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9 Open

Original Investigation | Psychiatry

Association Between Repeated Exposure to Hurricanes and Mental Health

in a Representative Sample of Florida Residents

Dana Rose Garfin, PhD; Rebecca R. Thompson, PhD; E. Alison Holman, PhD; Gabrielle Wong-Parodi, PhD; Roxane Cohen Silver, PhD

Abstract

IMPORTANCE During the past century, more than 100 catastrophic hurricanes have impacted the
Florida coast; climate change will likely be associated with increases in the intensity of future storms.
Despite these annual threats to residents, to our knowledge, no longitudinal studies of
representative samples at risk of hurricane exposure have examined psychological outcomes
associated with repeated exposure.

OBJECTIVE To assess psychosocial and mental health outcomes and functional impairment
associated with repeated hurricane exposure.

DESIGN, SETTING, AND PARTICIPANTS In this survey study, a demographically representative
sample of Florida residents was assessed in the 60 hours prior to Hurricane Irma (wave 1: September
8-11, 2017). A second survey was administered 1 month after Hurricane Irma (wave 2: October 12-29,
2017), and a third survey was administered after Hurricane Michael (wave 3: October 22 to
November 6, 2018). Data were analyzed from July 19 to 23, 2021.

EXPOSURE Hurricanes Irma and Michael.

MAIN OUTCOMES AND MEASURES The main outcomes were posttraumatic stress symptoms
(PTSS), global distress, worry about future events (generalized worries), and functional impairment.
Path models were used to assess associations of individual-level factors (prior mental health, recent
adversity), prior storm exposures (loss and/or injury, evacuation), and direct, indirect, and media-
based exposures to hurricanes Irma and Michael with those outcomes. Poststratification weights
were applied to facilitate population-based inferences.

RESULTS Of 2873 individuals administered the survey in wave 1, 1637 responded (57.0% completion
rate) (894 [54.6%, weighted] women; mean [SD] age, 51.31[17.50] years); 1478 in wave 2 (90.3%
retention from wave 1) and 1113 in wave 3 (75.3% retention from wave 2) responded. Prior mental
health ailments (b, 0.18; 95% Cl, 0.07-0.28), prior hurricane-related loss and/or injury (b, 0.09; 95%
Cl, 0.02-0.17), hours of Hurricane Irma-related media exposure (b, 0.03; 95% Cl, 0.02-0.04), being
in an evacuation zone during Hurricane Irma and not evacuating (b, 0.14; 95% Cl, 0.02-0.27), and loss
and/or injury in Hurricane Irma (b, 0.35; 95% Cl, 0.25-0.44) were positively associated with PTSS
after Hurricane Irma; most associations persisted and were associated with responses to Hurricane
Michael. Prior mental health ailments (b, 0.10; 95% Cl, 0.03-0.17), hours of Hurricane Michael-
related media exposure (b, 0.01; 95% Cl, 0.003-0.02), hurricane Irma-related PTSS (b, 0.42; 95% Cl,
0.34-0.50), recent individual-level adversity (b, 0.03; 95% Cl, 0.005-0.05), being in an evacuation
zone during Hurricane Irma and evacuating (b, 0.10; 95% Cl, 0.002-0.19), and direct (b, 0.36; 95%
Cl, 0.16-0.55) and indirect (b, 0.12; 95% Cl, 0.05-0.18) Hurricane Michael-related exposures were
directly associated with Hurricane Michael-related PTSS. After Hurricane Michael, prior mental
health ailments (b, 0.17; 95% Cl, 0.06-0.28), and PTSS related to hurricanes Irma (b, 0.11; 95% Cl,
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Abstract (continued)

0.001-0.22) and Michael (b, 0.58; 95% Cl, 0.47-0.69) were associated with respondents’ functional
impairment. Analogous analyses using global distress and generalized worries as mediators of
functional impairment yielded a similar pattern of results.

CONCLUSIONS AND RELEVANCE In this survey study, repeated direct, indirect, and media-based
exposures to hurricanes were associated with increased mental health symptoms among Florida
residents who experienced hurricanes Irma and Michael, suggesting that people were sensitized to
respond with more psychological symptoms over time. These results may inform targeted public
health intervention efforts for natural disasters.

JAMA Network Open. 2022;5(6):e2217251. doi:10.1001/jamanetworkopen.2022.17251

Introduction

Hurricanes, like many other natural hazards, threaten specific communities annually. In 2017, when
Hurricane Irma approached Florida as a category 5 storm, 6.5 million people were put under
mandatory evacuation orders.! Images of a giant superstorm threatening the densely populated
coast dominated the media. Damages cost more than $50 billion, making it one of the most
expensive storms in US history.™ One year later, Hurricane Michael (category 5), one of the strongest
hurricanes in Florida's history, made landfall on the Florida panhandle with 160-mph winds and a 9-
to 14-ft storm surge, resulting in 16 deaths and $25 billion in damages.>* Widespread media coverage
broadcast the threat of both storms statewide because of the evolving risk of direct exposure.® These
storms are not exceptions; more than 100 catastrophic hurricanes made landfall in Florida in the past
century. Climate change will likely increase the intensity of subsequent storms.*©

Hurricane exposure correlates with psychological distress,” and storm severity correlates with
posttraumatic stress disorder.® After Hurricane Katrina, psychopathologic symptoms increased,
highlighting the potential long-term associations between such exposures and mental health.”
Despite the annual hurricane season threat, to our knowledge, no longitudinal studies have
examined psychological responses associated with repeated hurricane exposure, and media
exposure has rarely been incorporated. Few studies® included prestorm assessments of
psychological symptoms. Even methodologically rigorous studies often used cross-sectional designs
or retrospective reports of prestorm experiences.'® Thus, little is known about how factors assessed
before hurricanes, acute psychological responses, and repeated hurricane exposure may be
associated with longitudinal mental health outcomes.

Despite methodological limitations, prior research provides insight into key factors associated
with psychological responses. Factors including prior mental health ailments" and demographic
indicators (ie, educational level, socioeconomic status) were correlated with poor self-rated mental
health after hurricanes Harvey'? and Katrina'™ (although other researchers reported divergent
Hurricane Katrina findings'). Predisaster traumas' that elicited adverse responses'® and prior
disaster exposures'™ 1718
variables (eg, displacement, financial loss, and property damage) have been associated with adverse
psychological responses, particularly posttraumatic stress symptoms (PTSS).'® Controlling for direct
storm exposure, analyses found that media-based hurricane exposure was associated with
92021 3nd may have additive effects.?? Importantly, while habituation effects of adversity are
plausible,?® robust research suggests that cumulative adversity exposure (including cascading

also correlated with postevent mental health. Direct storm-related exposure

distress

collective traumas?* and disaster-related secondary stressors®°) is associated with worse outcomes
over time.

This study used a rare design with epidemiological assessments collected immediately before
an approaching storm (Hurricane Irma) and immediately after 2 major Florida hurricanes (Irma and
Michael) that occurred in annual succession; mental health ailments assessed before Hurricane Irma
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were also prospectively collected. Using a population-based representative sample of Florida adults
surveyed 3 times during a 2-year period when 2 devastating hurricanes made landfall in Florida, we
explored factors associated with mental health and functional impairment. We hypothesized that (1)
individual-level factors (demographics, prestorm mental health, and recent adversity), storm-
related exposures (evacuation status, property loss, and direct or indirect injury), and media
exposure would be associated with worse short- and longer-term psychological outcomes and (2)
short-term responses would be associated with longer-term psychological outcomes that would
correlate with functional impairment after a subsequent hurricane.

Methods

In this survey study, participants were from the GfK (now Ipsos) KnowledgePanel, which was
designed to be representative of US residents. Ipsos uses address-based sampling to randomly
recruit panelists using probability-based sampling methods, and it collects and updates
KnowledgePanel participants’ information regularly. Households without an internet connection are
provided internet access. Ipsos emails panelists the links to surveys, which are completed on
computers or mobile devices. This study's sampling frame was Florida residents. The institutional
review board of the University of California, Irvine approved all procedures; respondents were
considered to have provided informed consent by completing the surveys after reading a brief
introduction describing the study. Participants received $15 to $20 compensation for completing
each 15- to 20-minute survey. The study followed the American Association for Public Opinion
Research (AAPOR) reporting guideline?®?” and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.?®

The wave 1survey was fielded to all Florida panelists before Hurricane Irma’s landfall, between
6 PM on September 8, 2017, and 3 PM on September 11, 2017. One month after Irma (October 12-29,
2017), respondents to the wave 1survey were administered a second survey (wave 2). An earlier
report presents results from the first 2 waves of this longitudinal study.® In the current study,
approximately 1year after the wave 2 survey, a third survey (wave 3) was fielded to the sample 2 to 3
weeks after Hurricane Michael (October 22 to November 6, 2018), a category 5 storm. The study was
well powered (B > .80) to detect small effects (f2 = 0.02) for 22 variables.

Measures
Individual-Level Characteristics
Prior to the wave 1survey, Ipsos collected responses to an item from the National Center for Health
Statistics annual National Health Interview Survey?°: "Has a medical doctor ever diagnosed you as
suffering from any of the following ailments?” Prompts were depression and anxiety disorders.
Comparisons between responses to the National Health Interview Survey item and the
KnowledgePanel survey supported data validity (<1.5% difference).3° Missing values (4.5% of the
sample) were imputed using sequential hot deck imputation."32

In the wave 3 survey, participants reported past-year experience with 37 adverse events (eg,
serious accident or injury, domestic violence).3® Items were coded as O (“did not occur”) or 1
(“occurred”) and summed.

Hurricane-Related Exposures
In wave 1, previous hurricane-related evacuation zone experience included (1) evacuated, (2) did not
evacuate, or (3) wanted to evacuate but could not. Responses were dichotomized as O (“no
experience”) or 1("at least 1 experience"). Prior direct (eg, lost home or property, injured, or lost a pet)
and indirect (eg, knowing someone injured or killed) hurricane exposures were summed.

In waves 1and 3, daily hours (O to =11) spent engaged with hurricane-related (1) television,
radio, or print; (2) online news sources (CNN, NYTimes.com); and (3) social media (eg, Facebook,
Twitter) in the days since coverage began were summed. In wave 2, evacuation experience during
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Hurricane Irma was coded as O (“not in an evacuation zone"), 1 (“evacuated”), or 2 (“in an evacuation
zone but did not evacuate”). The number of direct (eg, lost home or property, injured, and lost a pet)
and indirect (knowing someone injured or killed) exposures during Hurricane Irma were summed.
Direct exposure to Hurricane Michael was assessed at wave 3; the number of losses (eg, lost home or
property, injured, or lost a pet) and evacuation status during Hurricane Michael were summed.

Indirect exposure to Hurricane Michael was assessed by asking respondents to report if they
knew someone who experienced a loss, was near the path of the storm, or was injured or killed during
Hurricane Michael. Because direct exposure to Hurricane Michael was geographically limited to the
Florida panhandle, indirect exposure to Hurricane Michael was assessed more comprehensively.
Direct and indirect exposures to Hurricane Michael were treated as separate variables.

Outcome Variables

For waves 2 and 3, we used a modified version of the Primary Care Posttraumatic Stress Disorder
Screen for the Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition)>*3° that was
implemented in prior research®333¢ to assess prior-week hurricane-related PTSS using a 5-point
scale (1["never"] to 5 ["all the time"]; wave 2: a = .87; wave 3: a = .83). These modifications capture

variability in an inherently dimensional construct®’

assessed in respondents exposed directly and
indirectly via a close other person (criterion A) and through the media (not criterion A). Fielding our
survey soon after the hurricanes also required a shorter time frame (ie, past week) to avoid overlap
with possible prehurricane symptoms.

In waves 2 and 3, a 9-item version of the Brief Symptom Inventory-1838 was used to measure
global distress. Respondents reported anxiety, depression, and somatization symptoms in the prior 7
days (O ["not at all"] to 4 ["extremely”]; wave 2: a = .90; wave 3: a = .89).

Eight items from previous research®® were used to assess ongoing past-week worries about the
possibility of (1) terrorist attacks, (2) natural disasters, (3) violence (shootings, stabbings, or physical
assault), and (4) financial stress or strain (1 ["never”] to 5 ["all of the time"]; wave 2: a = .90; wave 3:
a =.90). In wave 3, 4 items from the 36-Item Short-Form Health Survey*® were used to assess
physical and emotional health (1[*none of the time"] to 5 [“all the time"]; a = .89).

Statistical Analysis
Data were analyzed from July 19 to 23, 2021. Using Stata, version 16.1 (StataCorp LLC), 3 path models
(1for each dependent variable) tested the associations of individual-level factors (eg, demographics,
prior mental health, and recent adversity); prior storm exposures (evacuation, storm-related loss
and/or injury); and direct (personal evacuation, storm-related loss and/or injury), indirect (storm-
related loss and/or injury of a close other person), and media-based exposures to hurricanes Irma and
Michael with PTSS (waves 2 and 3), ongoing generalized worries (waves 2 and 3), and global distress
(waves 2 and 3). Functional impairment in wave 3 was the final outcome. Figure 1shows the
hypothesized model. Significance was measured as 2-sided P < .05. Poststratification weights
accounted for differential probabilities of panel recruitment and adjusted the final sample to US
census benchmarks for Florida. Weights were constructed iteratively from panel-level design weights
and included gender, age, race and ethnicity, household income, residing in a metropolitan or
nonmetropolitan area, and educational level.

For missing data across and within waves, Little's Missing Completely at Random Test was
implemented.*' Results suggested that data were missing completely at random (x2,, = 554.83;
P = 16). Thus, full information maximum likelihood was implemented using all available data within
and between waves.*? Robust SEs are presented as appropriate for complex survey data. For
individual scales, because of the low rate of missing data (<5% on any item), row mean substitution
(by subscale, if applicable) was implemented if respondents answered more than 50% of questions
per measure. This produces the least amount of bias compared with other approaches* and is

consistent with analyses of similar data sets. 224445
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Results

Of 2873 Florida residents administered the wave 1survey, 1637 responded (57.0% AAPOR-defined
completion rate?®-?”), 1579 (96.5%) of whom responded within 48 hours; 1478 respondents
completed the wave 2 survey (90.3% retention from wave 1). Ninety-five participants who did not
complete wave 1but had participated in another ongoing study were invited to participate in wave 2;
40 of these completed the survey, for a total of 1518 wave 2 participants. These 40 were not included
in the inferential statistics or in the completion or retention rates. In wave 3, 1113 people completed
the survey (75.3% retention from wave 2; 66.7% retention from wave 1).

Among the 1637 respondents in the total sample, the mean (SD) age was 51.31(17.50) years and
894 (54.6%, weighted) were women. The wave 1 weighted sample demographics were close to US
census benchmarks for Florida (eTable 1in the Supplement). A total of 1369 participants (83.6%)
reported no prior mental health diagnoses, 186 (11.4%) reported a previous depression or anxiety
diagnosis, and 81 (5.0%) reported both diagnoses.

A map of participants’ locations across the state of Florida is presented in eFigure 1in the
Supplement. All numbers and percentages are weighted and may vary slightly owing to missing data
and rounding. Of 1637 wave 1 participants, 389 (24.5%) had at least 1 evacuation experience before
Hurricane Irma; 300 (18.4%) experienced a hurricane-related loss before Hurricane Irma. The mean
(SD) amount of Hurricane Irma-related media exposure was 7.91(7.33) hours across all sources (3.84
[3.30] hours of television, radio, and print news; 2.19 [2.84] hours of online news; and 1.93 [2.90]
hours of social media). Of 1518 wave 2 participants, 756 (50.0%) reported being in an evacuation
zone during Hurricane Irma, and 193 (12.7%) experienced a Hurricane Irma-related loss and/or injury.
Of 1113 wave 3 participants, 117 (10.5%) reported direct Hurricane Michael exposure, 101(9.1%)
reported being in an evacuation zone, and 406 (36.6%) reported indirect exposure to Hurricane
Michael. The mean (SD) amount of Hurricane Michael-related media exposure was 4.92 (5.85) hours
across all sources (2.37 [2.76] hours of television, radio, and print news; 1.38 [2.13] hours of online
news; and 1.18 [2.28] hours of social media). A total of 1582 respondents (96.7%) lived in a
metropolitan area,*® consistent with the state population. Descriptive statistics for the dependent
constructs are presented in eTable 2 in the Supplement.

Table 1 presents factors associated with hurricane-related PTSS over time. Pre-Hurricane Irma
mental health ailments (b, 0.18; 95% Cl, 0.07-0.28), prior hurricane-related loss and/or injury (b,
0.09; 95% Cl, 0.02-0.17), Hurricane Irma-related media exposure (b, 0.03; 95% Cl, 0.02-0.04),
being in an evacuation zone and not evacuating during Hurricane Irma (b, 0.14; 95% Cl, 0.02-0.27),
and Hurricane Irma-related loss and/or injury (b, 0.35; 95% Cl, 0.25-0.44) were directly associated
with alinear increase in PTSS after Hurricane Irma (Figure 2A). The following were directly associated

Figure 1. Theoretical Model of Hypothesized Associations Between Prestorm Factors, Storm Exposures, Posthurricane Psychological Outcomes,
and Functional Impairment

[ ] Before wave 1
[ ] Wave 1: September 8-11, 2017
[] Wave 2: October 12-29, 2017

[] Wave 3: October 22 to
November 6, 2018
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Figure 2. Direct and Indirect Associations Between Prestorm Factors, Storm Exposures, Posthurricane Posttraumatic Stress, and Functional Impairment
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with increased PTSS after Hurricane Michael: mental health ailments before Hurricane Irma (b, 0.10;
95% Cl, 0.03-0.17), being in an evacuation zone and evacuating during Hurricane Irma (b, 0.10; 95%
Cl, 0.002-0.19), hours of Hurricane Michael-related media exposure (b, 0.01; 95% Cl, 0.003-0.02),
both direct (b, 0.36; 95% Cl, 0.16-0.55) and indirect (b, 0.12; 95% Cl, 0.05-0.18) exposure to
Hurricane Michael, recent individual-level adversity (b, 0.03; 95% Cl, 0.005-0.05), and wave 2 PTSS
(b, 0.42; 95% Cl, 0.34-0.50). Hurricane-related loss and/or injury before Hurricane Irma,
pre-Hurricane Irma mental health ailments, loss and/or injury in Hurricane Irma, Hurricane Irma-
related media exposure, and being in an evacuation zone but not evacuating during Hurricane Irma
were indirectly associated with higher number of Hurricane Michael-related PTSS through a higher
number of early PTSS after Hurricane Irma (Figure 2B). Pre-Hurricane Irma mental health ailments
and wave 2 and 3 PTSS were directly associated with higher symptoms of functional impairment.
Increased hours of Hurricane Irma-related media, pre-Hurricane Irma mental health ailments, being
in an evacuation zone and evacuating or not evacuating during Hurricane Irma, Hurricane Irma-
related loss and/or injury, hours of Hurricane Michael-related media exposure, direct and indirect
exposure to Hurricane Michael, recent individual-level adversity, and wave 2 PTSS were indirectly
associated with higher symptoms of functional impairment (Figure 2C).

Table 2 presents factors associated with higher symptoms of ongoing generalized worries after
hurricanes Irma and Michael. Pre-Hurricane Irma mental health ailments and hurricane-related loss
and/or injury, hours of Hurricane Irma-related media exposure, being in an evacuation zone and not
evacuating during Hurricane Irma, and Hurricane Irma-related loss and/or injury were directly
associated with post-Hurricane Irma worries (eFigure 2 in the Supplement). Being in an evacuation
zone and evacuating during Hurricane Irma, hours of Hurricane Michael-related media exposure,
indirect exposure to Hurricane Michael, recent adversity, and post-Hurricane Irma worries were
directly associated with worries after Hurricane Michael. Pre-Hurricane Irma mental health ailments
and hurricane-related loss and/or injury, hours of Hurricane Irma-related media exposure, being in
an evacuation zone and not evacuating during Hurricane Irma, and Hurricane Irma-related loss
and/or injury were indirectly positively associated with worries after Hurricane Michael (eFigure 2 in
the Supplement). Pre-Hurricane Irma mental health ailments, being in an evacuation zone and not
evacuating during Hurricane Irma, direct exposure to Hurricane Michael, and post-Hurricane Michael
worries were directly associated with greater functional impairment; indirect associations were
identified for pre-Hurricane Irma mental health ailments, hours of Hurricane Irma-related media
exposure, being in an evacuation zone and evacuating during Hurricane Irma, post-Hurricane Irma
worries, indirect exposure to Hurricane Michael, Hurricane Michael-related media exposure, and
recent individual-level adversity (eFigure 2 in the Supplement).

Table 3 presents factors associated with global distress over time. Pre-Hurricane Irma mental
health ailments, hours of Hurricane Irma-related media exposure, being in an evacuation zone and
not evacuating during Hurricane Irma, and Hurricane Irma-related loss and/or injury were directly
associated with higher symptoms of global distress in wave 2 (eFigure 3 in the Supplement). Recent
adversity and global distress in wave 2 were significantly associated with higher symptoms of global
distress in wave 3. Pre-Hurricane Irma mental health ailments, hours of Hurricane Irma-related media
exposure, being in an evacuation zone and not evacuating during Hurricane Irma, and Hurricane
Irma-related loss and/or injury were indirectly associated with higher symptoms of global distress in
wave 3 (eFigure 3 in the Supplement). For functional impairment in wave 3, direct associations were
identified for being in an evacuation zone and not evacuating during Hurricane Irma, hours of
Hurricane Michael-related media exposure, indirect exposure to Hurricane Michael, and higher
symptoms of global distress in wave 3. Indirect associations with functional impairment in wave 3
were also identified for pre-Hurricane Irma mental health ailments, hours of Hurricane Irma-related
media exposure, being in an evacuation zone (both evacuating and not evacuating) during Hurricane
Irma, Hurricane Irma-related loss and/or injury, higher symptoms of global distress in wave 2, and
recent individual-level adversity (eFigure 3 in the Supplement).

[5 JAMA Network Open. 2022;5(6):€2217251. doi:10.1001/jamanetworkopen.2022.17251 June 16, 2022 8/15

Downloaded From: https://jamanetwor k.com/ on 07/03/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17251&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17251
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17251&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17251
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17251&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17251
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17251&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17251
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17251&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17251
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17251&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17251

Repeated Exposure to Hurricanes and Mental Health Among Florida Residents

JAMA Network Open | Psychiatry

‘dno.i8 9dUalajal 8y] Sem U0z UoljendeAs ue Ul jonN

/90B1JUDISYIP B, 10 ‘I3pues|
2141284 1310 10 UBIIEMEH SANEN ‘UBISY 'SAIIEN B3ISE|Y 1O UBIpU| UBDLIBLIY SE Pal{IIUSPI OYM 350L1 PapNaUl 1BYl0 |

*dnoi8 @ouaJa)a1 8y} sem djueds|H-uou ‘dUYM g

"dno.g adualajal dyy sem 3Rl

100" >d p
'S0 >d >
‘uoissaidap

pue A3a1xue Joud ‘g pue ‘uoissaidap 10 A3aixue Joud ‘| ‘sjuaLujie y3jeay [eusw Jolid ou pajedipul Q 4O asuodsal v

"(810€ '9 4aquianoN 01 2z

19Q0320) i€ SABM) [9BLPI|A SUBDLLINKH J21je PaIalsIuiWpe sem ASAINS paIY} B pue '(£10Z ‘62-ZL 12q0I0 7 dABM)
BLLLI| SUBDLLINK 1914 YIUOW | paId)siuiWpe Sem ASAINS puodas v (/10T ‘LI-8 12quialdas | aAem) ewwl| suediuny

10 >d s 91049Q SINOY 09 dU3 Ul PRASAINS D19M SIUSPISA. BPLIO| "B|dLes |B10) B3 Ul SIUSPISD. BPLIO|{ Z£9] 104 e Bleq .
vN p(IS001TE0) TH'0 WN VN VN VN $9L1I0M Pazi|eJausn
2(20°0 03 700°0) T0°'0 (¥0°0 03 %00°0-) 200 WN 2(90°0 03 T0°0) £0°0 VN VN Ay1s18ApE 193] -1eNPIAIpUI JUBIBY
5(10°003T00°0) T0'0  (€£0°0 03 5000°0-) T0°0 WN »(20°003£00°0) T0°0 YN VYN 2.nsodxa eipawu pajejau-]aeydij SUedLLINH O SINOH
2(80°00320°0) 50°0 (€T°003T0°0-) 900 WN p(6T°003£0°0) €T°0 VN vN 191N BUBDLLINH 03 24nS0dXD 323.1pu|
(T1°0031€0°0-) S0°0 >(I#°0 03 €00°0) TZ'0 WN (0€°00180°0-) TT°0 VN VN 191NN BUBDLLINK 03 31Ns0dXd 193110
€ ane\
p(87°0039T°0) 0 (¢Z1°003190°0-) €00 WN »(T9°0039+°0) €570 VN VN S9LLIOM pazi|elauan
(0T°00110°0-) ¥0'0 (¥1°00180°0-) £0°0 p(81°00390°0) CT'0 (80003 +1°0-) £0°0- VN p(P€°0012T°0) £2°0 Bu| duedLLny ut Aanfur Jo/pue sso
_Uwum:um>m pue
2(#1°00120°0) 80°0 (£1°00190°0-) S0°0 (€1°001€0°0-) S0°0 >(F2°00120°0) €T°0 VN (S°00390°0-) 0T°0 BLL| BUBDLLINK BULIND 9UOZ UOIIENJBAD U]
_mam:um>o jou pip pue
(T1°00320°0-) S0°0 5(TE003€0°0) LT°0 5(£1°003200°0) 60°0 (ST'003TT°0-) 200 VN 5(T€°003T0°0)9T°0 eL| 3uBdILINY Bulinp 8U0Z uoiendeAs U
T 9Ae\
o(€00°0- 03 70°0-) T0'0- -(€00°0- 03 €0°0-) Z0'0-  »(200°0- 03 70°0-) T0°0- (100°0 03 20°0-) 10°0- VN »(500°0- 03 +0°0-) 700~ awodu|
(¥2°00350°0-) 0T°0 (10003 T5°0-) 5T°0- (1€°001€0°0-) #T'0 (0¥°003192°0-) £0°0 VN (85°00350°0-) 92°0 (PIUEBdSIH-UOU 13U30
(80°003%0°0-) 200 (£0°0038T°0-) 50°0- (¢1°00190°0-) €0°0 (#1003 1T°0-) 200 VN (T001TT°0-) 900 dluedsiy
(0T°00360°0-) TO'0 (02°0035T°0-) 200 (1001 21°0-) 5000°0 (02°00191°0-) 200 VN (€2°003€7°0-) 1000 dluedsiH-uou eig
sA321UYID pue ddey
(£0°001€0°0-) 200 (¥0°0 03 ST°0-) 90°0- (20°00360°0-) ¥0°0- (L1°001+00°0-) 80°0 VN (#0°0 03 8T°0-) L0'0- uonedNpa 363)10)
o(¢1°001€0°0) LO'0 (#1°00190°0-) ¥0°0 >(#1°00110°0) 80°0 »(81°00110°0) OT'0 VN »(92°00120°0) #1°0 joleway
5(10°001€00°0) T0'0  (T0°003500°0-) €00°0 »(20°00110°0) 200 (10°0 03 T0°0-) T00°0 VN p(#0°0 01 20°0) £0°0 21nsodxa elpaLul Paje]a -eLLl| SUBDLLINK JO SINOH
(60°0 03 %0°0-) £0°0 (#0003 61°0-) £0'0- (ST°003%0°0-) 90'0  (¢T°0 03 ¢T°0-) 0000 0- VN (627003 £0°0-) TT°0 BULI| BUBDLLINY 21043( 3dUIIIAAXD LUOIeNdeA]
(80°00320°0-) €00 (60°0 03 0T°0-) T0°0- p(#1°00350°0) 60°0 (L0003 +T°0-) ¥0°0- VN p(97°00360°0) LT°0 BLL| BUBDLLINY 910J9q Aunful 1o/pue s507
2(Z1°00120°0) £0°0 p(EE1003TT°0) 2C0 >(#1°0 02 10°0) 80°0 (81°003€0°0-) £0°0 VN 5(LT°0031€0°0) ST°0 qBLLL| BUBDLLINY 31043 S)UBLU]IE U}|EdY 1eIud|y
T 2Ae
waupul Paug aupul Paug 12.41pU| Pauq a]qeLeA

juauiedu jeuorauny

SOLLIOM PazIjelauds

(19eYdI|N duedLIINY J3Ye) € aneM

S31LIOM Pazijelauab :(BLLl| SUBILLINY J934e) T AR

(1D %S6) q

[PBYDIAl BUBDLLINY J9)Y JusWLIledwWw| [BUOIIdUNS PUE [SBUDIJ PUE BLLLI| SSUBDLLINH 191y SOLLIOM PaZI[eJausD) YHM Pa1eIDOSSY S101084 JO [SPOIA Uied T d|qel

9/15

June 16,2022

[5 JAMA Network Open. 2022;5(6):€2217251. doi:10.1001/jamanetworkopen.2022.17251

https://jamanetwor k.com/ on 07/03/2022

Downloaded From



Repeated Exposure to Hurricanes and Mental Health Among Florida Residents

JAMA Network Open | Psychiatry

'S0 >d

‘dno.i8 9dUS.3J9. 3] SEM 3U0Z LUOIENdeAS Ue Ul 0N

/90B1JUDISYIP B, 10 ‘I3pues|
13198 J310 10 UBIIBMEH BAIIBN ‘UBISY "SAIIBN BY|SE|Y JO UBIpU| UBDLIBLWY SE PaI4IIUSp!I OYM 3SOU} papn|dul Jayl0 g

"dnoig 35ua19)2. 33 Sem djuedSIH-UoU "dUYM

‘dnoJ3 9duala)o1 3yl SeM 3Bl o

l00">d »
‘uoissaidap

pue A3aixue oud ‘g pue ‘uoissaidap 1o A3aixue Joud ‘| ‘sjuaLuie y3jeay [eusw Jolid ou pajedipul Q 4O asuodsal v

*(810€ '9 4aquianoN 01 2z

19g032Q € SABM) [SBUDI BUBDLLINH 1918 PaIa)siuipe Sem ASAINS Py} e pue (/107 '67-7L 12G0Id0 T IABM)
BLLLI| SUBDLLINK J914B YIUOW | PRIRISIUILIPE SBM ASAINS PUOBS V *(£10T 'LI-8 12qa1das :| SABM) BLLLI| SUBDLINH
210494 SINOY 09 3} Ul PAASAINS D19M SIUBPISAI BPLIO|4 "3|dLes [e30} 3U3 Ul SIUSPISDI BPLIO|{ ZE9] 10} DI Bleq .

10°>dp '9|qedijdde jou '¥N :uoneirsIqqy
WN »(66°0 03 %£°0) 98°0 WN VN WN WN ssa.3s1p 1eqo]9
(¥0°0 03 £00°0) 20°0 (20001 £0°0-) T0°0- WN (50°001%00°0) £0°0 WN WN Ay1s18ApE 19A3]-1eNpIAIpUI JUB)BY
(10°0 03 T0°0-) T00°0 »(20°003T0°0) 200 WN (10°0 03 T0°0-) T00°0 WN WN 2.ns0dx® eIpaLu paje]aJ-1aeydijy 3UedLLIN JO SINoH
(60°0 03 £00°0-) ¥0°0 p(ZT°00320°0) £0°0 WN (0T°0 03 200°0-) 50°0 vN WN 191N BUBDLLINH 03 24nS0dX? 323.1pu|
(¥2°00180°0-) 80°0 (T€°0030T°0-) 0T'0 WN (£'00160°0-) 60°0 VN WN 19821\ BUBDLLINY 03 31ns0dXa 12311g
€ ane\
»>(95°0 03 9€°0) 9%°0 (Z1'00111°0-) T0°'0 WN 5(€9°0 0 ¥%°0) ¥5°0 VN WN ssa.3s1p 1eqo]9
(£1°003€00°0) 600 (6070 03 60°0-) T00'0- p(#1°001€0°0) 60°0 (01°003£0°0-) 200 VN p(92°00190°0) 9T°0 Bu| duedLLny ut Aanfur Jo/pue sso
;Uwum:um>m pue
(6T°00310°0) 0T'0 (#1°0 03 £0°0-) #0°0 (11°001€0°0-) ¥0'0 (ST°00320°0-) £O'0 WN (0T°003150°0-) 80°0 BLL| BUBDLLINH BULINp dU0Z UOI3eNIeAD U]
r_mam:um>o jou pip pue
(61°003€£00°0) 0T°0 (¥T°001€0°0) ¥1°0 (ST°00120°0) 60°0 (217003 £0°0-) 200 WN (62°0031€0°0) 9T°0 BLUI| 3UEDLLINY BULINP SUOZ UOIIENJEAS U]
T 9Ae\
5(10°0-03€0°0-) 20'0-  (10°00320°0-) S00°0-  (T0°0- 0} 20'0-) T0'0- (¥00°0 03 20°0-) T0°0- WN >(20°0- 03 70°0-) €0°0- awodu|
(ET°0016T°0-) €0°0- (ST°0 03 #2°0-) 50°0- (52°00150°0-) 0T'0 (10°0- 03 £T°0-) #T°0- VN (L#'0010T°0-) 6T°0 pOIUBSIH-UOU 13U30
(01°003 £0°0-) 200 (#70°0 03 §1°0-) 90°0- (90°0 03 90°0-) Z00°0- (¢1°00180°0-) 200 VN (TT°00321°0-) £00°0- dluedsiy
(€2°001€0°0-) 0T'0 (60°0 03 £Z'0-) 60°0- (90001 60°0-) T0'0- (LT 001T0°0-) €T'0 VN (Z1°0031 £T°0-) €0°0- dluedsiH-uou eig
JA3121uy38 pue ey
(¥0°0 03 60°0-) 20'0- (90°0 03 60°0-) 20°0- (¥0°0 01 ,0°0-) Z00°0 (¥0°0030T°0-) €0°0- WN (8070 03 £0°0-) £00°0 uoreanpa 263110)
(€1°001€0°0-) S0°0 (€1°0 03 #0°0-) S0°0 (60°0 01 200°0-) S0°0 (60003 £0°0-) T0°0 WN (81°00110°0-) 60°0 291ewa
p(20°001%¥00°0) 100 (T0°0 01 £00°0-) €00°0 »(T0°0 031 £00°0) 100 (10°0 03 €00°0-) S00°0 WN »(20°00310°0) T0°0 21nsodxa elpaLul Paje)a -eLLl| SUBDLLINK JO SINOH
(€T°003£0°0-) £0°0 (#0°0 03 £T1°0-) LO0- (¢1°00170°0-) #0'0 (60°0030T°0-) T0'0- VN (2z’00180°0-) £L0°0 BULI| BUBDLLINY 21043( 3dUIIIAAX3 UOIeNdeA]
(60°001%0°0-) 20'0  (80°0 03 80°0-) 20000~ (80°0 01 #000°0-) ¥0°0 (90003 60°0-) Z0'0- WN (S1°003000°0) 80°0 BLUI| 3UBdLLINH 3104aq Aunful Jo/pue sso7
>(E€°001TT°0) TT'0 (02°00310°0-) 60°0 >(€2°0010T°0) £LT°0 (£1°003T0°0-) 80°0 VN >(T7°00112°0) T€°0 qBULL| BUBDLLINY 31043 S)UBLU]IE U}|EdY 1eIud|y
T 2Ae
alpu| Pala PaJpu| pala }R41pU| pala a]qeLeA

juauiiedu jeuorauny

SSa.151p 18q0]9

(19eYdI|N duedLIINY J3Ye) € aneM

$59.3S1P 12q0]6 (W] UBILLINY J9}He) 7 dABM

(1D %56) q

[9BYIAl BUBDLLINH 19}y JusWLedww| [eUOIIdUNS PUE [SBYDIJ PUE BLLLI| SSUBDLLINY 191y SS911S1Q [BqO|D YHM PaIBID0SSY S101084 JO [SPOIA Yied "€ |qel

10/15

June 16,2022

[5 JAMA Network Open. 2022;5(6):€2217251. doi:10.1001/jamanetworkopen.2022.17251

https://jamanetwor k.com/ on 07/03/2022

Downloaded From



JAMA Network Open | Psychiatry Repeated Exposure to Hurricanes and Mental Health Among Florida Residents

Discussion

To our knowledge, this is the first study to assess individuals immediately before a category 5
hurricane and follow them longitudinally to assess responses in the immediate aftermath of 2
successive hurricanes (Irma and Michael). This allowed exposure and response assessment with
lower than typical bias,*” including real-time media exposure to Hurricane Irma. Lowering
assessment biases is imperative given recent findings that survey research with nonrepresentative
samples has critical biases including inflated point estimates*®; alternatively, research with
representative samples provides more accurate estimates of exposure and psychological responses.
We addressed key limitations identified in a recent review of the public health implications of
exposure to multiple disasters, most notably the association between repeated exposure to multiple
disasters and psychological and physical health.*®

Unlike previous studies of natural hazards suggesting habituation effects,’© this study’s results
demonstrated cumulative effects after repeated hurricane exposures. Rather than acclimation to
disasters over time, the findings showed associations between direct, indirect, and media-based
hazard exposures and increases in mental health problems and functional impairment in work and
social settings. This suggests that sensitization processes occurred over time. Hurricane Irma-related
PTSS were associated with greater Hurricane Michael-related PTSS and functional impairment.
These results align with previous research conducted after repeated exposure to terrorist attacks??
and earthquakes®' that showed additive effects of repeated disaster exposure associated with
mental health symptoms. These findings have critical policy implications; clinicians and policy makers
should prepare for the deleterious mental and physical health outcomes that may occur as climate-
related hazards increase in frequency and severity.

Key hurricane-related stressors were associated with postevent responses and varied across
outcomes, like prior work.>? Hurricane-related property loss and/or injury both before and during
Hurricane Irma and direct exposure to Hurricane Michael were positively associated with distress
responses, similar to Hurricane Katrina-related findings.™ Our results support prior research showing
associations between these stressors and short-term outcomes,® demonstrating that these
associations persisted over time and may sensitize individuals to respond more negatively to
subsequent hurricanes. This occurred in the sample in our study even though many respondents
were not in the direct path of Hurricane Michael, demonstrating the importance of indirect (ie,
knowing someone affected) and media-based exposure. Prevalence rates were similar to those
indicated in prior studies of hurricane survivors,® although many respondents in the sample in our
study were indirectly exposed. Media exposure to hurricanes Irma and Michael was associated with
immediate posthurricane distress; the findings again suggest additive effects. The association
between media exposure and distress was likely cyclical; prior work>> demonstrated that high levels
of media exposure to collective trauma correlated with distress, which in turn correlated with more
media exposure and more distress following subsequent events. Taken together, this study's findings
highlight the importance of broad-based approaches to postdisaster outreach because people who
experience indirect exposure,>* less direct exposure, or primarily media-based exposure may also be
at risk for psychological difficulties.>®

Prehurricane mental health problems and other non-hurricane-related stressors were also
associated with increased hurricane-related distress over time. This is particularly important to
address in postdisaster outreach. While people with preexisting mental health problems may
experience greater postevent mental health symptoms, they are also likely to have their treatment
interrupted and not initiate new treatment after a hurricane.>® Creating policies that bridge
treatment from before to after a disaster and offer community-based resources for these individuals
may help break the cycle of distress, particularly in the context of repeated exposure. Similarly,
individuals with concurrent non-hurricane-related stressors also reported more distress. Making
resources available that address contextual factors (eg, abuse, illness) may also facilitate
posthurricane recovery.
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Limitations

This study has limitations. Although the sample was drawn from residents across Florida and
population weights were used to increase representativeness, those who were most severely
affected by Hurricane Michael comprised a relatively small proportion of the sample. While we were
able to maintain a high rate of retention in the follow-up waves, there may have been differences
between wave 1respondents and initial nonresponders, including severity of previous hurricane
exposure. Nevertheless, our overall response rate for wave 1was comparable with those typically
seen in disaster studies® and high when accounting for the small sampling time frame (60 hours prior
to Hurricane Irma’s landfall).

Conclusions

In this survey study, repeated direct, indirect, and media-based exposures to hurricanes were
associated with increased mental health symptoms over time among Florida residents who
experienced hurricanes Irma and Michael. The findings suggest that survey designs that include
preassessments and are fielded quickly after a disaster can yield critical insights into longitudinal
postevent responses. Recovery from natural hazards may be a protracted process; psychological
distress may persist and be exacerbated by subsequent exposures. This study's results highlight the
need to address the mental health implications of repeated exposure to natural hazards, particularly
in areas such as the Gulf Coast that are at high risk for repeated hurricane exposure, as risk of
hurricanes and other climate-related threats is expected to increase.
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