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Abstract

Background Individuals affected by disasters are at risk for adverse mental health sequelae. Individuals living in the US
Gulf Coast have experienced many recent major disasters, but few studies have explored the cumulative burden of
experiencing multiple disasters on mental health.

Objective The objective of this study was to evaluate the relationship between disaster burden and mental health.
Methods We used data from 9278 Gulf Long-term Follow-up Study participants who completed questionnaires on per-
ceived stress, anxiety, depression, and post-traumatic stress disorder (PTSD) in 2011-2013. We linked 2005-2010 county-
level data from the Spatial Hazard Events and Losses Database for the United States, a database of loss-causing events, to
participant’s home address. Exposure measures included total count of loss events as well as severity quantified as property/
crop losses per capita from all hazards. We used multilevel modeling to estimate odds ratios (OR) and 95% confidence
intervals (CI) for each exposure—outcome relationship.

Results Total count of loss events was positively associated with perceived stress (OR4:1.40, 95% CI:1.21-1.61) and was
inversely associated with PTSD (OR4:0.66, 95% CI:0.45-0.96). Total duration of exposure was also associated with stress
(OR4:1.16, 95% CI:1.01-1.33) but not with other outcomes. Severity based on cumulative fatalities/injuries was associated
with anxiety (ORq4:1.31, 95% CI:1.05-1.63) and stress (ORq4:1.34, 95% CI:1.15-1.57), and severity based on cumulative
property/crop losses was associated with anxiety (ORq4:1.42, 95% CI:1.12-1.81), depression (ORq4:1.22, 95%
CI:0.95-1.57) and PTSD (OR4:1.99, 95% CI:1.44-2.76).
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Introduction

Natural hazards [1] such as floods, hurricanes, and wildfires
pose a significant threat to human health and productivity.
Disasters resulting from these hazards cause tens of thou-
sands of fatalities and affect hundreds of millions of people
each year [2]. In 2017, natural hazards affected an estimated
25 million Americans, or around 8% of the population, and
led the Federal Emergency Management Agency to support
137 presidential disaster declarations and provide over $7.2
billion in public and individual assistance to address
immediate housing and infrastructure needs [3]. In addition
to direct damages such as the immediate effects on human
life and property, natural hazards can also cause broader
indirect economic consequences, such as the disruption of
trade and manufacturing [4].

Direct negative health consequences include personal
physical injuries, whereas indirect adverse health con-
sequences include witnessing the death or injury of a friend
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Fig. 1 Study population
selection criteria. Boxes on the
left represent the included

Home Visit Sample (n=11,193)

population, and boxes on the
right represent excluded
individuals per listed criteria.

Participants with missing any covariate
excluded (n=430)
Number missing each covariate:
Age (n=0)
Education (n=35)
Employment (n=42)

Gender (n=0)
Ethnicity (n=30)
Race (n=47)
Alcohol use (n=41)
Smoking status (n=144)
Total hydrocarbon exposure (n=11)

Sample with complete covariates
(n=10,763)

County-level median income (n=156)

Participants with missing any answers to
mental health screening questionnaires
excluded (n=1,240)

» Number missing each questionnaire:
Anxiety (n=659)
Depression (n=644)
PTSD (n=356)

Sample with all mental health
outcome responses (n=9,523)

Perceived stress (n=250)

Participants with missing any climate
exposure excluded (n=174)
Number missing each exposure:
Total count (n=174)

v

Duration of exposure (n=174)
Fatalities/injuries (n=0)
Property/crop losses (n=0)

Final analytic sample (n=9,349)

or family member [5]. Additionally, traumatic experiences
during and after a disaster from stressors such as fear of
death, economic uncertainty, loss of life and/or property,
and others may provoke symptoms of post-traumatic stress
disorder (PTSD) [6]. Individuals with PTSD are also at risk
of developing secondary mental health disorders such as
anxiety and depression [7].

Previous epidemiological studies have demonstrated
positive associations between hurricanes [8—10], earth-
quakes [11], floods [7], fires [12], and heat waves [13], and
mental health conditions such as PTSD and depression.
Exposure to Hurricane Harvey in 2017 was found to be
associated with PTSD, with 46% of participants meeting
screening thresholds for PTSD [8]. Similarly, studies of
evacuees from the 2016 wildfires in the Fort McMurray area
of Canada demonstrated significant incidence of PTSD,
depression, and insomnia [14]. Although these singular
events point to a relationship between mental health and
disaster impacts, few studies have analyzed the impact of
multiple disasters due to natural hazards across a defined
geographic region such as the Gulf of Mexico and over a
sustained period of time.
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The Gulf region of the United States has been affected by
multiple severe natural hazards [15] in the past two decades.
The region is particularly susceptible to hurricanes,
including major disasters such as Hurricanes Katrina
(2005), Rita (2005), Gustav (2008), and Ike (2008), with
damages from each hurricane exceeding billions of dollars
[16]. The Gulf region has also endured several standalone
flooding events, droughts, thunderstorms, tornadoes, and
wind events. Although the acute health impacts from these
large-scale events are relatively well understood, much less
is known about the lasting mental health impacts across the
region. The objective of this study is to assess the rela-
tionship between natural hazard burden and adverse mental
health outcomes among residents living in the Gulf states.

Methods
Study design and population

The Gulf Long-term Follow-up Study (GuLF Study) is a
large prospective cohort of 32,608 adults who trained for
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and/or participated in oil-spill response and cleanup fol-
lowing the 2010 Deepwater Horizon disaster [17, 18]
(Fig. S1). At enrollment (March 2011-March 2013), parti-
cipants completed a structured telephone interview on
demographics, lifestyle and health. A subset of 11,193
English and Spanish-speaking participants living in the Gulf
coast states (eastern Texas, Louisiana, Mississippi, Ala-
bama, and Florida) completed a home visit between May
2011 and May 2013, which included an interview on health
and lifestyle factors, and mental health screening
questionnaires.

Of the 11,193 home visit participants, 430 participants
were missing information for at least one covariate. A fur-
ther 1240 participants did not provide responses for at least
one mental health questionnaire, and we were unable to link
natural hazard data by home address for 174 additional
participants, yielding a primary analytic sample size of 9349
(Fig. 1).

Mental health outcomes
Perceived stress

We screened for perceived stress using a four-item version
of the Perceived Stress Scale [19]. Participants were asked
how often, within the last month, they felt that they
were losing control over their lives, felt that difficulties were
piling up beyond their coping abilities, had confidence in
their abilities to handle personal problems, or felt that
things were going their way. For the first two questions,
responses ranged from O (never) to 4 (very often), and for
the last two questions responses ranged from O (very often)
to 4 (never). We classified participants with a composite
score (sum of items) of 9 or higher as being stressed per
Cohen [19].

Anxiety

Participants were screened for anxiety using the General-
ized Anxiety Disorder 7-item (GAD-7) scale to identify
probable cases of generalized anxiety disorder (GAD) [20].
We asked participants if, over the previous 2 weeks, they
experienced feeling nervous, anxious or on edge, not
being able to stop or control worrying, worrying too much
about different things, having trouble relaxing, being rest-
less and unable to sit still, becoming easily annoyed or
irritable, or feeling afraid as if something awful might
happen. For each question, responses ranged from 0 (never)
to 3 (nearly every day). Responses from each question were
summed to provide a final score, and we classified partici-
pants with scores of 10 or greater as having anxiety per
Spitzer et al. [20].

Depression

Participants were screened for depression using the Patient
Health Questionnaire-8 (PHQS) scale, validated for use in
epidemiologic studies [21]. We asked participants, over the
past 2 weeks, how often they had little interest in doing
things, felt down or depressed, had trouble with sleep or slept
too much, felt tired or had low energy, had poor or increased
appetite, felt bad about themselves, had trouble concentrating
on things, or were moving too slowly or too quickly.
Responses ranged from O (no days) to 14 (every day).
Responses were summed, and we classified scores of 10 days
or greater as having depression per Kroenke et al. [21].

Post-traumatic stress disorder

Participants were screened for PTSD using the Primary Care
PTSD (PC-PTSD) scale [22]. Participants were asked if,
within the past month and related to a specific past event, they
experienced nightmares, went out of their way to avoid
similar situations, were constantly on guard, or felt numb or
detached from their surroundings. Responses were coded as 0
(no) or 1 (yes) and summed. We classified participants with
scores of 3 or greater as having PTSD per Prins et al. [22].

Distress

A subset of 7766 participants provided information on
distress, so we analyzed this as a secondary outcome. Par-
ticipants were screened for distress using the Kessler-6
Psychological Distress Scale (K6), a scale developed to
identify cases of serious mental illness that impact func-
tional ability [23]. We asked participants if, over the pre-
vious 30 days, they felt nervous, hopeless, restless or
fidgety, depressed, like everything was an effort, or
worthless. Responses for each question ranged from 0 (none
of the time) to 4 (all of the time). Responses were added
into a total score, and we classified participants with scores
of 13 or greater as being distressed per Kessler et al. [23].

Natural hazard burden

The Spatial Hazard Events and Losses Database for the
United States (SHELDUS) is a database of loss-causing
natural hazard events in the United States dating back to
1960 [24]. SHELDUS 18.1 data provides county-level
characteristics of United States hazard events including the
event start and end dates, hazard type (e.g., hurricane,
flooding event etc.), duration of event, and direct losses
from the event such as per capita fatalities, injuries, absolute
property, and absolute crop losses in US dollars. In the
United States, a county or parish is a defined administrative
subdivision of a state, and the sizes of counties vary
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12-73
17-570

7-11

1-5

Total number of billion-dollar events from 2005 to 2010
Duration of exposure Total duration of exposure to all billion-dollar events from 2005 to 2010 1-9

Total count

14-16

10-13

in days

6.44-14.60 14.93-528.49

4.70-6.42

Total fatalities and injuries per capita due to hazard events in 2005-2010 0-4.70

Fatalities/injuries

$17,247-$272,961

$2,286-$17,135

$886-$2,241

Total property and crop losses per capita in dollar amounts due to hazard $5-$875
events in 2005-2010

Property/crops

$40,609,909—

$18,257,898—
$39,466,709

Values of $4 million were assigned to each fatality and $600,000 to each $12-$7,394,288 $7,793,602—

Monetized score

$1,115,979.402

$18,154,956

injury. Dollar amounts for fatalities per capita, injuries per capita, property
losses per capita and crop losses per capita were added together, and

participants were categorized into quartiles per losses in dollar amounts.

N (%)

Level 2 (2-3)

428 (5)

Level 1 (1-2)
5407 (58)

Level 0 (0)

For each participant, a score of one was assigned if they were categorized 3514 (38)

in the top quartile for each individual parameter of severity: fatalities per

Cumulative score

capita, injuries per capita, property losses per capita, crop losses per capita

significantly across and within states. For this study, we
used data encompassing events from January 1, 2005 to
December 31, 2010 affecting any county within the Gulf
states of Florida, Alabama, Mississippi, Louisiana, and
Texas associated with any type of natural hazard. Potential
biases included in loss data are discussed elsewhere [25].

The overall approach we used for the exposure assess-
ment was to sum losses across all events affecting each
county between 2005 and 2010 reported in the SHELDUS
database including: (1) total count of loss events, (2) total
duration in days across all events, (3) total fatalities/injuries
per capita during the exposure period, and (4) total property/
crop losses per capita during the exposure period.” We then
linked this data to participant residential addresses at the
time of enrollment. Counts for each type of loss were then
categorized in quartiles for analysis.

For the total count and total duration exposure measures,
we screened out minor loss events (e.g., from a severe
thunderstorm) and focused solely on county-level events
characterized as Billion Dollar events [26] using SHEL-
DUS’ Major Disasters search functionality. We combined
fatalities and injuries, for which per capita-adjusted values
were provided in SHELDUS. We separately calculated
property losses per capita and crop losses per capita, by
dividing raw values for each provided in SHELDUS by
county population as provided in the 2010 American
Community Survey 5-year estimates [27]. We then com-
bined the calculated property and crop per capita losses. For
each metric of natural hazard burden, we created quartiles
within our sample distribution, with the lowest quartile
serving as the reference group (Table 1).

Additionally, we created two scores incorporating indi-
vidual severity metrics using the raw data provided by
SHELDUS. First, we assigned participants a score of 1 for
each instance of being in the highest quartile of: aggregated
fatalities per capita, injuries per capita, property losses per
capita, and crop losses per capita. Scores were summed into
a “Cumulative Score (0—4)” characterized as: Level O (score
of 0), Level 1 (scores of 1-2), and Level 2 (scores of 3—4).
The lowest category (Level 0) served as the reference
group. Second, we assigned a value of $4 million to a
fatality and $600,000 to an injury, per a previous paper
using SHELDUS data [28]. Participants were then cate-
gorized into quartiles of a “Monetized Score” according to
their total loss in dollar amounts, and the lowest quartile
served as the referent group.

Statistical analyses

We calculated descriptive statistics of study sample char-
acteristics by quartiles of exposure. We assessed the rela-
tionship between natural hazard burden and mental health
outcomes using a multilevel modeling approach with
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generalized estimating equations as described by Hubbard
et al. [29]. We used multilevel modeling to simultaneously
examine the effects of group-level and individual-level
variables on individual-level outcomes, given that our
exposures were at the county-level while health outcomes
were individual. We used generalized estimating equations
as the health outcomes of residents in the same neighbor-
hood may be correlated and violate assumptions of inde-
pendence in linear regression models [30]. We accounted
for these potential spatial correlations of outcomes at the
county-level using a repeated statement. We estimated
crude and adjusted odds ratios (ORs) and 95% confidence
intervals (95% Cls) for each quartile or level compared to
the lowest as the referent group.

For adjusted models, we identified potential confounders
using a directed acyclic graph (Fig. S2) [31]. We considered
individual-level characteristics, obtained via enrollment
questionnaire: age (years), sex (male, female), race (white,
black, and other), ethnicity (Hispanic, non-Hispanic),
smoking status (heavy current smoker, light current smoker,
former smoker, and never smoker), alcohol use (current
drinker, former drinker, and never drinker), educational
attainment (<high school/equivalent, high school diploma/
General Educational Development test, some college/2-year
degree, >4-year college graduate), and employment status
(working now, looking for work/unemployed, other). We
also adjusted by individual-level ordinal estimates of total
hydrocarbon exposure, as a proxy for oil-spill exposure [32]
as well as county-level median household income, obtained
from the 2010 American Community Survey 5-year esti-
mates by the U.S. Census Bureau [33] and categorized into
quartiles per our sample distribution.

As PTSD has been most strongly associated with indi-
vidual disaster events in the prior literature [5], we con-
ducted additional analyses to better understand associations
between natural hazard burden and PTSD. Based on prior
literature on racial and occupational health disparities [34],
we assessed the potential for effect-measure modification by
race and oil-spill cleanup work exposures using stratifica-
tion (white, non white) and restriction to a sub-cohort of oil-
spill workers (n =7456). We additionally stratified partici-
pants by median home visit date (before or after July 8,
2012) to assess the impact of response date on associations
with PTSD as an effect-measure modifier.

Statistical Analysis System (SAS, Cary, NC) version 9.4
was used to conduct all statistical analyses.

Results

Sample population characteristics are shown by natural
hazard exposure metrics (total count of events, total dura-
tion, fatalities/injuries per capita, property/crop losses per

capita, cumulative score, and monetized score) quartiles
(<25th percentile, 25-49th percentile, 50-74th percentile,
and >75th percentile) (Tables S1, S2, S3). Participants liv-
ing in the highest vs. lowest quartile of loss event counts
were less likely to be white (48% vs. 60%) and less likely to
be a college graduate (14% vs. 22%) (Table S1). Partici-
pants living in the highest compared to lowest quartile for
property/crop losses per capita were also less likely to be
white (56% vs. 64%) and less likely to be a college graduate
(11% vs. 22%) (Table S2).

In the primary analytic sample, total natural disaster
event count was not clearly associated with anxiety,
depression or PTSD. OR decreased with increasing quar-
tiles, as compared to the lowest quartile. However, total
count appeared to be associated with perceived stress in a
suggestive dose-dependent manner (ORq, vs. g1 1.21, 95%
CI 1.04-1.42; OR3 vs. 1 1.24, 95% CI 1.06—-1.45; OR 4 vs.
o1 1.40, 95% CI 1.21-1.61; Table 2). Total duration of
exposure was also not clearly associated with anxiety,
depression or PTSD, with protective point estimates; how-
ever, duration was associated with stress, (ORqy4 v g1 1.16,
95% CI 1.01-1.33).

Among individual metrics of severity, fatalities/injuries
was associated with anxiety (ORgq, v g1 0.86, 95% CI
0.65-1.13; ORg3 vs. @1 1.16, 95% CI 0.86-1.57; ORq4 vs. Q1
1.31, 95% CI 1.05-1.63) and perceived stress (OR vs. g1
1.32,95% CI 1.16-1.51; ORg3 ys. @1 1.28, 95% CI 1.06-1.5;
ORgy4 vs. g1 1.34, 95% CI 1.15-1.57), with point estimates
increasing with increasing quartiles, and suggestively
associated with depression and PTSD (Table 2). Property/
crop losses was associated with anxiety (ORqg vs, o1 0.99,
95% CI 0.78-1.25; ORgq;3 vs. 1 1.17, 95% CI 0.91-1.51;
ORqu4 vs. @1 142, 95% CI 1.12-1.81) and PTSD (ORy ys. g1
0.97, 95% CI 0.55-1.72; ORgqs s o1 1.23, 95% CI
0.82-1.83; ORq4 vs. @1 1.28, 95% CI 0.87-1.88) in a dose-
dependent manner, and suggestively associated with
depression and perceived stress (Table 2).

With derived scores of severity, the Cumulative Score was
associated with all four mental health outcomes: for anxiety
(ORp vs. 10 1.31, 95% CI 1.07-1.60; OR[, vs. 1 1.88, 95% CI
1.43-2.47), depression (ORp; vs. 1o 1.35, 95% CI 1.12-1.63;
ORp; ys. 10 1.66, 95% CI 1.24-2.21), PTSD (ORy | v 10 1.51,
95% CI 1.14-2.00; ORp; vs. 1o 1.99, 95% CI 1.44-2.76)
and perceived stress (ORy; vs 1o 0.98, 95% CI 0.83-1.17,
OR1 s 10 1.29, 95% CI 1.03-1.62). Point estimates increased
with increasing quartiles for anxiety, depression and PTSD.
The Monetized Score was associated with anxiety (OR; vs. g1
0.92, 95% CI 0.70-1.22; ORq3 vs. @1 1.11, 95% CI 0.84—1.46;
ORqs vs. @1 1.28, 95% CI 1.02-1.60) and perceived stress
(ORgq2 vs. @1 1.06,95% CI 0.87-1.28; ORq3 s @1 1.27, 95% CI
1.07-1.50; ORqy vs. @1 1.28, 95% CI 1.07-1.54) in a dose-
dependent manner, and was suggestively associated with
depression and PTSD (Table 2).
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Table 3 Estimated odds ratio
(OR) associations between

Non-White (n = 4224)

White (n = 5125)

natural hazard burden and PTSD
(PC-PTSD = 3) stratified

Prevalence (N, %)

Natural hazard burden

272 (7%)

by race*. variable
Total count®
Quartile 1 703 (17)
Quartile 2 1088 (26)
Quartile 3 1000 (24)
Quartile 4 1433 (34)
Duration of exposure®
Quartile 1 993 (24)
Quartile 2 811 (19)
Quartile 3 1515 (36)
Quartile 4 905 (21)
Fatalities/injuries per capita
Quartile 1 841 (20)
Quartile 2 1661 (39)
Quartile 3 898 (21)
Quartile 4 824 (20)
Property/crop damage per capita
Quartile 1 558 (13)
Quartile 2 1295 (31)
Quartile 3 1327 (31)
Quartile 4 1044 (25)
Cumulative score’
Level 0 1904 (45)
Level 1 2142 (51)
Level 2 178 4)
Monetized score®
Quartile 1 1152 (27)
Quartile 2 700 (17)
Quartile 3 1537 (36)
Quartile 4 835 (20)

Quartile N (%)

214 (4%)
Cases OR (95% CI) Quartile N (%) Cases OR (95% CI)

50 REF 1052 (21) 32 REF

102 1.23(0.76, 1.99) 1303 (25) 51 1.10 (0.70, 1.75)
69 0.97 (0.64, 1.47) 1458 (28) 91 1.93 (1.16, 3.21)
55 0.60 (0.36, 0.98) 1312 (26) 40 0.92 (0.55, 1.51)
94 REF 1478 (29) 50 REF

50 0.77 (0.50, 1.17) 1294 (25) 44 0.89 (0.54, 1.46)
88 0.97 (0.58, 1.64) 1196 (23) 75 1.91 (1.10, 3.32)
44 0.74 (0.46, 1.21) 1157 (23) 45 1.20 (0.66, 2.21)
50 REF 1293 (25) 41 REF

90 0.94 (047, 1.87) 1191 (23) 48 1.07 (0.70, 1.64)
74 0.92 (0.53, 1.58) 1235 (24) 66 2.11 (1.25, 3.54)
62 1.14 (0.73, 1.76) 1406 (27) 59 1.40 (0.85, 2.31)
29 REF 992 (19) 21 REF

49 0.77 (045, 1.31) 1367 (27) 44 1.18 (0.75, 1.86)°
103 1.42 (0.84, 2.38) 1457 (28) 64 1.73 (1.13, 2.64)°
95 1.24 (0.74, 2.09) 1309 (26) 85 2.84 (1.85, 4.37)°
90 REF 1610 (31) 56 REF

171 1.62 (1.20, 2.20) 3265 (64) 133 1.38 (0.93, 2.05)°
15 1.44 (0.88, 2.36)° 250 (5) 25 3.12 (1.73, 5.63)>¢
74 REF 1513 (30) 46 REF

52 0.87 (0.46, 1.63) 1010 (20) 61 220 (1.53, 3.17)
88 0.80 (0.45, 1.42) 1311 (26) 46 1.03 (0.68, 1.57)
62 0.98 (0.58, 1.66) 1291 (25) 61 1.72 (1.10, 2.69)

*Adjusted for age, education, employment, sex, ethnicity, alcohol use, smoking, total hydrocarbon exposure,

and county-level median income.

“Incorporates NCEI-designated Billion-Dollar Disasters only.

®Significant interaction between exposure and race (Wald interaction test P < 0.05).

“Linear Regression Test for Trend, P < 0.05.

dFor each participant, a score of one was assigned if they were categorized in the top quartile for each
individual exposure parameter of severity: fatalities per capita, injuries per capita, property losses per capita,
crop losses per capita. Level 0 = score of 0, Level 1 =scores of 1-2, Level 2 = scores of 3—4.

“Values of $4 million were assigned to each fatality and $600,000 to each injury. Dollar amounts for
fatalities per capita, injuries per capita, property losses per capita and crop losses per capita were added

together, and participants were categorized into quartiles per losses in dollar amounts.

With distress, we observed inverse associations with total
count and duration of exposure, and positive associations with
metrics of severity. Levels 1 and 2 of the Cumulative Score
were associated with distress (n = 7766, OR s 10 1.40, 95%
CI 1.16-1.69; OR[; ys. 19 1.61, 95% CI 1.24-2.10; Table S4).
In analyses stratified by race, the magnitude of association
between property/crop losses per capita and PTSD was
stronger among white participants (ORq4 vs, g1 2.84, 95% CI
1.85—4.37) than among non-white participants (ORq4 vs. g1
1.24, 95% CI 0.74-2.09; Table 3). When restricting to oil-
spill response and cleanup workers (n = 7456), associations
with PTSD were similar to those found in the broader analytic

sample (Table S5). In analyses stratified by the median home
visit date, no significant differences were observed in mag-
nitudes of association with PTSD in earlier response vs. later
response participants (Table S6).

Discussion

Among GuLF Study participants, we found consistently
positive associations between natural hazard Cumulative
Score and five measures of mental health impact (perceived
stress, distress, depression, anxiety, and PTSD). We also
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observed generally positive associations between these
mental health outcomes and the Monetized Score, as well as
each score’s individual components (fatalities/injuries,
property/crop losses). These associations were seen after
adjustments for individual level and county levels, as well
as past and current mental health treatment. The two crude
hazard exposure metrics—total count of loss events and
duration of exposure—were only positively associated with
stress and inconsistently or even inversely associated with
other adverse mental health outcomes. Associations were
generally strongest for PTSD. In analyses stratified by race,
although baseline prevalence of PTSD was higher among
non-white compared to white participants (7% vs. 4%), we
found higher magnitudes of association between hazard
burden and PTSD in white vs. non-white participants.
Associations were similar among oil-spill cleanup workers
as compared to the overall study cohort.

This study uniquely evaluated multiple dimensions of
overall natural hazard burden with multiple mental health
outcomes. Previous studies found that individual natural
disasters are most strongly associated with PTSD incidence
[5]. Schwartz et al. found that overall exposure to Hurricane
Sandy in 2012 was associated with anxiety (OR 1.08, 95%
CI 1.04-1.14), depression (OR 1.09, 95% CI 1.04-1.14),
and PTSD (OR 1.32, 95% CI 1.23-1.40) among a sample of
New York residents [9]. Lieberman-Cribbin et al. found that
self-reported flooding exposure during Hurricane Sandy
was associated with anxiety (OR 1.5, 95% CI 1.1-1.9),
depression (OR 1.7, 95% CI 1.3-2.2), and PTSD (OR 2.5,
95% CI 1.8-3.4) [10]. Fergusson et al. found similar results
for anxiety (OR 1.08, 95% CI 0.95-1.23), depression (OR
1.10, 95% CI 0.95-1.27), and PTSD (OR 1.25, 95% CI
0.93-1.68) in relation to earthquake exposure in 2010-2011
among residents of the Canterbury region of New Zealand
[35], and Stellman et al. found an increased risk (OR 1.66,
95% CI 1.21-2.28) of PTSD with the loss of a family
member from the 9/11 attacks on New York City (Stellman
et al. [36]), a man-made disaster. We also found that
exposure to natural hazards is associated most strongly with
PTSD. As Goldmann and Galea note, PTSD is the only
mental health disorder where an experienced traumatic
event is required for diagnosis, and therefore PTSD is the
most likely disorder to appear immediately following a
disaster [34]. However, isolated mental health disorders are
rare, and PTSD is itself a risk factor for secondary mental
health outcomes such as anxiety and depression [36, 37].

Neria et al. suggest that cumulative exposure severity,
defined either as the magnitude of personal exposure to a
single hazard event or as exposure to multiple hazard events
in one location, is associated with higher risk of mental
health pathology in a dose-dependent manner [5]. Harville
et al. studied women in the US Gulf region following the
Deepwater Horizon disaster, and found that the risk of
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developing mental health disorders in participants who have
experienced multiple hurricanes is higher than among those
who experienced less hurricanes [38]. Similarly, we found
that severity as defined by two severity scores of hazard
burden is associated with adverse mental health in a linear
fashion. However, we also found that measures of total
count of loss events and duration of exposure appeared
protective, and that magnitudes of association were stronger
among white vs. non-white participants. It is possible that
hazard events over time may lead to the development of
personal resilience and/or social support, such that partici-
pants living in certain areas or within certain social and
cultural communities may be able to recover faster from
hazard events. This result could also indicate that aggregate
impact measures, like the cumulative and monetized scores
we consider, are better indicators of adverse hazard expo-
sures than the number and duration of hazard events [39].

Previous studies using the GuLF Study population found
associations between working on the oil spill and depres-
sion and PTSD [40, 41]. Similarly, Rung et al. found
associations with both physical and economic exposure to
the oil spill and depression and mental distress among a
population-based sample of women living in southern
coastal Louisiana parishes [42]. In our primary analyses,
despite adjusting for oil-spill response and cleanup expo-
sures, we found associations between natural hazard expo-
sure and various mental health outcomes including PTSD.
Additionally, results from a sensitivity analysis restricted to
oil-spill response and cleanup workers were broadly similar
to our primary results, suggesting that exposures to natural
and man-made hazards are independently associated with
mental health pathologies. The severity of exposure to oil
spills may contribute to cumulative severity from natural
hazards and affect mental health in a dose-dependent
fashion, as Harville et al. have suggested [38], however we
did not see this in our study.

Overall, our study findings indicate that natural hazard
burden, above and beyond single hazard events, contributes
to mental health burden, especially for PTSD. Primary
hypothesized mechanisms explaining this link include
experiences of trauma during a hazard event [34], secondary
stressors such as economic difficulties and problems with
personal relationships after a hazard event [7], and long-
term impairments in cognitive functioning [43]. While the
majority of victims of a natural hazard will not develop
psychopathology [6], and while mental health burden fol-
lowing a disaster decreases over time as personal resilience
increases for some [44], climate change is expected to
increase the severity of hazard events of all types [45] and
may increase the prevalence and magnitude of mental health
pathologies in the future.

Strengths of our study include the use of all loss-causing
county-level natural hazard events and thus the ability to
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assess mental health impacts of repeat exposure to major
loss events from natural hazards. The large sample size with
detailed information on sociodemographic, lifestyle and
health factors, as well as oil-spill exposures, allowed for
control of potential confounding. Participants in our sample
were exposed to multiple hazards from 2005 to 2010,
including four major hurricanes as well as flooding and
tornado events among others, providing variability of
exposure within our distribution. We also used validated
screening questionnaires for perceived stress, anxiety,
depression and PTSD, allowing us to identify participants at
risk of different mental health pathologies.

A primary concern in our study is that possible reverse
causation may play a role such that participants who have
poor mental health cluster in counties at risk of natural
hazards. A longitudinal design would better support a causal
hypothesis. While comprehensive, SHELDUS is a database
of only loss-causing hazard events reported to the National
Weather Service. SHELDUS is highly likely to underreport
direct losses and does not include events which did not
cause any direct monetary or human losses [25]. SHELDUS
also only includes direct losses caused by hazard events and
does not consider indirect losses such as disruptions in
productivity due to illness or infrastructure damage. In this
study, we used county-level data from SHELDUS and did
not estimate or obtain individual-level hazard exposures.
We aggregated events occurring from 2005 to 2010 by
county from SHELDUS. By linking this county-level data
to our participants using home address, we, in effect,
assume that participants moved to their county of residence
prior to 2005 and resided at their provided address until
their home visit interviews which were conducted sometime
between 2011 and 2013. We cannot account for variability
in exposures within counties. County-level exposure data
may induce misclassification of exposure, however this is
the most comprehensive data available for disasters from
natural hazard events across such a large region. Our
population generally has lower socioeconomic status, with
lower average household incomes compared to regional and
national averages, so our findings may not be broadly
generalizable.

Additionally, major disasters such as Hurricane Katrina
result in signification migration of certain populations away
from impacted areas [46]. Our study results may be affected
by selection bias given that persons who do not have the
ability to move or who are better able to adapt to the
situation may be differentially at risk of mental health
effects than those who were able to leave. Furthermore,
those who remain may have been the least affected physi-
cally or financially by the disaster. Unfortunately, we do not
have the data appropriate for assessing the presence or
magnitude of this bias and cannot predict that direction of
bias due to competing factors affecting migration.

The assessment of natural hazard burden and objective
measures of mental health contributes to the growing body
of evidence suggesting that natural disasters collectively are
associated with significant burden of multiple mental health
outcomes. Future studies should elucidate the indirect eco-
nomic effects of mental health pathology due to natural
hazards, particularly in relation to productivity losses, and
should consider incorporating non-loss causing hazard
events as well as regular climate variations in analyses.
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