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Abstract

Objectives To evaluate the association between adverse experiences during Hurricane Maria and mental and emotional
distress in Puerto Rico.

Methods This cross-sectional study used baseline data from adult (30-75 years) participants of the Puerto Rico Obser-
vational Study of Psychosocial, Environmental, and Chronic Disease Trends (PROSPECT). Enrolled individuals prior to
COVID-19 who completed a 33-item questionnaire on Hurricane Maria-related experiences (sub-categorized as personal,
service, or property losses), depression symptomatology, post-traumatic stress disorder (PTSD), and anxiety were included
for analysis (n=456).

Results Most participants experienced fear for their family's safety, damage to their home and personal items, communication
outages, and water shortages. Each additional stressor was significantly associated with higher odds of depression symptoms,
PTSD, and anxiety. Personal losses were significantly associated with higher likelihood of all outcomes, while services losses
were associated with depression symptoms and anxiety; property loss was not significantly associated with any outcome.
Conclusions Adverse experiences during a major natural disaster are associated with mental and emotional distress. Strate-
gies to minimize hardships during natural disasters, especially personal and service losses, are essential to preserve mental
health. Post-disaster psychological support to individuals is crucial.
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Introduction

The frequency of natural disasters, including hurricanes, is
on the rise worldwide [1]. Specific geographical areas are
more susceptible to hurricanes than others. In particular,
the island of Puerto Rico (PR), a territory of the United
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States, has endured 10 major hurricanes over the past cen-
tury [2]. PR recently faced one of its most catastrophic
hurricane seasons in 2017 with back-to-back hurricanes
Irma and Maria. Hurricane Maria made landfall in PR as a
category 5 storm on September 20, 2017, and lingered on
the island for hours, causing severe destruction and flood-
ing from winds, rain and storm surge. Damage to houses,
infrastructure, and roads was catastrophic and widespread,
causing between $106 to $133 billion in damages [3]. The
whole island was left without power [4], approximately
90% of wireless telephone towers were destroyed (hin-
dering communication) [5], and many residents faced dif-
ficulties with transportation due to debris and landslides
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[6]. There were also severe limitations in access to basic
needs such as food, potable water, and health services
[6]. A total of 2975 (95% CI 2658, 3290) excess deaths
were estimated for the post-disaster period of September
2017 through February 2018 [7]. Individual assessment of
adverse experiences related to Hurricane Maria, as well as
their potential effects on mental health, has been limited.

An extensive body of literature has documented a link
between exposure to natural disasters and mental health
outcomes in other geographical regions [8, 9]. For exam-
ple, a metanalysis of disasters (both natural and manmade)
and psychological pathologies revealed a 17% increase in
the rate of post-disaster psychological pathologies (includ-
ing depression, anxiety, and stress) [8]. A study that evalu-
ated the effects of Hurricane Andrew on mental health out-
comes in South Florida, United States in an at-risk sample
revealed that 51% met the criteria for new onset of psy-
chological pathologies following the hurricane, including
depression (30%), post-traumatic stress disorder (PTSD;
36%) and other anxiety disorders (20%) [9] Approximately
17% of residents in PR were already experiencing a men-
tal health pathology (e.g., depression) prior to Hurricane
Maria [10]; thus, threats from a natural disaster could fur-
ther jeopardize the population's mental health.

Research on natural disasters has also demonstrated a
greater risk of poor post-disaster mental health outcomes
among ethnic minorities [11]. For example, African Amer-
icans were 86% more likely to have depression than non-
Hispanic white individuals following Hurricane Katrina
in New Orleans in 2005, possibly due to low socioeco-
nomic status and other pre-existing vulnerabilities [11].
This evidence is particularly relevant to residents of PR,
which are an ethnic minority with a high poverty rate in
the United States. A few studies have documented a high
prevalence of poor mental health outcomes among adults
in PR post-Maria (e.g., 33% depression, 27% anxiety, and
44% PTSD) [12, 13], but these studies did not evaluate
the specific hurricane-related exposures that may have
contributed to mental health outcomes. Only one study
has evaluated this association in PR among children, find-
ing a positive association between exposure to hurricane
stressors (i.e., injuries, death of family/friends, damages to
house and belongings, food/water shortages, violence, and
unrestored electricity) and depression and PTSD scores
[14]; these relationships among adults, however, remain
to be determined. Thus, given the aforementioned research
gaps, the objective of the present study was to document
the prevalence of Hurricane Maria-related adverse experi-
ences in adults in PR and evaluate their association with
mental and emotional distress outcomes (i.e., depression,
PTSD, and anxiety). Findings from this study have the
potential to encourage strengthened psychological support
to individuals post-disaster.
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Methods
Study design and participants

We analyzed data from the Puerto Rico Observational
Study of Psychosocial, Environmental, and Chronic
Disease Trends (PROSPECT), an ongoing longitu-
dinal study that started in 2019 aiming to recruit 2000
adults (30-75 years) residing in PR [15]. Participants
are recruited using a multistage sampling strategy that
includes probabilistic sampling (through census blocks)
and community-wide sampling (from partner clinics,
social media, referrals, and eligible adults from a previ-
ous pilot study [16]). Interested individuals are screened
for eligibility, which includes being 30-75 years, non-
institutionalized, residing in PR at least in the prior year,
no plans to move out of the island within 3 years, and able
to answer questions (in Spanish or English) without assis-
tance. All participants provided written informed consent
prior to study participation. Trained study staff conducted
standardized interviews and clinical protocols in Span-
ish (English was available upon request). The study was
approved by the Institutional Review Boards at Harvard
T.H. Chan School of Public Health, Ponce Health Sciences
University in PR, and University of Massachusetts Lowell.

A total of 947 individuals were enrolled in PROSPECT
at the time of analysis. Of these, only individuals enrolled
before the COVID-19 pandemic were included, given its
likely influence on mental and emotional distress outcomes
(n=1543). We further excluded individuals who did not
report having experienced Hurricane Maria in PR (n=47),
had unreliable interviews (n=13), or had missing data on
exposure (n=1), outcomes (n=06), or covariates (n=20).
Thus, a total of 456 participants were included in this
analysis.

Hurricane-related exposures

Hurricane-related adverse experiences were measured with
an adapted questionnaire that included two sources that
measured disaster impact [17, 18]. The resulting question-
naire asked about personal impact, property damage and
loss, and loss of services and resources after Hurricane
Maria. A total of 33 experiences were included. The ques-
tionnaire was sub-categorized into three subscales. First,
12 items evaluated personal impact experiences, including
fear of dying, getting injured, or for family's safety; relo-
cating within or outside of PR; loss of job or pet; and num-
ber of days with altered eating habits. Response options
to all items were "Yes" or "No," except for the number
of days with altered eating habits, which was probed as
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a numeric value and then categorized according to the
median of 30 days (coded as 0 if at or below the median
and 1 if above the median). Next, a loss of property sub-
scale, which consisted of 7 items, specifically asked about
damages to the house, other items/property (e.g., vehi-
cles), and objects of sentimental value. Lastly, the loss of
service subscale consisted of 14 items that asked about
the number of days without communication, power, water,
access to foods, medicine, and transportation (entered as
a numeric value). We used the median number of days for
each of these items to categorize them (median number of
days for all loss of service exposures was zero except for
power (90 days), communication (20 days), water service
(4 days), access to purchased foods (7 days), and pre-hur-
ricane stored food duration (14 days)).

To calculate the hurricane exposure subscales, we added
each affirmative item within the subscale. Thus, the personal
impact subscale had a possible score range of 0—12, the loss
of property subscale of 0-17, and the loss of service subscale
of 0—14. The scores of each subscale were then summed to
generate the total hurricane experiences sum score, which
had a possible score range of 0-33; a higher score indicated
a higher number of adverse experiences.

Mental and emotional distress outcomes

Depressive symptoms were measured with the Center for
Epidemiological Studies Depression (CESD) scale [19-21].
This scale has been validated and previously translated into
Spanish [22]. The 20-item scale asked about frequency of
depressed mood, feelings of guilt and worthlessness, feel-
ings of helplessness and hopelessness, and sleep disturbance
using the previous week as the reference period. Response
options were rarely/none (0), some/little (1), occasionally/
moderate (2), and most/all the time (3). The total score was
calculated by adding up the responses for all items; thus,
the total score ranges from 0 to 60. A score of 16 or greater
was used to define presence of depressive symptoms (vs. no
depressive symptoms as a score less than 16) [19].

Symptoms of PTSD were assessed using the PTSD
Abbreviated Civilian Version [23, 24]. The psychometric
properties of the full Spanish PTSD checklist are vali-
dated as equivalent to the English version [25]. This 6-item
Questionnaire asked about re-experiencing, avoidance, and
hyperarousal of past traumatic events in the previous month.
Response options were on a 4-point Likert scale and ranged
from not at all to extremely. Items were summed to calculate
the total PTSD score. We further categorized the total score
using a cut-off score of 14 or greater to define presence of
PTSD (vs. no PTSD as score less than 14) [23].

Symptoms of anxiety were measured with the General-
ized Anxiety Disorder (GAD) screener [26, 27]. This scale
has been translated and adapted into Spanish and further

validated [28]. This 7-item scale asked about the frequency
of anxiety symptoms over the past 2 weeks (i.e., felt nervous,
unable to stop worrying, trouble relaxing, and easily irrita-
ble). Response options were: not at all (0), several days (1),
more than half of the days (2), and nearly every day (3). The
total score was calculated by adding up the responses for all
items; thus, the total score ranged from 0 to 21. A standard
cut-off score of 10 or greater was used to define presence of
anxiety (vs. no anxiety as score less than 10) [26].
Participants missing 25% or more items on each of the
outcome measures were not included in the analysis.

Covariates

Participants self-reported their ethnic heritage group, and
responses were categorized as Puerto Rican vs. others
(i.e., Dominican, mainland American, etc.). Participants
self-reported urban or other (rural or suburban) residence.
Formal education was categorized as less than high school,
high school graduate, some college/college graduate, and
graduate school. Annual household income was categorized
as <$10,000, $10,001-$20,000, or > $20,000. Marital sta-
tus was categorized into married or living with a partner,
single, or divorced/separated/widowed. Employment status
was categorized as retired, employed, unemployed, or disa-
bled. Smoking was defined as current smoker vs. not (past or
never smoker). Binge drinking was defined for men as con-
suming 5 or more drinks and for women as consuming 4 or
more drinks in a 2-h time-span. Physical activity was meas-
ured with a modified version of the Paffenbarger question-
naire of the Harvard Alumni Activity Survey [29, 30]. The
calculated physical activity score was categorized as sed-
entary/light activity, moderate, or vigorous activity. Lastly,
chronic stress was measured with a chronic stress inventory
that asked about ongoing stress in eight life domains [31,
32]. A total chronic stress score was computed by adding
the number of stressors experienced for a minimum of six
months and rated as moderately or very stressful.

Statistical analysis

Descriptive statistics were calculated for the total analytic
sample. The proportion of individuals experiencing each
of the hurricane-related stressors was also calculated for
the total sample. We conducted linear regression models
to determine the association between the continuous hur-
ricane experiences sum score (and each subscale score) and
the continuous scores of each mental and emotional distress
outcome (i.e., depression symptoms, PTSD, and GAD). We
also conducted logistic regression models to evaluate the
association between the continuous total hurricane experi-
ences sum score (and each subscale) and the odds of having
each outcome. We fitted two different multivariable models
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for each linear and logistic regression, controlling for demo-
graphic and behavioral factors (age, sex, ethnicity, marital
status, income, education, rurality, employment, smoking,
binge drinking, physical activity) in the first model (Model
1), and adding chronic stress in the second model (Model 2).
Sensitivity analyses were conducted with each of the hur-
ricane-related exposures subscales standardized to z-scores
due to their varying number of items and scores. Analyses
were conducted with STATA version 14 and SAS version
9.4 (SAS Institute Inc; Cary, NC, USA). All tests were two-
tailed; significance was set at p <0.05.

Results

The mean (SD) age of the sample was 54.0 (10.8) years;
about two-thirds were female, and the majority self-iden-
tified as Puerto Rican (92.3%) and lived in urban areas
(79.8%) (Table 1). Approximately half of the sample had
some college education or attained a college degree, were
employed, and were married or living with a partner. Almost
40% had an annual household income greater than $20,000.
Thirteen percent were current smokers, 12% engaged in
binge drinking, and most were sedentary or lightly active.
Lastly, about a third had elevated depression symptoms
(31.1%) and met the criteria for PTSD (32.0%), and one
fifth met the criteria for GAD (21.5%). Spearman correla-
tion coefficients showed that depression, PTSD, and GAD
scores were significantly and positively correlated: 0.52 for
depression and PTSD, 0.71 for depression and GAD, and
0.56 for PTSD and GAD (data not shown).

Of the personal impact experiences, the most prevalent
were fear of dying (72.7%), fear of getting injured or in
danger (46.6%), and altering eating habits for more than
30 days (41.0%) (Table 2). The most common losses of
property were home damage (58.0%), damage to personal
items (50.6%), and damage to other property (37.8%). Lastly,
among service losses, the most prevalent were lack of water
service for more than four days (50.0%), lack of communica-
tion for three weeks or more (49.8%), and lack of power for
more than 90 days (46.1%).

Adjusted linear regression models for socio-demo-
graphics and behavioral factors (Model 1) showed that
the total hurricane experiences sum score was positively
associated with higher symptoms of depression, PTSD,
and GAD (Table 3). When evaluating hurricane exposures
by sub-score, the personal impact, and the loss of ser-
vice sub-scores were positively associated with depres-
sion symptoms, PTSD, and GAD (Model 1). However, the
personal impact sub-score had stronger associations with
all three outcomes. This observation remained in sensitiv-
ity analyses using standardized z-scores for each of the
subscales (Supplemental Table 1). The loss of property

@ Springer

Table 1 Sociodemographic characteristics of adults 30-75 years/old
living in Puerto Rico who experienced Hurricane Maria in 2017

Characteristic (n=456) Mean (SD) or percent

Socio-demographics

Age, years 54.0 (10.8)
Female 68.6
Puerto Rican ethnicity (vs. other) 92.3
Urban area of residency (vs. other) 79.8
Education level

Less than 12th grade 9.0

12th grade 21.9

Some college or college degree 52.9

Graduate school 16.2
Income

Equal or less than $10,000 34.0

$10,001-$20,000 27.4

Higher than $20,000 38.6
Employment status

Retired 25.9

Employed 47.8

Unemployed 14.5

On disability benefits 11.8
Marital status

Married/living with partner 48.5

Divorced/separated/widowed 25.0

Single 26.5
Current smoker 13.6
Binge drinker 12.3
Physical activity category

Sedentary 69.5

Light activity 19.3

Moderate/vigorous activity 11.2
Psychosocial factors
Chronic stress score 1.45 (1.50)
Depressive symptoms score; mean (SD) 12.9 (11.8)
Elevated depressive symptoms (> 16)* 314
PTSD score; mean (SD) 11.9 (6.4)
High PTSD® 32.0
Generalized anxiety disorder score 5.90 (5.78)
High anxiety® 21.5

SD standard deviation, PTSD post-traumatic stress disorder
*Elevated depressive symptoms defined as a score > 16
®PTSD symptoms defined as a score > 14

“Anxiety symptoms defined as a score > 10

sub-score was not associated with any of the outcomes.
Most results remained statistically significant after further
adjustment for chronic stress (Model 2), albeit with attenu-
ated coefficients. All models were evaluated by level of
income (<£$10,000 and > $10,000); results were similar
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Table 2 Percent of hurricane-
related losses reported by 456
adults 30-75 years/old living

in Puerto Rico after Hurricane

Hurricane related exposures

% reporting

Personal impact

Maria in 2017 Feared for family’s safety 72.7
Feared getting injured or in danger 46.6
Had to alter eating habits for more than 30 days® 41.0
Lost track of family or friends 335
Feared dying 22.2
Lost a family, friend or neighbor 16.0
Experienced health problems or injuries 13.6
Lost job 8.8
Migrated out of Puerto Rico temporarily 8.3
Had to relocate within Puerto Rico 8.3
Experienced crime or violence 7.7
Lost a pet 5.7
Loss of property
Home was damaged 58.0
Personal items were damaged 50.6
Other property was damaged 37.8
Walls or roof of home were destroyed 30.6
Objects of sentimental value were damaged 24.1
Vehicles were damage 18.5
Other items were damaged 13.6
Loss of service” (range of time)

Without communication for 3 weeks or more (range 0-365 days) 50.0
Without water service for more than 4 days (range 0-365 days) 49.8
Without power for more than 90 days (range 0-505 days) 46.1
Without access to purchase food for more than 7 days (range 0-360 days) 40.1
Ran out of pre-hurricane stored food in less than 14 days (median:14 days; range 39.5
0-720 days)
Without money (range 0-300 days) 294
Without medical care (range 0-365 days) 16.2
Without transportation (range 0-720 days) 14.9
Without medical care for a family member (range 0-365 days) 13.6
Without medicine (range 0-180 days) 9.7
Without potable water (range 0—180 days) 8.8
Without food for consumption (range 0-90 days) 5.9
Without shelter (range 0—120 days) 2.0
Without clothing (range 0-60 days) 2.2

Numbers represent percent (%)

“Median number of days where eating habits had to be altered was 30 days

®Median number of days for all loss of service exposures was zero except for number of days with-
out power (median=90 days), number of days without communication (median=20 days), num-
ber of days without water service (median=4 days), number of days without access to purchase foods
(median =7 days), and number of days pre-hurricane stored food lasted (median = 14 days)

but yielded slightly stronger estimates for those of lower
income (data not shown).

In fully adjusted models, each unit increase in the total
hurricane experience sum score was associated with a 10%
(95% C11.04, 1.16), 8% (95% C1 1.02, 1.14), and 10% (95%
CI 1.04, 1.17) higher odds of depression symptoms, PTSD,
and GAD, respectively (Fig. 1). Evaluation of the hurricane

exposures by sub-score showed that each unit increase in the
personal impact score was associated with a 29% (95% CI
1.13, 1.47), 22% (95% CI 1.09, 1.39), and 33% (95% CI 1.15,
1.54) increase in the odds of depression symptoms, PTSD,
and GAD, respectively. In addition, each unit increase in the
loss of service score was associated with a 14% higher odds
of depression symptoms and GAD. There was no significant
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Table 3 Association between
exposures to Hurricane Maria

and mental and emotional B (95% CI)

Depressive symptoms

Post-traumatic stress disorder
B (95% CI)

Generalized anxiety disorder
B (95% CI)

distress among adults in Puerto

. Hurricane exposure sum score
Rico

Model 1 0.63 (0.39, 0.87)*
Model 2 0.43 (0.21, 0.66)*
Personal impact sub-score
Model 1 1.86 (1.30, 2.43)*
Model 2 1.35 (0.80, 1.89)*
Loss of property sub-score
Model 1
Model 2
Loss of service sub-score

Model 1 1.08 (0.56, 1.59)*
Model 2 0.85 (0.37, 1.33)*

0.38 (=0.17, 0.92)
0.04 (=0.47, 0.55)

0.30 (0.16, 0.43)*
0.16 (0.04, 0.28)*

0.30 (0.18, 0.42)*
0.19 (0.08, 0.30)*

0.91 (0.59, 1.22)*
0.55 (0.26, 0.85)*

0.91 (0.63, 1.20)*
0.61 (0.35, 0.88)*

0.27 (= 0.03, 0.58)
0.05 (=0.22, 0.32)

0.24 (=0.03, 0.51)
0.05 (= 0.20, 0.29)

0.39 (0.10, 0.68)*
0.24 (= 0.02, 0.50)

0.45 (0.20, 0.71)*
0.32 (0.09, 0.56)*

Hurricane exposure score includes personal impact, property damage and loss, and loss of services and
resources after Hurricane Maria. Hurricane exposure sum score and sub scores used as continuous vari-
ables. Depressive symptoms measured with the Center for Epidemiological Studies Depression (CESD)
scale. Post-traumatic stress disorder measured with the PTSD Abbreviated Civilian Version. Generalized
anxiety disorder measured with the Generalized Anxiety Disorder (GAD) screener. Total scores of out-
comes (continuous scores) are modeled in adjusted linear regressions. Model 1: adjusted for age, sex, eth-
nicity, marital status, income, education, rurality, employment, smoking, drinker, PA categories. Model 2:

model 1+ chronic stress
*p<0.05

Personal Impact Scale .
A
Loss of Service Scale L
A
Loss of Property Scale .
& A CEDS
— M pPTSD
Hurricane Exposure . ® GAD
Severity
'_A_'
0.90 1.00 1.10 1.20 1.30 1.40 1.50

Fig. 1 Odds ratio (95% confidence intervals) of mental and emotional
distress outcomes by exposures to Hurricane Maria among adults in
Puerto Rico. PTSD Post-Traumatic Stress Disorder, GAD Generalized
Anxiety Disorder. Estimates are adjusted odds ratios. Model adjusted
for age, sex, ethnicity, marital status, income, education, rurality,
employment, smoking, drinker, physical activity, and chronic stress.
All associations are statistically significant (p<0.05). Hurricane
exposure score includes personal impact, property damage and loss,

association between the loss of service sub-score and PTSD,
or between the loss of property sub-score and any of the
outcomes. Results were similar to model 1 adjusted only for
socio-demographics and behavioral factors (Supplemental
Table 2). Sensitivity analyses with standardized subscales
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and loss of services and resources after Hurricane Maria. Hurricane
exposure sum score and sub scores used as continuous variables.
Depressive symptoms measured with the Center for Epidemiological
Studies Depression (CESD; cutoff score=16) scale. Post-traumatic
stress disorder measured with the PTSD Abbreviated Civilian Version
(cutoff score=14). Generalized anxiety disorder measured with the
Generalized Anxiety Disorder (GAD) screener (cutoff score =10)

also showed that the personal impact scale had the strongest
ORs for all mental health outcomes (Supplemental Table 3).
Evaluating the models by level of income (< $10,000
and > $10,000) yielded similar results but slightly stronger
estimates for those of lower income (data not shown).
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Associations between each distinct hurricane experience
and likelihood of depression symptoms, PTSD, or GAD are
shown in Supplemental Table 4. In fully-adjusted models,
the exposure most strongly and significantly associated
with depression symptoms was fear of getting injured or
being in danger (OR=2.67; 95% CI 1.67, 4.26); for PTSD,
the strongest exposure was being without potable water
(OR=2.33; 95% CI 1.05, 5.17); and for GAD, the strong-
est exposure was experiencing health problems or injuries
(OR=3.42;95% CI 1.75, 6.67).

Discussion

In this sample of adults who experienced Hurricane Maria in
PR, more exposures to adverse hurricane experiences were
associated with higher scores and likelihood of depression
symptoms, PTSD, and GAD. Our results strongly advocate
for the need to minimize at- and post-disaster negative expe-
riences and concomitantly provide prompt and high-quality
mental health support during and after natural disasters. The
results also call attention to a differential effect on partici-
pants based on income level with those with more limited
resources experiencing a stronger effect.

The most prevalent hurricane-related experience was
fear of family’s safety, followed by home damage. A previ-
ous study documented similar hurricane-related exposures
in children who experienced Hurricane Marfa in PR [14];
however, a lower proportion, compared to the adult sample
evaluated in the present study, thought their own life was
at risk (29.9%) and reported damage to their own homes
(45.7%) and belongings (31.0%). Although these discrepan-
cies may be attributable to potential differences in samples
or the instrument used to capture hurricane-related stressors,
it may be possible that adults tend to protect children from
exposures during natural disasters and help them process
traumatic experiences [33, 34], thus reporting higher fear
of family’s safety and damages to their homes and other
property. In contrast, among individuals exposed to Hur-
ricane Katrina, the most prevalent stressors were experienc-
ing housing adversity (71.7%) and property loss (70.2%)
[35]. The high prevalence of personal stressors in our sam-
ple highlights both the severity of Hurricane Maria and the
potential adverse psychological internalization of disaster-
related fears and experiences.

Overall, results indicated that broad exposure to adverse
experiences during Hurricane Marfa was associated with
higher mental and emotional distress. Other studies have
shown similar findings, with exposure to a hurricane being
positively associated with several mental and emotional dis-
tress outcomes (e.g., poorer self-rated mental health, depres-
sion, anxiety, and PTSD) [36-39]. For example, individuals
who experienced Hurricane Harvey in the Texas Gulf Coast

reported poorer self-rated mental health than the rest of the
United States population [40].

Our study also showed variation across the hurricane-
exposure subscales. The personal impact score was sig-
nificantly associated with all three mental and emotional
distress outcomes, with comparable effect estimates. How-
ever, effect estimates were generally stronger for personal
experiences than for the loss of property and loss of service
subscales. After full adjustment, the loss of property score
was not significantly associated with any of the mental and
emotional distress outcomes. In contrast, loss of service was
associated with elevated depressive symptoms and GAD but
not with odds of PTSD. These results suggest that the type
of hurricane-related adverse experience can have a particular
impact on mental and emotional distress outcomes. Among
individuals who endured Hurricane Katrina, experiencing
physical illness/injury and physical adversity (e.g., sleeping
in a church basement, difficulty obtaining adequate food or
clothing) were significantly associated with higher odds of
PTSD [35]. However, the estimate of experiencing physical
adversity during the storm was almost three times higher
than that of experiencing physical illness/injury, provid-
ing further evidence that hurricane-related experiences of a
personal displacement and loss of food and water can have
a more profound impact on mental and emotional distress.
Initial loss/social disruption and fear for one's life were also
evaluated and positively associated with PTSD and depres-
sion in children who experienced Hurricane Maria in PR,
with the strongest associations observed for initial loss/
social disruption [14].

Our study also documented specific hurricane-related
adverse exposures that were strong determinants of mental
and emotional distress; specifically, lacking food for con-
sumption, lacking potable water, experiencing health prob-
lems/injuries, fear of getting injured/in danger, fear of fam-
ily’s safety, and altering eating habits. In our sample, fear
of getting injured/in danger was the exposure more strongly
associated with depression symptoms. Biological and psy-
chological changes occurring during the fear response [41],
especially if chronic, may affect depression symptoms,
potentially explaining our findings. Furthermore, our results
show that experiencing health problems/injuries was most
strongly associated with GAD. Research shows that anxiety
is common after injuries and new health problems [42, 43],
which may be particularly exacerbated during an emergency,
like a natural disaster. In addition to deeper personal expe-
riences, research indicates that hurricanes are particularly
detrimental to psychological well-being as they disrupt daily
routines, such as the ones noted above [44]. In the case of
PR, access to potable water was notoriously inadequate [45],
which may explain its strong association with PTSD. Our
study documented that adults spent a median of four days
without water service, seven days unable to purchase foods,
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and only 14 days with lasted food stores; eating habits had
to be altered for a month to accommodate these shortages.
Food and water are basic human needs, and their scarcity
may contribute to mental health disorders and exacerbate
nutritional deficiencies and food insecurity [46].

The observed associations between hurricane exposures
and mental or emotional distress were attenuated, albeit
remaining statistically significant, after adjusting for chronic
stress, suggesting that the detrimental influence of hurri-
canes on psychological well-being is independent of chronic
stress. This construct captured stress from personal health
problems, health problems of close friends and family, rela-
tionship stress, work stress, and financial stress experienced
in the previous 6 months; thus, it may be possible that some
of these stressors were concomitant consequences to expo-
sure to Hurricane Marfa, rather than a potential confounder
or mediator. Longitudinal data may help clarify the role of
chronic stress in this association, as another study conducted
after the 1989 Hurricane Hugo (in North Carolina, South
Carolina, and Georgia) showed that chronic stress mediated
the long-term effects of acute disaster exposures on psycho-
logical distress [47]. Additionally, given the complexity and
multidimensionality of post-disaster response and recovery,
future studies should implement mixed methods research
to understand multilevel factors that may explain how spe-
cific hurricane-related exposures impact mental health and
identify cultural and community-specific factors helping
to buffer such effect. These should include factors at the
societal, organizational, interpersonal, and individual levels.
Such studies also need to assess biological markers in order
to comprehensively understand the pathways influencing
mental health disorders after natural disasters and test novel
targets for effective post-disaster interventions.

Available mental health services during and after a dis-
aster as part of a government's emergency response are
essential to decrease trauma and distress and safeguard the
population's mental health. In addition, strategies that help
lessen personal experiences and exposures that severely dis-
rupt basic needs and daily routines are needed. For exam-
ple, rapid access to healthy foods and potable water may
be achieved by having adequate emergency food reserves.
Safe construction practices and preparedness need to be
implemented to decrease the risk of physical danger and
injuries. During emergencies, public health messages should
be truthful but empathetic to help ease fears that may trigger
emotional distress.

Our results need to be interpreted with several limitations
in mind. Firstly, our analysis was cross-sectional; thus, we
cannot determine causality. In addition, we cannot deter-
mine the potential effect of previous storms, like Hurricane
Irma, or events that occurred in PR after Hurricane Maria
but before data collection (e.g., earthquakes and political
instability) on depression, PTSD, and anxiety. Furthermore,
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our study lacked a comparison group of people who were not
exposed to Hurricane Maria, as this hurricane affected the
entire island. Lastly, the generalizability of our study may
only be limited to adults in PR, given the historical context
of the island and previous natural disasters. However, this
limitation is also a study strength, as PR residents remain
an understudied minority population with heightened bur-
den of stress and mental health disorders. Another study
strength is the use of data from an island-wide cohort study,
which ensures representation of municipalities across the
territory, many of which have remained extensively under-
studied and underrepresented. Lastly, detailed assessment
of types of hurricane-related adverse exposures, as achieved
in this study, may help pinpoint specific exposures strongly
associated with mental health for future intervention targets.
For example, in our sample, personal loss was a stronger
determinant of distress. Thus, public health policies need
to ensure appropriate mental healthcare resources available
for individuals facing personal losses after a natural disas-
ter. The identification of the effect of specific hurricane-
related exposures on mental health is of great public health
relevance due to a rise in natural and manmade disasters.

In conclusion, having more adverse experiences during
Hurricane Marfa was associated with unfavorable mental
and emotional distress outcomes in adults in PR. Strategies
to minimize hardships during natural disasters, especially
personal and service losses, are essential to preserving men-
tal health; individual psychological support is crucial imme-
diately and long after a disaster.
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