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Abstract
Objectives—In September of 2008 the Texas coast was directly hit by Hurricane Ike. Galveston
was flooded by 14 feet of storm surge, affecting most of the Island’s housing and infrastructure.
The purpose of the present study is to examine whether youth who did not evacuate (11%), and
subsequently were exposed to Hurricane Ike, exhibit higher rates of substance use and physical
and sexual teen dating violence (both perpetration and victimization), relative to adolescents who
did evacuate.

Setting—Public high school in southeast Texas that was in the direct path of Hurricane Ike.

Participants—An anonymous survey was administered in March 2009 to 1,048 high-school
students who returned to Galveston post-storm (41% Hispanic, 23% African-American, 27%
White).

Main Outcome Measures—Teen dating violence and substance use.

Results—Mantel-Haenszel odds ratios, adjusting for age and ethnicity, were computed.
Compared to boys who evacuated, non-evacuating boys were more likely to perpetrate physical
dating violence and sexual assault, and to be a victim of sexual assault. Non-evacuating boys and
girls were more likely than those who did evacuate to report recent use of excessive alcohol,
marijuana, and cocaine.

Conclusions—School personnel, medical personnel, and mental health service providers should
consider screening for evacuation status in seeking to identify those adolescents who most need
services after a natural disaster. Further, in addition to addressing internalized emotions and
psychological symptoms associated with experiencing trauma, intervention programs should focus
on reducing externalized behavior such as substance use and teen dating violence.

Accumulating evidence suggests that children and adolescents exposed to natural and man-
made disasters are at an increased risk of developing psychological problems.1–3 In a series
of studies following Hurricane Andrew, school-aged children exposed to the destruction of
the storm exhibited acute and persistent symptoms of posttraumatic stress disorder,
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depression, and anxiety.4–7 Similar findings were reported after Hurricane Katrina.8–11 For
example, Scheeringa and Zeanah12 found high rates of PTSD in young children who did
(43.5%) and did not (62.5%) evacuate from Hurricane Katrina.

Although the negative effects of traumatic experiences on children’s and adolescent’s
psychological health have been well documented, much less is known about the effect of
large scale disasters on youths’ behavior.13–15 Most of what we do know regarding exposure
to trauma and resulting behavior comes from research on childhood maltreatment, exposure
to violence, and sexual abuse, which indicates that youth exposed to traumatic experiences
are at a heightened risk of developing risky health behaviors such as substance use and
aggressive behavior.16,17 With respect to disaster, Wu and colleagues18 found that
adolescents in New York City exhibited increased rates of cigarette smoking and drinking
after the 9/11 terrorist attacks. Similarly, in a rare study containing pre- and post-disaster
data, exposure to Hurricane Rita was associated with increasing substance use among high
school students, particularly with respect to marijuana.15 A Dutch study evaluating the
impact of a café fire that killed 14 and wounded 250 adolescents found that youth exposed
to (or in schools associated with) the traumatic event had significantly higher rates of
depression, anxiety, aggression, and alcohol use, relative to matched controls.2 Although
limited research on adult samples reveals an association between exposure to natural
disasters and intimate partner violence,19,20 we are unaware of a study that examined the
relationship between catastrophic events and teen dating violence.

Unlike tornadoes, earthquakes, terrorist attacks, and other disasters, hurricanes generally
offer an opportunity for people to evacuate and thus avoid direct exposure to the traumatic
event. This is important as most trauma data suggest that the degree of exposure to the
trauma is the single most important predictor of psychological harm.4,21,22 And although the
stress of losing one’s home and possessions, and experiencing secondary stressors
associated with a disaster (loss of employment, loss of routine) are meaningful,11 actually
experiencing the life threatening event may be especially damaging. Thus, the purpose of the
present study is to examine whether youth who did not evacuate, and subsequently were
exposed to Hurricane Ike, exhibit higher rates of substance use and physical and sexual teen
dating violence (both perpetration and victimization), relative to adolescents who did
evacuate. This is one of only a few studies to examine post-disaster substance use among
adolescents, the first to specifically examine post-disaster teen dating violence, and among
the first to examine the psychological impact of Hurricane Ike.

METHODS
The traumatic event

On September 13, 2008 the Texas coast was directly hit by Hurricane Ike, one of the largest
and costliest hurricanes in US history. Galveston Island was flooded by 12 to 14 feet of
storm surge, affecting a vast majority of the island’s housing stock and rendering a third of
the houses destroyed or uninhabitable. The city was closed for two weeks due to dangerous
conditions and lack of vital services (potable water, sewer, power, medical facilities).
Despite mandatory evacuation orders, including the threat of “certain death” issued by the
National Weather Service, many Galvestonians, including children and adolescents, were
unable to evacuate or chose not to before the storm made landfall. It is estimated that 40% of
the city population remained on the island during the storm.23 These individuals endured
rising storm surge (75% of the city was submerged), destructive winds, fires, and after the
storm had passed, deplorable conditions.
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Participants and Procedure
In March of 2009, seven months after Hurricane Ike, an anonymous biennial risk behavior
survey was administered to 1,134 primarily low-income high-school students who returned
to Galveston island post-storm (41% Hispanic, 23% African American, 27% white, and 9%
other non-Hispanic) and attended Galveston’s only public high school.24 With a pre-storm
enrollment of 1,921 students, we were able to recruit and assess 59% of all students,
including those students who were displaced and never returned post-storm.25 When we
include only those students still attending the high school post-storm and present on the day
of data collection (n=1,478), we had a participation rate of 76%. Participants were excluded
if they did not report gender, age, race/ethnicity, or evacuation status, if they were younger
than 14 years old, or if they had inconsistent responses on key variables (e.g., reported
evacuating and also reported that they never left the Island). Asian-American adolescents
were also excluded because their sample size was too small for analysis. The final analytic
sample included 1048 participants.

Students were informed that their responses would be entirely anonymous and were
instructed to not place identifying marks on the questionnaire. Tests were distributed by
teachers. This study received approval from the Institutional Review Board of the University
of Texas Medical Branch at Galveston.

Measures
Physical dating violence victimization was assessed with the following yes/no question:
During the past 12 months, did your boy/girlfriend ever hit, slap, or physically hurt you on
purpose? and sexual assault was assessed with the following question: Has a boy/girlfriend
ever physically forced you to have sexual intercourse when you did not want to? These
questions were repeated for perpetration. Students also reported their past month use of
alcohol (including binge drinking), cigarettes, marijuana, cocaine, and inhalants. Finally,
participants were asked whether or not (yes/no) they evacuated from Galveston Island for
Hurricane Ike. Participants also reported their age, gender, and race/ethnicity.

Data Analysis
The number and percentage of participants who evacuated, by demographic characteristics,
are reported in Table 1. Unadjusted frequencies and percentages of adolescents who engaged
in or experienced teen dating violence and substance use are reported for those who did and
did not evacuate. Mantel-Haenszel odds ratios, adjusting for race/ethnicity and age and
stratified by gender, were computed to compare adolescents who did and did not evacuate.

RESULTS
In the surveyed sample, 11.3% of students reported that they did not evacuate prior to the
storm, with boys (n = 76, 16%), significantly more likely than girls (n = 42, 7%) to report
not having evacuated (p < .0001). As shown in Table 2, non-evacuating boys had 3 times the
odds of reporting that they had perpetrated physical violence (OR = 3.19) and had sexually
assaulted dating partners (OR = 3.73) compared to boys who did evacuate (all confidence
intervals and significant levels are reported in the table). While no difference was found for
physical violence victimization, non-evacuating boys were significantly more likely to be
sexually assaulted by their dating partners than were their evacuating male counterparts (OR
= 2.47). No differences on dating violence variables were found for adolescent girls. As
shown in Table 3, non-evacuating boys and girls were more likely to report episodic heavy
(binge) drinking (OR = 1.83 and 2.45, respectively), marijuana (2.10; 2.97), and cocaine
(5.41; 4.73) compared to youth who did evacuate. In addition, non-evacuating girls were
also more likely to be current smokers than were girls who evacuated (OR = 3.01). Non-
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evacuating boys were more likely to have used any amount of alcohol (OR = 1.96) and
inhalants (OR = 3.69) than were their evacuating male counterparts. Among boys, no
differences in smoking were found, whereas among girls no differences were found for
overall (non-binge drinking) alcohol use and inhalant use.

DISCUSSION
Compared to youth who evacuated, adolescents directly exposed to a major natural disaster
were more likely to report using a variety of licit and illicit substances (girls and boys) and
experience physical and sexual teen dating violence (boys). Several explanations for this
finding, including those accounting for the limitations of this study, are possible. An obvious
explanation is that greater exposure to a traumatic stressor may lead to a greater prevalence
of health risk behaviors. Because adolescents who did not evacuate were exposed to a life
threatening event, they had, by definition, an increased chance of developing symptoms of
PTSD and other comorbid psychiatric problems.26,27 Although we did not thoroughly assess
psychiatric problems in the current study, previous research has supported a positive
relationship between degree of trauma exposure and impact on mental health.7,28 It is
possible that adolescents used substances to self-medicate the psychological sequelae
resulting from direct exposure to the hurricane.29 Consistent with existing research, the
increased teen dating violence reported by boys in the current study may be a byproduct of
their increased substance use,30 however longitudinal disaster research is needed to establish
a temporal relationship between these factors. Correlates of posttraumatic stress such as
hypervigilance, reactive aggression, and emotional dysregulation may also contribute to
interpersonal aggression among adolescents exposed to a traumatic experience.14

As with most studies on the effects of unexpected disaster, we did not have information on
pre-storm levels of individual behavior. From previous studies with students in this region,
we know that the non-evacuating adolescents exhibited relatively high rates of substance use
and dating violence.24,30 However, it is also possible that adolescents who did not evacuate
were already engaging in more health risk behaviors. In fact, in a study of adolescents
exposed to Hurricane Andrew, Khoury and colleagues13 found that pre-hurricane behavior
was a better predictor of post-hurricane behavior than the stressors associated with the
trauma. It is possible that not evacuating before a natural disaster is itself a risk behavior/
marker, which would be expected to correlate with other risk behaviors such as substance
use and dating violence. Alternatively, not evacuating may be a marker of a type of family
or social environment that is associated with a greater prevalence of health risk behaviors.

As with any cross-sectional study and most studies of natural events, our results should only
be considered in light of several limitations. Foremost among these limitations is our lack of
pre-disaster data. As mentioned above, we are unable to ascertain whether the increased
health risk behaviors exhibited by non-evacuees relative to evacuees were related to
increased exposure or if the differences existed prior to the hurricane. Although this problem
is inherent with disaster research (see La Greca et al.5 and Reijneveld et al.2 for notable
exceptions), future studies would benefit by obtaining retrospective pre-disaster reports of
behavior from multiple informants (adolescent, parents, teachers). In addition, because the
current questionnaire is part of a biannual standardized risk behavior survey, our questions
on dating violence were predetermined and ask about behavior over the previous 12 months.
Thus, some of the violence likely predated the hurricane. Future disaster research will
benefit from querying specifically about the time since the traumatic event.

Another major limitation of this study is the fact that we do not have information on where
students were displaced during or after the storm (e.g., with families, mass shelters, hotels),
or the substantial number of students who did not return after the storm (~23% of the pre-
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storm student body). It could be that non-returning students (and their families) experienced
the most trauma and were forced (house destroyed; loss of employment) to leave or chose to
not to return out of fear for future hurricanes. Alternatively, it could be that families with the
most resources had the financial means to permanently leave. This study would have been
strengthened had we been able to obtain information on these individuals.

Conclusions
Despite these limitations and regardless of the explanation for the findings, our results
indicate that non-evacuating adolescents are at greater risk for engaging in substance use and
experiencing teen dating violence in the year after a disaster. While previous research has
demonstrated that adolescents’ internalized psychological health is impacted after a natural
disaster, these data, along with accumulating research,14,18,21 indicate that catastrophic
events may also relate to externalizing behavior among adolescents. Further, these results
support previous research showing that the intensity of exposure is of primary importance in
predicting subsequent health. Indeed, by dichotomizing the sample into evacuees and non-
evacuees we were better able to disentangle the effect of the trauma itself from the
secondary stressors associated with the trauma (e.g., life disruption).4,12 Although additional
research accounting for pre-disaster behaviors and post-disaster living situations are needed,
these findings have implications for screening and the provision of mental health and health
promotion services after a natural disaster. First, school personnel, medical personnel, and
mental health service providers should consider screening for evacuation status in seeking to
identify those adolescents who most need services after a natural disaster. Second, in
addition to addressing internalized emotions and psychological symptoms associated with
experiencing trauma, intervention programs should focus on reducing externalized behavior
such as substance use and teen dating violence.
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Table 1

Percentage of adolescents not evacuating by age and race/ethnicity

Male (n=76)
% (n)

Female (n=42)
% (n)

Age    p = .405    p = .443

   14 15.6% (5) 12.2% (6)

   15 12.9% (12) 6.6% (9)

   16 18.6% (22) 7.1% (11)

   17 12.9% (15) 4.8% (7)

   ≥18 21.2% (22) 9.1% (9)

Race/ethnicity    p = .014    p = .031

   African-American 22.6% (23) 8.6% (12)

   Hispanic 10.2% (20) 3.8% (9)

   White 21.3% (26) 8.6% (14)

   All other non-Hispanic 16.3% (7) 14.6% (7)

Notes:

1. Excluded Asian-American adolescents because there were too few participants for analysis

2. p values show association with evacuation status (e.g., we did not find a difference between evacuating and non-evacuating males with respect to
age
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