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Purpose: Literature suggests that attention deficit hyperactivity disorder (ADHD) is asso-
ciated with a high risk of unintentional injury. However, few studies have focused on whether
risk of burn injury is relatively high among patients with ADHD. The aim of this study was
to investigate whether ADHD affects the risk of burn injury.

Materials and Methods: Individuals aged <18 years with a current diagnosis of ADHD (N
= 52,705) and age-, sex-, and other comorbidity-matched controls were selected from
Taiwan’s National Health Insurance Research Database for the period of January 1996 to
December 2013. Burn injury was identified in both groups, and risk was evaluated using Cox
proportional hazards models. We also explored the effects of age and sex on the association.
Results: We determined that patients with ADHD had an increased probability of burn
injury compared with the control group (ADHD vs controls, 4.6% vs 2.6%; adjusted hazard
ratio [aHR] = 1.78; 95% confidence interval [CI] = 1.66—1.90). The effect of ADHD on burn
injury was more prominent among those aged <6 years (aHR = 1.96; 95% CI = 1.75-2.20)
relative to those aged >6 years (aHR = 1.69; 95% CI = 1.56-1.83). Both sexes had similar
risk profiles.

Conclusion: The study findings contribute to the increasing body of evidence that ADHD is
associated with proneness to burn injury, particularly in children aged <6 years.
Keywords: ADHD, burn injury, propensity-matched, cohort

Introduction

Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental
disorder with a global lifetime prevalence of approximately 7.2%." ADHD is char-
acterized by inattention, hyperactivity, and impulsivity. These symptoms are indicative
of impairment of executive function.” Several studies have revealed that ADHD is

38 and children with ADHD have more severe

associated with injury proneness,
injuries and more often require hospital treatment following an injury than do those
without ADHD.”'® The incidence of injury results in the shortening of life expectancy
and is one of the most common causes of death among children with ADHD.'"'?
Among all injuries, burn injury is catastrophic and has clinical implications. Although
burn injury is regarded as an acute event, its sequential effect on psychological and
physical function can be comparable to that of a chronic condition.'>'*

Several studies have investigated the association between ADHD and increased
burn injury risk in children.'>™'? One case—control study including 223 patients demon-

strated that the prevalence of burns among children with ADHD (10.6%) was
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considerably higher than that among the controls (2.0%)."
Badger et al conducted a retrospective study and reported
that children with ADHD were more frequently involved in
high-risk activities leading to burn injury and that they more
frequently experienced mental health problems.'® However,
the literature contains limited data regarding the association
between burn injury and ADHD in clinical settings under the
consideration of other mental health problems and possible
confounders.

Studies investigating ADHD and injury proneness through
database analyses have reported burn injury risk among
patients with ADHD.*"** However, the results of these stu-
dies were inconclusive. A national cohort study conducted in
the United Kingdom examined correlations between child-
hood psychiatric disorder and unintentional injury in more
than 10,000 children aged 5-15 years.* The results revealed
that burn injury was more common among patients with
ADHD than among those without diagnosed psychiatric con-
ditions, but the statistical significance of the effect vanished
after other psychiatric diseases were adjusted for. Another
database study conducted in Germany identified no significant
difference in burn risk between children with ADHD and
those without.” One population study conducted using claims
data in Taiwan reported that patients with ADHD had a higher
burn injury risk than did controls, with the corresponding odds
ratio (OR) being 1.6.° Individuals aged 6-18 years were
included in the study; those aged younger than 5 years, who

2122 \vere not examined in the

are at higher risk of burn injury,
study. In addition to age, a wide range of potential confoun-
ders, such as sex, urbanization level of residence, medication
use, and comorbidities, have been identified in evaluations of
burn injury risk.'®

Accordingly, we conducted this retrospective cohort
study using a nationwide population-based database to
comprehensively evaluate the risk of burn injury for chil-
dren diagnosed as having ADHD, with possible confoun-
ders considered. We performed propensity score matching,
in which the conditional probability of assignment to
a particular group is based only on observed covariates,
to balance the covariates of observational data.”> The use
of propensity scoring with time-to-event data through
weighting or matching techniques is well established.**

Materials and Methods

Data Source
This study was reviewed and approved by the Institutional
Review Board of Chang Gung Memorial Hospital. The

study used data from Taiwan’s National Health Insurance
Research Database (NHIRD) under the aegis of the
National Health Research Institutes.
a single-payer National Health Insurance (NHI) program

Taiwan launched

on March 1, 1995, covering all health care services for
99.5% of the national population.”> Because the NHI is
a compulsory universal program for all residents in
Taiwan, the NHIRD is a comprehensive health care data-
base containing outpatient, ambulatory, hospital inpatient,
and dental services data. The NHIRD also includes crucial
information such as patients’ demographic data, medical
institutions visited, diagnostic codes, drugs prescribed,
dates of all prescriptions, and all claimed medical expenses.
The accuracy of disease diagnosis in the NHI system has
been reported as being up to 99%.°°?” The database has

been used in numerous epidemiologic studies.***°

Patient Selection and Propensity Score
Matching

Figure 1 illustrates the procedure employed for the selection
of the study population. Individuals aged younger than 18
years receiving one or more inpatient or three or more out-
patient diagnoses of ADHD (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-
9-CM] code 314) in 1 year between January 1, 1996, and
December 31, 2013, were included in the ADHD cohort. We
excluded individuals whose birth year was before 1996
(n =55,558) and those whose diagnosis occurred after 2012
(n = 9854) because of insufficient duration of follow-up. To
examine only incidence of burn injury following ADHD,
patients diagnosed as having burn injury (ICD-9-CM codes
940-949) before a diagnosis of ADHD were also excluded.
The dataset for the ADHD group finally contained data for
90,634 patients.

The control group was selected from the Longitudinal
Health Insurance Database 2005 (LHID2005), a subset
of the NHIRD, for which patients were randomly
sampled from the 2005 Registry of Beneficiaries of the
NHIRD. LHID2005 contains original claims data for
1 million individuals. Individuals not diagnosed as hav-
ing ADHD during the monitoring period (January 1,
1996, to December 31, 2013) were enrolled as the con-
trol cohort. The control and ADHD groups were matched
using 1:1 propensity score matching. Propensity scores
were determined using multivariate logistic regression
analysis with sex, age, urbanization level of residence,
and comorbidities. Comorbidities associated with ADHD
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NHIRD (MD)

Patient with diagnosis of ADHD
from 1996 to 2013 in NHIRD
N= 164945
(definition of diagnosis required
at least 2 times outpatient
follow-up or 1 time admission
within 1 year)

Excluded

diagnosis, n=13880

Patients with ADHD aged less
than 18 years old, n=90634

1. patient had burn injury prior to the ADHD

2. patient’s birth year were before 1996, n=55558
3. patientreceived diagnosis after 2012, n=9854

LHID 2005

Excluded patients with
diagnosis of ADHD :
n=12551

Non ADHD : N=987449

PPS Match 1:1 by sex, age, income, urban, seizure, intellectual disability, autism, conduct disorder,
opposition defiant disorder, anxiety, depression

ADHD : n=52705

Burn injury : n=2404

Figure | Flowchart for selection of the study population.

or burn injury including seizure (ICD-9-CM code 345),
intellectual disability (ICD-9-CM codes 317-319), aut-
ism (ICD-9-CM code 299), conduct disorder (ICD-9-CM
code 312), oppositional defiant disorder (ICD-9-CM
code 313.81), anxiety (ICD-9-CM code 300), and
depression (ICD-9-CM codes 296.2, 296.3, 300.4, and

311) were identified as confounding covariates.”°

Outcome Measurement

We defined incidence of burn injury (ICD-9-CM codes
940-949) as the outcome of interest. Each participant
was followed up from the index date to the occurrence
of the outcome, death, or the end of the study period
(December 31, 2013). The index date was the date of

Non ADHD : n=52705

Burn injury : n=1387

first ADHD diagnosis. This date was matched in the con-
trol group to reduce potential temporal bias.

Statistical Analysis

All data management and statistical analysis processes were
performed using SAS (version 9.3; SAS Institute Inc., Cary,
NC, USA). The chi-square (y°) test was used to compare
characteristics between the ADHD and control groups and to
determine the distribution of the study population. Variables
are presented as numbers with percentages. A Cox propor-
tional hazards regression model was employed to estimate
burn injury risk for the ADHD group relative to the control
group. A stratified Cox proportional hazards regression
model was adopted for the subgroup analysis to evaluate
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the effects of age (>6 and <6 years) and sex (male and
female). The results are presented as adjusted hazard ratios
(aHRs) with 95% confidence intervals (CIs).

Results

In total, 52,705 patients with ADHD and 1:1 propensity
score matched non-ADHD controls were included in the
study cohort. A comparison of the baseline characteristics
of patients with ADHD with those of the non-ADHD
controls is provided in Table 1. No difference was
observed between the two groups in sex, age, urbanization
level of residence, seizure, asthma, intellectual disability,
autism, conduct disorder, oppositional defiant disorder,
anxiety, or depression.

We evaluated the association between ADHD and burn
injury. The incidence of burn injury in patients with
ADHD was 4.6%, higher than that of the non-ADHD
controls (2.6%, standardized difference = 0.11). The influ-
ence of risk factors on burn injury was assessed using Cox
proportional hazards regression analysis (Table 2).

We also performed a subgroup analysis using the strati-
fied Cox proportional hazards regression model to investi-
gate the impact of age (=6 and <6 years) and sex on burn

injury (Table 3). The effect of ADHD on burn injury risk was
more prominent among patients aged younger than 6 years
(aHR = 1.96; 95% CI = 1.75-2.20) than it was among those
aged 6 years or older (aHR = 1.69; 95% CI = 1.56-1.83). The
sexes had a similar risk profile for burn injury.

Discussion

In this propensity-matched cohort study, we used
a nationwide population database to evaluate the associa-
tion between ADHD and burn injury. Compared with
individuals in the non-ADHD group, patients with
ADHD were significantly more prone to burn injury. The
association between ADHD and burn injury was similar in
individuals of either sex, but younger children were at
higher risk of burn injury.

Previous studies have suggested that children with
ADHD have a significantly higher risk of burn injury.
One retrospective chart review revealed that the overall
rate of ADHD diagnosis in children with burn injury was
13%, which was higher than the prevalence in the general
population.'” A case-control study comprising 123
patients with ADHD and 100 controls investigated the

association between burn injury and ADHD.'” The results

Table | Comparison of Baseline Characteristics of Patients with ADHD and Non-ADHD Controls in the Propensity Model

Variables ADHD (N = 52,705) Non-ADHD (N = 52,705) Standardized Difference
N % N %
Gender
Female 13,084 248 12,318 234 0.03
Male 39,621 752 40,387 76.6 —0.03
Age
0-5 9752 18.5 10,079 19.1 —-0.02
611 38,389 72.8 37,397 71 0.04
12-18 4564 8.7 5229 9.9 —0.04
Covariates
Seizure 1798 34 1409 27 0.04
Intellectual disability 139 0.3 76 0.1 0.04
Autism 309 0.6 315 0.6 0.00
Conduct disorder 286 0.5 257 0.5 0.00
Opposition defiant disorder 29 0.1 28 0.1 0.00
Anxiety 1414 2.7 1567 3 —-0.02
Depression 757 1.4 506 | 0.04
Urbanized Level of Residence
I (City) 17,803 338 17,155 326 0.03
2 25,326 48.1 25,607 48.6 —0.01
3 6693 12.7 6762 12.8 0.00
4 (Villages) 2883 5.5 318l 6 —-0.02

Abbreviation: ADHD, attention deficit hyperactivity disorder.
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Table 2 Cox Proportional Hazards Model for Effect of ADHD on Burn Risk
Variables Unadjusted Analysis Adjusted Analysis Model®
HR 95% CI P value HR 95% ClI P value
ADHD 1.76 1.65-1.88 <0.0001 1.78 1.66—1.90 <0.0001
Male gender 0.97 0.90-1.05 0.4539 0.98 0.91-1.05 0.5278
Age
0-5(ref.) 1.00 1.00
611 0.58 0.54-0.62 <0.0001 0.57 0.54-0.61 <0.0001
12-18 0.46 0.39-0.54 <0.0001 0.48 0.41-0.57 <0.0001
Urbanized Level of Residence
I (City) (ref.) 1.00 1.00
2 1.06 0.99-1.14 0.1041 1.08 1.01-1.16 0.0347
3 1.14 1.03-1.26 0.0148 1.15 1.04-1.28 0.0071
4(Villages) 1.20 1.05-1.38 0.0091 1.25 1.08-1.43 0.002
Covariates
Seizure 1.28 1.10-1.50 0.002 1.19 1.02-1.40 0.0301
Intellectual disability 1.50 0.91-2.49 0.116 1.14 0.68-1.89 0.6286
Autism 0.84 0.55-1.28 0.4109 0.76 0.50-1.15 0.1964
Conduct disorder 0.95 0.62—1.46 0.8147 1.07 0.70-1.65 0.7604
Opposition defiant disorder 0.44 0.06-3.10 0.4082 0.55 0.08-3.87 0.5437
Anxiety 0.65 0.52-0.81 0.0002 0.77 0.61-0.98 0.0301
Depression 0.71 0.51-0.99 0.0408 0.84 0.59-1.20 0.3417

Note: aAdjusted by sex, age, urbanization level of residence, seizure, intellectual disability, autism, conduct disorder, oppositional defiant disorder, anxiety, and depression.
Abbreviations: ADHD, attention deficit hyperactivity disorder; HR, hazard ratio; Cl, confidence interval.

Table 3 Effects of Age and Sex on Burn Injury Risk

Subgroup Unadjusted Analysis Adjusted Analysis Model®
HR 95% CI P value HR 95% CI P value

Gender

Female 1.78 1.55-2.03 <0.0001 1.80 1.58-2.07 <0.0001

Male 1.75 1.63-1.89 <0.0001 1.77 1.64-1.91 <0.0001
Age

<6 1.94 1.73-2.17 <0.0001 1.96 1.75-2.20 <0.0001

=6 1.70 1.56-1.84 <0.0001 1.69 1.56-1.83 <0.0001

Note: aAd]us':ed by sex, age, urbanization level of residence, seizure, intellectual disability, autism, conduct disorder;, oppositional defiant disorder; anxiety, and depression.

Abbreviations: HR, hazard ratio; Cl, confidence interval.

revealed that the incidence of burn injury in the ADHD
group was 10.6%, significantly higher than that in the
control group (2%). To our knowledge, the population
included in our study is the largest among related studies.
Although our results indicate that children with ADHD
were more prone to burn injury, the incidence of burn
injury was 4.6%, considerably lower than the rates
reported in previous case—control studies. This discre-
pancy may be attributed to differences in research meth-
odologies. In one previous case—control study, patients
were asked to recall burn injuries during an interview;

hence, recall bias should be considered. By contrast, the
incidence of burn injury was identified in claim records in
our study. Cases of minor burn injury may have been
concealed if individuals did not seek medical care.
Several population database studies have reported con-
flicting findings. A database study conducted in Germany
compared the risk of hospitalization due to injury between
patients aged 3—17 years newly diagnosed as having
ADHD and those without ADHD; the results revealed no
significant increase in burn risk among patients with
ADHD.” However, we noted that confounders were not
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studied in the preceding study, and the heterogeneity of
characteristics may have interfered in the evaluation of the
influence of ADHD. In another national cohort study,
a nationally representative study population of more than
10,000 children aged 5-15 years was selected from
a registry database to assess the relationship between unin-
tentional injury and childhood psychiatric disorder.* The
results revealed that ADHD was associated with burn
injury, but the correlation was dispelled after other psy-
chiatric diseases and psychosocial factors were adjusted
for. In the mentioned national cohort study, the study
population was aged 5-15 years, which was more limited
than the population we explored.

The correlation between ADHD and burn injury has
several potential explanations. Impulsive behavior is
believed to play a major role in burn injuries.
A retrospective study investigated the cause of burn inju-
ries in patients with ADHD and suggested that impulsive
behavior contributed to burn injuries in more than 54% of
patients with ADHD.'” Risk-seeking behaviors, such as
fire-play and fire-setting, are not uncommon among indi-
viduals with ADHD.'"® Additionally, carelessness related
to attention deficit, overlooking danger, and impairments
in motor coordination and executive function may be
associated with burn injuries.'® However, limited attention
has been paid to these possible mediating factors. Further
comprehensive examination of the causal relationship
between ADHD and burn injury is warranted.

In this study, individuals diagnosed as having ADHD
and aged younger than 6 years were more prone to burn
injury. A previous study in Taiwan that analyzed a national
database reported a 1.6-fold increase in the risk of burn
injury among individuals with ADHD compared with con-
trols for a population aged 6-18 years.” One systematic
review investigated the epidemiology of unintentional
burn injuries in Asia and revealed that the majority of
the injury burden was among younger children, particu-
larly those aged younger than 5 years.”? The effect of age
on burn injury among children with ADHD required
urgent clarification. Our findings indicate that individuals
with ADHD and who were aged younger than 6 years
were at higher risk of burn injury. These higher numbers
of burns in early childhood may be linked to the inquisi-
tive behavior of children who have not acquired sufficient
experience regarding dangers as well as their total depen-
dency on parents and caregivers.’' The findings highlight
the need to establish policy for the prevention of burn
injury among children with ADHD.

This study has several strengths. First, the nationally repre-
sentative study population was large, and selection bias was
minimized. Second, individuals with ADHD were identified
by physician diagnoses rather than through a self-report scale,
preventing recall bias. Furthermore, we used propensity score
matching, which provided a “least biased” approach to mea-
suring the influence of ADHD on burn injury risk.

This study also has several limitations. First, diagnoses of
ADHD and diseases were obtained from administrative
claims data; thus, possible misclassifications may exist due
to help-seeking behavior. Stigma regarding mental illness
may prevent individuals from visiting a psychiatric clinic.
Second, we selected individuals by using Taiwan’s NHIRD
and records from January 1996 to December 2013. The data
registered during the period between 1996 and 2013 were
recorded using ICD-9-CM, which had more strict criteria
regarding ADHD than ICD-11. Cases of ADHD may be
missing due to this methodological limitation. An updated
diagnostic system should be considered in future analysis.
Third, some vital clinical information, such as socioecono-
mical status, parental supervision, family history, and life-
style, was not obtained from the claims data. These
psychosocial confounding factors may have significant influ-
ences on burn risk, particularly for young children. Finally,
the severity and predominant features of ADHD symptoms
were not assessed, and data for the analysis of the correlation
of ADHD symptoms with burn injury severity were not
available. Further comprehensive research should be con-
ducted to analyze the relationship between ADHD symptoms
and burn severity.

Conclusion

The results of this study suggest that clinicians pay attention
to burn risk for patients with ADHD, particularly for chil-
dren aged younger than 6 years. Continual efforts are
required to enhance public awareness of burn risk for
young children with ADHD. Further exploration of the
causal relationship between ADHD and burn injury will
provide more information for the prevention of burn injury.
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