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Background: Within disaster-affected communities, residents’ exposures and post-disaster mental health
outcomes can vary widely. Yet, few studies have explored the relationship between such diverse disaster-
related exposures and posttraumatic growth (PTG) in a Puerto Rican context.

Methods: To address this gap, we used data from the Preparedness to Reduce Exposures and Diseases Post-
hurricanes and Augment Resilience (PREPARE) study, a cohort of mainly Hispanic Puerto Ricans who experi-
enced Hurricanes Maria and Irma in 2017. This analysis focused on 484 individuals who completed struc-
tured interviews 20 to 34 months after the hurricanes. We evaluated the associations between five different
disaster exposures (e.g., financial, home damage, personal health, and familial health), posttraumatic stress
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Hurricanes
Puerto Rico (PTS), and PTG and its five domains (personal strength, new possibilities, improved relationships, spiritual
Disasters growth, and appreciation of life), controlling for demographic, geographic, and social factors.

Results: In multivariable models, higher total disaster score was associated with higher levels of both PTS and
PTG (2.91 and 3.87, respectively). Personal health impacts were consistently associated with higher levels on
all PTG subscales, ranging from 0.89 to 1.94, which was not the case for other exposures. Specifically, home
damage was associated with higher levels on all PTG subscales except spiritual growth, and financial and
familial health impacts were associated with greater identification with new possibilities and appreciation of
life only.
Conclusion: These findings provide novel evidence that different disaster-related exposures have distinct
associations with the different PTG domains in Puerto Rico. These findings can inform future efforts to
address post-disaster mental health ailments by bolstering different aspects of PTG.
© 2024 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

1. Introduction

The frequency and effects of weather-related disasters (e.g., hurri-
canes, floods), including material, financial, and environmental
losses, along with adverse impacts on health and well-being, con-
tinue to escalate amidst the intensification of climate change, fueled
by the entrance of additional heat and water into the atmosphere
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and rising global surface temperatures [1,2]. Alongside the rising
occurrences and intensity of weather-related disaster events are their
corresponding effects on vulnerable communities. Low-income indi-
viduals, those with chronic conditions, and displaced populations are
among those at highest risk for adverse effects of weather-related
disasters as a product of their limited access to assets critical to disas-
ter recovery and overall health [3].

A pair of recent weather-related disasters that exemplifies the dis-
proportionate impact of these events on vulnerable communities are
Hurricanes Maria and Irma, which struck Puerto Rico in September of
2017. Puerto Rico, a United States territory in the Caribbean, is partic-
ularly susceptible to hurricanes due to its geographic location. Cou-
pled with disparate rates of chronic disease (e.g., diabetes, kidney
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disease) and poverty relative to other localities in the United States,
Puerto Rico is at a disadvantage when enduring and recovering from
weather-related disasters, such as those that gained international
attention in 2017 [4—6]. Category 5 Hurricane Irma and Category 4
Maria both hit the island within a two-week period, with Maria caus-
ing over $90 billion in damage alone [7]. With both disasters amass-
ing extensive infrastructural damage, flooding, prolonged power loss,
displacement, and a death toll of nearly 3000, recovery was expected
to be labor-intensive and costly [8—11]. Six years later, recovery is
still underway, partially due to a lack of access to Federal Emergency
Management Agency (FEMA) public assistance funds that are essen-
tial to the island’s recovery [12].

Hurricanes Irma and Maria had a profound impact on Puerto
Ricans. This included increases in diagnoses of posttraumatic stress
disorder (PTSD), major depression, and other anxiety disorders,
which have been identified as outcomes associated with weather-
related disaster exposure, both through the onset of new symptom-
atology and the escalation of pre-existing mental illness [13—15]. The
relationship between disaster survivorship and these adverse mental
health outcomes must be considered within the Puerto Rican context,
including the island’s fragile health care system and shortage of men-
tal health specialists, against the backdrop of a recession marked by
unemployment and familial separation [16,17]. Coinciding with a
stark increase in reported suicides and other mental health symp-
tomatology, it will be critical to explore strategies that support and
enhance the behavioral health-related needs of Puerto Ricans moving
forward [18].

Initial studies after the hurricanes among Puerto Rican residents
have provided critical insight into the state of mental health in the
region. A study conducted six months after the disasters in Punta
Santiago, a town located on the southeastern coast of Puerto Rico,
found that >66 % of survey respondents reported increases in scores
for at least one of three mental disorders: major depression, general-
ized anxiety, and PTSD [19]. Other studies have reported similar find-
ings in the longer-term aftermath of the hurricanes, including
increases in self-reported diagnoses of PTSD and depression - out-
comes that were associated with elevated exposure to hurricane-
related stressors such as personal and/or familial harm or loss, com-
promised access to resources, unsafe living conditions, and home
damage [20-22].

While there is a demonstrable link between disaster survivorship
and poor mental health outcomes, research has also demonstrated
that disasters can promote posttraumatic growth (PTG). According to
Tedeschi and Calhoun (1996), PTG is defined by five overarching
domains — improvements in interpersonal relationships, a sense of
new possibilities, increased personal strength, positive spiritual
change, and a greater appreciation for life — that arise as a result of
psychological struggle in the aftermath of a potentially traumatic life
event [23]. Extant research exploring the relationship between PTG
and mental health conditions have revealed that PTG is correlated
with PTSD symptoms [24]. A handful of studies have identified pre-
dictors of higher PTG among disaster survivors, including female sex,
lower income, higher posttraumatic stress (PTS) scores, and psycho-
social constructs, including a greater sense of purpose, religiosity,
and perceived social support [25—27].

Within this context, researchers have explored unique and shared
predictors of PTS and PTG post-disaster. Prior research has found that
these are related constructs, but distinct from each other. Some stud-
ies have attempted to shed light on distinctions by examining unique
and shared predictors of PTS and PTG. For example, a study of low-
income women who survived Hurricane Katrina identified that
demographic characteristics (i.e., older age, non-Hispanic Black iden-
tity) and more disaster-related stressors were associated with both
PTS and PTG, whereas greater purpose in life and religious coping
were uniquely associated with PTG [28,29]. Notably, this work has
not differentiated between different domains of PTG. The domains of
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PTG often present in a highly individualized manner; one may expe-
rience a single domain while another may exhibit multiple domains
simultaneously, thereby warranting a more nuanced review of how
PTG is experienced in a post-disaster context. This limitation is signif-
icant given that both PTG theory and some empirical findings indi-
cate that different types of potentially traumatic events are likely to
elicit different PTG domains [30—32]. For example, studies of PTG
among combat veterans have found elevated identification with
alterations in interpersonal relationships, new possibilities, and spiri-
tual change whereas those living with chronic, life-threatening
health conditions such as cancer align more with changes in appreci-
ation of life and personal strength [33—36]. An additional limitation
is that researchers have generally not examined whether different
disaster-related exposures are uniquely associated with PTS, PTG,
and PTG domains. Such findings could also yield insights into the pro-
cesses leading to different patterns of post-disaster PTS and PTG, ulti-
mately helping providers promote positive outcomes among
survivors [37].

To our knowledge, there have been no studies that concurrently
examined PTS and PTG after Hurricanes Irma and Maria, which is
notable given their concurrent and extreme nature, coupled with the
unique cultural context [38,39]. Against the backdrop of limited
research on specific, disaster-related exposures and their association
with PTS, PTG, and PTG domains, work in this area could provide cru-
cial insight into how varied disaster-related exposures might facili-
tate positive mental health outcomes and how these pathways can
be leveraged in the aftermath of future climate disasters.

The present study therefore aimed to (1) examine the levels and
correlations between PTS and PTG post-Hurricanes Irma and Maria
among high-risk adults living in Puerto Rico and (2) identify unique
and shared predictors of PTS and PTG in this context.

2. Materials and methods
2.1. Participants and procedures

The current study drew upon data from the Preparedness to
Reduce Exposures and Diseases Post-hurricanes and Augment Resil-
ience (PREPARE) study [40]. PREPARE included participants from: (1)
a pre-existing cohort, the San Juan Overweight Adults Longitudinal
Study (SOALS) [41]; and (2) from federally qualified health centers,
Corporacion de Servicios de Salud y Medicina Avanzada (COSSMA),
which have been providing outpatient and preventative services for
individuals with chronic diseases. SOALS recruited 1,206 overweight/-
obese Hispanic adults aged 40 to 65 years, free of major health condi-
tions, between 2011 and 2013, 1028 of whom completed a follow-up
survey between 2014 and 2016. Of the 869 that were deemed eligible
for participation in PREPARE, 377 resided in San Juan, 281 in the San
Juan Metropolitan area, and 211 outside San Juan. PREPARE aimed to
include 125 participants from each location. A total of 364 SOALS par-
ticipants provided post-hurricane data that were included in this
study. Due to PREPARE’s initial key interests in diabetes management
and incidence, COSSMA participants were considered for inclusion if
they were diagnosed with diabetes prior to the hurricanes, attended
a medical appointment no earlier than one year before the hurricanes
and another visit within the following year; and had pre- and post-
disaster data in their health records on HbAlc, height, and weight
measurements. Using COSSMA electronic health records, 2,306
patients were identified that qualified for the study. After removing
participants with missing information, 416 participants were found
eligible for the study, with 125 electing to participate, meeting the
targeted sample size goal.

Data collection was conducted between May 2019 and July 2020,
20—34 months post-hurricanes. Eligible and willing participants
were scheduled for in-person visits to complete a survey adminis-
tered in Spanish, have blood drawn, blood pressure measured, and
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anthropometric measures and hair collected. Following a series of
earthquakes in January 2020 and COVID-19 lockdown, 71 interviews
with COSSMA patients were conducted over the phone, and 11 SOALS
participants were excluded due to in-person restrictions. A total of
489 participants were included in PREPARE. Five participants (1 %)
were dropped due to missing data, yielding an analytic sample of
484. This study was approved by the Institutional Review Board at
the University of Puerto Rico.

2.1. Measures

2.1.1. Posttraumatic stress

PTS was assessed using the Posttraumatic Checklist for DSM-5
(PCL-5), a 20-item measure of DSM-5 PTSD symptom clusters: intru-
sion (five items, e.g., repeated, disturbing, and unwanted memories
of the stressful experience), avoidance (two items, e.g., trouble
remembering important parts of the stressful experience), negative
alterations in cognition and mood (seven items, e.g., feeling distant
or cut off from other people), and alterations in arousal and reactivity
(six items, e.g., irritable behavior, angry outbursts, or acting aggres-
sively) [42]. Participants reported how much they were bothered by
each symptom in the past month related to their experiences with
the hurricanes, from 0 (not at all) to 4 (extremely). Full scale scores
were computed as the sum of responses to all items, ranging from 0
to 80. Cronbach’s alpha was 0.91. The PCL-5 has both been validated
in Spanish and utilized in a Puerto Rican context [43—-46]. For the
purposes of our study, the PCL-5 was administered to participants in
Spanish.

2.1.2. Posttraumatic growth

PTG was assessed by the Posttraumatic Growth Inventory (PTGI),
a 21-item measure assessing the five PTG domains: personal strength
(four items, e.g., “I have a greater feeling of self-reliance”), new possi-
bilities (five items, e.g., “I have developed new interests”), improved
relationships (seven items, e.g., “I have a greater sense of closeness
with others”), spiritual growth (two items, e.g., “I have stronger reli-
gious faith”), and appreciation of life (three items, e.g., “I changed my
priorities about what is important in life”). Participants rated each
item from O (I did not experience this as a result of my crisis) to 5 (I
experienced this change to a very great degree as a result of my crisis)
[23]. Full scale scores range from 0 to 105, with higher scores indicat-
ing a more positive transformation; subscales are computed with the
items comprising each PTG domain. Cronbach’s alpha for the full
scale was 0.95, ranging from 0.73 to 0.87 for subscales. The PTGI has
both been validated in Spanish and utilized in a Puerto Rican context
[46,47]. For the purposes of our study, the PTGI was administered to
participants in Spanish.

2.1.3. Disaster exposure

Disaster-related exposures were measured through dichotomous
items derived from previous disaster mental health research. [48,49].
Participants indicated whether or not they had experienced five
exposures related to Maria and Irma: physical injury directly related
to the hurricanes; impact on personal health; impact on family mem-
bers’ health; damage to home or appliances; and financial impact.
Items were summed for a total disaster exposure score, ranging from
0 to 5, with higher scores indicating more severe exposure.

2.14. Covariates

Covariates included age, gender, annual income, marital status,
education level, social support, and geographic location. Age and
income were assessed continuously, while gender and marital status
were coded as binary variables (0=Male and 1=Female; O=Unmarried
and 1=Married). Educational level was coded as a four-level variable:
no college attendance, some college completion, bachelor’s degree,
and postgraduate work/degree. Geographical location was broken up
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into San Juan, the six remaining towns that make up the downtown
area of Puerto Rico (i.e., metro area), and locations anywhere on the
island outside the San Juan metropolitan area. All but two partici-
pants (0.4 %) identified as Hispanic/Latinx, therefore ethnicity was
excluded as a covariate.

In addition, given robust research linking higher post-disaster
social support to lower PTS and higher PTG [50], we included a mea-
sure of social cohesion and trust; the Social Cohesion and Trust (SCT)
subscale of Sampson, Raudenbush, and Earls’ Collective Efficacy Scale
(1997). Consisting of five Likert-scale rated items, participants indi-
cated their level of agreement with three positively-framed items
(e.g., “People in this neighborhood can be trusted”) and two nega-
tively-framed and reverse coded items (e.g., “People in this neighbor-
hood generally don’t get on with each other”) [51,52]. Cronbach’s
alpha for this sample was 0.86.

2.2. Data analysis

Data analysis consisted of three steps. First, descriptive statistics,
including percentages for categorical measures and means and stan-
dard deviations for continuous measures, were computed to provide
an overview of the sample characteristics, and a correlation matrix
was examined to assess bivariate relationships among study varia-
bles. Second, we examined the associations between a sum of disas-
ter-related exposures and PTS, PTG full scale, and PTG subscales
using multivariable linear regression to control for potential con-
founders and determine the independent effects of disaster-related
exposures on these outcomes. Third, after assessing multicollinearity,
we examined associations between the five specific disaster-related
exposures and PTS, PTG, and PTG domains, controlling for all covari-
ates described previously using separate multivariable linear regres-
sion models to understand distinct associations between exposures
and outcomes. Data was analyzed using SAS version 9.4.

3. Results
3.1. Preliminary analyses

Table 1 presents descriptive statistics. Of the 484 participants,
approximately 76 % identified as female and 55 % were unmarried,
with an average age of approximately 60. In connection with Hurri-
canes Irma and Maria, a majority of the sample suffered financial set-
backs (70 %) and witnessed damage to their homes (63 %). More than
one-third of the sample dealt with health concerns among family
members (37 %) as well as personally (35 %), with 5 % reporting phys-
ical injury as a result of the hurricanes. A correlation matrix with all
study variables is shown in Table 2. Total disaster exposure and each
specific disaster-related stressor was positively and significantly
associated with PTG and PTS full scale and subscales, ranging from
0.09 to 0.35, with a few exceptions: disaster-related injury was posi-
tively, but not significantly associated with PTG, PTS, or PTG sub-
scales, ranging from 0.05 to 0.08; disaster-induced family health
effects were only associated with PTS (0.26, p < .001); disaster-
related financial impacts were not associated with the PTG personal
strength (0.06), improved relationships (0.05), and spiritual growth
(0.08) subscales; and disaster-induced damage was not associated
with PTG improved relationships or spiritual growth (both 0.04).
Additionally, age was negatively and significantly associated with
PTG (—0.12, p < .05), and both age and social support score were neg-
atively and significantly associated with PTS (-0.12, p < .05, both),
and disaster-induced financial impact (-0.18, p < .001 and -0.14,
p < 0.01, respectively).
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Table 1
Description of the sample (N = 484).

Characteristic N(%)

Age (mean + SD) 59.8+7.1

Female 367 (75.8%)
Yes 117 (242 %
No

Married 219(45.3%)
Yes 265 (54.8 %)
No

Education 190 (39.3 %)
No college 117 (24.2 %)
Some college 111 (23.0%)
Bachelor’s 66 (13.6 %)
Post-graduate

Income (mean + SD) 28k + 21k

Geographic Location 145 (30.0 %)
San Juan 114(23.5%)
Metro Area 225 (46.5 %)
Other

Disaster Impact: Financial 344(71.1%)
Yes 140 (28.9 %)
No

Disaster Impact: Physical Injury 24(5.0%)
Yes 460 (95 %)
No

Disaster Impact: Infrastructural Damage 307 (63.4 %)
Yes 177 (36.6 %)
No

Disaster Impact: Personal Health 168 (34.7 %)
Yes 316 (65.3 %)
No

Disaster Impact: Family Health 177 (36.6 %)
Yes 307 (63.4 %)
No

Social Score (mean =+ SD) 17.1+£4.6

Health Conditions (mean =+ SD) 28+19

Disaster Score (mean =+ SD) 21+13

PTS Score (mean =+ SD) 11.1£12.0

PTG Score (mean + SD) 66.3 +24.8

Note: Percentages may not sum due to rounding.
3.2. Multivariable models

3.2.1. Full-Scale PTS and PTG

Table 3 shows the results of multivariable models with total disas-
ter exposure predicting PTS and PTG. Table 4 summarizes the results
of a model predicting PTS and another predicting PTG substituting
total disaster exposure score for disaster-related stressors. Higher
total disaster exposure and all five disaster-related stressors were
associated with higher PTS and PTG. Full model results are available
in the supplementary materials.

3.2.2. PTG subscales

Table 5 presents the findings from multivariable models predict-
ing the five PTG subscales. As shown, personal health was the most
consistent unique predictor for each of the subscale items, whereas
other disaster-related stressors predicted some subscales and not
others. While no relationships were negative, specifically, home dam-
age was associated with new possibilities. Financial impact was asso-
ciated with the new possibilities and improved relationships
subscales. Experiencing an injury was associated with all subscales
but spiritual growth. However, these results were not considered sta-
tistically significant. Full model results are available in the supple-
mentary materials.

4. Discussion
The current study examined relationships between exposure to

Hurricanes Irma and Maria with PTS and PTG among a sample of 484
adults in Puerto Rico post-disasters. In multivariable models, we
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found that two different disaster-related stressors (impact on per-
sonal health and impact on family health) were each significantly
associated with higher levels of both PTS and PTG. These findings are
consistent with prior literature reporting both positive and adverse
mental health traumatic events [53,54], and finding that higher disas-
ter-related exposure is associated with higher levels of PTS and PTG
[55]. While limited, the finding that personal and familial health pre-
sented the strongest association with PTG aligns with findings from
extant research [56]. Additionally, the authors hypothesize that this
association is linked to the tangible and impressionable nature of
injury to oneself or those around them. The impacts of physical injury
on psychological well-being are well studied, with a subset revealing
that injuries — especially those more severe — force individuals to
reconfigure how they go about and perceive daily life [57,58]. Injury
to family members can result in a similar shift, with loved ones
potentially assuming the responsibility of their care and making
adjustments in their own lives in order to support family members in
ways they did not prior to the disaster [59].

Among the primary findings of the study were that PTS and PTG
full scale scores were elevated in individuals who were physically
injured and had their overall health negatively impacted by the hurri-
canes. This is consistent with extant literature linking disaster-related
impacts on personal health to poor mental health and wellbeing
[23,60]. The results of this study, however, indicate that being physi-
cally injured and/or having health impacted by the hurricanes was
associated with heightened PTS and PTG, including higher levels of
the PTG domains personal strength, appreciation of life, strengthened
relationships, and belief in new possibilities as a result of the hurri-
canes. Such findings suggest the potential to harness these domains
of PTG in interventions for disaster survivors who have experienced
health impacts. These findings carry some important implications.
Not only do these insights identify communities of high need post-
disaster, but they also pinpoint specific types of disaster exposures
that might be more likely to yield different PTG domains and can
therefore be leveraged to further improve mental health outcomes
among survivors. For example, previous research has shown that
greater PTG and decreased PTSD symptoms occur after certain types
of therapies, such as Cognitive—Behavioral Conjoint and exposure
therapies [61,62]. Clinical integration of PTG can also take the form of
different evidence-based strategies deployed by mental health pro-
viders in their interactions with patients, such as focusing on the
struggle as opposed to the event, engaging in effective listening, and
serving as the “expert companion” [63]. These evidence-based inter-
ventions can be modified to target some of the most common disaster
exposures amenable to increases in PTG as identified in this study,
such as how disaster exposure has impacted personal health as well
as that of family members. By leveraging the potential for PTG among
survivors who have endured specific exposures, clinicians can tailor
their interventions to maximize resilience in disaster survivors. [64
—66]. It has also been shown that individuals with elevated levels of
PTS may also experience higher PTG, suggesting that as PTS symp-
toms increase, there is more room for PTG [24]. Focusing on facilitat-
ing PTG in a clinical setting can improve PTS symptoms and foster
resilience during future crises.

The hurricanes also caused significant harm to families, contribut-
ing to elevated PTS and PTG. These findings reinforce that direct
impacts to loved ones are associated with adverse mental health con-
sequences, and these experiences can also lead to aspects of PTG as
an individual responds to and copes with the traumatization of those
closest to them [66,67]. The death of loved ones has been a long-cited
source of psychological vulnerabilities, including increased risk of
PTS [66,68]; however, a more novel finding is the way in which PTG,
most prominently in the form of new possibilities and appreciation
of life, could occur as a result of a wider range of family impacts dur-
ing and after a disaster. Further research should explore and identify
pathways leading from such exposures to these PTG domains.
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Table 2
Correlation between all study variables (N = 484).
1 2 3 4 5 6 7 8 9 10 11
1. Age 1.00
2. Female -0.02 1.00
3. Married 0.09 -0.11*  1.00
4. Some college -0.09* 0.01 -0.03 1.00
5. Bachelor’s degree -0.04 0.02 -0.02 -0.31"*  1.00
6. Post-grad -0.03 0.00 -005  —023"*  —022** 1.00
7. Income 0.00 —-0.09*  0.10* 0.00 -0.01 0.05 1.00
8.San Juan 0.11* -006 019  —0.10* -0.08 -007 002 1.00
9. Metropolitan area -0.07 -001 003 0.11* 0.00 0.12 0.05* 0,52 1.00
10. Social score 0.07 -005  0.13* -0.05 0.09* 0.08 0.08 0.09 -0.01 1.00
11. Disease count 0.25** 0.08 -0.01 —-0.07 -0.07 -005  —0.06  0.34** -0.13*  0.02 1.00
12. Disaster score -0.07 0.09 -004 001 0.03 0.09 -006  0.05 -0.04 -0.10*  0.18™*
13. Disaster injury 0.05 0.02 0.02 -0.02 -0.04 0.10 -001*  0.06 -0.04 -0.03 0.03
14. Disaster damage 0.00 0.01 -004  -0.04 0.01 0.04 -004 005 -0.01 -0.02 0.14**
15. Disaster family health 0.00 0.07 -004  —0.04 -0.02 1.00 -0.06*  0.06 -0.04 -0.04 0.14*
16. Disaster personal health ~ —0.04 0.11* -005 001 -0.01 0.02 -0.09*  0.09 -0.10*  -0.07 0.20"*
17. Disaster financial impact ~ —0.18***  0.05 0.01 0.07 0.12** 0.04 0.02 -0.08 0.06 -0.14*  -0.02
18. PTG score -0.12* 0.09* -002 007 -0.03 -005 001 -0.03 -0.03 0.12* -0.05
19. Personal strength -0.11* 1.00* -006  0.03 -0.01 -004 001 -0.03 -0.04 0.09* -0.06
20. New possibilities -0.15**  0.06 -005 005 -0.02 -005 001 -0.05 -0.02 0.07 -0.09
21. Improved relationships —-0.06 0.08 0.03 0.07 —-0.06 —-0.04 0.01 —0.01 —0.04 0.20*** —0.04
22. Spiritual growth -0.09 0.10* 0.00 0.08 -0.03 -007 001 -0.03 0.00 -0.01 -0.04
23. Appreciation for life -0.16*  0.10* -001 0.6 0.01 -005  -001 001 -0.03 0.07 0.00
24. PTSD score -0.12* 0.15*  -0.09*  0.03 0.02 -008  -0.07 0.0 -009*  -0.12*  0.11*
12 13 14 15 16 17 18 19 20 21 22 23 24
1.00
0.31%* 1.00
0.62*** 0.10* 1.00
0.64** 0.06 0.12* 1.00
0.73** 0.19*** 027"**  039***  1.00
0.62*** 0.04 0.26**  0.22**  0.26"* 1.00
0.17* 0.07 0.09* 0.08 0.16"** 0.11* 1.00
0.15** 0.06 0.10* 0.07 0.16*** 0.06 0.88**  1.00
0.17*** 0.05 0.10* 0.08 0.13** 0.13** 0.92***  0.76*** 1.00
0.11* 0.07 0.04 0.05 0.12* 0.05 0.93"*  0.77***  0.80"* 1.00
0.11* 0.05 0.04 0.05 0.13* 0.08 0.81"**  0.64***  0.70"** 0.72"**  1.00
0.27** 0.08 0.15* 015" 022" 0.18*** 0.85"*  0.71**  0.75"* 0.70**  0.67***  1.00
0.35%* 0.08 0.15**  026"* 033" 0.17* 0.29%*  021"** 028" 0.22** 030" 033"  1.00
*p <.05,*p <.01, **p < .001.
Table 3 Table 4
Linear regressions associated with PTS and PTG score (N = 484). Specific disaster exposures associated with PTS & PTG (N = 484).
Characteristics PTS PTG Characteristics PTS PTG
B(SE) B(SE) B(SE) B(SE)
Age —0.18*(0.07) -0.37*(0.16) Disaster Financial Impact 1.24(1.23) 3.93(2.69)
Female 2.75*(1.17) 4.68 (2.56) Disaster Injury 2.25(2.15) 7.10(5.17)
Married —1.02 (1.05) —0.75(2.30) Disaster Damage 1.61(1.48) 3.12(2.42)
Education Disaster Personal Health 5.44**(1.22)  6.81*(2.69)
Some college education -0.16 (1.31) 0.47 (2.86) Disaster Family Health 3.75"*(1.14) 1.84* (2.50)
Bachelor’s degree ~043(1.34) —>41(2.93) Note: All models control for all covariates.
Post-graduate ~3.68"(1.62) ~8.08"(3.54) Note: Models were run separately for PTS and PTG and disaster
Income —-0.03(0.06)  0.07(0.14)
Geographic Location SXPOSE, -
San Juan ~154(129)  —2.53(2.81) P <.05,7p<.01,"p <.001.
Metropolitan Area —2.49 (1.40) —2.75(3.06)
Social Score ~0.13(0.11) 1007 (0.25) correlations with PTG and PTS, though these findings only held
Health Conditions 0.50 (0.30) —0.92(0.65) A N A S R .
Disaster Score 291 (040)  3.87***(0.87) for age in multivariable models. This may indicate that being
Note: Models were run separately for PTS and PTG younger and !ackmg §oc1al support may contribute to worse out-
*p < .05, *p < .01, **p < 001. comes following a disaster, a phenomenon found by Sharp and
colleagues (2018) while analyzing cancer-related financial stress
and PTG [71]. Although future research is needed, these results
While research examining the linkages between socioeco- may indicate that when finances are restricted, individuals are
nomic status and post-disaster health and well-being is ample, required to decide how to spend their funds more strategically,
our analysis uncovered a unique aspect of this relationship, indi- resulting in transformed perceptions of the power of finances in
cating that financial harm induced by the hurricanes was associ- dictating an individual’s growth and future trajectory. An alterna-
ated with both PTS, PTG, and three PTG domains - new tive possibility is that PTG and its domains could result as survi-

possibilities, improved relationships, and appreciation of life
[69,70]. Interestingly, age and social support had negative

vors draw on internal and external resources to offset financial
losses and reestablish financial well-being.
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Table 5
Linear regressions associated with PTG subscales (N = 484).
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Characteristics Personal strength  New possibilities  Improved relationships  Spiritual growth  Appreciation for Life
B(SE) B(SE) B(SE) B(SE) B(SE)

Disaster financial impact  0.19 (0.53) 1.40(0.76) 1.20(0.93) 0.45(0.38) 0.82(0.44)

Disaster Injury 1.15(1.01) 1.65 (0.44) 2.66 (0.78) 0.62 (0.73) 1.01(0.84)

Disaster Damage 0.82(0.47) 1.15(0.68) 0.27(0.83) 0.07 (0.34) 0.83*(0.39)

Disaster Personal Health 1.48"*(0.52) 1.23(0.71) 1.94 (0.93) 0.89* (0.38) 1.14**(0.43)

Disaster Family Health 0.18 (0.40) 0.75(0.71) 0.43(0.87) 0.04 (0.35) 0.67 (0.41)

Note: All models control for all covariates.

Note: Models were run separately for each subscale and disaster exposure.

*p <.05,*p <.01, **p < .001.

Lastly, the analysis revealed that only the accumulation of disas-
ter-related stressors was associated with higher spiritual growth.
One possible explanation for this pattern of results is the predomi-
nance of religiosity in Puerto Rico, where only eight percent of the
population identifies as atheist, agnostic, or of no particular religion,
coupled with the predominance of religion in the island’s cultural
and psychosocial landscape [72,73]. As such, there might have been
less of an opportunity for spiritual growth in this population, as com-
pared to a less religious population. Additionally, only two items on
the PTGI assess spiritual change, limiting the variance in this subscale
and power to detect statistically significant effects. Researchers
should therefore consider developing expanded inventories of spiri-
tual change in future studies.

The statistical significance of sociodemographics within the sam-
ple with PTS and PTG also provide critical insight into the directional-
ity of future research. For example, there was a negative association
between income and PTS score as well as a positive correlation
between social support and PTG. Researchers should delve deeper
into these associations, identifying potential drivers behind the dete-
riorating effect of income and ameliorative effect of social support on
mental health outcomes in the post-disaster context.

This study has several limitations. First, the sample of high-risk
adults means that the findings might not generalize to the full popu-
lation of Puerto Rico. Additionally, the study did not include Puerto
Ricans who relocated off the island after the hurricanes, therefore
potentially misrepresenting the experiences of those whose lives
were most severely impacted by the storms [11,74]. Third, disaster-
related stressors were assessed as binary variables, preventing us
from capturing the magnitude of each impact. To address this limita-
tion, future research could use inventories that assess the severity of
each stressor. Additionally, The cross-sectional nature of the data
means that we are limited in our interpretations regarding the direc-
tion of effects, although the temporal ordering of our analyses was
justified given the timeframe of different measures. However, it is
possible that there are bidirectional relationships between study var-
iables. For example, PTS could have been a marker for preexisting
mental health difficulties, which could have increased risk for hurri-
cane-related exposures. Finally, the rough nature of the items used to
assess disaster-related exposures is an additional limitation.
Although the single items for each exposure were derived from prior
research and minimized participant burden, they did not capture var-
iation in exposure severity. For example, the association between
hurricane-related personal injury and PTS or PTG is likely to differ
among disaster survivors who experienced mild versus life-threaten-
ing physical injuries. Other hurricane-related exposures that have
been previously linked to PTS and PTG were also not included, such
as loss of a pet, bereavement, and perceived life threat [29,75,76].

These findings accentuate a need for future research into PTS and
PTG and its domains following weather-related disasters within a
Puerto Rican context. Additionally, they support the need for contin-
ued mental health services addressing PTS and fostering different
aspects of PTG following disasters such as Maria and Irma, both
within and outside of Puerto Rico. Finally, further studies should

separately examine different disaster-related stressors and their
association with various short- and long-term post-disaster mental
health outcomes. Such research will be critical to developing a
nuanced understanding of how health and well-being can be maxi-
mized in the 21st century disaster context, especially as the preva-
lence of environmentally-attributed mental health conditions such as
eco-anxiety and solastalgia continue to mount [77,78]. The phenome-
non of PTG provides a unique opportunity to help disrupt this pro-
cess, as the aftermath of climate-related disasters has been a cited
source of personal growth and stronger community bonds [79]. As
scientists predict an increase in both the volume and virulence of
hurricanes and other weather-related disasters, we must prioritize
innovative and evidence-based strategies that protect and promote
mental health in a changing climate.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

CRediT authorship contribution statement

Marie-Claire Meadows: Writing — review & editing, Writing —
original draft, Formal analysis. Noelle Serino: Writing — review &
editing, Writing — original draft. Dahianira M. Camacho-Monclova:
Writing — review & editing, Writing — original draft, Conceptualiza-
tion. Kaumudi Joshipura: Writing — review & editing, Funding
acquisition, Conceptualization. Sarah R. Lowe: Writing — review &
editing.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.joclim.2024.100365.

References

[1] U.S. Department of Homeland Security. Natural Disasters 2023 Available from:
https://www.dhs.gov/natural-disasters [accessed 7 November 2024].

[2] Intergovernmental Panel on Climate Change. Climate change 2023 synthesis
report; IPCC; 2023. Available from: https://www.ipcc.ch/report/ar6/syr/down-
loads/report/IPCC_AR6_SYR_LongerReport.pdf [accessed 13 December 2023].

[3] United Nations Office for Disaster Risk Reduction. Vulnerability, 2024, Available
from: https://www.undrr.org/terminology/vulnerability#:~:text=The%20condi-
tions%20determined%20by%20physical,to%20the%20impacts%200f%20hazards
[accessed 7 November 2023].

[4] Abel JR, Deitz R. The causes and consequences of Puerto Rico’s declining popula-
tion. Curr Iss Econ Finance 2014;20(4):1-8.

[5] Alcorn T. Puerto Rico’s health system after hurricane Maria. Lancet 2017;390
(10103):e24.

[6] Avilés-Santa ML, Monroig-Rivera A, Soto-Soto A, Lindberg NM. Current state of
diabetes mellitus prevalence, awareness, treatment, and control in Latin America:
challenges and innovative solutions to improve health outcomes across the conti-
nent. Curr Diab Rep 2020;20(11):62.


https://doi.org/10.1016/j.joclim.2024.100365
https://www.dhs.gov/natural-disasters
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.undrr.org/terminology/vulnerability#:~:text=The%20conditions%20determined%20by%20physical,to%20the%20impacts%20of%20hazards
https://www.undrr.org/terminology/vulnerability#:~:text=The%20conditions%20determined%20by%20physical,to%20the%20impacts%20of%20hazards
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0004
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0004
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0005
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0005
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0006
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0006
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0006
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0006
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0006

M.-C. Meadows, N. Serino, D.M. Camacho-Monclova et al.

[7] Pasch RJ., Penny AB., Berg R. Hurricane Maria. National hurricane center; 2023.
Available from: https://www.nhc.noaa.gov/data/tcr/AL152017_Maria.pdf [accessed
13 December 2023].

[8] Federal Emergency Management Agency. Hurricanes IRMA and Maria in Puerto

Rico: building performance, observations, recommendations, and technical guid-

ance. FEMA; 2018. Available from: https://www.fema.gov/sites/default/files/

2020-07 /mat-report_hurricane-irma-maria-puerto-rico_2 [accessed 13 Decem-

ber 2023].

Government Accountability Office. Disaster response: federal assistance and

selected states and territory efforts to identify deaths from 2017 hurricanes,

2019. Available from: https://www.gao.gov/products/gao-19-486 [accessed 13

December 2023].

[10] Government Accountability Office. Hurricane recovery can take years - but for
Puerto Rico, 5 years show its unique challenges, 2022. Available from: https://
www.gao.gov/blog/hurricane-recovery-can-take-years-puerto-rico-5-years-
show-its-unique-challenges#:~:text=Hurricanes%20Irma%20and%20Maria%
20caused,infrastructure%20damaged%20by%20the%20hurricanes [accessed 13
December 2023].

[11] Hinojosa J, Puerto ME. Rican exodus: one year since Hurricane Maria [Internet].
Cent Puerto Rican Stud 2017:1-7 Available from https://centropr-archive.hunter.
cuny.edu/sites/default/files/RB2018-05_SEPT2018%20%281%29.pdf [accessed 13
December 2023].

[12] Government Accountability Office. Puerto Rico disasters: progress made, but the
recovery continues to face challenges. GAO; 2024. Available from: https://www.
gao.gov/assets/d24105557.pdf [accessed 29 May 2024].

[13] Aponte J. Hurricanes and mental health. Hisp Health Care Int 2018;16(3):110-1.

[14] Kishore N, Marqués D, Mahmud A, Kiang MV, Rodriguez I, Fuller A, et al. Mortality
in Puerto Rico after hurricane Maria. N Engl ] Med 2018;379(2):162-70.

[15] National Centers for Environmental Information. Costliest U.S. tropical cyclones.
NCEI; 2024. Available from: https://www.ncei.noaa.gov/access/billions/dcmi.pdf
[accessed 7 November 2024]

[16] Chandra A, Marsh T, Madrigano J, Simmons MM, Abir M, Chan EW, et al. Health
and social services in Puerto Rico before and after Hurricane Maria: predisaster
conditions, hurricane damage, and themes for recovery. Rand Health Q. 2021;9
(2):10.

[17] Crane K, Li L, Subramanian P, Rovit E, Liu ]. Climate change and mental health: a
review of empirical evidence, mechanisms and implications. Atmosphere (Basel)
2022;13(12):2096.

[18] Ramphal L. Medical and psychosocial needs of the Puerto Rican people after hur-
ricane Maria, 31. Baylor University Medical Center Proceedings; 2018. p. 294-6.

[19] Ferré IM, Negrén S, Shultz JM, Schwartz SJ, Kossin JP, Pantin H. Hurricane Maria’s
impact on Punta Santiago, Puerto Rico: community needs and mental health
assessment six months postimpact. Disaster Med Public Health Prep 2019;13
(1):18-23. doi: 10.1017/dmp.2018.103.

[20] Orengo-Aguayo R, Stewart RW, de Arellano MA, Sudrez-Kindy JL, Young J. Disaster
exposure and mental health among Puerto Rican youths after Hurricane Maria.
JAMA Netw Open 2019;2(4):e192619.

[21] Scaramutti C, Salas-Wright CP, Vos SR, Schwartz SJ. The mental health impact of
hurricane Maria on Puerto Ricans in Puerto Rico and Florida, 13. Disaster Med
Public Health Prep; 2019. p. 24-7.

[22] Stukova M, Cardona G, Tormos A, Vega A, Burgos G, Inostroza-Nieves Y, et al.
Mental health and associated risk factors of Puerto Rico Post-Hurricane Maria.
Soc Psychiatry Psychiatr Epidemiol 2023;58(7):1055-63.

[23] Tedeschi RG, Calhoun LG. The posttraumatic growth inventory: measuring the
positive legacy of trauma. ] Trauma Stress 1996;9(3):455-71.

[24] Liu AN, Wang LL, Li HP, Gong J, Liu XH. Correlation between posttraumatic growth
and posttraumatic stress disorder symptoms based on pearson correlation coeffi-
cient: a meta-analysis. ] Nerv Ment Dis 2017;205(5):380.

[25] Achterhof R, Dorahy M], Rowlands A, Renouf C, Britt E, Carter ]JD. Predictors of
posttraumatic growth 10-11 months after a fatal earthquake. Psychol Trauma
2018;10(2):208-15.

[26] Manove EE, Poon CYS, Rhodes JE, Lowe SR. Changes in psychosocial resources as
predictors of posttraumatic growth: a longitudinal study of low-income, female
Hurricane Katrina survivors. Traumatology (Tallahass Fla) 2021;27(4):346-53.

[27] Zhou X, Wu X, Fu F, An Y. Core belief challenge and rumination as predictors of
PTSD and PTG among adolescent survivors of the Wenchuan earthquake. Psychol
Trauma 2015;7(4):391-7.

[28] Chan CS, Rhodes JE. Measuring exposure in Hurricane Katrina: a meta-analysis
and an integrative data analysis. PLoS One 2014;9(4):e92899.

[29] Lowe SR, Manove EE, Rhodes JE. Posttraumatic stress and posttraumatic growth
among low-income mothers who survived Hurricane Katrina. ] Consult Clin Psy-
chol 2013;81(5):877-89.

[30] Karanci AN, Isikh S, Aker AT, Giil El, Erkan BB, Ozkol H, et al. Personality, posttrau-
matic stress and trauma type: factors contributing to posttraumatic growth and its
domains in a Turkish community sample. Eur ] Psychotraumatol 2012;3(1):17303.

[31] Shakespeare-Finch ], Armstrong D. Trauma type and posttrauma outcomes: dif-
ferences between survivors of motor vehicle accidents, sexual assault, and
bereavement. ] Loss Trauma 2010;15(2):69-82.

[32] Tedeschi RG. Violence transformed: posttraumatic growth in survivors and their
societies. Aggress Violent Behav 1999;4(3):319-41.

[33] Bachem R, Mitreuter S, Levin Y, Stein JY, Xiao Z, Solomon Z. Longitudinal develop-
ment of primary and secondary posttraumatic growth in aging veterans and their
wives: domain-specific trajectories. ] Trauma Stress 2018;31(5):730-41.

[34] Blickle P, Schmidt ME, Steindorf K. Post-traumatic growth in cancer survivors:
what is its extent and what are important determinants? Int J Clin Health Psychol
2024;24(1):100418.

[9

The Journal of Climate Change and Health 21 (2025) 100365

[35] Fioretti C, Vinciarelli V, Faggi D, Caligiani L, Tessitore F, Castelnuovo G, et al. Inves-
tigating PTG in cancer patients: the role of time dimension in the experience of
personal growth. Int ] Environ Res Public Health 2022;19(15):9619.

[36] Greenberg J, Tsai ], Southwick SM, Pietrzak RH. Can military trauma promote psy-
chological growth in combat veterans? Results from the national health and resil-
ience in veterans study. ] Affect Disord 2021;282:732-9.

[37] Lowe SR, James P, Arcaya MC, Vale MD, Rhodes JE, Rich-Edwards ], Roberts AL,
Koenen KC. Do levels of posttraumatic growth vary by type of traumatic event
experienced? An analysis of the Nurses’ Health Study II. Psychol Trauma: Theory
Res Practice Policy 2022;14(7):1221-9.

[38] Bernstein M, Pfefferbaum B. Posttraumatic growth as a response to natural disas-
ters in children and adolescents. Curr Psychiatry Rep 2018;20(5):37.

[39] Wlodarczyk A, Basabe N, Pdez D, Reyes C, Villagran L, Madariaga C, et al. Commu-
nal coping and posttraumatic growth in a context of natural disasters in Spain,
Chile, and Colombia. Cross-Cultural Res 2016;50(4):325-55.

[40] Joshipura K], Martinez-Lozano M, PI Rios-Jiménez, Camacho-Monclova DM,
Noboa-Ramos C, Alvarado-Gonzdlez GA, et al. Preparedness, hurricanes Irma and
Maria, and impact on health in Puerto Rico. Int ] Disaster Risk Reduct
2022;67:102657.

[41] Pérez CM, Guzman M, Ortiz AP, Estrella M, Valle Y, Pérez N, et al. Prevalence of the
Metabolic Syndrome in San Juan. Puerto Rico. Ethn Dis 2008;18(4):434-41.

[42] Weathers F.W., Litz B.T., Keane T.M., Palmieri P.A., Marx B.P., Schnurr P.P. The PTSD
checklist for DSM-5 (PCL-5), 2013. Available from: https://www.ptsd.va.gov/profes-
sional/assessment/adult-sr/ptsd-checklist.asp [accessed 13 December 2023].

[43] Haghish EF, Sahuquillo ], Radoi A, Pomposo I, Lozano GC. Validating the Spanish
translation of the posttraumatic stress disorder checklist (PCL-5) in a sample of
individuals with traumatic brain injury. Front Psychol 2024;15:1216435.

[44] Vega A, Carl Y, Molina-Perez X, Collazo-Malave G, Ortiz-Camacho K, Gonzalez-
Burgos B, et al. Mental health assessment and risk characterization in Puerto
Rico’s homeless post-hurricane Maria. ] Poverty 2024;28(6):528-48.

[45] Stukova M, Cardona G, Tormos A, Vega A, Burgos G, Inostroza-Nieves Y, et al.
Mental health and associated risk factors of Puerto Rico Post-Hurricane Maria.
Soc Psychiatry Psychiatr Epidemiol 2023;58(7):1055-63.

[46] Rodriguez-Rabassa M, Hernandez R, Rodriguez Z, Colon-Echevarria CB, Maldonado
L, Tollinchi N, et al. Impact of a natural disaster on access to care and biopsychosocial
outcomes among Hispanic/Latino cancer survivors. Sci Rep 2020;10(1):10376.

[47] Castro MC, Delgado JB, Alvarado ER, Rovira DP. Spanish adaptation and validation
of the posttraumatic growth inventory-short form. Violence Vict 2015;30
(5):756-69.

[48] Galea S, Tracy M, Norris F, Coffey SF. Financial and social circumstances and the
incidence and course of PTSD in Mississippi during the first two years after Hurri-
cane Katrina. ] Trauma Stress 2008;21(4):357-68.

[49] Pietrzak RH, Tracy M, Galea S, Kilpatrick DG, Ruggiero K], Hamblen ]JL, et al. Resil-
ience in the face of disaster: prevalence and longitudinal course of mental disor-
ders following Hurricane Ike. PLoS One 2012;7(6):1-14.

[50] Guilaran J, de Terte I, Kaniasty K, Stephens C. Psychological outcomes in disaster
responders: a systematic review and meta-analysis on the effect of social support.
Int ] Disaster Risk Sci 2018;9(3):344-58.

[51] Sampson RJ, Raudenbush SW, Earls F. Neighborhoods and violent crime: a multi-
level study of collective efficacy. Science (1979) 1997;277(5328):918-24.

[52] Young AF, Russell A, Powers JR. The sense of belonging to a neighbourhood: can it
be measured and is it related to health and well being in older women? Soc Sci
Med 2004;59(12):2627-37.

[53] Chen ], Zhou X, Zeng M, Wu X. Post-traumatic stress symptoms and post-trau-
matic growth: evidence from a longitudinal study following an earthquake disas-
ter. PLoS One 2015;10(6):1-10.

[54] Dunn EC, Solovieff N, Lowe SR, Gallagher PJ, Chaponis ], Rosand ], et al. Interaction
between genetic variants and exposure to hurricane katrina on post-traumatic
stress and post-traumatic growth: a prospective analysis of low income adults. |
Affect Disord 2014. doi: 10.1016/j.jad.2013.09.018.

[55] Cao C, Wang L, Wu], Li G, Fang R, Cao X, et al. Patterns of posttraumatic stress dis-
order symptoms and posttraumatic growth in an epidemiological sample of Chi-
nese earthquake survivors: a latent profile analysis. Front Psychol 2018;9:1549.

[56] Kalbas Y, Halvachizadeh S, Kumabe Y, Luidl AT, Steel JL, Zelle BA, et al. Post-trau-
matic growth in polytraumatized patients after 20+ years: a long-term follow-up
study of 337 patients treated at a level 1 trauma center. Eur ] Trauma Emerg Surg
2023;49(3):1279-86.

[57] Kellezi B, Coupland C, Morriss R, Beckett K, Joseph S, Barnes ], et al. The impact of
psychological factors on recovery from injury: a multicentre cohort study. Soc
Psychiatry Psychiatr Epidemiol 2017;52(7):855-66.

[58] Howlett JR, Nelson LD, Stein MB. Mental health consequences of traumatic brain
injury. Biol Psychiatry 2022;91(5):413-20 Mar 1.

[59] Schulz R, Eden ]J. Families caring for an aging America. National Academies Press;
2016.  Available from:  https://www.ncbi.nlm.nih.gov/books/NBK396398/
[accessed 24 September 2024].

[60] Nalipay MJ]N, Bernardo ABI, Mordeno IG. Social complexity beliefs predict post-
traumatic growth in survivors of a natural disaster. Psychol Trauma Theory Res
Pract Policy 2016;8(5):559-67.

[61] Hagenaars MA, van Minnen A. Posttraumatic growth in exposure therapy for
PTSD. ] Trauma Stress 2010;23(4):504-8.

[62] Wagner AC, Torbit L, Jenzer T, Landy MSH, Pukay-Martin ND, Macdonald A, et al.
The role of posttraumatic growth in a randomized controlled trial of cognitive
—behavioral conjoint therapy for PTSD. ] Trauma Stress 2016;29(4):379-83.

[63] Tedeschi RG, Calhoun LG, Groleau JM. Clinical applications of posttraumatic
growth editor. In: Joseph S, editor. Positive psychology in practice. 1st ed Hobo-
ken, New Jersey: John Wiley & Sons, Inc; 2015. p. 503-18.


https://www.nhc.noaa.gov/data/tcr/AL152017_Maria.pdf
https://www.fema.gov/sites/default/files/2020-07/mat-report_hurricane-irma-maria-puerto-rico_2
https://www.fema.gov/sites/default/files/2020-07/mat-report_hurricane-irma-maria-puerto-rico_2
https://www.gao.gov/products/gao-19-486
https://www.gao.gov/blog/hurricane-recovery-can-take-years-puerto-rico-5-years-show-its-unique-challenges#:~:text=Hurricanes%20Irma%20and%20Maria%20caused,infrastructure%20damaged%20by%20the%20hurricanes
https://www.gao.gov/blog/hurricane-recovery-can-take-years-puerto-rico-5-years-show-its-unique-challenges#:~:text=Hurricanes%20Irma%20and%20Maria%20caused,infrastructure%20damaged%20by%20the%20hurricanes
https://www.gao.gov/blog/hurricane-recovery-can-take-years-puerto-rico-5-years-show-its-unique-challenges#:~:text=Hurricanes%20Irma%20and%20Maria%20caused,infrastructure%20damaged%20by%20the%20hurricanes
https://www.gao.gov/blog/hurricane-recovery-can-take-years-puerto-rico-5-years-show-its-unique-challenges#:~:text=Hurricanes%20Irma%20and%20Maria%20caused,infrastructure%20damaged%20by%20the%20hurricanes
https://centropr-archive.hunter.cuny.edu/sites/default/files/RB2018-05_SEPT2018%20%281%29.pdf
https://centropr-archive.hunter.cuny.edu/sites/default/files/RB2018-05_SEPT2018%20%281%29.pdf
https://www.gao.gov/assets/d24105557.pdf
https://www.gao.gov/assets/d24105557.pdf
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0013
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0014
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0014
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0014
https://www.ncei.noaa.gov/access/billions/dcmi.pdf
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0016
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0016
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0016
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0016
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0017
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0017
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0017
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0018
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0018
https://doi.org/10.1017/dmp.2018.103
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0020
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0020
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0020
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0020
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0021
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0021
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0021
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0022
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0022
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0022
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0023
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0023
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0024
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0024
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0024
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0025
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0025
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0025
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0026
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0026
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0026
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0027
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0027
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0027
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0028
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0028
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0029
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0029
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0029
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0030
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0031
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0031
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0031
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0032
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0032
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0033
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0033
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0033
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0034
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0034
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0034
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0035
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0035
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0035
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0036
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0036
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0036
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0037
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0037
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0037
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0037
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0038
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0038
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0039
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0039
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0039
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0039
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0039
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0040
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0040
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0040
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0040
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0040
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0040
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0041
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0041
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0041
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0041
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0041
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-checklist.asp
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-checklist.asp
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0043
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0043
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0043
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0044
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0044
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0044
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0045
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0045
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0045
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0046
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0046
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0046
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0047
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0047
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0047
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0048
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0048
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0048
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0049
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0049
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0049
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0050
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0050
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0050
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0051
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0051
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0052
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0052
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0052
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0053
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0053
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0053
https://doi.org/10.1016/j.jad.2013.09.018
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0055
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0055
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0055
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0056
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0056
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0056
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0056
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0057
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0057
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0057
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0058
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0058
https://www.ncbi.nlm.nih.gov/books/NBK396398/
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0060
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0060
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0060
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0061
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0061
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0062
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0062
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0062
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0063
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0063
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0063

M.-C. Meadows, N. Serino, D.M. Camacho-Monclova et al.

[64] Lotzin A, Franc de Pommereau A, Laskowsky 1. Promoting recovery from disasters,
pandemics, and trauma: a systematic review of brief psychological interventions
to reduce distress in adults, children, and adolescents. Int ] Environ Res Public
Health 2023;20(7):5339.

[65] Abuse Substance. Mental health services administration. Disaster behavioral
health interventions inventory. SAMHSA; 2022. Available from: https://www.
samhsa.gov/sites/default/files/dtac-disaster-behavioral-health-interventions-
inventory.pdf [accessed 13 December 2023].

[66] Arnberg FK, Bergh Johannesson K, Michel PO. Prevalence and duration of
PTSD in survivors 6 years after a natural disaster. ] Anxiety Disord 2013;27
(3):347-52.

[67] Johannesson KB, Arinell H, Arnberg FK. Six years after the wave: trajectories of post-
traumatic stress following a natural disaster. ] Anxiety Disord 2015;36:15-24.

[68] Lee JY, Kim SW, Kim JM. The impact of community disaster trauma: a focus on
emerging research of PTSD and other mental health outcomes. Chonnam Med ]
2020;56(2):99.

[69] Lu A. Stress and physical health deterioration in the aftermath of Hurricanes
Katrina and Rita. Sociol Perspect 2011;54(2):229-50.

[70] Mathiarasan S, Hiils A. Impact of environmental injustice on children’s health-
interaction between air pollution and socioeconomic status. Int ] Environ Res
Public Health 2021;18(2):795.

[71] Sharp L, Redfearn D, Timmons A, Balfe M, Patterson J. Posttraumatic growth in
head and neck cancer survivors: is it possible and what are the correlates? Psy-
chooncology 2018;27(6):1517-23.

The Journal of Climate Change and Health 21 (2025) 100365

[72] Reyes-Estrada M, Varas-Diaz N, Parker R, Padilla M, Rodriguez-Madera S. Religion
and HIV-related stigma among nurses who work with people living with HIV/
AIDS in Puerto Rico. J Int Assoc Provid AIDS Care JIAPAC
2018;17:232595821877336.

[73] Bell ]., Sahgal, Neha. Religion in Latin America: widespread change in a histori-
cally catholic region, 2014. Available from: https://www.pewresearch.org/reli-
gion/2014/11/13/religion-in-latin-america/ [accessed 13 December 2023].

[74] Acosta R], Kishore N, Irizarry RA, Buckee CO. Quantifying the dynamics of migration
after Hurricane Maria in Puerto Rico. Proc Natl Acad Sci 2020;117(51):32772-8.

[75] Chan CS, Rhodes JE. Religious coping, posttraumatic stress, psychological distress,
and posttraumatic growth among female survivors four years after Hurricane
Katrina. ] Trauma Stress 2013;26(2):257-65.

[76] La Greca AM, Silverman WK, Lai B, Jaccard J. Hurricane-related exposure experi-
ences and stressors, other life events, and social support: concurrent and prospec-
tive impact on children’s persistent posttraumatic stress symptoms. ] Consult Clin
Psychol 2010;78(6):794-805.

[77] Pearson H. The rise of eco-anxiety: scientists wake up to the mental-health toll of
climate change. Nature 2024;628(8007):256-8.

[78] White BP, Breakey S, Brown M], Smith JR, Tarbet A, Nicholas PK, et al. Mental
health impacts of climate change among vulnerable populations globally: an inte-
grative review. Ann Glob Health 2023;89(1):66.

[79] Hayes K, Poland B. Addressing mental health in a changing climate: incorporating
mental health indicators into climate change and health vulnerability and adapta-
tion assessments. Int ] Environ Res Public Health 2018;15(9):1806.


http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0064
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0064
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0064
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0064
https://www.samhsa.gov/sites/default/files/dtac-disaster-behavioral-health-interventions-inventory.pdf
https://www.samhsa.gov/sites/default/files/dtac-disaster-behavioral-health-interventions-inventory.pdf
https://www.samhsa.gov/sites/default/files/dtac-disaster-behavioral-health-interventions-inventory.pdf
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0066
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0066
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0066
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0067
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0067
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0068
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0068
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0068
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0069
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0069
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0070
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0070
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0070
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0070
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0071
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0071
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0071
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0072
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0072
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0072
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0072
https://www.pewresearch.org/religion/2014/11/13/religion-in-latin-america/
https://www.pewresearch.org/religion/2014/11/13/religion-in-latin-america/
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0074
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0074
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0075
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0075
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0075
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0076
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0076
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0076
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0076
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0077
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0077
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0078
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0078
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0078
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0079
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0079
http://refhub.elsevier.com/S2667-2782(24)00068-3/sbref0079

	Beyond the storms: Exploring predictors of posttraumatic stress and posttraumatic growth among survivors of hurricanes Irma and Maria in Puerto Rico
	1. Introduction
	2. Materials and methods
	2.1. Participants and procedures
	2.1. Measures
	2.1.1. Posttraumatic stress
	2.1.2. Posttraumatic growth
	2.1.3. Disaster exposure
	2.1.4. Covariates

	2.2. Data analysis

	3. Results
	3.1. Preliminary analyses
	3.2. Multivariable models
	3.2.1. Full-Scale PTS and PTG
	3.2.2. PTG subscales


	4. Discussion
	Declaration of competing interest
	CRediT authorship contribution statement
	Supplementary materials
	References



