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Abstract
Background Care of patients with trauma is not only
limited to the sustained physical injuries but also requires
addressing social issues, such as substance abuse and
interpersonal violence, which are responsible for traumarelated recidivism. This study investigates whether there
are age-related variations in these problematic social
behaviors to analyze whether there is an age cut-off at
which point adolescents should be screened for adult
social behaviors.
Methods Retrospective review of patients with trauma
aged 12–21 admitted to an urban Level 1 adult and
pediatric trauma center between February 2013 and
April 2016. Demographics, mechanisms of injury, Injury
Severity Score, outcomes, toxicology and social history
evaluations were abstracted from the electronic medical
record.
Results 756 patients were admitted during the
39-month period. Most patients were male (73.9%)
without significant variation by age. The mechanisms
of injury varied by age (p<0.001) with the incidence of
sports and bicycle injuries decreasing and the incidence
of motor vehicle/motorcycle crashes, assaults and
gunshot injuries increasing with increasing patient age.
In a logistic regression, risks of positive toxicology tests,
injuries due to violence as well as overall use of drugs,
tobacco and alcohol also significantly increased with age
starting with the youngest age included in the study.
Conclusions As pediatric trauma patients get older,
they have increasing risks of social issues typically
associated with adults. Our study underscores the need
to evaluate and address these issues even in young
adolescents.
Level of evidence Level IV—epidemiological.
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Although often considered an acute and singular
occurrence, trauma can unfortunately be a recurrent phenomenon for some patients. This trauma
recidivism, defined as recurrent, separate incidences of traumatic injury, has been linked with
certain social risk factors, including alcohol and
substance abuse and interpersonal violence.1 2 In
one systematic review, trauma recidivism was linked
to alcohol use in as many as 41% of patients.3
In adult patients, brief in-hospital intervention
programs have been demonstrated to reduce recurrent injuries due to both substance abuse and interpersonal violence.1 4 As a consequence of these data,
the American College of Surgeons Committee on
Trauma Verification Review process mandates that
all Level I and Level II trauma centers have active
screening and brief intervention programs.5

In the pediatric population, patients are screened
less commonly for these high-risk adult behaviors
despite recommendation from the Pediatric Trauma
Society for alcohol screening in all patients 12
years or older.6 7 A Canadian study demonstrated
that blood alcohol concentration was tested in only
30% of pediatric patients admitted after major
trauma with 21% of those positive.8 A review of
severely injured pediatric patients from the Illinois
State trauma registry (1999–2009) demonstrated
that only 40% were tested for alcohol and 37% for
drugs.7
The data on the incidence of these high-risk
behaviors in pediatric trauma populations are
incomplete. Previous studies used toxicology tests
at the time of the admission to measure the incidence of alcohol and substance abuse. Therefore,
they may potentially underestimate the overall
incidence as some patients may still use these
substances, although not immediately prior to the
trauma. In addition, prior studies have focused on
severely injured patients rather than all admitted
patients. In this study, we sought to further investigate the incidence of these high-risk social behaviors and establish an age cut-off at which point all
adolescents should be screened. We hypothesized
that there exists an age threshold at which there
would be an increase in the incidence of these highrisk behaviors. We further hypothesized that this
threshold would occur at the age of 14, the most
common age of high school entry.

Methods

Yale New Haven Hospital is an urban, American
College of Surgeons verified and state designated
Level I regional resource trauma center and quaternary referral center for both adult and pediatric
patients. Query of the Yale-New Haven Hospital’s trauma registry (TraumaBase; Clinical Data
Management, Denver, CO) identified all patients
aged 12–21 years admitted to the hospital between
February 2013 and April 2016. The trauma registry
and electronic medical record (EMR) (EPIC,
Verona, WI) was then reviewed to abstract demographics, mechanisms of injury, Injury Severity
Score (ISS), outcomes, and toxicology results.
Alcohol and drug use were abstracted from both
toxicology results and detailed EMR review
to identify reported substance use in physician
notes (history and physical notes, consult notes
and tertiary trauma surveys) and social worker
evaluations. Both the tertiary trauma survey and
trauma social work evaluations used standardized template that included specific questions on
alcohol and substance use. Any documented use of
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Figure 1 Distribution of patients by age group.
alcohol or drug in any of the notes was captured as a positive
screen.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics V.24
using ANOVA, χ2, linear and logistic regression as appropriate;
statistical significance was assumed for p<0.05.

Results

Seven hundred and fifty-six patients who met the inclusion
criteria were admitted during the 39-month period. Figure 1
shows the distribution of patients by age. Most were male
(73.9%) without significant variation in gender across the age
groups (Χ2 (9)=10.3, p=0.3). The mechanisms of injury did
vary with age (Χ2 (117)=290, p<0.001) with the incidence
of sports and bicycle injuries decreasing and the incidence of
motor vehicle/motorcycle crashes, assaults and gunshot injuries
increasing with increasing patient age (table 1). The median ISS
was 5 (IQR=4–12) and slightly increased with age in a simple
regression (R=0.123, p<0.001). Overall, 17% of the patients
had ISS>15; there was no significant variation in the rate of
severe injury across the age groups (R=0.153, p=0.08). Median
length of stay was 2 days (IQR=1–4) and slightly increased with
increasing age (R=0.164, p<0.01).

Table 1

Alcohol was tested in 341 patients (45% of the study cohort)
and was positive in 29.2% of those tested (table 2). Positive
alcohol toxicology rates ranged from 0% at the age of 12 to
50% at the age of 21. Toxicology screens (cannabinoid, cocaine,
phencyclidine, amphetamines) were sent in 356 patients (47%
of the study cohort) and were positive for at least one substance
in 32.9% of those tested. Cannabinoid was the most common
substance used (21.6% positive of those tested). Opiate and
benzodiazepine tests were not evaluated as available data could
not differentiate between those administered by healthcare
providers versus those self-administered by the patient.
Calculation of the incidence using only positive laboratory
tests yielded a rate of 13.2% (100/756) for ethanol and 15.5%
(117/756) for illicit substance use. However, after examining
the electronic medical record for reported use in physician and
social worker evaluations in addition to laboratory tests, the
overall rates were higher (table 2). After combining laboratory
and clinician detected use, 26.1% (197/756) were positive for
alcohol and 18.9% (143/756) for drug use. In addition, 13.2%
(100/756) of the cohort reported smoking cigarettes. Interpersonal violence, resulting in assault, firearm or stabbing injuries,
was responsible for 14.6% (110/756) of the admissions and
increased with age (p<0.001).
In a logistic regression, risks of positive toxicology tests, injuries due to violence as well as use of drugs, tobacco and alcohol
in social history also significantly increased with age (table 2)
starting with the youngest age group included in the study.

Discussion

The best management of traumatic injuries is to prevent them.
Current literature has demonstrated that certain high-risk behaviors lead to trauma recidivism and that inpatient interventions
targeting these behaviors can help decrease recurrent injuries.9 10
However, as healthcare resources are limited, it is important to
understand the incidence of these behaviors and which patient
populations should be targeted to maximize the opportunity for
injury prevention. Our study demonstrates that these high-risk
behaviors occur even in early adolescence. Furthermore, these
data suggest that the evidence available in the current literature
based on laboratory testing underestimates the actual incidence.
Pediatric patients with trauma represent a unique population
as interventions to reduce these behaviors may have a lengthy

Mechanism of injury across ages

Age

12 (%)

15 (%)

16 (%)

17 (%)

18 (%)

19 (%)

20 (%)

21 (%)

Fall from standing

12

4.9

13.3

6.9

6.8

5.9

6.8

4.3

2.5

8.0

6.7

6

3.7

10.0

6.9

8.1

8.2

8.1

7.6

3.8

5.7

6.7

Fall from height

13 (%)

14 (%)

All ages (%)

Assault

0

1.2

0

5.6

1.4

8.2

5.4

9.8

8.8

6.9

5.2

GSW

0

3.7

1.7

5.6

10.8

9.4

12.2

14.1

15.0

9.2

8.7
1.6

Stab

0

0

0

MVC passenger

4

4.9

3.3

MVC driver

0

2.4

MCC driver

4

2.4

MCC passenger
Bicycle
Pedestrian struck
Sports

0

1.4

0

2.7

3.3

1.3

5.7

12.5

6.8

2.4

12.2

8.7

10.0

11.5

7.8

0

0

5.4

8.2

28.4

10.9

22.5

24.1

11.0

8.3

9.7

4.1

5.9

6.8

9.8

10.0

10.3

7.3

0

2.4

1.7

22.0

14.6

18.3

0

0

0

0

1.1

0

0

0.5

9.7

4.1

2.4

1.4

1.1

2.5

1.1

6.7

8.0

7.3

5.0

4.2

14.9

10.6

4.1

9.8

3.8

4.6

7.3

32.0

37.8

28.3

29.2

27.0

31.8

8.1

12.0

12.5

6.9

21.8

Burn

2.0

2.4

1.7

1.4

1.4

1.2

0

1.1

1.3

2.3

1.5

Other

10.0

12.2

8.3

8.3

8.1

5.9

4.1

6.5

6.3

3.4

7.1

GSW, gunshot wound; MVC, motor vehicle crash; MCC, motorcycle crash.
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Table 2

Rates of high-risk behaviors by age

Age
Positive alcohol
toxicology, %
(n-tested)*
Positive drug
toxicology, %
(n-tested)*

12
0 (3)

33.3 (3)

13

14

15

16

17

18

19

20

21

All ages

OR

P values

8.3 (12)

37.5 (8)

11.1 (18)

16.7 (36)

14.0 (43)

29.1 (55

30.4 (56)

37.3 (51)

50.0 (60)

29.2 (342)

1.34

0.001

0 (14)

12.5 (8)

38.9 (18)

27.8 (36)

34.0 (47)

32.1 (56)

32.8 (61)

40.4 (52)

37.7 (61)

32.9 (356)

1.13

0.02

Injury due to
interpersonal
violence, % (N)†

0 (50)

4.9 (82)

5.0 (60)

9.7 (72)

12.2 (74)

16.5 (85)

16.2 (74)

27.2 (92)

22.5 (80)

20.7 (87)

14.6 (756)

1.27

0.001

Tobacco use, %
(N)†

0 (50)

1.2 (82)

3.3 (60)

5.6 (72)

9.5 (74)

16.5 (85)

18.9 (74)

25.0 (92)

22.5 (80)

19.5 (87)

13.2 (756)

1.34

0.001

Overall
substance use,
% (N)†

0 (50)

2.4 (82)

3.3 (60)

6.9 (72)

16.2 (74)

25.9 (85)

27.0 (74)

34.8 (92)

31.3 (80)

26.4 (87)

18.9 (756)

1.35

0.001

Overall alcohol
use, % (N)†

0 (50)

3.7 (82)

5.0 (60)

6.9 (72)

12.2 (74)

24.7 (85)

39.2 (74)

41.3 (92)

48.8 (80)

57.5 (87)

26.1 (756)

1.58

0.001

*n-tested: number of patients who had alcohol or drug toxicology drawn in age group.
†N: number of patients in each age group.

impact and could potentially translate into substantial quality-adjusted life years saved not only from future traumatic injuries but also other medical problems that arise from alcohol and
substance abuse. In 2006, The National Institute of Health estimated that approximately 5000 people under the age of 21 die
each year as a result of alcohol including 1600 from homicide
and 300 from suicide.11 The rate of lifetime dependency among
individuals who start drinking before the age of 15 is four times
higher (40 vs 10%) than those who start drinking as adults.12
Early onset of drug use is also a significant predictor of subsequent development of lifetime drug abuse and alcohol dependence.13 As alcohol is the third leading cause of preventable
death in the USA (estimated 88 000 deaths per year), preventing
the development of alcohol abuse early may have significant
public health benefits.14
Brief interventions have been shown to reduce both trauma
recidivism and subsequent use of both alcohol and illicit
substances. In a study of adult patients with trauma in Spain
who were positive for alcohol or drug use, the adjusted HR for
trauma recidivism was 0.63 (95% CI 0.41 to 0.95) in the group
who underwent a brief intervention compared with those that
did not.4 The overall rate of trauma recidivism was, however,
still higher in the patients positive for drug or alcohol compared
with those who were negative. Furthermore, in a randomized
controlled trial of underage drinkers (aged 14–20 years) in the
emergency department, brief intervention was shown to reduce
consumption at 3 months as well as the frequency of driving
under influence and alcohol-related injury at 12 months.15
This study has limitations including its retrospective singlecenter nature. Yale New Haven Hospital is an academic urban
safety net hospital. As one of only two Level I adult and pediatric trauma centers in the state of Connecticut (with a population of approximately 3.6 million), it serves a wide range of
urban, suburban and rural populations. However, the incidence
of the reported high-risk behaviors in our center may not be
translatable to other communities. In addition, this study may be
limited by selection bias as laboratory tests were ordered selectively rather than universally. Furthermore, some patients may
have also falsely denied use during history taking and we did not
examine opioid abuse which is becoming endemic in the USA.
Therefore, our results likely still underestimate the overall incidence of the high-risk behaviors.

Further studies will be required to define the rates of alcohol
and substance abuse in pediatric patients with trauma. Studies
using existing large databases (eg, National Trauma Data Bank)
would be also limited by selection bias (as toxicology tests may
not be uniformly ordered in pediatric patients) and screening
with laboratory tests only. Therefore, a prospective multicenter
cohort study will be ultimately required to answer this question.
Ideally, such a study would include a broad range of social and
geographical settings, universal screening using both laboratory
tests and social history gathering as well as detailed analysis of
patients’ demographics. It would also include opioid abuse.
The incidence of these behaviors, which was lowest at the age
of 12, was associated with increasing age. As our study did not
include patients younger than 12, it cannot ascertain whether
there is any significant rate of alcohol and substance abuse in
younger patients that would require screening. This study therefore supports the recommendation to screen all adolescent
(starting at least at the age of 12) patients with trauma regardless
of the severity injury as healthcare interactions for a minor injury
may present an opportunity to prevent more severe injury in
the future. Future studies should examine younger age groups as
well as examine the cost/benefit ratio for specific test panels. As
the rates of overall alcohol and drug use were higher than those
computed from laboratory tests alone, we would recommend
that screening should not only rely on laboratory testing but
should also include specific history gathering by the providers.
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