non-injury).

We reported all results separately for girls and boys since differences

between girls and boys have been reported for prevalence of adversity in the
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general population.[1 22-24] We calculated 95% confidence intervals for all
proportions but did not present them here as they were all too narrow to
convey any useful information (within one unit of the sample estimate).

Analyses were carried out in StataSE 12.
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RESULTS

There were 1 033 702 adolescents in HES admissions data in 1998-2011, of
which 402 916 formed the study cohort (462 476 emergency admission for
injury when considering multiple presentations from the same adolescent, 802
682 admissions of any type [including non-emergency and non-injury, 662
727 of which were overnight stays]) (Table 1), representing 12.4% (402 916/3
254 046) of the adolescent population. Twice as many boys as girls had an
emergency admission for injury during adolescence (144 158/1 588 942 girls

in the population [8.7%]; 258 503/1 665 104 boys [16.3%]).

12
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195 Table 1. Characteristics of adolescents whose entire ten years of adolescence (ages 10-19) occurred in 1998-2011.
196

©CoO~NOUTA,WNPE

:‘g::ﬁ:t(i:z:z Adolescents with emergency admission(s) for injury between 10 and 19 years old, n (row %)

13 Characteristics Total Total Adversity Accidents only Other causes

15 All 3,254,046 402,916 (100.0) 141,248 (35.1) 233,907 (58.1) 27,761 (6.9)
Age*
18 Girls 1,588,942 144,158 (100.0) 72,805 (50.5) 59,528 (41.3) 11,888 (8.2)
20 10-14 years . 65,208 (100.0) 23,178 (35.5) 37,388 (57.3) 4,642 (7.1)
21 15-17 years . 48,286 (100.0) 31,573 (65.4) 12,922 (26.8) 3,791 (7.9)
23 18-19 years . 30,664 (100.0) 18,054 (58.9) 9,155 (29.9) 3,455 (11.3)
- Boys 1,665,104 258,503 (100.0) 68,403 (26.5) 174,267 (67.4) 15,833 (6.1)
26 10-14 years . 121,821 (100.0) 17,667 (14.5) 97,478 (80.0) 6,676 (5.5)
28 15-17 years . 79,223 (100.0) 25,014 (31.6) 49,345 (62.3) 4,864 (6.1)
30 18-19 years . 57,459 (100.0) 25,722 (44.8) 27,444 (47.8) 4,293 (7.5)
s Missing (Sex) 255 (100.0) 40 (15.7) 175 (68.6) 40 (15.7)

33 197 *Based on ONS mid-year England statistics for 10 year olds in 1998-2002.[20]
34 198  **Atfirst emergency admission for injury

42 13

46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

BMJ Open Page 14 of 68

Types of injury and age at emergency admission

One-third of the cohort (141 248, 4.3% of the population) had a record of an
emergency admission for adversity-related injury between 10 and 19 years
old (the adversity group; 157 004 emergency admissions for adversity-related
injury in total) (Table 1), with similar rates between sexes (72 805, 4.6% girls
in the population; 68 403, 4.1% boys).

The remaining two-thirds of the cohort (261 668, 8.1% of the
adolescent population) had emergency admissions for injury which were
never related to adversity (Table 1). Among these adolescents, 233 907
(89.4%) had an accident-related injury (the accidents only group, 7.2% of the
population) and 27 761 (10.6%) had no accident-related injury (other causes
group, 0.9% of the population). A high proportion of the other causes group
were affected by a chronic condition' between 10 and 19 years old (11 221/27
761, 40.4%), compared with the adversity group (45 321/141 248, 32.1%) or
accidents only group (49 434/233 907, 21.1%).

Proportions of adolescents in the general population and within
individual age groups by adversity [and subgroups], accidents only, and other

causes groups are provided in Supplementary Table 3.

Types of adversity-related injury
Among adolescents in the adversity group (girls 72 805, boys 68 403) (Figure
1), the most common type of adversity was drug or alcohol misuse (girls

91.5%, boys 60.0%). A higher proportion of boys than girls were exposed to

! Defined by ICD-10 codes (Supplementary Table 2)
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violence (girls 8.5%, boys 47.6%), but a higher proportion of girls than boys
were exposed to self-harm (girls 74.6%; boys 32.9%).

Girls in the adversity group were most likely to be exposed to multiple
types of adversity between 10 and 19 years old (69.2% + 2.0% + 1.2% + 0.2%
= 72.6%) (Figure 1), especially self-harm and drug or alcohol misuse (69.2%
of the entire adversity group, i.e., most of the 72.6%). Fewer boys in the
adversity group were exposed to multiple types of adversity (38.4%), the most
common combination also being self-harm and drug or alcohol misuse
(24.8%).

For most of the adolescents who were exposed to multiple types of
adversity, the combination of types was recorded at the same admission. For
example, among the 130 adolescent girls who were exposed to violence and
self-harm between 10 and 19 years old (Table 2), 64.6% had both violence
and self-harm codes present simultaneously in at least one emergency
admission for injury (violence and drug or alcohol misuse 78.8%, self-harm
and drug or alcohol misuse 99.7%, violence, self-harm and drug or alcohol
misuse 33.9%; boys: violence and self-harm 40.1%, violence and drug or
alcohol misuse 84.1%, self-harm and drug or alcohol misuse 99.1%, violence,

self-harm and drug or alcohol misuse 20.0%) (data not shown).

15
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Table 2. Proportion of adolescents with 1, 2 or 3+ emergency admission(s) for injury or 1, 2 or 3+ admission(s) of any type, by

types of adversity between 10 and 19 years old*

Page 16 of 68

Girls (%) Boys (%)
Emergency Admission(s) Emergency Admission(s)
admission(s) for injury of any type admission(s) for injury of any type
Adolescent group* No. girls 1 2 3+ 1 2 3+ No. boys 1 2 3+ 1 2 3+

All 144,158 88.6 8.3 31 57.6 20.5 22.0 258,503 90.3 8.0 1.8 68.5 18.7 12.9
Adversity 72,805 82.7 12.0 53 53.8 211 25.1 68,403 83.5 124 41 64.8 19.4 15.8
Any violence 6,211 77.2 13.9 8.9 49.1 20.7 30.1 32,799 83.2 128 40 656 196 14.8
Any self-harm 54,315 79.3 13.9 6.8 51.2 215 27.3 21,087 76.7 158 75 570 20.7 223
Any drug or alcohol misuse 66,645 81.9 12.5 5.6 53.6 21.1 253 41,014 81.1 136 53 629 195 176
Single adversity 19,924 92.8 6.2 1.0 61.2 19.8 19.0 43,563 71.3 8.3 1.8 558 152 10.3
Violence only 3,734 924 6.3 1.3 58.1 20.4 21.6 24,912 87.1 10.6 22 683 192 126
Self-harm only 2,296 90.3 8.1 1.6 54.4 20.7 249 2,260 87.3 104 23 623 198 179
Drug or alcohol misuse only 13,894 93.3 5.9 0.8 63.2 19.5 17.4 16,391 88.5 9.5 2.1 699 179 12.2
Multiple adversity 52,881 78.9 14.2 6.9 51.0 21.6 274 24,840 77.3 16.7 7.5 59.0 21.0 21.5
V + SH 130 70.0 20.8 9.2 42.3 26.2 31.5 217 41.6 154 6.1 328 16.0 14.2

16
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V + DA 862 81.9 15.1 3.0 52.2 22.9 24.9 6,013 84.6 175 54 684 218 17.3
SH + DA 50,404 80.1 13.7 6.3 51.8 21.6 26.6 16,953 86.7 164 6.9 646 227 229
V + SH + DA 1,485 36.8 31.6 31.5 255 19.9 54.5 1,657 22.0 164 141 179 117 2238
No adversity 71,353 94.7 45 0.8 61.4 19.9 18.7 190,100 92.4 6.3 0.9 695 183 11.8
Accidents only 59,465 95.3 4.1 0.6 66.5 18.7 14.7 174,267 92.3 6.5 09 711 18.0 10.5
Other causes 11,888 91.5 6.3 21 35.5 25.8 38.8 15,833 93.4 5.0 1.6 51.5 221 26.3
242 V= Violence, SH = Self-harm, DA = Drug or Alcohol Misuse
243 * Each adolescent classified by all adversity/accidents seen at any emergency admission(s) for injury between 10 and 19 years old.
17
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Emergency re-admissions for injury

Adolescent girls in the adversity group (50.5% of all girls in the cohort)
accounted for 50.0% of the total number of emergency admissions for injury
coming from girls (data not shown), compared with girls in the accidents only
group (41.3% of all girls) who accounted for 36.6%. Boys in the adversity
group (26.2% of all boys in the cohort) accounted for 29.1% compared with
65.0% contributed by boys in the accidents only group (67.7% of all boys).

More adolescents in the adversity group were re-admitted for injury
(i.e., had two or more emergency admissions for injury) between 10 and 19
years old (girls 17.3%, boys 16.5%) (Figure 2), than in the accidents only
group (girls 4.7%; boys 7.4%). Among adolescents admitted for injuries
related to multiple types of adversity (Table 2), the proportion re-admitted was
even higher (multiple types: girls 21.1%, boys 24.2%; single type: girls 7.2%,
boys 10.1%).

Similarly, a higher proportion of adolescents in the adversity group had
two more admissions of any type (including non-emergency and non-injury)
between 10 and 19 years old (girls 46.2%; boys 35.2%) (Table 2) compared
with adolescents in the accidents only group (girls 33.4%; boys 28.5%). This
proportion was even higher for adolescents in the adversity group who were
admitted with multiple types of adversity (multiple types: girls 49.0%, boys

42.5%; single type: girls 38.8%, boys 25.5%).

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 19 of 68

©CoO~NOUTA,WNPE

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

BMJ Open

DISCUSSION

More than one in 20 adolescents in England had at least one emergency
admission for adversity-related injury between 10 and 19 years old. These
adolescents accounted for a third of all adolescents with emergency
admissions for injury and for a disproportionate number of re-admissions for
injury, particularly adolescents admitted with multiple types of adversity-
related injury. Targeting adolescents admitted with adversity-related injury
could reduce their risk of future harm, the rate of re-admissions to hospital,
and health care costs .[25]

Longitudinally-linked admissions allowed us to study the entire ten
years of adolescence in 402 916 individuals. We were able to distinguish
between types of adversity that co-occurred during adolescence or at the
same admission, and to study re-admissions. One weakness of this study
was our reliance on diagnostic codes recorded in administrative data.
Violence by carers, which could be coded under maltreatment, and drug or
alcohol misuse have been shown to be under-recorded using ICD-10,[26 27]
but false positives are rare.[15] To address under-recording, we used what
we considered to be sensitive clusters of codes for adversity. Other factors
related to recording or coding practices,[12 14 15 27 28] for example, new
guidelines for defining maltreatment,[14] can also affect ascertainment.
Because of the relative insensitivity but good specificity of the coding clusters,
some adolescents who were classified in the accidents only group may in fact
belong to the adversity group, but did not have their adversity recognised or
recorded. Consequently, our prevalence estimates of admission for different

types of adversity-related injury are likely to provide a lower bound for the true
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prevalence. Further, as adolescents exposed to adversity who attended the
accident and emergency (A&E) department were not necessarily admitted,
our prevalence estimates represent adolescents at the severe end of the
adversity spectrum. Such analyses of A&E data are limited by the quality of
these data in England (available since 2007) and the resulting problems with
identifying reasons for presentation and accurately linking individuals to long-
term outcomes.[29]

Our prevalence estimates of admission for injury related to individual
types of adversity from the general adolescent population are consistent with
previous reports for emergency admissions for assault-related injury in 2004-
2009 and for all admissions (emergency and non-emergency) for self-harm
and drug or alcohol misuse.[1 2 24 30] Previous studies have reported higher
rates of drug or alcohol misuse in boys than in girls in the general adolescent
population.[24] We found higher rates in girls. This difference could indicate
that girls exposed to drug or alcohol misuse are more likely to be injured, to
present to hospital, or to be admitted after a hospital presentation, than boys.

Our estimated rates of re-admission of any type (including non-
emergency and non-injury) for violence (girls 50.8%, boys 34.4%) (Table 2)
and self-harm (girls 48.8%, boys 43.0%) were higher than previously reported
(11% for violence, 33% for self-harm).[3 4] These discrepancies are likely to
be because we considered the whole ten years of adolescence and re-
admission of any type, whereas previous studies looked at re-attendance up
to the following year and for the same type of adversity-related injury.[3 4]

The results of this study should inform policy initiatives and national

guidelines. Firstly, a substantial proportion of adolescents are affected by
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adversity and they account for a large proportion (29.1 to 50.0%) of all
emergency admissions to hospital for injury in this age group. Secondly, we
show the large burden of injury admission for all three types of adversity, yet
there are currently no national clinical guidelines for managing cases of
violence, other than responding to violence by caregivers.[31] Finally, these
results show that adolescents often present with multiple types of adversity
(especially in girls), even though guidelines exist only for managing individual
problems.[32-34]

In addition, policy makers need to be aware of the widely varying
aetiological pathways to admission with adversity-related injury. Our
approach to defining this group of adolescents is not designed to reflect the
complexity or severity of these cases. For example, admission for multiple
types of adversity-related injury is a poor proxy indicator of severity. Effective
interventions will need to be tailored to the individual based on specialist
clinical assessment. However, all three types of adversity are likely to reflect
a combination of underlying psychosocial need and environmental and social
stressors.[35]

Hospital interventions may reduce the risk of future harm, including the
incidence of other types of harm not seen in hospital, e.g., further adversity-
related injury not leading to admission. Further research using linked data
from health care sectors such as accident and emergency, could shed light on
the overall burden of adversity-related injury on hospitals. Though these data
have limited quality in England, longitudinally-linked datasets in other
countries could provide insights into long-term outcomes for this vulnerable

group of adolescents.
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1

2

3

4

5

6 24

7

8

9 25 ABSTRACT

10

11 26  Objectives

12

13 27  Of adolescents in the general population in England, we aimed to determine
14

15 28 1) the proportion that has an emergency admission to hospital for injury

16

17 29 related to adversity (violence, self-harm or drug or alcohol misuse) and 2) the
18

19 30 risk of recurrent emergency admissions for injury in adolescents admitted with
20

21 31  adversity-related injury compared with those admitted with accident-related
22

23 32 injury only.

24 .

25 33 Design

26 . . .\ : . :

27 34  We used longitudinally-linked administrative hospital data (Hospital Episode
28

29 35  Statistics) to identify 10-19 year olds with emergency admissions for injury
30

31 36  (including day cases lasting more than four hours), in England in 1998-2011.
32

33 37  We used Office for National Statistics mid-year estimates for population

34 ,

35 38 denominators.

36

37 39 Results

38 , 0 . :

39 40  Approximately 4.3% (n=141 248) of adolescents in the general population
40

41 41 (n=3 254 046) had one or more emergency admissions for adversity-related
42

43 42 injury (girls 4.6%, boys 4.1%), accounting for 50.0% of all emergency

44 o L . .

45 43 admissions for injury in girls and 29.1% in boys. Admissions for self-harm or
jg 44  drug or alcohol misuse commonly occurred in the same girls and boys.

48 . - .

49 45  Recurrent emergency admissions for injury were more common in

22 46  adolescents with adversity-related injury (girls 17.3%; boys 16.5%) than in
gg 47  those with accident-related injury only (girls 4.7%; boys 7.4%), particularly for
54

55

56

57 2
58

59

60
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adolescents with adversity-related injury related to multiple types of adversity
(girls 21.1%; boys 24.2%).

Conclusion

Hospital-based interventions should be developed to reduce the risk of future

injury in adolescents admitted for adversity-related injury.
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53  What is already known on this subject

54 ¢ Adolescents exposed to adversity (violence, self-harm or drug or

©CoO~NOUTA,WNPE

10 55 alcohol misuse) often use health services, and repetitively.

12 56 e Many adolescents in the general population are exposed to multiple
14 57 types of adversity during their adolescence.

16 58

18 59  What this study adds

20 60 e Onein 20 adolescents in England has an emergency admission to

22 61 hospital for adversity-related injury between 10 and 19 years old.

24 62 e Many adolescents admitted with adversity-related injury (particularly
26 63 girls) are admitted with multiple types of adversity, self-harm and drug
28 64 or alcohol misuse being the most common combination.

30 65 e Re-admission is more common in these adolescents than those

32 66 admitted with accident-related injury only.

34 67

36 68  Strengths and limitations of this study

38 69 e Hospital Episodes Statistics (HES) captured data on all admissions to
40 70 National Health Service hospitals in England at 10-19 years old in this
42 71 study’s cohort.

44 72 e The longitudinal link between admissions for each individual in HES
46 73 data allowed us to study the burden of multiple emergency admissions
48 74 for injury over time.

50 75 e However, violence, self-harm and drug or alcohol misuse are not

52 76 always recognised at an admission, or consistently recorded, and
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therefore this study’s estimates of prevalence of adversity are likely to

be underestimates.
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1

2

3

4

5

6 79 INTRODUCTION

7

8 80 Many adolescents exposed to adversity such as violence, self-harm, or drug
9

10 81  or alcohol misuse use secondary health services,[1 2] often repetitively.[3 4]
11

12 82  For example, in a self-report survey of 15-16 year olds in England, 12.6% of
13

14 83 those who had self-harmed had presented to hospital.[2] It is also estimated
15

16 84  that approximately one-third of patients attending a hospital in England for
17

18 85  self-harm re-attend for self-harm in the following year.[4] Improved

19

20 86  management of adolescents exposed to adversity could reduce risk of

21

22 87 repetition as well as the burden on secondary care.[5-7]

23

24 88 An admission to hospital provides the ‘teachable moment’.[8] That is,
25

26 89  both adolescents and their families may be more likely to engage with an

27

28 90 intervention than if they had received it elsewhere. Hospital-based

29

30 91 interventions to reduce the risk of future harm could benefit these adolescents
31

32 92 by reducing episodes of injury, and may reduce recurrent emergency (i.e.,
33

34 93  acute or unplanned) admissions for injury.

35

36 94 To date, there is a lack of evidence on how different types of adversity-
37

38 95 related injury occur in the same adolescents over time. In addition, policy
39

40 96 makers and service providers need to know how many adolescents have an
41

42 97 emergency admission to hospital for adversity-related injury, their

43

44 98 characteristics and their specific rates of re-admission if they are to be

45

46 99 feasibly targeted for intervention.

47

48 100 In this study we used administrative hospital data and Office for

49

50 101  National Statistics (ONS) mid-year population estimates to estimate the

51

52 102  number of adolescents in the general population who have ever had an

53 . . - .

54 103  emergency admission to hospital for injury. We then estimated the

55

56

57 6
58

59

60
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109
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prevalence of emergency admissions for injury related to violence, self-harm
and drug or alcohol misuse (alone and co-occurring) in the general
population. Finally, we determined the risk of recurrent emergency
admissions for injury in adolescents who had at least one admission between
10 and 19 years for adversity-related injury compared with adolescents only

ever admitted for accidental injury during the same period.
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110 METHODS

©CoO~NOUTA,WNPE

111 Study population

112 Using administrative data from all admissions to National Health Service

113 hospitals in England (Hospital Episode Statistics [HES]) in 1998-2011,[9] we
114  derived a retrospective cohort of adolescents who turned 10 years old in

115 1998-2002, who could be observed throughout adolescence until 19 years old

20 116  (Supplementary Table 1).[10] Each individual also had to have at least one

22 117  emergency admission for injury between 10 and 19 years old.

25 118 Admission data

27 119  The Health and Social Care Information Centre provided pseudonymised data
29 120  on hospital admissions, use of which did not require Research Ethics

31 121  Committee approval.[11] An admission is defined by the National Health

33 122 Service as any hospital case lasting longer than four hours, and so includes
35 123  long day cases as well as overnight stays. We analysed any hospital

37 124  transfers or admissions within one day after discharge as the same

39 125  admission, as previously described.[12] We used the variable for method of
41 126  admission (‘admimeth’) to define an emergency admission. We used all

43 127  International Classification of Diseases-10 (ICD-10) diagnosis codes recorded
45 128  during an admission to categorise admissions as being for injury related to

a7 129  adversity or an accident (Supplementary Table 2).[13]

130  Types of injury and age at emergency admission
131  We defined an emergency admission for injury as being related to adversity,

132 comprising violence (maltreatment/assault/'undetermined causes of injury),
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self-harm or drug or alcohol misuse, using mutually exclusive clusters of ICD-
10 codes (Supplementary Table 2). Violence was defined by previously-
validated codes, which would trigger consideration of violence by carers,
peers or strangers.[12 14 15] We defined self-harm using codes that
mentioned either ‘self-harm’ or ‘self-poisoning’. Drug or alcohol misuse was
defined by codes that mentioned ‘alcohol’, ‘drugs’, ‘noxious substance’ or
‘solvent’. We defined an injury as being related to accidents only if no
adversity codes were present but there were codes from the ICD-10
Accidents subchapter (V01-X59).[13]

We grouped age at each admission to reflect age of onset of puberty
(10-14 years), age of sitting secondary school exams (15-17 years) and the

legal age for buying alcohol (18-19 years).[16-19]

Classification of adolescents according to types of injury and age at
emergency admissions

We classed adolescents into groups according to all of their emergency
admissions for injury between 10 and 19 years old. Adolescents were
classed as belonging to the ‘adversity’ group (any adversity-related injury
between 10 and 19 years old), ‘accidents only’ group (no adversity-related
injury but one or more accident-related injuries) or ‘other causes’ group (no
adversity-related or accident-related injuries) (Supplementary Figure 1).
Among adolescents in the adversity group, we determined the proportion
exposed to violence-, self-harm- and drug or alcohol misuse-related injury at
age 10-19, respectively. We further classified the adversity group into seven
mutually exclusive sub-groups: violence only, self-harm only, drug or alcohol

misuse only, violence and self-harm, violence and drug or alcohol misuse,
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1

2

3

4

5

6 158  self-harm and drug or alcohol misuse, and violence, self-harm and drug or

7

8 159  alcohol misuse.

9

10 160 We also grouped adolescents as above, according to their emergency
11

12 161  admissions for injury at 10-14 years only, 15-17 years only and 18-19 years
13

14 162  only (Supplementary Figure 2).

15

16 . .

17 163  Population denominators

18

19 164  We used ONS mid-year population estimates to derive population

20

21 165 denominators.[20 21] These data are freely available online broken down by
22

23 166  sex and year of age.

24

25 167 Analyses

26

% 168  We estimated the proportion of adolescents in the general population who had
ég 169  an emergency admission for injury between 10 and 19 years old. We used
g; 170  the number of adolescents in our derived retrospective cohort as the

22 171  numerator and ONS mid-year estimates for 10 year olds in 1998-2002 as the
gg 172 population denominator. We then calculated these proportions by types of
g; 173  injury at 10-19 years old (adversity-related [adversity group and seven

39 174  mutually exclusive subgroups] and accidents only [accidents only group]) and
40

41 175 by age group, as described above.

42

43 176 We calculated the proportion of adolescents in the adversity group (and
44

45 177  subgroups) and in the accidents only group who had an emergency admission
46

47 178  for injury twice and three or more times between 10 and 19 years old. We
48

49 179  also calculated the proportions of adolescents with two or three or more

50

51 180 admissions of any type (including non-emergency and non-injury).

52

53 181 We reported all results separately for girls and boys since differences
54

55 182  between girls and boys have been reported for prevalence of adversity in the
56

57 10
58

59

60
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general population.[1 22-24] We calculated 95% confidence intervals for all
proportions but did not present them here as they were all too narrow to
convey any useful information (within one unit of the sample estimate).

Analyses were carried out in StataSE 12.

11
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RESULTS

There were 1 033 702 adolescents in HES admissions data in 1998-2011, of
which 402 916 formed the study cohort (462 476 emergency admission for
injury when considering multiple presentations from the same adolescent, 802
682 admissions of any type [including non-emergency and non-injury, 662
727 of which were overnight stays]) (Table 1), representing 12.4% (402 916/3
254 046) of the adolescent population. Twice as many boys as girls had an
emergency admission for injury during adolescence (144 158/1 588 942 girls

in the population [8.7%]; 258 503/1 665 104 boys [16.3%]).

12
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196 Table 1. Characteristics of adolescents whose entire ten years of adolescence (ages 10-19) occurred in 1998-2011.
197
Adolesclzenz Adolescents with emergency admission(s) for injury between 10 and 19 years old, n (row %)
population
Characteristics Total Total Adversity Accidents only Other causes
All 3,254,046 402,916 (100.0) 141,248 (35.1) 233,907 (58.1) 27,761 (6.9)
Age**
Girls 1,588,942 144,158 (100.0) 72,805 (50.5) 59,528 (41.3) 11,888 (8.2)
10-14 years 65,208 (100.0) 23,178 (35.5) 37,388 (57.3) 4,642 (7.1)
15-17 years 48,286 (100.0) 31,573 (65.4) 12,922 (26.8) 3,791 (7.9)
18-19 years 30,664 (100.0) 18,054 (58.9) 9,155 (29.9) 3,455 (11.3)
Boys 1,665,104 258,503 (100.0) 68,403 (26.5) 174,267 (67.4) 15,833 (6.1)
10-14 years 121,821 (100.0) 17,667 (14.5) 97,478 (80.0) 6,676 (5.5)
15-17 years 79,223 (100.0) 25,014 (31.6) 49,345 (62.3) 4,864 (6.1)
18-19 years 57,459 (100.0) 25,722 (44.8) 27,444 (47.8) 4,293 (7.5)
Missing (Sex) 255(100.0) 40 (15.7) 175 (68.6) 0 (15.7)
198  *Based on ONS mid-year England statistics for 10 year olds in 1998-2002.[20]
199  **At first emergency admission for injury
13
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1

2

3

4

5

6

7 200 Types of injury and age at emergency admission

8

9 201  One-third of the cohort (141 248, 4.3% of the population) had a record of an
10

11 202  emergency admission for adversity-related injury between 10 and 19 years
12

13 203  old (the adversity group; 157 004 emergency admissions for adversity-related
15 204 injury in total) (Table 1), with similar rates between sexes (72 805, 4.6% girls

17 205 in the population; 68 403, 4.1% boys).

19 206 The remaining two-thirds of the cohort (261 668, 8.1% of the

20

21 207  adolescent population) had emergency admissions for injury which were
22

23 208 never related to adversity (Table 1). Among these adolescents, 233 907

25 209 (89.4%) had an accident-related injury (the accidents only group, 7.2% of the

26 . . -

27 210  population) and 27 761 (10.6%) had no accident-related injury (other causes
2 . . .

28 211  group, 0.9% of the population). A high proportion of the other causes group
30

31 212 were affected by a chronic condition’ between 10 and 19 years old (11 221/27
213 761, 40.4%), compared with the adversity group (45 321/141 248, 32.1%) or
214 accidents only group (49 434/233 907, 21.1%).

215 Proportions of adolescents in the general population and within

216 individual age groups by adversity [and subgroups], accidents only, and other

217  causes groups are provided in Supplementary Table 3.

43 218  Types of adversity-related injury
45 219  Among adolescents in the adversity group (girls 72 805, boys 68 403) (Figure
47 220 1), the most common type of adversity was drug or alcohol misuse (girls

49 221 91.5%, boys 60.0%). A higher proportion of boys than girls were exposed to

54 ' Defined by ICD-10 codes (Supplementary Table 2)

57 14
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violence (girls 8.5%, boys 47.6%), but a higher proportion of girls than boys
were exposed to self-harm (girls 74.6%; boys 32.9%).

Girls in the adversity group were most likely to be exposed to multiple
types of adversity between 10 and 19 years old (69.2% + 2.0% + 1.2% + 0.2%
=72.6%) (Figure 1), especially self-harm and drug or alcohol misuse (69.2%
of the entire adversity group, i.e., most of the 72.6%). Fewer boys in the
adversity group were exposed to multiple types of adversity (38.4%), the most
common combination also being self-harm and drug or alcohol misuse
(24.8%).

For most of the adolescents who were exposed to multiple types of
adversity, the combination of types was recorded at the same admission. For
example, among the 130 adolescent girls who were exposed to violence and
self-harm between 10 and 19 years old (Table 2), 64.6% had both violence
and self-harm codes present simultaneously in at least one emergency
admission for injury (violence and drug or alcohol misuse 78.8%, self-harm
and drug or alcohol misuse 99.7%, violence, self-harm and drug or alcohol
misuse 33.9%; boys: violence and self-harm 40.1%, violence and drug or
alcohol misuse 84.1%, self-harm and drug or alcohol misuse 99.1%, violence,

self-harm and drug or alcohol misuse 20.0%) (data not shown).

15
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Table 2. Proportion of adolescents with 1, 2 or 3+ emergency admission(s) for injury or 1, 2 or 3+ admission(s) of any type, by

types of adversity between 10 and 19 years old*

Girls (%)

Emergency
admission(s) for injury

Admission(s)

of any type

Boys (%)

Emergency

admission(s) for injury

Admission(s)
of any type

Adolescent group*

No. girls

1

2

3+

3+

No. boys

1

2

3+

1

2 3+

All

Adversity
Any violence
Any self-harm

Any drug or alcohol misuse

Single adversity

Violence only

Self-harm only

Drug or alcohol misuse only
Multiple adversity

V + SH

144,158

72,805
6,211

54,315

66,645

19,924
3,734
2,296
13,894
52,881
130

88.6

82.7
77.2
79.3
81.9

92.8
92.4
90.3
93.3
78.9
70.0

8.3

12.0
13.9
13.9
12.5

6.2
6.3
8.1
5.9
14.2
20.8

341

5.3
8.9
6.8
5.6

1.0
1.3
1.6
0.8
6.9
9.2

53.8
491
51.2
53.6

61.2
58.1
54.4
63.2
51.0
42.3

19.8
20.4
20.7
19.5
21.6
26.2

22.0

251
30.1
273
253

19.0
21.6
249
17.4
27.4
31.5

258,503

68,403
32,799
21,087
41,014

43,563
24,912
2,260
16,391
24,840
217

90.3

83.5
83.2
76.7
81.1

7.3
87.1
87.3
88.5
77.3
416

8.0

124
12.8
15.8
13.6

8.3
10.6
10.4

9.5
16.7
154

1.8

4.1
4.0
7.5
5.3

1.8
2.2
23
2.1
7.5
6.1

68.5

64.8
65.6
57.0
62.9

55.8
68.3
62.3
69.9
59.0
32.8
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18.7 12.9

194 15.8
196 14.8
20.7 223
195 176

15.2 103
19.2 126
198 17.9
179 122
21.0 215
16.0 14.2
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14
15
16
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
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V + DA 862 81.9 15.1 3.0 52.2 229 24.9 6,013 84.6 175 54 684 218 173
SH + DA 50,404 80.1 13.7 6.3 51.8 21.6 26.6 16,953 86.7 164 6.9 646 227 229
V + SH + DA 1,485 36.8 31.6 315 255 19.9 54.5 1,657 22.0 164 141 179 117 228
No adversity 71,353 94.7 4.5 0.8 61.4 19.9 18.7 190,100 92.4 6.3 09 695 183 11.8
Accidents only 59,465 95.3 4.1 0.6 66.5 18.7 14.7 174,267 92.3 6.5 09 711 18.0 105
Other causes 11,888 91.5 6.3 21 35.5 25.8 38.8 15,833 93.4 5.0 16 515 221 26.3
243 V= Violence, SH = Self-harm, DA = Drug or Alcohol Misuse
244  * Each adolescent classified by all adversity/accidents seen at any emergency admission(s) for injury between 10 and 19 years old.
17
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1

2

3

4

5

6

7 245 Emergency re-admissions for injury

8

9 246  Adolescent girls in the adversity group (50.5% of all girls in the cohort)

10

11 247  accounted for 50.0% of the total number of emergency admissions for injury
12

13 248  coming from girls (data not shown), compared with girls in the accidents only
14

15 249  group (41.3% of all girls) who accounted for 36.6%. Boys in the adversity

17 250  group (26.2% of all boys in the cohort) accounted for 29.1% compared with

19 251  65.0% contributed by boys in the accidents only group (67.7% of all boys).

3(1) 252 More adolescents in the adversity group were re-admitted for injury

5:23 253  (i.e., had two or more emergency admissions for injury) between 10 and 19
gg 254  years old (girls 17.3%, boys 16.5%) (Figure 2), than in the accidents only

g? 255  group (girls 4.7%; boys 7.4%). Among adolescents admitted for injuries

gg 256  related to multiple types of adversity (Table 2), the proportion re-admitted was
30

31 257  even higher (multiple types: girls 21.1%, boys 24.2%; single type: girls 7.2%,
258  boys 10.1%).

259 Similarly, a higher proportion of adolescents in the adversity group had
260  two more admissions of any type (including non-emergency and non-injury)
261  between 10 and 19 years old (girls 46.2%; boys 35.2%) (Table 2) compared
262  with adolescents in the accidents only group (girls 33.4%; boys 28.5%). This
263  proportion was even higher for adolescents in the adversity group who were
264  admitted with multiple types of adversity (multiple types: girls 49.0%, boys

46 265  42.5%; single type: girls 38.8%, boys 25.5%).
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DISCUSSION

More than one in 20 adolescents in England had at least one emergency
admission for adversity-related injury between 10 and 19 years old. These
adolescents accounted for a third of all adolescents with emergency
admissions for injury and for a disproportionate number of re-admissions for
injury, particularly adolescents admitted with multiple types of adversity-
related injury. Targeting adolescents admitted with adversity-related injury
could reduce their risk of future harm, the rate of re-admissions to hospital,
and health care costs .[25]

Longitudinally-linked admissions allowed us to study the entire ten
years of adolescence in 402 916 individuals. We were able; to distinguish
between types of adversity that co-occurred during adolescence or at the
same admission, and to study re-admissions. _One weakness of this study
was our reliance on diagnostic codes recorded in administrative data.
Violence by carers, which could be coded under maltreatment, and drug or
alcohol misuse have been shown to be under-recorded using ICD-10,[26 27]
but false positives are rare.[15] To address under-recording, we used what
we considered to be sensitive clusters of codes for adversity. Other factors
related to recording or coding practices,[12 14 15 27 28] for example, new
guidelines for defining maltreatment,[14] can also affect ascertainment.
Because of the relative insensitivity but good specificity of the coding clusters,
some adolescents who were classified in the accidents only group may in fact
belong to the adversity group, but did not have their adversity recognised or
recorded. Consequently, our prevalence estimates of admission for different

types of adversity-related injury are likely to provide a lower bound for the true

19
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prevalence._Further, as adolescents exposed to adversity who attended the

accident and emergency (A&E) department were not necessarily admitted,

our prevalence estimates represent adolescents at the severe end of the

adversity spectrum. Such analyses of A&E data are limited by the quality of

these data in England (available since 2007) and the resulting problems with

identifying reasons for presentation and accurately linking individuals to long-

term outcomes.[29]

Our prevalence estimates of admission for injury related to individual
types of adversity from the general adolescent population are consistent with
previous reports for emergency admissions for assault-related injury in 2004-
2009 and for all admissions (emergency and non-emergency) for self-harm
and drug or alcohol misuse.[1 2 24 30] Previous studies have reported higher
rates of drug or alcohol misuse in boys than in girls in the general adolescent
population.[24] We found higher rates in girls. This difference could indicate
that girls exposed to drug or alcohol misuse are more likely to be injured, to
present to hospital, or to be admitted after a hospital presentation, than boys.

Our estimated rates of re-admission of any type (including non-
emergency and non-injury) for violence (girls 50.8%, boys 34.4%) (Table 2)
and self-harm (girls 48.8%, boys 43.0%) were higher than previously reported
(11% for violence, 33% for self-harm).[3 4] These discrepancies are likely to
be because we considered the whole ten years of adolescence and re-
admission of any type, whereas previous studies looked at re-attendance up
to the following year and for the same type of adversity-related injury.[3 4]

The results of this study should inform policy initiatives and national

guidelines. Firstly, a substantial proportion of adolescents are affected by

20
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adversity and they account for a large proportion (29.1 to 50.0%) of all
emergency admissions to hospital for injury in this age group. Secondly, we
show the large burden of injury admission for all three types of adversity, yet
there are currently no national clinical guidelines for managing cases of
violence, other than responding to violence by caregivers.[31] Finally, these
results show that adolescents often present with multiple types of adversity
(especially in girls), even though guidelines exist only for managing individual
problems.[32-34]

In addition, policy makers need to be aware of the widely varying
aetiological pathways to admission with adversity-related injury. Our
approach to defining this group of adolescents is not designed to reflect the
complexity or severity of these cases. For example, admission for multiple
types of adversity-related injury is a poor proxy indicator of severity. Effective
interventions will need to be tailored to the individual based on specialist
clinical assessment. However, all three types of adversity are likely to reflect
a combination of underlying psychosocial need and environmental and social
stressors.[35]

Hospital interventions may reduce the risk of future harm, including the
incidence of other types of harm not seen in hospital, e.g., further adversity-
related injury not leading to admission. Further research using linked data
from health care sectors such as accident and emergency, could shed light on

the overall burden of adversity-related injury on hospitals. Though these data

have limited quality in England, Such-analyses-are-limited-by-the-quality-of

21
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341 | linkingindividualstolong-termouteomes- {29} However; longitudinally-linked

342  datasets in other countries could provide insights into long-term outcomes for
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10 343  this vulnerable group of adolescents.
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1
2
3 Supplementary Table 2. Definitions and International Classification of
4
2 Diseases (ICD-10) diagnostic codes used to classify emergency admissions
; for injury, chronic conditions and types of adversity*
io ADMISSIONS AND ADMISSION TYPES
11 Admission
12 Admissions were defined by linked episodes of inpatient care, including day cases (any
13 case > 4 hours stay). Any admission which occurred within one day or was a hospital
14 transfer from a previous admission was considered to be the same admission. An
15 episode may have up to 20 diagnosis codes entered, but 88% of admissions in this
12 cohort had episodes with four or less diagnoses recorded (data not shown).
18 Emergency (acute; unplanned) admission
19 An admission was considered to be an emergency if the method of admission variable
20 (‘admimeth’) was 21-24 or 28.(1)
21 Injury
22 An admission was considered to be for injury if any of the diagnosis codes in the first
23 episode of the admission were S or T codes (Chapter XIX of the ICD -10).
24 CHRONIC CONDITIONS
gg ICD-10 codes as per Hardelid et al, 2013,(2) excluding E24.4, F10-F19, G31.2, G40.5,
27 G62.1, G72.1, K29.2, K70, K85.2, K86.0, 035.4, R78.1-R78.5, Z50.2, Z50.3, Z86.4,
28 X64-X84, Y10-Y34, Z291.5, F30.0-F30.2, F30.8-F32.3, F32.8-F334, F33.8-F34.1, F34.8-
29 F34.9, F38.0-F38.1, F38.8, F39-F40.2, F40.8- F41.3, F41.8-F41.9.
30 ADVERSITY CLUSTERS AND DESCRIPTIONS* ICD-10 CODES
31 Violence
32 Maltreatment
gi Maltreatment syndromes T74
35 Effects of other deprivation (extreme neglect) T73
36 Perpetrator of neglect and other maltreatment syndromes Y06, Y07
37 Assault
38 Assault by bodily force and sexual assault Y04, YO5
39 Other types of assault X85 -Y03, YO8 - YO9
40 Undetermined cause
41 Events of undetermined intent Y20 - Y34
42 Examination and observation following other inflicted injury Z04.5
ji Examination and observation for other reasons: request 704.8
for expert evidence '
45 P
46
47 Self-harm
48 Intentional self-poisoning by and exposure to...
49 ...drugs X60-X63
50 ...other and unspecified drugs, medicaments and X64
o1 biological substances
52 ...alcohol X65
gj ...organic solvents and halogenated hydrocarbons and X66
55 their vapours
56 ...other gases and vapours X67
57 ...pesticides X68
58 ...other and unspecified chemicals and noxious X69
59
60
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substances
Intentional self-harm by...
...hanging, strangulation and suffocation
...drowning and submersion
...firearm discharge
...explosive material
...smoke, fire and flames, or steam, hot vapours and hot
objects
...sharp/blunt objects
...jumping from a high place
...jumping or lying before a moving object, or crashing a
motor vehicle
...other specified means
...unspecified means
Personal history of self-harm

Drug or alcohol misuse

Drugs, medicaments and biological substances (illicit drugs)

Mental and behavioural disorders due to psychoactive
substance use
Finding of drugs not normally found in blood
Poisoning by drugs, medicaments and biological
substances
Poisoning, undetermined intent
Drug rehabilitation
Drug abuse counselling and surveillance
Drug use
Environmental/ Domestic substances
Mental and behavioural disorders due to use of volatile
solvents
Accidental poisoning by and exposure to noxious
substances
Intentional self-poisoning by and exposure to noxious
substances
Poisoning by chemical or noxious substance,
undetermined intent
Codes mentioning both alcohol and drugs
Special epileptic syndromes - (related to alcohol, drugs,
etc.)
Blood-alcohol and blood-drug test
Alcohol
Alcohol-induced pseudo-Cushing's syndrome
Mental and behavioural disorders due to use of alcohol
Degeneration of nervous system due to alcohol
Alcoholic polyneuropathy
Alcoholic myopathy
Alcoholic cardiomyopathy
Alcoholic gastritis
Alcoholic liver disease
Alcohol-induced acute pancreatitis
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X70
X71
X72-X74
X75

X76-X77

X78-X79
X80

X81-82

X83
X84
Z91.5

F11-F17, F19

R78.1 - R78.5

T36 - T50

(not including T50.6)
Y10 -Y14

Z50.3

Z71.5

Z72.2

F18
X40 — X44, X46 - X49
X69

Y16 - Y19

G40.5
Z04.0

E24.4
F10
G31.2
G62.1
G721
142.1
K29.2
K70
K85.2
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Alcohol-induced chronic pancreatitis
Maternal care for (suspected) damage to fetus from
alcohol

Finding of alcohol in blood

Poisoning: antidotes and chelating agents, not elsewhere
classified

Toxic effect of alcohol

Accidental poisoning by exposure to alcohol

Poisoning by exposure to alcohol, undetermined intent

Evidence of alcohol involvement determined by blood
alcohol level

Evidence of alcohol involvement determined by level of
intoxication

Alcohol rehabilitation

Alcohol abuse counselling and surveillance

Alcohol use

Accidents

Transport accidents

Falls

Exposure to inanimate mechanical forces

Exposure to animate mechanical forces

Accidental drowning and submersion

Other accidental threats to breathing

Exposure to electric current, radiation and extreme
ambient air temperature and pressure

Exposure to smoke, fire and flames

Contact with heat and hot substances

Contact with venomous animals and plants

Exposure to forces of nature

Accidental poisoning by and exposure to noxious
substances

Overexertion, travel and privation

Accidental exposure to other and unspecified factors

K86.0
035.4
R78.0
150.6

151

X45

Y15

Y90

Y91

Z50.2
Z71.4
Z721

V01 - V99
W00 - W19
W20 - W49
W50 - W64
W65 - W74
W75 - W84
W85 - W99
X00 - X09
X10 - X19
X20 - X29
X30 - X39
X40 - X49
X50 - X57
X58 - X59

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 62 of 68

Supplementary Table 3. Population prevalence* (per 100,000) of emergency admission(s) for injury, by types of adversity within

age periods** and sex

All girls  All boys Girls Boys
Adolescent group** 10-19y 10-19y 10-14y 15-17y 18-19y 10-14y 15-17y 18-19y
All 9,073 16,3331 4,104 3,260§ 2,189§ 7,316% 5,0691§ 3,852%§
Adversity 4,582 4.108% 1,240 2,124§ 1,329§ 669% 1,4581§ 1,7481§
Any violence 391 1,970% 103 152§ 110 277t 731§ 833%1§
Any self-harm 3,418 1,266F 777 1,463§ 923§ 170 3931§ 478%1§
Any drug or alcohol misuse 4,194 2,463% 1,112 1,959§ 1,221§ 375% 8071§ 1,0771§
Single adversity 1,254 26161 495 687§ 412§ 516 99118 1,1141§
Violence only 235 1,496% 77 99§ 75 2561 609§ 635%1§
Self-harm only 144 136 48 63§ 31§ 37% 39 34
Drug or alcohol misuse only 874 9841 369 525§ 305§ 2241  3421§  445%1§
Multiple adversity 3,328 1,492%1 745 1,436§ 917§ 153f 467§ 63418
V+SH 8 13% 3 3 1§ 1% 2 2
V+DA 54 3611t 17 378§ 26§ 19 1141§  190%§
SH+DA 3,172 1,018% 720 1,384§ 882§ 131F  345%§ 4361§
V+SH+DA 93 100% 6 13§ 8 2% 51§ 68§
No adversity 4,491 11,417t 2,676 1,136§ 860§ 6,648% 3,611Ff 2,171%§
Accidents only 748 10,4661 2,221 804§ 580§ 5,8871 3,109% 1,7841§
Other causes 3,742 951% 455 332§ 279§ 761% 5031 3881§
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V = Violence, SH = Self-harm, DA = Drug or Alcohol Misuse

*Due to large denominators, confidence intervals for population prevalence were too narrow to provide any meaningful
interpretation and so are not shown.

10 **Each adolescent classified by all adversity/accidents seen at any emergency injury admission(s) at 10-19 years, 10-14 years, 15-
11 17 years and 18-19 years, respectively.

12 FStatistically significantly different from girls of the same age (according to 95% confidence intervals).

§Statistically significantly different from 10-14 year olds of the same sex (according to 95% confidence intervals).
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Adolescent with at least Number of adolescents with any V,
one emergency any SH and any DA codes present at
admission for injury any emergency admission for injury*,
between ages 10 and 19 each calculated

V, SH or DA codes present Ciassed
> at at least one emergency Classed as one of the following
admission for injury* according to all codes present at all

emergency admissions for injury*:
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—>{ at least one emergency ‘accidents only’
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V+SH+DA at age 10-19
|

V+SH at age 10-14
A

Emergency admissions
forinjury

O Ce= i o] el o]
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Adolescence

10 12 14 16 18 20 Age(years)

Supplementary Figure 2. Example of classification of groups of adolescents within age groups and across
adolescence (ages 10-19).

V = victimisation, SH = self-harm, DA = drug or alcohol misuse.
254x102mm (96 x 96 DPI)
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1 i i
Introduction
Background/rationale 2
Objectives
Methods
Study design 4
Setting 5
Participants 6
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed. N/A
Case-control study—For matched studies, give matching criteria and the number of
controls per case
Variables 7 ¢
medifiers: Give diagnostic criteria, if applicable
Data sources/ 8* For-each-variable ofinterestgive sources-of data-and-details ofmethodso
measurement assessment-{measurement): Describe comparability of assessment methods if there
is more than one group
Bias 9 Deseribe-any-efforts-to-address-potential sourees-of bias. We only analysed those
who could be observed between ages 10 and 19, so no bias due to different lengths
of admission trajectories.
Study size 10 Explain-how-thestudy size-was-arrived-at. All available administrative data.
Quantitative variables 11 Explain-how-quantitative-variables-were-handled-inthe-analyses—Ifapplicable
Statistical methods 12

only analysed those who could be observed between ages 10 and 19.

Case-control study—If applicable, explain how matching of cases and controls was
addressed
Cross-sectional study—TIf applicable, describe analytical methods taking account of

sampling strategy

(e) Describe any sensitivity analyses. N/A

Continued on next page

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

BMJ Open

Results

Participants 13*
(b) Give reasons for non-participation at each stage. N/A
(c) Consider use of a flow diagram. We didn’t use a flow diagram as eligibility could be
described using one sentence.

Descriptive 14*

data

Outcome data

15%

ime: We state
how many emergency admissions for adversity-related injury the adversity group had. We
also provide a table indicating the number of emergency admissions for injury and admissions

(of any type) during ages 10-19.

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 a)-Give djusted-e e d; pplicableconfounder-adjusted-e e
(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period. N/A

Other analyses 17 and sensitivity

Discussion

Key results 18

Limitations 19

Interpretation 20

Generalisability 21

Other information

Funding

22

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.

For peer review only - http://bmjoper?bmj.com/site/about/guidelines.xhtml

Page 68 of 68



