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Study Objectives: The aim of this study was to determine the impact of serious parental injury on adolescent sleep disorder diagnoses, outpatient care, and
medication use.
Methods: U.S. military personnel who sustained a serious injury and were parents of adolescents aged 10–18 years were identified. Included adolescents were
enrolled in the Military Health System for 2 years before their parent’s injury and 2 years after the injury. We used logistic regression clustered by adolescents to
compare the odds of having a sleep diagnosis and negative binomial regression analysis clustered by adolescents to compare outpatient sleep disorder visits and
sleep medication days before and after parental injury.
Results: There were 96,318 parents seriously injured during 2004–2014 who had 117,577 children aged 10–18 years in 2002–2016. Approximately 2% of
adolescents had a sleep disorder diagnosis, both before and after their parent’s injury or illness. Outpatient sleep disorder visits increased 36% after a parent’s injury
(incidence rate ratio 1.36 [1.24–1.50]), with a twofold increase in insomnia visits (incidence rate ratio 2.35 [2.08–2.64]). Increases in sleep visits were most
pronounced in adolescents of parents with traumatic brain injury, comorbid traumatic brain injury and posttraumatic stress disorder, battle injury, and those who
were medically discharged from the military. The number of adolescents using sleep medications increased, but sleep medication days did not increase.
Conclusions: Adolescents in our study used more outpatient medical care for sleep disorders; sleep medication use increased after parental injury.
Sleep disorders should be considered in the care of adolescents with injured parents.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Stress within a family unit increases after a parent is injured and likely impacts the sleep of the entire household,
which may include adolescents, who are already uniquely vulnerable to sleep disturbances. The full impact of parental injury on adolescent sleep has
yet to be fully explored.
Study Impact: Adolescents are at an increased risk of outpatient care utilization and medication use to treat sleep disorders after a parent is injured.
Early screening and detection of sleep disorders in these adolescents are crucial to prevent adverse consequences of poor sleep.

INTRODUCTION

Parental physical or mental illnesses and injuries can significantly
impact a family’s ability to function, increase family stress, and
affect the well-being of their children.1,2 Adolescents are partic-
ularly vulnerable to difficulties with sleep.3,4 For children, poor
sleep can be a serious consequence of stress, and quality sleep is
a vital element in maintaining child health and well-being.5,6

The military represents a vulnerable population with regard to
sleep. Sleep disorders are more common in the military, where
significantly more active-duty service members (ADSMs) habit-
ually obtain 6 or fewer hours of sleep per night and have higher
rates of obstructive sleep apnea and insomnia than the general
population.7–10 ADSMs recovering from injury and illness often
struggle with poor sleep. Many consider posttraumatic stress
disorder (PTSD) and traumatic brain injury (TBI) to be the
signature invisible injuries of the wars in Iraq and Afghanistan,

and these are often accompanied by a high rate of sleep
problems, including excessive daytime sleepiness, sleep-
disordered breathing (SDB), insomnia, and hypersomnia.11,12

Disturbed sleep is a cardinal feature of mood disorders (such
as PTSD, depression, and anxiety), and these conditions can
perpetuate one another.13,14 What has not been established is
whether or how sleep and health in ADSM impact family
members, especially over the past two decades of war.

Chronic parental illness has been linked with increased
behavioral and mental health problems in children.15–18 A large
retrospective Finnish cohort study found that children of par-
ents with cancer utilized more specialized inpatient and out-
patient psychiatric care compared with their peers, more so if
one of their parents had a comorbid psychiatric disorder.15

Severe parental mental illness has been associated with increased
risk for attention deficit hyperactivity disorder and autism spec-
trum disorder in their offspring.16 In smaller cohorts, parental
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multiple sclerosis and stroke have been linked to childhood
interpersonal and behavioral problems.17,18

Beyond effects on behavioral and mental health, parental
injury has been found to increase the use of psychoactive
medication use by children.1,19–21 Children of parents treated
for unintentional injury were more likely to report posttrau-
matic stress and depressive symptoms postinjury.1 Parental TBI
has been associated with emotional and behavioral difficulties
in children, including depressive symptoms.19,20

Sleep disturbances are prevalent in the pediatric population
but may be underdiagnosed.22 Rates of specific sleep disorders
range from 0.004% to 1.2% for parasomnias, 0.005% to 0.2%
for circadian-rhythm sleep disorder, 1% for SDB, and 4% to 11%
for insomnia.22–24 Many adolescents, however, are symptomatic
and experience poor sleep without an actual diagnosis. Ado-
lescents are inherently at risk for sleep issues, which can have
significant adverse implications on development, even without
a known stressor.3,4,25 During puberty, adolescents are at risk
of experiencing sleep-phase delay, with a predilection to fall
asleep later in the evening26; this tendency, together with the
high demands of schoolwork and extracurricular activities,
may lead to sleep deprivation and poor sleep hygiene. This risk
for poor sleep is at odds with adolescents’ need for sleep,
as consistently obtaining sufficient sleep is vital for adequate
development of the white matter of adolescent brains.25 Animal
models and short-term experiments in humans have shown that
sleep deprivation can lead to deficits in cognition, vigilance,
memory, mood, behavior, immune function, and the ability to
learn.6,27 Expected developmental changes in adolescent sleep
patterns, including delayed sleep phase and psychosocial
stressors from school, are likely tolerable in isolation but
may prove unbearable when compounded by stressors such as
parental injury, which may then lead to an increase in sleep
disturbances from these stressors.

Whereas research has linked parental injuries with negative
health outcomes in younger children, the impact of parental
injury on adolescents has not been well explored, nor has the
impact of parental injury on the sleep of children of any age.28

Children in military families may be at increased risk for sleep
disturbances owing to their increased exposure to stressors
such as parental deployment and battle injury. This study
sought to explore any relationship between parental injury and
sleep-related medical care and the use of sleep medication in
military-connected adolescents.

METHODS

Inclusion criteria
A self-controlled case series was conducted using the Military
Health System Medical Data Repository, which is a compre-
hensive record inclusive of all inpatient and outpatient care
provided at military and civilian medical treatment facilities,
as well as outpatient prescriptions. All children were covered
under TRICARE, the low-cost/no-cost health care program
for uniformed service members, retirees, and their dependents
in the United States and abroad. All parents who incurred an
injury between October 1, 2004, and September 30, 2014, were

identified by their inclusion in the Ill, Injured, and Wounded
Dataset of the Medical Data Repository, which records injuries
in the ADSM. This database was initially created to determine
the cost of care for ADSM injured in battle but now includes
anyone with a serious injury or illness of a type or severity
similar to those that could be incurred in battle. Children of
injured ADSM enrolled in the Military Health System and
covered under TRICARE for the entire 2 years before and 2
years after their parents were injured were identified using the
Defense Eligibility and Enrollment Reporting System and were
included in the study. Families who moved during the study
period and received care atmultiplemilitary hospitals or civilian
providers were still included so long as theywere covered under
TRICARE for the entire 4-year period. Children who did not
have 2 full years of care before and after the injury were not
included.Wedonot expect to have lostmany children to follow-
up as care in the Warrior Care and Transition program and
the time to medically related retirement is not a quick process.
Child age was determined at the time of their parent’s injury.

For each adolescent, the 2 years after the parent’s injury was
compared with the 2 years immediately preceding their par-
ent’s injury, which was considered the control period. Children
were aged 12 to 16 years at the time of their parent’s injury and
were aged 10 to 18 years over the full course of the study.

Parents’ serious injuries were identified as occurring in battle
or in daily life and included physical injuries, such as burns,
amputation, shrapnel injury, fracture, spinal cord injury,
blindness, as well as PTSD and TBI. PTSD and TBI are more
likely to impact sleep health, and parental sleep issues have
been shown to impact the sleep of others in the household and
may adversely impact an adolescent’s sleep.29–31 Parents
injured during combat were identified in the Ill, Injured, and
Wounded dataset by a “flag” denoting an injury sustained
during hostilities. It is likely that this identification method
missed some parents whose injuries were not immediately
documented related to battle, for example, thosewith conditions
such as PTSD or TBI that were rooted in deployment, but not
documented in the Ill, Injured, and Wounded database owing
to delayed presentation (ie, after return from combat). The
dataset also included an indicator of those who were medically
retired from the military as a result of their injuries, which acted
as a surrogate for the most severe injuries.

Sleep disorder diagnoses
The International Classification of Diseases 9th edition (ICD-9)
diagnostic codes identifies outpatient visits for sleep disorders.
The Clinical Classification System of the Agency for Health-
care Research and Quality multilevel diagnosis categories
for sleep disorders are used to subgroup sleep disorder di-
agnoses. Sleep subcategories include circadian-rhythm sleep
disorder, hypersomnia, insomnia, narcolepsy, parasomnias,
restless legs syndrome (RLS), SDB, and sleep disorder–not
otherwise specified (NOS).

Sleep medication use
Outpatient pharmacy records identify prescriptions for sleep
medications and number of days on sleep medications both
before and after the date of injury. Sleep medications were only
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counted for the time period (before or after a parent’s injury) if
the child had a sleep disorder diagnosis in that same time
period, as many medications used for sleep can be used for other
conditions as well. Classes of medications studied included ben-
zodiazepines, hypnotics, tricyclic antidepressants, antihistamines,
melatonin receptor agonists, orexin receptor antagonists, alpha2-
adrenergic receptor agonists, the serotonin antagonist and reuptake
inhibitor trazodone, and the tetracyclic antidepressant mirtazapine
(Supplemental Table S1).

Statistical analysis
The prevalence of sleep diagnoses overall and by type and
sleep medication use overall and by class were determined
before and after a parent’s injury and compared using the χ2

statistic. Unadjusted and adjusted logistic regression clustered
by adolescent compared the odds of having a sleep diagnosis.
Unadjusted and adjusted negative binomial regression analysis
clustered by adolescent calculated the incidence rate ratios
(IRR) comparing outpatient visits for sleep diagnoses and
prescribed days of sleep medication use before and after the
parent’s injury. Negative binomial regression can determine the
relative rate of counted events, such as outpatient visits or days
of medication use. Adjusted models controlled for child’s sex,
adolescent age at time of parental injury, years of parental
deployment, and comorbid conditions (eg, attention deficit
hyperactivity disorder, autism spectrum disorder, and mood
disorders) associated with sleep issues in children and
adolescents.13,32,33 Adolescents were categorized as having the
comorbid condition if they carried the diagnosis at any point
during the study period. Secondary analysis examined the
impact of parental injury stratified by parental injury type,
severe parental injury as operationalized bymedical retirement,
and parental injury setting (battle vs nonbattle). Parents with
PTSDand/or TBIwith orwithout a co-occurring physical injury
were classified as having PTSD, TBI, or comorbid PTSD-TBI
for secondary analysis, as these were the signature injuries of
these wars and can be particularly disruptive to sleep.29,30

P values were considered statistically significant at P < .05.
Analyses were conducted using Stata Intercooled 13 (Stata
Corp, College Station, Texas). This study was reviewed and
approved by the local Institutional Review Board.

RESULTS

This study comprised 117,577 adolescents of 96,318 injured
parents (Figure 1). At the time of the parent’s injury, the children
were a mean age of 13.9 years (standard deviation [SD] 1.15),
and 51%were male.Median age for adolescents increased from
15.4 to 17.1 years after parental injury (P < .001) for all sleep
disorders, as well as specifically for each sleep disorder except
hypersomnia and narcolepsy. Approximately 38% of adolescents
had a parent with PTSD and/or TBI, which included 22,469
(19.1%) who had a parent with PTSD, 11,813 (10.1%) with a
parent with a TBI, and 9,983 (8.5%) had a parent with comorbid
PTSD-TBI. There were 357 (0.3%) adolescents whose parents
sustained abattle injury, and9,820 (8.35%)hadparentswhowere
medically retired from the military after their injury (Figure 1).

Sleep disorder prevalence
The number of adolescents with a sleep disorder diagnosis
after their parent’s injury, 2,249 (1.9%), did not differ signifi-
cantly from the preinjury number, 2,342 (2.0%; P = .17)
using χ2 analysis. The most common sleep disorder diagnosis
was insomnia, followed by sleep disorder–NOS. After parental
injury, the number of adolescents with insomnia increased
significantly, and those with diagnosed parasomnias, RLS,
SDB, and sleep disorder–NOS decreased (Table 1). In lo-
gistic regression analysis, the odds of a sleep diagnosis after
parental injury was unchanged in unadjusted (odds ratio
0.96 [0.91–1.01]) and slightly decreased in adjusted analysis
(odds ratio 0.93 [0.88–0.99] Table 2).

Outpatient care for sleep disorders
In unadjusted analysis, there was an overall 33% increase in
outpatient visits for sleep disorders (IRR 1.33 [1.22–1.46]) after
parental injury. Increased visits were associated with attention
deficit hyperactivity disorder, autism spectrum disorder, and
mood disorders (Table 2), and male sex, adolescent age, and
years of parental deployment were not significantly associated
with sleep visits in unadjusted analysis. The median age of all
sleep visits, however, before injury was 15.4 (95% confidence
interval [13.1–17.4]) years, which is significantly different
from the median age of sleep visits after parental injury (17.1
[15.1–19.1]) in rank sum. After adjustment, there was a 36%
increase in visits for any sleep disorder diagnosis (IRR 1.36

Figure 1—Demographics of included parents
and adolescents.
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[1.24–1.50]). The rate of visits for circadian-rhythm sleep
disorder, narcolepsy, insomnia, and sleep disorder–NOS were
increased after injury in unadjusted and adjusted models, yet
visits for RLS, SDB, hypersomnia, and parasomnias were not
significantly different (Table 3).

Sleep medication prevalence and medication days
After a parent’s injury, the number of adolescents using sleep
medications increased significantly from590 to 692 adolescents
(P = .004), driven by increased use of hypnotic and serotonin
antagonist and reuptake inhibitor use (Table 1); however, in
unadjusted and adjusted analyses, the number of sleep medi-
cation days did not significantly differ in the postinjury period
compared with the time preceding parental injury (Table 2).

Secondary analysis by type of parent injury
In unadjusted and adjusted analyses outpatient visits for sleep
disorders increased in adolescents of parents with all types of
injuries (Table 4). Increases were most pronounced in children
of parents with TBI (IRR 1.67 [1.25–2.22]) and parents with
comorbid PTSD-TBI (IRR 1.64 [1.34–2.01]). In unadjusted
analysis, sleep medication days increased twofold in adolescents
whose parents had comorbid PTSD-TBI (IRR 2.09 [1.15–3.81]);
however, after adjustment, none of the categories of parental
injury was associated with increased medication use (Table 4).

Impact of battle injury
In adolescents of nonbattle-injured parents, outpatient visits
for sleep disorders increased by 33% in unadjusted (IRR 1.33

Table 1—Adolescents with sleep disorder diagnoses and sleep medication use before and after parental injury.

No. and Percentage (%) of Adolescents
before Parental Injury

No. and Percentage (%) of Adolescents
after Parental Injury P Value

All diagnoses 2,342 (1.99) 2,249 (1.91) .166

CRSD 47 (.04) 59 (.04) .244

Hypersomnia 4 (0) 3 (0) .705

Insomnia 961 (.82) 1166 (.99) < .001

Narcolepsy 35 (.03) 39 (.03) .642

Parasomnias 68 (0.06) 26 (.02) < .001

RLS 69 (0.06) 42 (.04) .010

SDB 739 (.63) 526 (.45) < .001

Sleep disorder–NOS 793 (.57) 698 (.59) .014

Any sleep medication 590 (.50) 692 (.59) .004

Benzodiazepines 16 (.01) 25 (.02) .160

Hypnotics 75 (.06) 137 (.12) < .001

Tricyclic antidepressants 6 (.01) 8 (.01) .593

Antihistamines 176 (.15) 171 (.15) .788

Melatonin receptor agonists 9 (.01) 10 (.01) .819

Orexin receptor antagonists 0 (0) 1 (0) .267

α2-adrenergic receptor agonists 140 (.12) 108 (.09) .042

Serotonin antagonist and reuptake inhibitors 149 (.13) 241 (.20) < .001

Tetracyclic antidepressants 154 (.13) 175 (.15) .247

CRSD = circadian rhythm sleep disorder, NOS = not otherwise specified, RLS = restless leg syndrome, SDB = sleep-disordered breathing.

Table 2—Unadjusted and adjusted rates of outpatient visits for sleep disorders and sleep medication days.

Sleep Diagnoses OR
(95% CI)

Sleep Outpatient Visits IRR
(95% CI)

Sleep Medication Days IRR
(95% CI)

Unadjusted impact of parental injury .96 (.91–1.01) 1.33 (1.22–1.46) 1.01 (.83–1.23)

Adolescent sex .96 (.90–1.03) 1.01 (.89–1.14) 0.75 (.46–1.22)

Adolescent age 1.03 (1.00–1.06) 1.04 (.99–1.09) 1.37 (1.15–1.62)

Parental years deployed 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Adolescent ADHD 2.39 (2.20–2.60) 3.39 (2.93–3.93) 7.72 (4.96–12.0)

Adolescent ASD 1.46 (1.25–1.71) 4.67 (2.79–7.81) 20.6 (11.4–37.0)

Adolescent mood disorders 2.36 (2.16–2.58) 3.64 (3.23–4.10) 6.64 (4.96–8.89)

Adjusted impact of parental injury .93 (.88–.99) 1.36 (1.24–1.50) 1.12 (.80–1.57)

ADHD = attention deficit hyperactivity disorder, ASD = autism spectrum disorder, CI = confidence interval, IRR = incidence rate ratio, OR = odds ratio.
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[1.22–1.46]) and 36% in adjusted analysis (IRR 1.36 [1.23–
1.50]). Sleep medication use did not increase in adolescents
of parents not injured in battle, in unadjusted or adjusted
analysis. In adolescents whose parents sustained a battle in-
jury, sleep visits did not significantly change after parental
injury in unadjusted or adjusted analysis; however, in ad-
justed analysis, sleep medication days were significantly in-
creased in adolescent of battle-injured parents (IRR 19.1
[3.10–119], Table 4).

Secondary analysis by injury severity
In adolescents of nonmedically retired parents, outpatient visits
for sleep disorders increased in unadjusted (IRR 1.29 [1.17–
1.41]) and adjusted analysis (IRR 1.31 [1.18–1.45]; Table 4).
Sleep medication days did not significantly change for children
of nonmedically retired parents. In adolescents of medically
retired parents, visits also increased after their parent’s injury in
unadjusted (IRR 1.85 [1.54–2.23]) and adjusted analysis (IRR
1.98 [1.61–2.45]). Sleep medication days increased 74% (IRR
1.74 [1.10–2.73]) in unadjusted analysis of adolescents of
medically retired parents, and there was no significant change
in adjusted analysis (Table 4).

DISCUSSION

Adolescents used more outpatient care for sleep disorders
after a parent’s injury. Care increases were especially pro-
nounced in teens whose parents experienced TBI, had comorbid
TBI-PTSD, or endured injuries sufficiently severe to lead to
medical retirement. The increase in outpatient care for sleep
disorders after parental injury without an increase in the number of
adolescents with sleep disorder diagnoses suggests increased
severity after parental injury in those with existing sleep issues.
After a parent is injured, the focus of familymedical and emotional
needs may shift toward parental rather than child needs.34 This
shift in focus away from the child may lead to significant dis-
ruptions in teenage daily routines and activities, altering their
sleep schedule and habits and resulting in sleep difficulties.

Despite previous survey reports that up to 60%of adolescents
report difficulties with sleep and inadequate sleep duration, this
study’s finding that 2% of included teens had formally diag-
nosed sleep disorders both before and after their parent’s injury
is consistent with a previous estimate of 3.7% of sleep disorder
diagnoses in 0- to 18-year olds.22,35–37 The discrepancy between
survey response andmedical diagnoses likely relates to adolescents

Table 3—Unadjusted and adjusted rates of outpatient visits for sleep disorders by specific diagnosis.

Outpatient Visits: Unadjusted IRR (95% CI) Outpatient Visits: Adjusted IRR (95% CI)a

Any sleep disorder diagnosis 1.33 (1.22–1.46) 1.36 (1.24–1.50)

Circadian rhythm sleep disorder 1.52 (.92–2.54) 1.57 (1.01–2.45)

Hypersomnia 1.75 (.38–7.96) *

Insomnia 2.05 (1.82–2.30) 2.35 (2.08–2.64)

Narcolepsy 2.79 (.97–7.98) 1.91 (1.01–3.63)

Parasomnias 0.42 (.20–0.86) *

Restless legs syndrome 0.78 (.49–1.26) 0.95 (.54–1.66)

Sleep-disordered breathing 0.92 (.79–1.06) 0.93 (.79–1.10)

Sleep disorder–NOS 1.12 (.96–1.30) 1.27 (1.10–1.46)

*Insufficient numbers of cases to run adjusted analysis. aAdjusted for adolescent sex, age, parental years deployed, adolescent attention deficit hyperactivity
disorder, autism spectrum disorder, and mood disorders. CI = confidence interval, IRR = incidence rate ratio, NOS = not otherwise specified.

Table 4—Adolescents’ outpatient visits for sleep disorders andmedication days by type and severity of parental injury: unadjusted
and adjusted rates of outpatient visits for sleep disorders and sleep medication days.

Sleep Outpatient Visits IRR (95% CI) Sleep Medication Days IRR (95% CI)

Unadjusted Adjusteda Unadjusted Adjusteda

Physical injury 1.22 (1.11–1.35) 1.28 (1.14–1.43) .87 (.70–1.07) .99 (.68–1.44)

PTSD 1.27 (1.10–1.46) 1.36 (1.15–1.60) .93 (.65–1.34) 1.09 (.57–2.09)

TBI 1.66 (1.17–2.35) 1.67 (1.25–2.22) 1.11 (.72–1.72) 1.02 (.55–1.89)

PTSD and TBI 1.91 (1.52–2.41) 1.64 (1.34–2.01) 2.09 (1.15–3.81) 2.14 (.95–4.88)

Nonbattle injury 1.33 (1.22–1.46) 1.36 (1.23–1.50) 1.00 (.82–1.22) 1.05 (.74–1.50)

Battle injury 1.52 (.62–3.74) 2.48 (.89–6.88) 2.65 (.40–17.5) 19.1 (3.10–119)

Not medically retired 1.29 (1.17–1.41) 1.31 (1.18–1.45) .94 (.76–1.16) 1.05 (.73–1.51)

Medically retired 1.85 (1.54–2.23) 1.98 (1.61–2.45) 1.74 (1.10–2.73) 1.79 (.83–3.88)

aAdjusted for adolescent sex, age, parental years deployed, adolescent attention deficit hyperactivity disorder, autism spectrum disorder, and mood
disorders. CI = confidence interval, IRR = incidence rate ratio, PTSD = posttraumatic stress disorder, TBI = traumatic brain injury.
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underreporting sleep difficulties in the primary-care setting,
teens not viewing sleep as a medical issue, providers not asking
about sleep, or providers not coding accurately (or at all) for sleep
issues. Comorbid mood disorders in adolescents that were treated
after a parent’s injury with medication may have also led to
improvement in sleep disorders.

Insomnia was the most common sleep disorder diagnosis
experienced by adolescents. The prevalence of insomnia in this
study (0.82%–0.99%) was lower than previously reported rates
based on random sample surveying of teens (4%–11%) who
were asked about Diagnostic and Statistical Manual of Mental
Disorders (4th ed.) criteria for insomnia.23,24 Rates, however,
are considerably higher than reported rates of insomnia identified
by ICD-9 codes in a medical setting (0.05%).22 After parental
injury, both the proportion of adolescents with insomnia and the
rate of outpatient visits for insomnia increased, which indicates
increased insomnia prevalence and severity. Adolescents are
particularly vulnerable to insomnia, as teens experience changes in
their circadian rhythmas theyprogress throughpuberty.26 Parental
injury may exacerbate these vulnerabilities if it leads to increased
caregiving responsibilities for the adolescent, more family conflict,
or increases parental injury-related sleep disturbances, all of which
can impact adolescents’ sleep practices.29,30,34,38

Outpatient visits for narcolepsy, circadian-rhythm sleep
disorder, and sleep disorder–NOS also increased after parental
injury, despite small decreases or no change in the prevalence of
these diagnoses, which again suggests increased severity after
parental injury in teens with these conditions. The effect of
puberty on adolescent circadian rhythm may negatively impact
teenagers’ sleep.26 In addition, symptoms resembling narco-
lepsy can be seen in those with inadequate sleep overall.39 Like
insomnia, these normal adolescent vulnerabilities to sleep is-
sues are likely exacerbated by family stress and poor parental
sleep related to parent’s injury.

A lower proportion of adolescents had diagnoses for para-
somnias, RLS, and SDB after parental injury; and visit rates for
these diagnoses did not significantly change after parental in-
jury. The prevalence of parasomnia (0.004%–1.2%), RLS
(0.02%), and SDB (1.0%) diagnoses was consistent with pre-
viously reported ICD-9 code-based prevalence estimates.22

These diagnoses are less likely to be associated with an
adolescent-aged specific vulnerability. Decreased care for these
diagnoses likely relates to a family shift in focus to the injured
parent or increased resolution of the sleep disorder owing to care or
age.34,40 It cannot be assumed that these disorders resolved after
the parent’s injuries; however, a diagnosis of SDB may resolve
over time because of the expected airway maturation of older
children or if the adolescent received an adenotonsillectomy or
initiated continuous positive airway pressure treatment at home.41,42

Many children with SDB also have difficulties with bedwetting, a
type of parasomnia, and after proper treatment of their SDB, their
bedwetting may resolve as well.43 Hypersomnia in adolescents
may improve over time if medication treatment was initiated.

The proportion of adolescents using medications for sleep
disorders increased in the postinjury period, yet there was no
significant change in the number of medication days after a par-
ent’s injury. Results may suggest increased short-term trialing
of medication therapy for sleep disorders.

The percentage of adolescents who used a medication for a
sleep disorder in this study (0.5%–0.6%) was consistent with a
reported rate of 0.3% in a study that also used pharmaceutical
data linkedwith diagnoses.44 This estimatewas lower, however,
than the rate of 5.1% reported from a study that looked
at prescriptions but did not link medications to known sleep
conditions.22 Trazodone, mirtazapine, and antihistamines were
the most commonly prescribed medications for sleep in military-
connected adolescents, which is consistent with reported sleep
prescribing patterns in older children.22,45 Mirtazapine and tra-
zodone have sedative effects that make them more commonly
used in patients with both depressive symptoms and sleep
difficulties, and some studies have found them to be effective in
treatingadult sleepdifficulties aswell.46,47 Providersmay feelmore
comfortable prescribing these medications in older children
because of their larger size and ability to tolerate potential side
effects. Use of antihistamines was likely undercounted as
these medications can be purchased over the counter.

In adolescents with a sleep diagnosis, the proportion of ado-
lescents prescribed sleep medications increased, although the
mean number of medication days did not change after parental
injury. The increase in the number of adolescents prescribed a
medication after parental injury is consistent with increased sleep
visits during this same period. If increased visits indicate increased
severity, it would likely follow that increased severity led to
medicationuse, at least asa trial treatment.Physiciansmaybemore
likely to trial sleep medications in adolescents with known acute
family stressors if effectively implementing behavioral interven-
tions is not thought to be feasible (because of limited resources or
family conditions) in already stressed families.48

In the aggregate, theremaynot be increases inmedicationdays as
some adolescents may be taken off long-term sleep medication
prescriptions after parental injury. In many cases, injured ADSM
and their families are moved to large medical treatment facilities to
better serve the needs of the injured ADSM. These larger medical
facilities are likely to have specialized sleep medicine services. In
caseswhere sleep care ismoved to specialized sleep clinics, the first
step is often cessation of all long-term sleep medications, as these
specialized practitioners can better diagnose the root causes of sleep
issueswhenpatientsarenot takingmedication;however,a limitation
ofourdataset is thatweareunable toelucidate reasons forchanges in
sleepmedication prescriptions owing to variability in the location of
care and provider prescribing practices across our population.

Secondary analysis showed more pronounced increases in
sleep visits from the preinjury to postinjury periods in ado-
lescents of parents with TBI and comorbid PTSD-TBI and
children of medically retired parents. Adolescent sleep habits
have been linked to parental sleep habits; that is,when a parent is
experiencing PTSD-related nightmares or delayed-phase cir-
cadian rhythm sleep disturbance from TBI, the adolescent’s
sleep may be disrupted as a result.31 The more pronounced
increases in care for these teens may suggest that adolescent
sleep is more impacted in cases of more severe injury and in
injury types that are likely to directly impact the sleep of injured
parents. These findings are consistent with research suggesting
that poor parental emotional health and parental anger, which can
increasewithPTSDand/orTBI,areassociatedwithsleepdifficulties
in their children.49 In addition, parental TBI has been associated
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with depressive symptoms in children, whichmaymanifest as poor
or inadequate sleep.19,20 Findings are consistent with research
that suggests the severity of parental emotional problems is pre-
dictive of the severity of their children’s sleep issues.49,50

In adolescents of battle-injured parents specifically, the visit
rate for sleep disorders after parental injury did not significantly
differ from the preinjury period. Themilitary has implemented a
robust warrior care and transition program to care for battle-
injured ADSM and their families that provides intensive care to
the individual and their family as well. Results may suggest that
adolescent sleep is not so negatively impactedwhen families are
provided comprehensive care.

Our study was limited by reliance on ICD-9 codes and pre-
scription billing data. ICD-9 coding may not provide adequate
information about the severity of adolescent sleep disorders or
parental injuries. Less severe sleep problems may have been
underidentified, and over-the-counter sleep aids, such as mel-
atonin or antihistamines, are often the first-line treatment for sleep
issues and may not have been captured in this study. Whereas
medication analyses were limited to those with sleep disorder di-
agnoses, we were unable to link prescriptions to a diagnosis, so it is
possible that somemedicationswere prescribed for nonsleep issues.

Preinjury periods were also likely periods of parental de-
ployment, especially in the case of battle-injured parents, as
battle injures by definition occur during combat deployment.
ADSMs are frequently sent on deployment in close succession.
Deployments in the preinjury periodmay have increased family
stress and resulted in less pronounced differences in preinjury
and postinjury sleep care and medication use. The recorded
prevalence of battle-injured parents (0.3%) in this study was
low compared with recent statistics of war-related injuries in
ADSMs.51Discrepancies likely relate tomiscoding of injuries if
diagnosesweremade after the acute injury period, such asPTSD
and TBI, which may take time to develop, or challenges related
to completing accurate documentation in combat settings.

Finally, because of the nature of this study’s design, we are
not able to establish causation between parental injury and sleep
disorder diagnoses and medication use. Sleep disorder preva-
lence rates may be affected by a host of family-level factors
and stressors that we were unable to control for, such as family
structure and income, parental mental illness, frequent military
householdmoves, parental substance abuse, domestic violence,
and divorce or separation. In addition, later school start times,
expected delayed sleep-phase changes as children age, or other
comorbid medical conditions also may have affected sleep
disorder prevalence. All these confounders could affect the
ability of parents to care for their children, especially in the
setting of a stressor such as serious parental injury. Diagnosis and
treatment of sleep disorders may vary as an adolescent ages, and
although adolescent age was controlled for in this study, it may
not fully account for this age-related variation in care.

The strengths of this study included a large sample of parents
and adolescents followed up over a long period. A wide variety
of parental injuries were studied, including physical injuries, TBI,
and PTSD sustained both in and out of the battle setting. Use of
an open-access health care system with low- to no-cost health
care decreased access-to-care bias. Because some indications for
medications commonlyused for sleep disorders includednonsleep

conditions,medication analyseswere limited to adolescentswith a
sleep diagnosis. The results of this study are generalizable to a
nonmilitary population asmost of the injured parents were injured
in nonbattle-related activities. Finally, the use of an extended
preinjury and postinjury period allowed for examination of the
ongoing impact of injury on children and families.

CONCLUSIONS

Sleep disorders can affect the entire household. When providing
care to adolescents with known family stressors, including parental
injury, providers should inquire about adolescents’ sleep as a
potential area for intervention. Existing sleep conditions are
exacerbated by family stress, and sleep should be included in
long-term care and treatment planning for adolescents in families
where one or more parents has experienced injury.

ABBREVIATIONS

ADSM, active-duty service member
ICD, International Classification of Diseases
IRR, incidence rate ratio
NOS, not otherwise specified
PTSD, posttraumatic stress disorder
RLS, restless legs syndrome
SDB, sleep-disordered breathing
TBI, traumatic brain injury
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